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Abstract 

Anxiety-related disorders are highly prevalent and comorbid, affecting nearly one third 

of individuals over their lifetime.	Evidence suggests that anxiety-related disorders share 

common etiology, latent structure, higher-order dimensions, and response to treatment. 

These similarities have fostered the development of transdiagnostic treatments that can 

effectively target a relatively wide array of anxiety-related psychopathological concerns 

and can also be widely and efficiently disseminated to individuals in need treatment.	

There is empirical evidence to support the use of physical activity, primarily aerobic 

exercise, as an effective intervention to treat a variety of mental health concerns; 

however, what effect exercise has on anxiety-related disorders and constructs (e.g., 

anxiety sensitivity) using an integrative, transdiagnostic approach is unknown. 

Therefore, the purposes of the current trial were: (1) to quantify the effects of aerobic 

exercise and resistance training on symptoms of anxiety-related disorders and constructs, 

(2) to evaluate whether both modalities of exercise were equally efficacious in reducing 

such symptoms, and (3) to determine whether exercise enjoyment and pre-intervention 

physical fitness were associated with symptom reduction. A total of 48 individuals with 

anxiety-related disorders were randomized to one of three conditions: aerobic exercise, 

resistance training, or a waitlist control. Symptoms of anxiety-related disorders, related 

constructs (i.e., general psychological distress, depression, anxiety, stress, anxiety 

sensitivity, distress tolerance, intolerance of uncertainty), and exercise enjoyment were 

assessed at pre-intervention and weekly during the 4-week intervention. Participants 

were further assessed 1-week and 1-month post-exercise. Both aerobic exercise and 

resistance training were efficacious in improving disorder status. Additionally, aerobic 
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exercise was efficacious in improving general psychological distress and anxiety, while 

resistance training was efficacious in improving disorder-specific symptoms, anxiety 

sensitivity, distress tolerance, and intolerance of uncertainty. For both types of exercise, 

lower pre-intervention physical fitness was associated with greater reductions in general 

psychological distress. For aerobic exercise, lower physical fitness was also associated 

with greater reductions in stress. Scores at follow-up were generally not significantly 

different when compared to post-intervention. Results highlight the efficacy of aerobic 

exercise and resistance training in uniquely addressing anxiety-related disorder 

symptoms and constructs. 

Keywords: randomized controlled trial; transdiagnostic; anxiety disorders; 

aerobic exercise; resistance training  
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1. Introduction 

1.1. Overview 

Anxiety-related disorders (including anxiety disorders, obsessive-compulsive 

disorder, and posttraumatic stress disorder) are highly prevalent and comorbid, affecting 

approximately 28.8% of individuals over their lifetime (Kessler et al., 2005). Although 

these disorders share superficial similarities, such as overlap in diagnostic criteria 

(Barlow, 2014), evidence suggests that they also share common etiology, latent structure, 

higher-order dimensions, and response to treatment. These shared factors have fostered 

the development of transdiagnostic treatments that can effectively target a relatively 

wide array of anxiety-related psychopathological concerns and that can be widely and 

efficiently distributed to the individuals in need of treatment.  

In recent years, there has been increasing empirical support for the role of 

exercise as a legitimate standalone or adjuvant treatment for a variety of mental health 

concerns (Asmundson et al., 2013). Particularly, specific types of exercise, such as 

aerobic exercise and resistance training, have shown promise for social anxiety disorder, 

panic disorder, generalized anxiety disorder, obsessive-compulsive disorder, and 

posttraumatic stress disorder (Broocks et al., 1998; Fetzner & Asmundson, 2015; Herring, 

Jacob, Suveg, & O’Connor, 2011; Jazaieri, Goldin, Werner, Ziv, & Gross, 2012; Rector, 

Richter, Lerman, & Regev, 2015). Although the underlying mechanisms for these and 

other anxiety-related disorders are purported to be similar, little research has 

consolidated these findings from a transdiagnostic perspective and using robust empirical 

methodology in the form of randomized controlled trials. Additionally, potential 
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differences in the efficacy of distinct exercise paradigms have seldom been systemically 

evaluated using similarly robust methodology.  

The current dissertation is structured as follows. First, I provide an overview of 

transdiagnostic theory, including evidence for common etiology, latent structure, higher-

order constructs, and response to transdiagnostic treatment for anxiety-related disorders. 

Second, I review research on the effects of exercise in specific and mixed samples of 

anxiety-related disorders and on important related constructs, as well as the putative 

physiological, social, and psychological mechanisms of action. Finally, I present the 

current trial, including its purpose, hypotheses, methods, results, limitations, and 

implications.  

1.2. Transdiagnostic Theory 

Anxiety-related disorders are highly prevalent in society, with rates as high as 

28.8% (Kessler et al., 2005). Anxiety-related disorders are also highly comorbid, with 

rates ranging from 27%-60% depending on the primary anxiety-related diagnosis (Brown, 

Campbell, Lehman, Grisham, & Mancill, 2001). The comorbidity between anxiety-

related disorders may be partly due to artificial or artefactual reasons, such as overlap in 

diagnostic criteria or the temporal course of anxiety-related psychopathology; however, 

more fundamental factors are likely to play an important role in these relationships 

(Barlow, 2014). The substantial comorbidity between anxiety-related disorders suggests 

that they share some deeper commonalities, such as biological and psychological 

etiology, latent structure, higher-order dimensions, and response to treatment. Evidence 

regarding these commonalities is reviewed in the following sections.  
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1.2.1. Etiology of anxiety-related disorders. According to Barlow (2000), 

anxiety-related disorders may share common etiology that can be conceptualized as the 

result of three diatheses. Barlow’s triple vulnerability model posits that general 

biological vulnerabilities, general psychological vulnerabilities, and specific 

psychological vulnerabilities interact to precipitate and maintain anxiety-related 

psychopathology. The model explains both the general and specific development of 

anxiety-related psychopathology.  

1.2.1.1. General biological vulnerability. According to the triple vulnerability 

model, the general biological vulnerability involves a genetic predisposition to being 

“high strung”; that is, to exhibit characteristics such as trait anxiety (otherwise known as 

neuroticism; Barlow, 2000). Evidence suggests that neuroticism is genetically linked and 

accounts for substantial variance in individual anxiety-related disorders, as well as the 

overlap among them (Bienvenu, Hettema, Neale, Prescott, & Kendler, 2007; Hettema, 

2006). Research also suggests differential associations between neuroticism and anxiety-

related disorders. Specifically, the trait appears to have the strongest association with 

generalized anxiety disorder, while it is least associated with specific phobia (Brown, 

2007; Watson, Gamez, & Simms, 2005). 

1.2.1.2. General psychological vulnerability. According to Barlow (2000), 

general biological vulnerabilities may interact with general psychological vulnerabilities 

to predispose individuals to anxiety and other negative emotional states. Evidence 

suggests that intolerance of uncertainty may be one such psychological vulnerability. 

Intolerance of uncertainty is a cognitive bias involving the inability to withstand 

ambiguous or uncertain situations (Carleton, 2012; Laugesen, Dugas, & Bukowski, 
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2003). The construct was originally conceptualized as a specific psychological 

vulnerability to generalized anxiety disorder; however, a large body of evidence now 

supports its important and broad role in anxiety-related disorders (for reviews, see 

Carleton, 2012, 2016a, 2016b). Indeed, intolerance of uncertainty explains unique 

variance in symptoms of anxiety-related disorders, over and above the effect of 

neuroticism (McEvoy & Mahoney, 2011). 

Anxiety sensitivity may constitute another important general psychological 

vulnerability to anxiety-related disorders. Anxiety sensitivity involves fear of anxiety-

related sensations based on negative or catastrophic beliefs regarding their consequences 

(Reiss & McNally, 1985). The trait can exacerbate pre-existing anxiety because it acts as 

an anxiety amplifier. For example, when individuals with high anxiety sensitivity 

become anxious, they begin to fear their anxiety-related sensations and become even 

more anxious. Anxiety sensitivity appears to be an important risk and maintenance factor 

across anxiety-related disorders, including specific phobia, social anxiety disorder, panic 

disorder, agoraphobia, generalized anxiety disorder, obsessive-compulsive disorder, and 

posttraumatic stress disorder (Bernstein et al., 2005; Deacon & Abramowitz, 2006; 

Hayward & Wilson, 2007; Schmidt, Zvolensky, & Maner, 2006; Tull, Stipelman, 

Salters-Pedneault, & Gratz, 2009).  

Although its relationship to anxiety-related disorders is not as well known 

compared to other putative general psychological vulnerabilities (Zvolensky, Vujanovic, 

Bernstein, & Leyro, 2010), distress tolerance is another putative general psychological 

vulnerability to anxiety-related disorders. Distress tolerance is the ability to tolerate 

emotional distress (Simons & Gaher, 2005). Lower distress tolerance has been associated 
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with anxiety-related psychopathology, including generalized anxiety disorder and panic 

disorder (for a review, see Leyro, Zvolensky, & Bernstein, 2010). Little is known 

regarding its relationship to other anxiety-related disorders; however, evidence suggests 

that distress tolerance may subsume other general psychological vulnerabilities, such as 

intolerance of uncertainty (Bardeen, Fergus, & Orcutt, 2013). 

1.2.1.3. Specific psychological vulnerability. Specific psychological 

vulnerabilities predispose individuals to fear certain places, objects, or events (Barlow, 

2000). These vulnerabilities may emerge through early learning experiences, such as 

modelling and transmission of knowledge. In the context of an individual’s general 

biological and psychological vulnerabilities, specific psychological vulnerabilities may 

catalyze the manifestation of specific anxiety-related disorders (Barlow, 2014). Specific 

psychological vulnerabilities are likely to be relative across anxiety-related disorders, 

rather than absolute (Brown & Naragon-Gainey, 2013). In other words, although specific 

psychological vulnerabilities may be predictive of anxiety-related psychopathology, they 

may be more strongly related to some disorders than to others. Consistent with this 

hypothesis, intolerance of uncertainty has been suggested to be relatively more highly 

linked to generalized anxiety disorder and posttraumatic stress disorder, while anxiety 

sensitivity may be more highly linked to other anxiety-related disorders, such as panic 

disorder, agoraphobia, and specific phobia (Paulus, Talkovsky, Heggeness, & Norton, 

2015). 

1.2.2. Latent structure and underlying constructs. Research on the latent 

structure of anxiety-related disorders suggests a potential hierarchical structure of the 

constructs. A 1-year longitudinal study quantified the latent structure of anxiety-related 
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disorders (excluding obsessive-compulsive disorder and posttraumatic stress disorder), 

as well as mood and substance use disorders in a nationally-representative sample of 

5,618 Dutch residents (Vollebergh et al., 2001). The results suggested a three-

dimensional model of psychopathology including factors related to anxious-misery 

(comprising major depression, dysthymia, and generalized anxiety disorder), fear 

(comprising specific phobia, social anxiety, agoraphobia, and panic), and externalization 

(comprising alcohol and drug dependence). The anxious-misery and fear factors were 

further subsumed under a higher-order internalizing factor. The temporal stability of the 

fear factor was slightly superior to that of the anxious-misery factor, but the three-

dimensional model as a whole appeared to have good stability the course of a year.  

In a cross-sectional study of 350 individuals with mood or anxiety-related 

disorders who were undergoing assessment or treatment at a research centre, trait 

negative affect and autonomic arousal were identified as other important anxiety-related 

latent constructs (Brown, Chorpita, & Barlow, 1998). Specifically, trait negative affect 

may be an important higher-order factor for generalized anxiety disorder, social anxiety 

disorder, panic disorder/agoraphobia, and obsessive-compulsive disorder. Autonomic 

arousal, on the other hand, may constitute a lower-order factor related to panic 

disorder/agoraphobia and generalized anxiety disorder. Low positive affect was not 

generally predictive of anxiety-related psychopathology, with the exception of social 

anxiety disorder.  

More recently, Brown (2007) quantified the cross-sectional and temporal 

relationships between depression, social anxiety disorder, and generalized anxiety 

disorder over a 2-year period. Participants were 606 patients who were undergoing 
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assessment or treatment at a research centre for these disorders. The results suggested 

that a latent trait consisting of neuroticism/behavioural inhibition (which is conceptually 

and empirically similar to neuroticism; Campbell-Sills, Liverant, & Brown, 2004) and 

behavioural activation/positive affect accounted for nearly all the cross-sectional 

covariance between the disorders. Additionally, the change in neuroticism/behavioural 

inhibition over time completely accounted for temporal overlap among the disorders, 

providing some evidence that neuroticism/behavioural inhibition is an important and 

changeable higher-order factor in mood and anxiety-related disorders. Behavioural 

action/positive affect, on the other hand, appeared to be highly stable over the 2-year 

period despite the majority of individuals in the study receiving treatment during this 

time. 

Despite promising evidence for so-called negative affectivity (e.g., trait negative 

affect, neuroticism) as a higher-order construct, meta-analytic research suggest the trait 

has differential associations between anxiety-related disorders (Kotov, Gamez, Schmidt, 

& Watson, 2010). Specific phobia appears to be more weakly associated with negative 

affectivity than other anxiety-related disorders. Additionally, distress- and fear-based 

sub-classifications of disorders do not appear to consistently match the expected 

associations with negative affectivity. Although distress-based disorders ought to be 

more highly linked with negative affectivity, both subtypes of disorders show similar 

elevations in the trait. 

In an attempt to elucidate these differential associations, Paulus, Talkovsky, 

Heggeness, and Norton (2015) investigated the role of semi-specific transdiagnostic 

commonalities, namely anxiety sensitivity and intolerance of uncertainty, as mid-level 
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commonalities between negative affectivity and anxiety-related disorders. Study data 

included 642 individuals seeking outpatient treatment for mood and anxiety-related 

disorders. Results suggested a mediating role of anxiety sensitivity in the relationship 

between negative affectivity and fear-related disorders (specifically specific phobia and 

panic disorder/agoraphobia) and a mediating role of intolerance of uncertainty for 

anxious distress-related disorders (depression, generalized anxiety disorder, and 

posttraumatic stress disorder). The authors also suggested the potential inclusion of 

obsessive-compulsive disorder as an anxious distress-related disorder, given that that 

disorder had a similar relationship to intolerance of uncertainty and negative affectivity 

as the other anxious distress-related disorders.  

1.2.3. Efficacy of transdiagnostic psychotherapy. The efficacy of 

transdiagnostic therapies for anxiety-related disorders also supports shared etiology and 

mechanisms underlying anxiety-related disorders. Norton and Philip (2008) conducted a 

meta-analysis of transdiagnostic cognitive behavioural therapy. They identified eight 

published and unpublished studies, all of which included psychoeducation, cognitive 

restructuring, and exposure in their protocols, while most also included relaxation 

training. Transdiagnostic cognitive behaviour therapy was associated with a large 

average post-treatment effect size, which was similar in magnitude to diagnosis-specific 

cognitive behavioural therapy (Norton & Price, 2007). Treatment gains were also 

maintained at 6-month follow-up. Although the results are encouraging, the meta-

analysis included only a small number of studies with mostly small sample sizes. A more 

recent meta-analysis comparing diagnosis-specific and transdiagnostic cognitive 
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behavioural therapy found large and similar effect sizes for both types of intervention, 

suggesting clinically equivalent effects (Pearl & Norton, 2016).  

More recently, Norton and Barrera (2012) compared the effects of 

transdiagnostic and diagnosis-specific cognitive behavioural therapy for 12 weeks in 

individuals with social anxiety disorder, panic disorder, and generalized anxiety disorder. 

Results suggested that the transdiagnostic group was equivalent to the diagnosis specific 

group in reducing self-reported symptoms of panic and generalized anxiety, although 

results for social anxiety disorder were inconclusive. Additionally, groups did not differ 

significantly in clinician-rated severity of primary diagnoses, overall patient severity, and 

patient improvement. 

A comparison of 12 weeks of transdiagnostic cognitive behavioural therapy to 

relaxation training (consisting of progressive muscle relaxation, cue-controlled 

relaxation, passive muscle relaxation, guided imagery, and breathing retraining) also 

supports the efficacy of the transdiagnostic approach (Norton, 2012). The transdiagnostic 

treatment was non-inferior to relaxation training when considering clinician ratings of 

severity and global impression as well as self-reported symptoms of social anxiety 

disorder and panic disorder, although results for self-reported symptoms of generalized 

anxiety disorder were inconclusive. Interestingly, both treatments appear to be 

considered equally credible by participants, although transdiagnostic cognitive 

behavioural therapy had lower dropout rates.  

Transdiagnostic cognitive behavioural therapy is efficacious not only on primary 

anxiety-related diagnoses, but it may also be effective on comorbid disorders. Norton 

and colleagues (2013) studied the effects of cognitive behavioural therapy for 12 weeks 
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in 79 individuals with a primary diagnosis of specific phobia, social anxiety disorder, 

panic disorder, generalized anxiety disorder, and obsessive-compulsive disorder, 51 of 

whom had a comorbid mood or anxiety-related diagnosis. Reductions in clinician 

severity ratings and state-trait anxiety scores were similar in individuals with and without 

a comorbid diagnosis. Approximately two-thirds of individuals with a comorbid disorder 

no longer met criteria for any comorbid diagnosis post-treatment. These findings are 

unfortunately limited by the lack of a control group and missing comorbid data for non-

completers; however, the findings are consistent with transdiagnostic theory and 

replication is warranted.  

Findings from other modalities for transdiagnostic therapy are mixed but have 

shown promise. A randomized controlled trial of Internet-based transdiagnostic cognitive 

behavioural therapy compared to waitlist suggested that the intervention effected 

moderate reductions in generalized anxiety symptoms and small reductions in panic and 

social anxiety disorder symptoms (Titov, Andrews, Johnston, Robinson, & Spence, 

2010). Another randomized controlled trial including individuals suffering from anxiety 

or depression reported moderate reductions in symptoms in the transdiagnostic treatment 

condition compared to a waitlist control (Titov et al., 2011). An uncontrolled 

investigation of another Internet-delivered cognitive behavioural therapy program has 

shown large reductions in self-reported symptoms in a mixed sample of individuals with 

panic disorder, generalized anxiety disorder, and depression (Hadjistavropoulos et al., 

2014). Recent evidence suggests that both transdiagnostic and disorder-specific Internet-

based cognitive behavioural therapies can effect moderate to large reduction in primary 

anxiety disorders, including generalized anxiety disorder (Dear et al., 2015), panic 
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disorder (Fogliati et al., 2016), and social anxiety disorder (Dear et al., 2016), as well as 

comorbid anxiety-related disorders (Titov et al., 2015). 

Overall, research supports the efficacy of transdiagnostic therapies for anxiety-

related disorders. The results are bolstered by the relatively high number of randomized 

controlled trials in the area, although they often include relatively small sample sizes and 

survey a limited number of anxiety-related disorders. Nonetheless, research on 

transdiagnostic psychotherapy supports the possibility of targeting several anxiety-

related symptoms without the need to tailor interventions to individual or diagnostic-

specific concerns.  

1.3. Exercise 

A well-established body of literature supports the mental and physical benefits of 

exercise (Penedo & Dahn, 2005). In order to achieve these benefits, the Public Health 

Agency of Canada recommends that individuals engage in 150 minutes of moderate-to-

vigorous exercise, in increments of at least 10 minutes, on a weekly basis (Public Health 

Agency of Canada, 2012). Unfortunately, approximately 85% of Canadians are not 

physically active enough to meet these recommendations (Statistics Canada, 2013). 

Physical inactivity is associated with lower levels of well-being and greater symptoms of 

depression (Galper, Trivedi, Barlow, Dunn, & Kampert, 2006) and some evidence 

suggests that it may also put individuals at greater risk for developing a mental disorder 

in the future (Sanchez-Villegas et al., 2008).  

Given the relationship between physical inactivity and adverse mental health 

correlates, researchers have become increasingly interested in studying exercise as a way 

to improve mental health. A variety of exercise paradigms have been studied in a wide 
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range of populations, including yoga and tai-chi (Field, Diego, & Hernandez-Reif, 2010; 

Hoffmann-Smith, Ma, Yeh, DeGuire, & Smith, 2009; Streeter et al., 2007), walking 

(Diaz & Motta, 2008; Streeter et al., 2007), running (Broman-Fulks, Kelso, & Zawilinski, 

2015; Powers et al., 2015; Smits et al., 2008), cycling (Fetzner & Asmundson, 2015; 

LeBouthillier & Asmundson, 2015), resistance training (Bibeau, Moore, Mitchell, 

Vargas-Tonsing, & Bartholomew, 2010; Broman-Fulks et al., 2015; Tsutsumi et al., 

1998), and mixed exercise (Hovland et al., 2013). The samples studied have also been 

diverse, including university students (Broman-Fulks, Berman, Rabian, & Webster, 

2004; Smits et al., 2008), older adults (Tsutsumi et al., 1998), community individuals 

(LeBouthillier & Asmundson, 2015), and clinical samples, such as individuals with 

posttraumatic stress disorder (Fetzner & Asmundson, 2015; Powers et al., 2015; for a 

review, see Asmundson et al., 2013). The results of these studies are generally 

favourable, although with mixed patterns of symptom reduction. An overview of the 

literature on the relationship between exercise, anxiety-related disorders, and 

transdiagnostic commonalities is provided below, with particular emphasis on clinical 

samples and exercise paradigms consisting of aerobic exercise or resistance training. 

1.3.1. Relation to individual anxiety-related disorders. Epidemiological cross-

sectional research supports an inverse relationship between exercise and anxiety-related 

psychopathology. Compared to individuals who deny engaging in regular exercise, those 

who do so appear to have lower prevalence of current specific phobia, social anxiety 

disorder, agoraphobia, and panic attacks, even after controlling for confounding factors 

such as sociodemographic characteristics, medical conditions, and comorbid mental 

disorders (Goodwin, 2003). Additionally, there appears to be an inverse dose-response 



 

	 13 

relationship between the frequency of exercise and the prevalence of generalized anxiety 

disorder, specific phobia, social anxiety disorder, agoraphobia, and panic attacks. 

1.3.1.1. Social anxiety disorder. Preliminary evidence suggests that aerobic 

exercise is effective in reducing symptoms of social anxiety disorder. A recent study 

comprising an 8-week aerobic exercise program consisting of two individual sessions 

and one group session per week was associated with reductions in symptoms of social 

anxiety and increases in levels of well-being (Jazaieri et al., 2012). Individuals who 

engaged in aerobic exercise reported large reductions in symptoms compared to an 

untreated group of individuals with social anxiety disorder. Although these results are 

encouraging, replication using randomized controlled trials is needed.  

1.3.1.2. Panic disorder. Research on panic disorder and exercise is also sparse; 

however, studies on this disorder feature more robust methodology and comparison to 

other established treatments, such as cognitive behavioural therapy. Randomized 

controlled research suggests that aerobic exercise (running 6.4 kilometers per day, 3 

times per week for 10 weeks) significantly reduces panic disorder symptoms compared 

to an inactive condition (Broocks et al., 1998). In individuals with panic disorder with or 

without agoraphobia, 45 minutes of aerobic exercise three times per week appears to 

have similar efficacy to daily relaxation training (corresponding to large effect sizes) 

(Wedekind et al., 2010). Mixed group exercise (i.e., aerobic exercise, resistance training, 

and sports) three times weekly for 12 weeks has been associated with small to large 

reductions in symptoms but appears to be less effective than group cognitive behavioural 

therapy (Hovland et al., 2013). Preliminary evidence suggests that aerobic exercise may 



 

	 14 

also be beneficial as an adjuvant to Internet-based cognitive behavioural therapy for 

panic disorder (Hovland et al., 2015). 

1.3.1.3. Generalized anxiety disorder. Only two studies to date have investigated 

the effects of exercise on generalized anxiety disorder. A randomized controlled trial of 

30 sedentary women with the disorder suggests that 6 weeks of aerobic exercise or 

resistance training is effective in reducing symptoms, compared to a waitlist control 

(Herring et al., 2011). Interestingly, there were no differences between aerobic vs. 

resistance training on feelings of anxiety-tension or the frequency and intensity of 

irritability or pain. Another randomized controlled trial included 30 sedentary women 

with generalized anxiety disorder who completed 6 weeks of exercise (resistance training 

or aerobic exercise) or served as a waitlist control (Herring, Jacob, Suveg, Dishman, & 

O’Connor, 2012). Resistance training was associated with a greater rate of remission in 

symptoms compared to aerobic exercise; however, both types of exercise were superior 

to the waitlist condition.  

1.3.1.4. Obsessive-compulsive disorder. Preliminary data support the 

effectiveness of aerobic exercise in reducing symptoms of obsessive-compulsive 

disorder. An uncontrolled study of individuals who remained symptomatic after 3 

months of cognitive behavioural and/or pharmacological treatment suggests that 3 to 4 

weekly sessions of aerobic exercise for 12 weeks can lead to large reductions in 

symptoms, which persists at 6-month follow-up (Brown et al., 2007). Another more 

recent uncontrolled study suggested very large reductions in symptoms following a joint 

treatment of cognitive behavioural therapy and aerobic exercise, which surpassed the 

magnitude of reduction in symptoms from previously published research on cognitive 
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behavioural therapy only (Rector et al., 2015). Aerobic exercise may also lead to 

moderate to large acute improvements in anxiety and mood and small to large acute 

improvements in obsessions and compulsions following individual bouts of exercise 

(Abrantes et al., 2009). A randomized controlled trial testing the efficacy of aerobic 

exercise as an adjuvant treatment for obsessive-compulsive disorder has recently been 

proposed, though the results have yet to be published (Abrantes et al., 2012).  

1.3.1.5. Posttraumatic stress disorder. Posttraumatic stress disorder has been one 

of the more popular areas of interest in exercise research. Earlier uncontrolled studies of 

aerobic exercise paradigms ranging from 5 to 12 weeks have shown promise but were 

limited by small and unrepresentative samples of individuals (Diaz & Motta, 2008; 

Manger & Motta, 2005; C. L. Newman & Motta, 2007). A randomized controlled trial 

manipulating attention to physical sensations during a 6-session, 2-week aerobic exercise 

program suggested generally large reductions in posttraumatic stress disorder symptoms 

for all conditions (Fetzner & Asmundson, 2015). The majority (89%) of individuals in 

the study reported clinically significant decreases in symptoms following the 

intervention. Recent evidence suggests that individuals with posttraumatic stress disorder 

generally benefit from aerobic exercise but that those with lower levels of 

cardiorespiratory fitness experience relatively greater reductions in symptoms 

(LeBouthillier, Fetzner, & Asmundson, 2015). 

Research also supports the efficacy of exercise in combination with conventional 

therapy for posttraumatic stress disorder. In a recent randomized controlled trial 

investigating the effects of 12 weeks of resistance exercise three times weekly in 

combination with daily walking as an adjuvant to usual care (Rosenbaum, Sherrington, 
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& Tiedemann, 2014), the addition of exercise was associated with moderately superior 

improvements in symptoms compared to usual care alone. Preliminary research has also 

compared prolonged exposure alone to a combination of prolonged exposure and aerobic 

exercise in a small sample of nine individuals (Powers et al., 2015). Results suggested a 

very large effect of the combined exercise treatment in comparison to prolonged 

exposure alone in reducing symptoms of posttraumatic stress disorder. Similar to 

research on other anxiety-related disorders, results appear very promising; however, 

larger, representative samples and more randomized controlled trials are needed in order 

to replicate and bolster these results.  

1.3.2. Relation to mixed samples of anxiety-related disorders. While a 

growing body of research has focused on quantifying the effects of exercise on anxiety-

related psychopathology, few studies have approached the topic from a transdiagnostic 

perspective. One of the first studies to do so compared three weekly sessions of aerobic 

and anaerobic exercise over 8 weeks in a sample of individuals with panic disorder with 

or without agoraphobia, social anxiety disorder, and generalized anxiety disorder 

(Martinsen, Hoffart, & Solberg, 1989). Both aerobic and anaerobic exercise were 

associated with similar reductions in anxiety; however, the majority of the study sample 

(71%) consisted of individuals suffering from panic disorder with agoraphobia. A more 

recent randomized controlled trial compared a combination of a moderate exercise and 

group cognitive behavioural therapy to a combination of exercise education and group 

cognitive behavioural therapy alone in individuals with panic disorder, generalized 

anxiety disorder, or social anxiety disorder (Merom et al., 2008). Results suggested that 

the combined exercise treatment was associated with large reductions in depression, 
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anxiety, and stress, compared to the combined education group. Most recently, a meta-

analysis synthetized the anxiolytic effects of exercise for anxiety and stress-related 

disorder from six randomized controlled trials including participants with panic disorder, 

social anxiety disorder, generalized anxiety disorder, or posttraumatic stress disorder 

(Stubbs et al., 2017). Results indicated that exercise was associated with a significant 

moderate reduction in symptoms when compared to control conditions. These three 

studies show promising results, but more research on structured exercise programs using 

a randomized controlled trial approach is needed with regard to transdiagnostic 

applications.  

1.3.3. Relation to underlying anxiety-related constructs. 

1.3.3.1. Psychological distress. In addition to specific anxiety-related disorder 

symptoms, exercise may also be beneficial to reduce general psychological distress, 

including depression, state anxiety, and stress. A large body of research has investigated 

the relationship between exercise and depression, with a meta-analysis of 80 studies 

dating back as early as 1990 (North, McCullagh, & Tran, 1990). Randomized controlled 

trials show that exercise has large effects on depression, which may even be 

underestimated due to publication bias (Schuch et al., 2016). Aerobic exercise at 

moderate to vigorous intensity also appears to be associated with relatively greater 

improvements. A recent meta-analysis of randomized controlled trials in the past 25 

years reported small but significant effects of acute exercise on state anxiety (Ensari, 

Greenlee, Motl, & Petruzzello, 2015). Factors such as exercise intensity and modality 

may moderate these effects, although the authors cautioned the interpretation of their 

findings given small sample sizes. Evidence suggests that exercise reduces physiological 
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and emotional consequences of stress (Salmon, 2001). In a 10-year longitudinal study, 

exercise was similarly associated with better ability to cope with major life stressors, 

such as medical conditions or other major life stressors (Harris, Cronkite, & Moos, 2006). 

1.3.3.2. Anxiety sensitivity. Interventions aimed at reducing anxiety sensitivity 

are associated with reductions in anxiety-related disorder severity that are maintained at 

6 months follow-up (Boswell et al., 2013). Anxiety sensitivity has also been shown to 

precede and predict changes in symptoms during cognitive behavioural intervention for 

panic disorder (Gallagher et al., 2013). Several studies have demonstrated the efficacy 

and effectiveness of exercise in reducing anxiety sensitivity. Acute aerobic exercise (2 

weeks) appears effective in individuals with high levels of this trait (Broman-Fulks et al., 

2004; Broman-Fulks & Storey, 2008). Additionally, aerobic exercise alone appears to be 

just as efficacious as a combination of aerobic exercise and cognitive restructuring at 

reducing high anxiety sensitivity (Smits et al., 2008). Even at lower levels of the trait, 

reductions in anxiety sensitivity can be effected after a single bout of aerobic exercise 

(LeBouthillier & Asmundson, 2015) or resistance training (Broman-Fulks et al., 2015). 

Recent evidence also suggests that aerobic exercise could effectively target anxiety 

sensitivity in clinical samples, such as individuals with posttraumatic stress disorder 

(Fetzner & Asmundson, 2015). Overall, available evidence shows great promise for 

exercise in reducing anxiety sensitivity; however, study samples have generally been 

non-clinical and little is known about whether exercise can reduce anxiety sensitivity 

across different anxiety-related disorders.  

1.3.3.3. Distress tolerance. In contrast to anxiety sensitivity, limited evidence 

suggests that distress tolerance remains stable following acute exercise. In two recent 
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randomized controlled trials, distress tolerance did not significantly change following a 

single bout of aerobic or resistance exercise (Broman-Fulks et al., 2015; LeBouthillier & 

Asmundson, 2015). Nonetheless, little is known about whether distress tolerance could 

be amenable to change as a result of lengthier aerobic or resistance exercise paradigms.  

1.3.3.4. Intolerance of uncertainty. Similar to distress tolerance, intolerance of 

uncertainty does not appear to change following acute aerobic exercise (LeBouthillier & 

Asmundson, 2015). Whether different types of exercise or longer exercise paradigms can 

effect changes in the construct remains unknown. Intolerance of uncertainty could 

potentially be amenable to change using different approach or sustained exercise in a 

manner similar to distress tolerance. Consequently, more research is needed to determine 

whether intolerance of uncertainty can be targeted through exercise.  

1.3.4. Putative mechanisms of action. A variety of putative mechanisms have 

been suggested to effect reductions in anxiety, although research comprehensively 

testing and examining these mechanisms is relatively sparse. A recent review by 

Asmundson and colleagues (2013) suggests the involvement of physiological and 

psychological factors. An overview of some of these mechanisms and associated 

evidence is provided below.  

1.3.4.1. Physiological mechanisms. A promising avenue of investigation 

involves fear extinction through changes in brain-derived neurotropic factor (BDNF) as a 

result of exercise. BDNF is a protein believed to play an important role in the 

differentiation and survival of neurons during development (Huang & Reichardt, 2001), 

and it may also be involved in fear learning and extinction through its action on the 

hippocampus and amygdala. Research suggests that increasing levels of BDNF in the 
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limbic system of rats can induce fear extinction without extinction training (Peters, 

Dieppa-Perea, Melendez, & Quirk, 2010). In individuals with panic disorder, BDNF 

appears to be negatively correlated with subjective levels of arousal and is positively 

predictive of response to treatment (Kobayashi et al., 2005; Ströhle et al., 2010). 

Research shows that both aerobic exercise and resistance training can increase BNDF 

levels (Griffin et al., 2011; Yarrow, White, McCoy, & Borst, 2010). Levels of BNDF 

may be readily increased with exercise in individuals with anxiety-related disorders and 

may be associated with better treatment outcomes in individuals with posttraumatic 

stress disorder (Powers et al., 2015; Ströhle et al., 2010). 

Other physiological mechanisms may play an important role in the anxiolytic 

effects of exercise. Compared to inactive individuals, those who report engaging heavily 

in aerobic exercise have greater levels of prolactin and norepinephrine when exposed to 

psychological stressors (Sinyor & Schwartz, 1983). Additionally, these individuals 

appear to have faster recovery from physiological and subjective arousal following 

exposure to a psychological stressor. Repeated exercise may provide some level of 

resistance to arousal by emulating homeostatic neurochemical changes similar to those 

related to anxiety (Lim, Byrne, & Lee, 2008). Aerobic exercise may also increase 

maximal oxygen uptake and lung capacity (Nabkasorn et al., 2006), which have been 

negatively associated with anxiety in individuals with social anxiety disorder and panic 

disorder (Blechert, Wilhelm, Meuret, Wilhelm, & Roth, 2010).  

Exercise may also indirectly reduce anxiety through its effects on sleep. Research 

suggests bidirectional associations between sleep disturbance and anxiety (Jansson-

Fröjmark & Lindblom, 2008). Additionally, persistent childhood sleep disturbances may 
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put individuals at greater risk for anxiety-related disorders as adults (Gregory et al., 

2005). Aerobic exercise may prevent or address these disturbances and consequently 

reduce anxiety by depleting energy stores, promoting tissue breakdown, and increasing 

temperature, all of which promote sleep (Youngstedt, 2005). 

1.3.4.2. Psychological mechanisms. Exercise may play an important role in 

reducing social isolation and promoting social interaction (Salmon, 2001). Increased 

social interaction and behavioural activation are components of contemporary 

therapeutic approaches for anxiety-related disorders, and they are also important 

therapeutic agents of change (Barlow, Allen, & Choate, 2004). Engagement in exercise 

may provide the opportunity for individuals to distract themselves from negative and 

distressing thoughts that are prominent in anxiety-related psychopathology (Morgan, 

1985; Salmon, 2001). For example, a study of veterans with posttraumatic stress disorder 

suggests that a 16-week behavioural activation program including semi-structured 

activities is effective in reducing symptoms of the disorder (Jakupcak et al., 2006). 

Distraction has the potential to disrupt other anxiolytic mechanisms, however. Shifting 

attention away from feared anxiety-related sensations during exercise may reinforce 

avoidance behaviours and maintain anxiety (Asmundson et al., 2013). Interestingly, 

recent research on individuals with posttraumatic stress disorder is inconsistent and even 

partially contradicts this view. Attention to and distraction from somatic sensations 

during exercise have both been associated with reductions in symptoms of the disorder 

and, in fact, purposeful attention to sensations may be associated with more modest 

changes in symptoms of hyperarousal (Fetzner & Asmundson, 2015).  
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Engagement in exercise may foster a sense of mastery and self-efficacy as 

individuals learn that they are capable of overcoming the challenges associated with 

exercise (Petruzzello, Landers, & Hatfield, 1991). Research suggests that exercise that 

increases self-efficacy (e.g., martial arts) effects greater reductions in anxiety when 

compared to exercise that simply maintains it (e.g., cycling; Bodin & Martinsen, 2004). 

Nonetheless, the relationship between exercise and self-efficacy may be complicated by 

other variables, such as exercise intensity. Research suggests that increased self-efficacy 

is associated with reductions in anxiety when exercise intensity is moderate, but not 

when it is low or high (Katula, Blissmer, & McAuley, 1999). 

Exercise may also be associated with increased levels of positive affect. A meta-

analysis suggests regular, short bouts of low intensity aerobic exercise over several 

weeks appear to be optimal in promoting positive affect (Reed & Buck, 2009). 

Immediate changes in positive affect following acute exercise have also been reported in 

clinical research on individuals with obsessive-compulsive disorder (Abrantes et al., 

2009). For resistance training, low intensity and long rest periods are associated with 

greater post-exercise positive affect (Bibeau et al., 2010). Enjoyment of a particular 

exercise modality (e.g., aerobic exercise, weight training) may be an important factor in 

predicting acute changes in affect following exercise. Individuals appear to have greater 

enhancements in mood states following their most preferred compared to their least 

preferred exercise modality (Lane, Jackson, & Terry, 2005); however, other research 

suggests that these benefits are limited to positive mood states only (Miller, 

Bartholomew, & Springer, 2005). Little research has investigated the effects of exercise 
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modality enjoyment on anxiety-related symptoms and constructs and ruled out potential 

confounding factors such as exercise intensity in this relationship.  

Interoceptive exposure may be one of the most important psychological 

mechanisms underlying reductions in anxiety. Exposure is a common and effective 

component of contemporary cognitive behavioural therapy for anxiety-related disorders 

(Clark & Taylor, 2009). Both aerobic exercise and resistance training may be a safe and 

effective way to deliver this component, as they produce bodily sensations similar to 

those related to anxiety (e.g., increased heart rate, muscle tension, sweating, shortness of 

breath; Stewart & Watt, 2007). More specifically, interoceptive exposure is believed to 

reduce anxiety sensitivity (Asmundson et al., 2013). Several studies have reported 

substantial reductions in anxiety sensitivity following short aerobic exercise paradigms 

in individuals with high levels of the trait (Broman-Fulks et al., 2004; Broman-Fulks & 

Storey, 2008; Fetzner & Asmundson, 2015; Smits et al., 2008). Significant reductions in 

anxiety sensitivity may also be achieved in individuals with lower levels of the trait after 

merely a single bout of aerobic or resistance exercise (Broman-Fulks et al., 2015; 

LeBouthillier & Asmundson, 2015). Thus, anxiety sensitivity may be a potent and 

malleable agent of change for symptoms of anxiety-related disorders.  
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2. Current Investigation  

2.1. Purpose 

Despite the flourishing and diverse nature of research on the mental health 

benefits of exercise, integrative and methodologically sound research on the relationship 

between exercise and anxiety-related disorders and constructs is lacking. Several studies 

have investigated reducing symptoms of specific anxiety-related disorders (e.g., 

Abrantes et al., 2009; Fetzner & Asmundson, 2015; Herring et al., 2012; Hovland et al., 

2012; Jazaieri et al., 2012), but rarely within mixed samples of individuals and using a 

randomized controlled trial design. Additionally, a substantial body of evidence supports 

reductions in underlying constructs, such as anxiety sensitivity, following aerobic 

exercise (e.g., Fetzner & Asmundson, 2014; LeBouthillier & Asmundson, 2015; Smits et 

al., 2008), but only one study to date has examined the effects of resistance training 

(Broman-Fulks et al., 2015). Similarly, research on the effects of exercise on other 

anxiety-related constructs, such as distress tolerance and intolerance of uncertainty, is 

lacking. Finally, little is known regarding how enjoyment of exercise and level of fitness 

may affect the efficacy of exercise-based interventions for reducing anxiety-related 

psychopathology.  

The current investigation involved a randomized controlled equivalency trial of 

two types of exercise as transdiagnostic interventions for anxiety-related disorders. 

Specifically, the aims of the of the current trial were to (a) quantify the effects of aerobic 

exercise and resistance training on symptoms of anxiety-related disorders and related 

constructs using a transdiagnostic approach, (b) to evaluate whether both types of 

exercise are equivalently efficacious in reducing such symptoms, and (c) to determine 
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whether enjoyment for certain types of exercise and level of fitness are associated with a 

greater reduction in symptoms. The present trial also addressed limitations in current 

literature by (a) using a transdiagnostic approach to study a mixed sample of individuals 

with anxiety-related disorders, (b) quantifying changes in other important anxiety-related 

constructs, and (c) utilizing a randomized controlled trial design meeting the highest 

standards of empirical research.  

2.2. Hypotheses 

The current trial was designed to test the following hypotheses: 

1. Aerobic exercise and resistance training would both be efficacious in 

improving disorder status, disorder-specific symptoms, and related 

construct (i.e., general psychological distress, depression, anxiety, stress, 

anxiety sensitivity, distress tolerance, intolerance of uncertainty) when 

compared to a waitlist control.  

2. The efficacy of both types of exercise would be generally equivalent in 

reducing disorder-specific symptoms and related constructs.  

3. Greater enjoyment of the assigned exercise condition and lower fitness 

would predict the magnitude of reductions in disorder-specific symptoms 

and related constructs.  

2.3. Participants 

Ethical approval for the trial was obtained from the University of Regina 

Research Ethics Board (see Appendix A). Participants were eligible for the trial if they 

were between 18 and 65 years of age, resided in the Regina, Saskatchewan area, reported 

fewer than 150 minutes of moderate to vigorous exercise weekly, could safely engage in 
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exercise, were not engaged in empirically supported therapy for anxiety (e.g., cognitive 

behavioural therapy), were not taking benzodiazepines or antipsychotic medication, did 

not have symptoms of psychosis, were currently at low risk for suicide (assessed using 

the procedures described below), or were not involved in litigation. Recruitment targeted 

members of the community, University of Regina employees, and the University of 

Regina Psychology Participant Pool using posters and classified advertisements.  

The statistical analyses employed in the current trial precluded a priori sample 

size estimation, as the statistical power of multilevel modeling depends on a multitude of 

factors and compliance with assumptions that cannot be easily predicted (Kreft & 

DeLeeuw, 1998). Therefore, sample size was based on previous literature, predicting an 

attrition rate of 20% and approximately 20 participants per exercise group (Fetzner & 

Asmundson, 2015; LeBouthillier & Asmundson, 2015; Smits et al., 2008). 

2.4. Measures 

2.4.1. Screening measures. 

2.4.1.1. P4 Screener (Dube, Kroenke, Bair, Theobald, & Williams, 2010; see 

Appendix B). The P4 is a 4-item algorithm used to assess suicide risk. Items query self-

reported past history, plan, probability, and preventative factors of a suicide attempt and 

were administered to individuals who endorse have thoughts of hurting themselves. The 

P4 has be developed over the course of six randomized controlled trials for the treatment 

of depression (Dube et al., 2010). Individuals were classified into minimal, lower, and 

higher risk categories according to their endorsement of specific items. In the present 

trial, individuals categorized as having higher risk for suicide in the online 

questionnaires were to be immediately presented with contact information for 
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community and crisis resources; however, no participants endorsed higher risk for 

suicide during screening. 

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

Warburton, Jamnik, Bredin, & Gledhill, 2014). The PAR-Q+ is a 16-item self-report 

measure of potential barriers to safe engagement in physical activity. Items were 

answered in a yes/no format. The measure includes seven items relating to general health 

explicitly (e.g., heart condition, dizziness, joint problems) and 10 follow-up items 

relating to chronic health conditions (e.g., back problems, respiratory disease). The PAR-

Q+ has high test-retest reliability, sensitivity, and specificity, and it is more robustly 

evidence-based than its predecessor, the PAR-Q (Bredin, Gledhill, Jamnik, & Warburton, 

2013; Warburton, Bredin, Jamnik, & Gledhill, 2011). Participants who endorsed one or 

more follow-up items on the PAR-Q+ were required to have a physician provide medical 

clearance (below) before participating in the study.  

2.4.1.3. Physical Activity Readiness Medical Examination (PARmed-X; 

Warburton et al., 2014). The PARmed-X was required for participants who indicated 

potential barriers to safely engaging in physical activity but otherwise met eligibility 

criteria for the trial. A physician was required to complete the measure by indicating any 

relevant medical conditions in the participant. Participants were allowed to continue with 

the trial upon receipt of the PARmed-X. 

2.4.1.4. Structured Clinical Interview for DSM-5, Research Version. (SCID-5-

RV; First, Williams, Karg, & Spitzer, 2015). The SCID-5-RV was used to screen for 

diagnoses of anxiety-related disorders and to rule out symptoms of psychosis when 

suspected. Participants answered screening questions in a yes/no format. Disorder-
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specific symptom measures were administered to participants based on their responses to 

these questions. Disorder-specific sections of the SCID-5-RV were administered based 

on responses to the screening questions and disorder-specific symptom measures. 

2.4.2. Disorder-specific (secondary) outcome measures. 

2.4.2.1. Severity Measure for Specific Phobia–Adult (SMSP–A; Craske et al., 

2013b; see Appendix C). The SMSP–A is a 10-item self-report measure of symptoms of 

specific phobia. Items measure the frequency of occurrence of symptoms in the past 

week and are scored on a Likert scale ranging from 0 (never) to 4 (all of the time). 

Individuals rate the items in relation to one of five types of feared objects or situations 

(e.g., animal or insects; blood, needles, or injections). The measure is scored by 

calculating the average or sum score, which provides a phobic severity rating ranging 

from 0 (none) to 4 or 40 (extreme). The SMSP–A is an emerging measure offered by the 

American Psychiatric Association for further research and clinical validation and, 

therefore, few data on its psychometric properties are currently available. Nonetheless, 

the measure was selected for its ability to monitor phobic symptom severity. Other 

measures of specific phobia have been developed in the past; however, they are of little 

use for monitoring the severity of symptoms (Hood & Antony, 2012). In the current trial, 

a score of 20 (moderate) or above on the SMSP–A was considered a clinically 

significant level of phobia.  

2.4.2.2. Social Interaction Phobia Scale (SIPS; Carleton et al., 2009; see 

Appendix D). The SIPS is a 14-item self-report measure of social anxiety symptoms. 

Items are scored on a 5-point Likert scale ranging from 0 (not at all) to 4 (extremely). 

The SIPS includes three subscales, namely Social Interaction Anxiety (e.g., “When 
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mixing socially I am uncomfortable”), Fear of Overt Evaluation (e.g., “I feel self-

conscious if I have to enter a room where others are already seated”), and Fear of 

Attracting Attention (e.g., “I worry I might do something to attract the attention of 

others”). The SIPS has sound psychometric properties, as well as convergent and 

discriminant validity (Carleton et al., 2009). In the present trial, individuals with a total 

score of 21 or more on the SIPS were considered to have clinically significant levels of 

social anxiety.  

2.4.2.3. Panic Disorder Severity Scale–Self Report (PDSS–SR; Katherine Shear 

et al., 1997; See Appendix E). The PDSS–SR is a 7-item self-report measure of 

symptoms of panic disorder. Individuals rate the frequency, severity, or level of 

impairment of panic disorder symptoms over the past week using a Likert scale ranging 

from 0 (e.g., not at all, no interference) to 4 (e.g., nearly constantly, extreme 

interference). The measure has good psychometric properties and is sensitive to change 

following psychotherapy (Houck, Spiegel, Shear, & Rucci, 2002). A score of 8 on the 

measure suggests clinically significant symptoms of panic disorder (Shear et al., 2000). 

2.4.2.4. Severity Measure for Agoraphobia–Adult (SMAA; Craske et al., 2013a; 

See Appendix F). The SMAA is a 10-item self-report measure of agoraphobic symptoms. 

Items measure the frequency of occurrence of symptoms in the past week and are scored 

on a Likert scale ranging from 0 (never) to 4 (all of the time). Individuals rate the items 

in relation to one of five types of feared situations, namely crowds, public places, 

transportation, traveling alone, or being away from home. The measure is scored by 

calculating the average or sum score, which provides a phobic severity rating ranging 

from 0 (none) to 4 or 40 (extreme). The SMAA is an emerging measure offered by the 
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American Psychiatric Association for further research and clinical validation and, 

therefore, few data on its psychometric properties are currently available. Nonetheless, 

the measure was selected for its specificity to agoraphobic symptoms given the 

separation of the disorder from panic disorder in the DSM-5 (American Psychiatric 

Association, 2013). In the present trial, a score of 20 (moderate) was considered a 

clinically significant level of agoraphobia. 

2.4.2.5. Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger, & 

Borkovec, 1990; see Appendix G). The PSWQ is a 16-item measure of worry (e.g., “I 

know I should not worry about things, but I just cannot help it”). Items are rated on a 

Likert scale ranging from 1 (not at all typical of me) to 5 (very typical of me). Scores are 

obtained by summing the responses, after reverse scoring relevant items. The PSWQ has 

sound psychometric properties (Brown, 1992; Meyer et al., 1990). A cut score of 58 

appears to have adequate sensitivity and specificity for identifying individuals with 

generalized anxiety disorder (Behar, Alcaine, Zuellig, & Borkovec, 2003).  

2.4.2.6. Obsessive-Compulsive Inventory–Revised (OCI–R; Foa et al., 2002; See 

Appendix H). The OCI–R is an 18-item self-report measure of obsessive-compulsive 

symptoms over the past month. Items on this scale are rated using a Likert scale ranging 

from 0 (not at all) to 4 (extremely). The measure includes subscales for obsession and 

compulsions related to washing, checking, ordering, obsessing, hoarding, and 

neutralizing. Scores are obtained by summing relevant items. The OCI–R has sound 

psychometric properties and a total score of 14 is effective in identifying individuals 

with obsessive-compulsive disorder (Abramowitz & Deacon, 2006). 
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2.4.2.7. Life Events Checklist for DSM-5 (LEC-5; Weathers et al., 2013; see 

Appendix I). The LEC-5 is a 17-item self-report measure of potentially traumatic events 

used in the assessment of posttraumatic stress disorder. The first 16 items query specific 

events (e.g., assault with a weapon), while the last item is open-ended. Participants rate 

whether they experienced each event using the following options: happened to me, 

witnessed it, learned about it, part of my job, not sure, and doesn’t apply. Participants 

then select the most stressful event to complete a measure of posttraumatic stress 

symptoms (below). Although psychometric properties for the LEC-5 are not available, 

the original LEC had acceptable test-retest reliability and convergent validity with other, 

more extensive trauma assessment tools (Gray, Litz, Hsu, & Lombardo, 2004).  

2.4.2.8. Posttraumatic Stress Disorder Checklist for DSM-5 (PCL-5; Weathers 

et al., 2013; See Appendix J). The PCL-5 is a 20-item self-report measure of symptoms 

of posttraumatic stress disorder, adapted for new criteria for the disorder introduced in 

the DSM-5. The questionnaire asks participants to identify the most traumatic event they 

have experienced and to rate subsequent items in relation to this event. Items query the 

severity of symptoms over the past month and are rated on a Likert scale ranging from 0 

(not at all) to 5 (extremely). The PCL-5 can be used to assess endorsement of specific 

posttraumatic stress disorder symptoms. Current research suggests a score of 38 or 

higher is suggestive of a probable diagnosis. Consistent with previous research (Fetzner 

& Asmundson, 2015) and with suggested cut scores for the PCL-5 (Weathers et al., 

2013) the current trial utilized a cut score of 30 to delineate clinically significant 

symptoms of the disorder. 
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2.4.3. Transdiagnostic (primary) outcome measures. 

2.4.3.1. Depression Anxiety Stress Scales–21 (DASS–21; Lovibond & Lovibond, 

1995; see Appendix K). The DASS–21 is a 21-item self-report measure of symptoms 

related to depression, anxiety, and stress. Participants rank how often each item has 

applied to them over the past week on a Likert scale ranging from 0 (did not apply to me 

at all) to 3 (applied to me very much or most of the time). Items are summed to obtain 

relevant subscale and total scores. The DASS–21 has high internal consistency and 

convergent validity (Henry & Crawford, 2005). In the present trial, the DASS–21 was 

used as a transdiagnostic measure of general psychological distress. Additionally, the 

measure was used to determine eligibility for individuals who may experience clinically 

significant levels of anxiety but who may not strictly meet all criteria for one of the 

anxiety-related disorders noted above. Normative data suggest that a score of 5 on the 

Anxiety subscale is indicative of a level of anxiety corresponding approximately to the 

90th percentile in English-speaking adults (Henry & Crawford, 2005). Individuals with a 

score of 5 or greater at initial screening were considered for a DSM-5 diagnosis of “other 

specified anxiety disorder,” “other specified obsessive-compulsive and related disorder,” 

or “other specified trauma- and stressor-related disorder” according to their symptom 

endorsement if they did not fully meet criteria for one of the disorders outlined above. 

2.4.3.2. Anxiety Sensitivity Index–3 (ASI–3; Taylor et al., 2007; see Appendix 

L). The ASI–3 is an 18-item self-report measure of fear of anxiety related sensations. 

Items are scored on a Likert scale ranging from 0 (agree very little) to 4 (agree very 

much). The ASI–3 measures the overarching construct of anxiety sensitivity, as well as 

three subscales comprising Cognitive Concerns (e.g., “When I cannot keep my mind on a 
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task, I worry that I may be going crazy”), Social Concerns (e.g., “I worry that other 

people will notice my anxiety”) and Physical Concerns (e.g., “It scares me when my 

heart beats rapidly”). Total and subscale scores are obtained by summing the relevant 

items. The measure has good internal consistency, reliability and convergent, 

discriminant, criterion validity, and sensitivity to treatment (Rifkin, Beard, Hsu, Garner, 

& Björgvinsson, 2015; Taylor et al., 2007; Wheaton, Deacon, McGrath, Berman, & 

Abramowitz, 2012). 

2.4.3.3. Distress Tolerance Scale (DTS; Simons & Gaher, 2005; see Appendix 

M). The DTS is a 15-item measure of tolerance of emotional distress. Items are scores on 

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

DTS has four subscales that include Tolerance (3 items; e.g., “Feeling distressed or upset 

is unbearable to me.”), Absorption (3 items; e.g., “My feelings of distress are so intense 

that they completely take over.”), Appraisal (6 items; e.g., “My feelings of distress or 

being upset are not acceptable”), and Regulation (3 items; e.g., “I’ll do anything to avoid 

feeling distressed or upset.”). Total and subscale scores are obtained by averaging the 

relevant items. The DTS has good discriminant and convergent validity, as well as 6-

month test-retest reliability (Simons & Gaher, 2005).  

2.4.3.4. Intolerance of Uncertainty Scale, Short Form (IUS–12; Carleton, 

Norton, & Asmundson, 2007; see Appendix N). The IUS–12 is a 12-item self-report 

measure of intolerance of uncertain, ambiguous, or future situations. Items are scored on 

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

of me). The IUS–12 measures the general construct of intolerance of uncertainty as well 

as prospective (e.g., “Unforeseen events upset me greatly”) and inhibitory (e.g., “The 
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smallest doubt can stop me from acting”) intolerance of uncertainty. Total and subscale 

scores are obtained by summing the relevant items. The measure has high internal 

consistency as well as good convergent and discriminant validity (Carleton et al., 2007; 

McEvoy & Mahoney, 2011). 

2.4.4. Exercise and fitness-related measures. 

2.4.4.1. Six-Minute Walk Test (6MWT). The 6MWT is a submaximal test of 

functional capacity used as a general measure of exercise capacity (Crapo et al., 2002). 

The test assesses the global and integrated functioning of pulmonary, cardiovascular, 

circulatory, and muscular systems. In the 6MWT, participants are asked to walk as far as 

possible within a 6-minute time period. Standardized prompts are used to guide 

participants during the test (e.g., “Keep up the good work. You have 4 minutes to go.”). 

Scores are recorded as the distance, in meters, walked by participants during the test.  

2.4.4.2. Exercise enjoyment. Participants were asked to rate their enjoyment of 

different types of exercise using the following statements: (a) “I enjoy engaging in 

aerobic exercise, such as running, cycling, walking, or hiking”; (b) “I enjoy engaging in 

anaerobic exercise, such as lifting free weights or using weight machines”; and (c) “I 

enjoy engaging in flexibility exercise, such as stretching or yoga.” Participants rated their 

answers on a Likert scale ranging from 0 (strongly disagree) to 10 (strongly agree). 

Participants who had never engaged in a particular type of exercise were instructed to 

imagine how much they would enjoy it if they did engage in it. 

2.4.4.3. Session ratings. Participants engaged in exercise were asked to rate their 

overall impressions of their sessions using the following statements: (a) “I have enjoyed 

this week's sessions”; (b) “I put a lot of effort during my sessions”; (c) “I found this 
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week's sessions difficult”; (d) “This week's sessions were useful and it was worth 

coming”; and (e) “I am motivated to continue going with future sessions.” Items were 

rated on a Likert scale ranging from 0 (not at all) to 10 (very much). These ratings were 

collected for potential use in secondary statistical analyses. 

2.5. Procedure 

Recruitment for the trial began in February 2016 and data collection was 

completed in January 2017 after the recruitment goal was met (i.e., 40 participants 

enrolled in the exercise conditions and provided the opportunity to complete all follow-

ups), totalling 48 participants. The trial was registered on the Open Science Framework 

(available at https://osf.io/dj3ba) in June 2016, after commencing data collection but 

prior to any statistical analyses.1 The trial involved six phases: (1) eligibility screening, 

(2) baseline measurements, (3) randomization, (4) orientation to exercise condition, (5) 

experimental phase, and (6) follow-up. These phases are described in greater detail 

below. 

2.5.1. Eligibility screening. Interested individuals were directed to a secure 

website to complete eligibility questionnaires. Participants first provided informed 

consent to participate in the trial electronically. They then provided demographic 

information, such as age, sex, ethnicity, occupation, current psychopharmacological or 

psychological treatment, and involvement in current litigation. Individuals also 

completed the anxiety-related disorders screening questions, P4, relevant secondary 
																																																													
1 Interim analyses were conducted during the data collection phase (after registration of 
the trial) to ensure that electronic questionnaires functioned correctly and were 
completed as expected, as well as to ensure data and data analytic syntax were ready in 
anticipation for the end of data collection. Additionally, interim analyses were conducted 
to submit a conference presentation based on data collected up until November 2016.  
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outcome measures (according to their endorsement of screening questions), DASS–21, 

and exercise and fitness-related measures. Those who met at least one cut score on the 

disorder-specific questionnaires or DASS–21 Anxiety subscale, reported consistently 

engaging in moderate to vigorous exercise for fewer than 150 minutes weekly, and could 

safely engage in exercise (as determined by the PAR-Q+ or the PARmed-X) were 

invited to take part in a phone screening to determine their eligibility for the trial. In 

order to minimize the number of questionnaires to be completed during the eligibility 

screening, primary outcome measures other than the DASS–21 were only administered 

beginning at the baseline measurements phase (see below). Individuals who endorsed 

taking benzodiazepines or antipsychotic medication, had changes in other 

pharmacological treatment in the previous 6 weeks, were currently engaged in 

empirically supported psychotherapy for anxiety disorders (e.g., cognitive behavioural 

therapy), had symptoms of psychosis, were at higher risk for suicide, or were currently 

involved in litigation were ineligible for participation in the trial.  

Following completion of the online screening questionnaires, participants were 

contacted by phone to confirm eligibility. Relevant sections of the SCID-5-RV were 

administered to participants, according to the anxiety-related disorder symptoms 

endorsed in the online screening questionnaires. Participants who met criteria for an 

anxiety-related disorder and meet all other eligibility criteria continued to the next phase 

of the trial.  

2.5.2. Baseline measurements. Participants eligible and willing to participate in 

the trial met a research assistant certified in personal training in a private gym at the 

University of Regina to undergo the 6MWT and collect baseline physiological 
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measurements (i.e., weight, height, blood pressure, resting heart rate). Participants 

completed baseline self-report questionnaires consisting of primary outcome measures, 

relevant secondary outcome measures, as well as engagement in physical activity and 

exercise enjoyment questions.  

2.5.3. Randomization. Immediately after completion of the baseline 

measurements, participants were randomized to one of the experimental conditions. In 

accordance with Consolidated Standards of Reporting Trials guidelines (Schulz, Altman, 

& Moher, 2011), a randomization function available in the Qualtrics online survey 

platform (Qualtrics, Provo, Utah) was used to determine group assignment to the aerobic 

exercise, resistance exercise, or waitlist control group. In order to prevent imbalanced 

randomization to each condition, the maximum number of participants randomized to 

each group was capped at 23. The trial used a partial cross-over design (Handley, 

Schillinger, Shiboski, Shihoski, & Shiboski, 2011; Lenhard et al., 2017), such that 

individuals randomized to the waitlist were re-randomized to one of the exercise 

conditions upon completion. Randomization was conducted and presented to the 

research assistant immediately after baseline physiological measurements were recorded 

electronically. The randomization was concealed from participants until they completed 

the self-report questionnaire portion of the baseline measurements. Blinding was not 

used in the study because the result of the randomization was clear and overt to both 

participants and members of the research team. 

2.5.4. Orientation to exercise condition. Immediately following randomization, 

participants assigned to one of the two exercise conditions completed an initial 

orientation session. This session consisted of a demonstration of the assigned 
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experimental condition and titration of exercise intensity (e.g., running speed, resistance 

weight). The research assistant ensured that participants were able to safely and 

effectively engage in the exercise as described below. Participants assigned to the 

waitlist condition immediately proceeded to the experimental phase and only underwent 

the orientation once they were randomized to an exercise condition. 

2.5.5. Experimental phase. Individuals assigned to one of the two exercise 

conditions were asked to begin their exercise regimen 2 days after the orientation session. 

Participants assigned to an exercise condition exercised three times weekly at a private 

gym or in a private room at the Anxiety and Illness Behaviours Laboratory at the 

University of Regina. On occasion (e.g., in cases of scheduling conflicts), participants 

exercised at the Fitness and Lifestyle Centre at the University of Regina, with their 

consent. The three weekly sessions were supervised by a research assistant certified in 

personal training. Every week, participants completed online questionnaires consisting of 

primary outcome measures, secondary outcome measures specific to participants’ 

anxiety-related disorder(s) (e.g., PSWQ and SIPS for a participant with comorbid 

generalized and social anxiety disorders), as well as questions relating to engagement in 

physical activity, exercise enjoyment, and session ratings. The experimental phase of the 

trial lasted a total of 4 weeks. A description of each of the conditions is presented below.  

2.5.5.1. Aerobic exercise. The aerobic exercise condition was similar to that used 

extensively in previous literature in this area (e.g., Broman-Fulks & Storey, 2008; 

Fetzner & Asmundson, 2014; LeBouthillier & Asmundson, 2015; Smits et al., 2008). 

Participants underwent a 5-minute warm-up followed by approximately 40 minutes of 

aerobic exercise on a spin cycle at 60-80% age-adjusted maximum heart rate reserve, 
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followed by a 5-minute cool-down period. Participants completed the exercise three 

times per week in order to meet established guidelines for exercise intensity and duration 

(Public Health Agency of Canada, 2012). Participants in this condition completed their 

online questionnaires on a tablet computer at the end of every third weekly meeting with 

the trainer. 

2.5.5.2. Resistance training. The resistance training condition was similar to that 

used in recent literature (Broman-Fulks et al., 2015). Participants began with 5 minutes 

of light stretching. Following stretching, participants completed a series of exercises, 

namely machine leg press, machine chest press, machine hamstring curl, dumbbell single 

arm row, machine shoulder press, machine triceps extension, and machine bicep curl. 

Each exercise was completed for 2-3 sets of 10-12 repetitions, with a rest period of 30-60 

seconds between sets. Participants finished the exercise session with a 5-minute 

stretching period. Participants complete the exercise three times per week in order to 

meet established guidelines for exercise intensity and duration (Public Health Agency of 

Canada, 2012). Participants in this condition completed their online questionnaires on a 

computer at the end of every third weekly meeting with the trainer. 

2.5.5.3. Waitlist. Participants in the waitlist condition completed online 

questionnaires weekly from home for the duration of the trial phase. They were also 

asked to maintain their current level of physical activity for the duration of the phase. 

Participants in this condition were not required to complete the orientation phase of the 

trial until they were re-randomized to an exercise group.  
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2.5.6. Follow-up. 

2.5.6.1. Aerobic exercise and resistance training. Participants in the exercise 

conditions completed follow-ups 1 week and 1 month after completion of the exercise 

phase. For the 1-week follow-up, participants completed self-report questionnaires 

consisting of primary outcome measures, relevant secondary outcome measures, as well 

as engagement in physical activity and exercise enjoyment questions. They met with a 

research assistant certified in personal training in order to reassess their fitness level 

using the 6MWT and physiological measurements. Additionally, participants were 

contacted by phone to re-verify their disorder status using relevant sections of the SCID-

5-RV. At 1-month follow-up, participants were sent an email link to complete the same 

set of questionnaires administered during the 1-week follow-up.  

2.5.6.2. Waitlist. Upon completion of the waitlist condition, participants were 

contacted by phone to re-verify their disorder status using relevant sections of the SCID-

5-RV2. They then completed baseline measurements (described above) as well as re-

randomization and orientation to an exercise condition. Follow-up measurements for the 

waitlist condition served as baseline measurements for the exercise phase of the trial.  

2.6. Analyses 

Analyses were conducted with the RStudio software (RStudio Team, 2016), 

using the R programming language (R Core Team, 2017) and the following packages: 

boot (Canty & Ripley, 2016), Deducer (Fellows, 2012), lme4 (Bates, Mächler, Bolker, & 

Walker, 2015), lmerTest (Kuznetsova, Brockhoff, Christensen, & Bojesen, 2016), 

																																																													
2 One individual no longer met criteria for their disorder after completing the waitlist and 
discontinued participation prior to re-completing baseline measurements. 
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MuMIn (Bartoń, 2016), pbkrtest (Halekoh & Højsgaard, 2014), plotly (Sievert et al., 

2017), and psych (Revelle, 2017). Primary analyses involved two-level multilevel 

models including measurement occasions (level 1) nested within individuals (level 2). 

Multilevel modelling is advantageous for use in randomized controlled trials because it 

maximizes statistical power and effectively handles data that are missing or collected at 

irregular intervals, both within and between individuals (Shin, 2009; Tabachnick & 

Fidell, 2013). Scores for secondary measures were converted to T scores based on means 

and standard deviations from published non-clinical samples for the SMSP–A (Lebeau et 

al., 2012), SIPS (Carleton et al., 2009), PDSS–SR (Newman, Holmes, Zuellig, Kachin, 

& Behar, 2006), SMAA (Lebeau et al., 2012), PSWQ (Behar et al., 2003), OCI–R (Foa 

et al., 2002), and PCL-5 (Blevins, Weathers, Davis, Witte, & Domino, 2015). Each 

participant was assigned T scores based on their specific anxiety-related disorder(s) (e.g., 

for individuals with comorbid generalized and social anxiety disorders, a set of T scores 

was computed based on the PSWQ and another was computed based on the SIPS). T 

scores were combined into a single variable for analysis. All models were computed 

using maximum likelihood estimation and included both fixed and random effects of 

intercept to account for baseline differences in scores among individuals. Time was 

coded in 0.25-unit increments representing each week of the intervention, ranging 0 

(baseline) to 1 (post-intervention). A bootstrapped likelihood ratio test (LRT) using 

1,000 samples was used to determine whether a random effect of time using a variance 

components or unstructured variance-covariance matrix improved the fit of each model 

(Tabachnick & Fidell, 2013). For models testing secondary measures, an LRT was also 



 

	 42 

used to test whether the inclusion of fixed effects of primary anxiety-related disorder 

improved model fit.  

Null hypothesis testing involved two-tailed tests with an α level of .05. All 

multilevel analyses were bootstrapped using 1,000 replicates to provide robust 

nonparametric percentile confidence intervals and corresponding probability values. In 

cases where a confidence interval and corresponding probability value conflicted (e.g., a 

95% confidence interval overlapped zero but the corresponding p-value was less 

than .05), the nonparametric confidence interval was used to test the null hypothesis. 

Two types of effect sizes were computed using recommendations by Nakagawa 

and Schielzeth (2013), namely a marginal R2 (i.e., R2
M) representing the variance 

explained by the fixed effects of the model, as well as a conditional R2 (i.e., R2
C) 

representing the variance explained by the model as a whole. Additionally, for models 

testing change from pre- to post-intervention, standardized mean differences (Cohen’s d) 

for the exercise groups and the waitlist group were obtained by standardizing the 

outcome variable of each model.  

To test Hypothesis 1 (i.e., that aerobic exercise and resistance training would be 

efficacious compared to the waitlist), multilevel models included the effects of group, 

time, and group-by-time interaction on primary and secondary measure scores, using the 

waitlist as the reference group for comparisons. The time effect was expected to be non-

significant (representing no significant changes in the waitlist), while the group-by-time 

effect was expected to be significant, indicating differences in symptoms over time 

according to group assignment. If an exercise group was shown to be efficacious for a 
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construct from pre- to post-intervention, secondary analyses tested differences in scores 

between post-intervention and follow-up. 

Hypothesis 2 (i.e., that aerobic exercise and resistance training would be 

equivalently efficacious) was tested according to recommendations by Mascha and 

Sessler (2011) and Greene and Morland (2008). The equivalence criterion (δ) was set 

at .25, such that the efficacy of both types of exercise was deemed equivalent if the 90% 

confidence interval for the change over time in the resistance training group overlapped a 

value that was between 0.75 times (1 –	δ) and 1.25 times (1 + δ) the magnitude of the 

effect for aerobic exercise. To illustrate, a reduction of 12 points over time in the aerobic 

exercise group would result in an equivalence interval of 9 (12 × 0.75) to 15 (12 × 1.25) 

points. A 90% confidence interval for change over time in the resistance training group 

ranging from 8 to 12 points would, therefore, suggest equivalence in the efficacy of the 

two types of exercise. Equivalence tests were conducted only in cases where both 

aerobic exercise and resistance training were efficacious compared to the waitlist 

(Greene et al., 2008). To test Hypothesis 2, models included the same fixed effects as 

those used to test Hypothesis 1.  

Hypothesis 3 (i.e., that exercise enjoyment and fitness would predict the efficacy 

of the exercise groups) was tested using subgroup analyses. Models included all effects 

listed in Hypothesis 1. An LRT was used to evaluate the addition of a fixed effects of 

fitness and level of enjoyment of the assigned exercise type, as well as an interaction 

between each of these two predictors and time. A significant enjoyment-by-time 

interaction would signify that individuals with greater enjoyment for their assigned 

experimental condition received greater benefits from the intervention. 
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Ancillary analyses were conducted as needed to determine the effectiveness of 

the exercise groups, plot and interpret complex interaction effects, and test variables of 

interest that were not included in primary analyses. Ancillary analyses were specified in 

the results if and when they were conducted. Unless otherwise noted, analyses employed 

multilevel modelling as discussed above.  
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3. Results 

3.1. Descriptive Statistics 

An overview of participant flow is provided in Figure 1. Of the 210 individuals 

assessed for eligibility, 48 were eligible and randomized. The majority of participants 

completed their assigned condition. Data were removed for weekly surveys that were 

more than 4 days late (e.g., when the week 2 survey was completed more than 18 days 

after beginning the trial), for 1-week follow-ups that were more than 7 days late, or for 1-

month follow-ups that were more than 14 days late. Data from all randomized 

participants were included in the analyses. 

Participant demographics at pre-intervention by trial group are presented in Table 

1. Scores on continuous outcomes and predictors at presented in Table 2. Individuals 

enrolled in the trial were primary female, White, single, married or cohabiting, and 

employed full time. In all trial groups, participants were most likely to meet criteria for 

social anxiety disorder or generalized anxiety disorder. As expected, T scores for primary 

and secondary disorders were within the clinical range for all groups at baseline. 

Consolidated Standards of Reporting Trials guidelines preclude significance testing for 

differences between randomly assigned groups (Schulz et al., 2011); however, trial 

groups did not appear to substantially differ from each other at pre-intervention. 

Overall descriptive statistics for continuous outcomes and predictors are 

presented in Table 3 and correlations between continuous variables included in primary 

analyses are presented in Table 4. Data were approximately normally distributed. 

Internal consistencies, as estimated by Cronbach’s α were overall good to excellent (see 

Table 4). In the waitlist group, Cronbach’s α values ranged from acceptable (.77; SIPS)  
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Figure 1. Participant flow. A total of 48 individuals took part in the trial. Sample sizes for 
aerobic exercise and resistance training include the eight participants who completed the 
re-randomization process. 
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Table 1  
Demographics at Pre-Intervention by Trial Group 
   Waitlist   Aerobic exercise   Resistance training 

   M/n SD/%   M/n SD/%   M/n SD/% 
 

Age   33.4 10.36   33.0 8.83   31.39 9.22 
Body mass index  28.03 8.21   27.57 4.48   28.98 6.85 
Sex 
Male   3 20   7 30   3 17 
Female   12 80   16 70   15 83 
Ethnicity 
White   12 80   23 100   15 83 
Black/African Canadian           1 6 
Asian   1 7         
Indian   1 7       1 6 
Multiracial   1 7         
Other           1 6 
Relationship status 
Single   8 53   10 43   9 50 
Married or cohabiting   5 33   12 52   9 50 
Divorced   1 7   1 4     
Widowed   1 7         
Employment status 
Student (part time)   1 7   1 4     
Student (full time)   3 20   3 13   5 28 
Employed (part time)   1 7   1 4   3 17 
Employed (full time)   10 67   11 48   9 50 
Self-employed       2 9     
Unemployed       4 17     
On disability leave       1 4   1 6 
Primary disorder 
Panic disorder       2 9     
Social anxiety disorder   8 53   7 30   6 33 
Generalized anxiety disordera   6 40   12 52   10 56 
Posttraumatic stress disorder   1 7   2 9   2 11 
Secondary disorder 
Panic disorder           3 17 
Agoraphobia       1 4     
Social anxiety disorder   3 20   4 17   6 33 
Specific phobia       1 4   1 6 
Generalized anxiety disorder   5 33   2 9   4 22 
Obsessive-compulsive disorder       1 4     
Note. a One waitlist participant met criteria for other specified anxiety disorder: 
generalized anxiety disorder with physical symptoms not occurring more days than not.  
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Table 2  
Descriptive Statistics for Continuous Outcomes and Predictors at Pre-Intervention for 
Each Trial Group 
 Waitlist   Aerobic exercise   Resistance training 

 n M SD   n M SD   n M SD 
T1 15 88.56 17.23   23 96.56 18.65   18 89.15 15.68 
T2 8 95.08 20.49   9 87.18 17.01   14 83.43 21.11 
SIPS 11 41.27 5.87   11 39.64 9.58   12 37.00 7.36 
PSWQ 11 67.00 12.03   14 70.43 7.15   14 63.79 11.66 
DASS 15 26.60 11.95   23 28.83 12.04   18 29.06 11.36 
DASS-D 15 6.13 4.49   23 8.91 6.61   18 8.78 4.87 
DASS-A 15 8.33 5.16   23 7.39 3.90   18 8.11 4.54 
DASS-S 15 12.13 5.01   23 12.52 4.32   18 12.17 4.46 
ASI–3 15 39.13 14.74   23 35.96 17.02   18 35.61 17.13 
IUS–12 15 38.93 9.43   23 39.09 11.65   18 41.28 11.24 
DTS 15 2.30 0.75   23 2.55 0.82   18 2.46 0.88 
6MWT 15 604.03 105.20   23 634.48 90.45   18 586.28 64.83 
AE enjoyment 15 6.31 2.64   23 6.73 2.20   18 5.90 2.85 
RT enjoyment 15 6.85 2.83   23 6.70 2.27   18 6.79 2.36 
Note. Disorder-specific questionnaires with n < 5 were omitted. T1 = primary disorder T 
score. T2 = secondary disorder T score. SIPS = Social Interactions Phobia Scale. PSWQ 
= Penn State Worry Questionnaire. DASS = Depression Anxiety Stress Scales–21. D = 
depression. A = anxiety. S = stress. ASI–3 = Anxiety Sensitivity Index–3. IUS–12 = 
Intolerance of Uncertainty Scale–Short Form. DTS = Distress Tolerance Scale. 6MWT = 
Six-Minute Walk Test. AE = aerobic exercise. RT = resistance training. 
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Table 3  
Descriptive Statistics for Continuous Outcomes and Predictors 
 n Obs. M SD Range Skew Kurtosis SE αa 
T1 48 183 92.10 18.57 48.32-122.97 0.02 -1.00 1.37  
T2 27 93 79.19 18.49 48.18-120.15 0.69 -0.65 1.92  
PDSS–SR 5 14 7.71 4.83 1-15 0.18 -1.47 1.29 .87 
SMAA 1 3 19.00 7.21 13-27 0.26 -2.33 4.16  
SIPS 28 116 38.56 9.61 18-56 0.12 -0.85 0.89 .90 
SMSP–A 2 8 16.88 3.40 12-21 -0.04 -1.78 1.20 .80 
PSWQ 34 124 65.85 11.26 27-80 -0.98 0.77 1.01 .93 
OCI–R 1 2 82.50 2.12 81-84 0.00 -2.75 1.50  
PCL-5 4 9 44.11 12.72 24-62 -0.33 -1.29 4.24 .90 
DASS 48 183 25.28 12.05 2-59 0.23 -0.57 0.89 .91 
DASS-D 48 183 7.79 5.75 0-21 0.60 -0.68 0.43 .92 
DASS-A 48 183 6.78 4.62 0-18 0.53 -0.65 0.34 .83 
DASS-S 48 183 10.72 4.44 0-21 0.04 -0.62 0.33 .84 
ASI–3 48 183 35.84 16.52 5-70 -0.12 -1.02 1.22 .93 
IUS–12 48 183 39.81 11.18 16-60 -0.05 -0.81 0.83 .94 
DTS 48 183 2.42 0.90 1-4.64 0.25 -0.91 0.07 .95 
6MWT 48 183 609.93 89.03 418-892.25 0.25 0.32 6.58  
AE enjoyment 48 183 6.00 2.64 0-10 -0.62 -0.57 0.20  
RT enjoyment 48 183 6.57 2.64 0-10 -0.60 -0.49 0.20  
Exercise 
enjoyment 41 141 6.90 2.38 0-10 -1.02 0.75 0.20  

Note. Obs. = observations. T1 = primary disorder T score. T2 = secondary disorder T 
score. PDSS–SR = Panic Disorder Severity Scale–Self Report. SMAA = Severity 
Measure for Agoraphobia-Adult. SIPS = Social Interaction Phobia Scale. SMSP–A = 
Severity Measure for Specific Phobia–Adult. PSWQ = Penn State Worry Questionnaire. 
OCI–R = Obsessive-Compulsive Inventory-Revised. PCL-5 = Posttraumatic Stress 
Disorder Checklist for DSM-5. DASS = Depression Anxiety Stress Scales–21. D = 
depression. A = anxiety. S = stress. ASI–3 = Anxiety Sensitivity Index–3. IUS–12 = 
Intolerance of Uncertainty Scale–Short Form. DTS = Distress Tolerance Scale. 
a Cronbach's α values were omitted for variables with fewer than five observations. 
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to excellent (.93; PSWQ). In the aerobic exercise group, Cronbach’s α values ranged 

from acceptable (.72; PDSS–SR) to excellent (.95; DTS). In the resistance training group, 

Cronbach’s α values ranged from good (.80; DASS–21 Anxiety) to excellent (.96; IUS–

12). Significant correlations between dependent variables were small to moderate in 

magnitude, suggesting no concerns with multicollinearity. 

3.2. Disorder-Specific (Secondary) Outcomes 

3.2.1. Disorder status. In terms of disorder status, one individuals in the waitlist 

(9%) showed changes in disorder status, while 56% of individuals in the aerobic exercise 

and 100% of those in the resistance training group showed improvements in disorder 

status. Chi-square tests revealed overall differences in disorder status between groups 

(χ2 = 12.09, p = .001, Cramér’s V = .502). Compared to the waitlist, improvements in 

disorder status were significant in the aerobic exercise group (χ2 = 5.66, p = .032, 

Cramér’s V = .561) as well as in the resistance training group (χ2 = 12, p = .001, 

Cramér’s V = .926). No significant differences were observed between the two exercise 

groups (χ2 = 3.11, p = .209, Cramér’s V = .441). 

3.2.2. Disorder specific scores. Results of the multilevel models testing the 

efficacy of aerobic exercise and resistance training compared to the waitlist control are 

presented in Table 5. The best fitting model did not include a random effect of time 

(LRTs ≤ 1.23, ps ≥ .197). The addition of a main effect of disorder resulted in a better 

fitting model (LRT = 52.19, p < .001), but the addition of an interaction between 

disorder, condition, and time did not (LRT = 20.94, p = .074). For disorder-specific 

symptoms, fixed effects of the model explained a large proportion of variance and the 

overall model also explained a large proportion of variance. Results suggested no change  
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Table 5  
Multilevel Model for T Score from Pre- to Post-Intervention 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 102.48 [97.22, 
107.45] 2.53 113.79 40.52 < .001*** .513 .901 

Group (AE) 1.08 [-2.84, 
5.08] 1.99 196.78 0.54 .602   

Group (RT) -0.52 [-5.78, 
4.82] 2.60 228.06 -0.20 .810   

Time -1.68 [-6.09, 
2.71] 2.20 170.20 -0.76 .444   

OCD 4.12 [-19.87, 
30.70] 12.55 66.61 0.33 .740   

PTSD -28.20 [-40.53,  
-14.84] 6.55 67.06 -4.31 < .001***   

PD -21.82 [-34.31, 
-10.86] 5.91 65.51 -3.69 < .001***   

SAD -25.90 [-32.32,  
-19.89] 3.12 63.19 -8.31 < .001***   

Group × time 
(AE) 0.93 [-4.99, 

6.96] 3.00 165.06 0.31 .766   

Group × time 
(RT) -7.60 [-13.89,  

-1.42] 3.21 169.20 -2.37 .012*   

Random effects (individual × disorder) 

Intercept 11.60 [9.06, 
13.07]    < .001***   

Residual 5.86 [5.15, 6.43]    < .001***   
Note. OCD = obsessive-compulsive disorder. PTSD = posttraumatic stress disorder. PD 
= panic disorder. SAD = social anxiety disorder. AE = aerobic exercise. RT = resistance 
training. Waitlist was used as the reference group. Generalized anxiety disorder was used 
as the reference disorder. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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in symptoms over time in the waitlist group or in the aerobic exercise group. Compared 

to the waitlist, resistance training was associated with a significant relative reduction of 

7.6 T from pre- to post-intervention. Aerobic exercise was associated with a Cohen’s d of 

0.05 (95% CI [-0.26, 0.36]), while resistance training was associated with a Cohen’s d of 

-0.39 (95% CI [-0.72, -0.07]). Neither the addition of exercise enjoyment nor physical 

fitness significantly contributed to model fit (LRTs ≤ 4.03, ps ≥ .331), suggesting that 

they were unrelated to changes in symptoms during the intervention. For resistance 

training, scores were not significantly different at 1-week or 1-month follow-up 

compared to post-intervention (see Table 6). 

3.3. Transdiagnostic (Primary) Outcomes 

3.3.1. DASS–21. For DASS–21 total scores, the best fitting model did not 

include a random effect of time (LRTs ≤ 2.64, ps ≥ .177). The fixed effects of the model 

explained a small proportion of variance, while the overall model explained a large 

proportion of variance (see Table 7). Results suggested an increase in symptoms over 

time in the waitlist group; however, both the aerobic exercise and resistance training 

groups showed significant relative differences of 12.84 and 12.00 points, respectively. 

Aerobic exercise was associated with a Cohen’s d of -1.07 (95% CI [-1.72, -0.45]), while 

resistance training was associated with a Cohen’s d of -1.00 (95% CI [-1.74, -

0.23]). Supplementary analyses testing whether the change in symptoms differed from 

zero (rather than from the relative change in the waitlist) revealed a significant change in 

the aerobic exercise group (b = -6.20, 95% CI [-11.21, -1.52], p = .012, Cohen’s d = -

0.51, 95% CI [-0.93, -0.13]), but not in the resistance training group (b = -5.37, 95% CI  
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Table 6  
Multilevel Model for T Score at Follow-Up Compared to Post-Intervention in the 
Resistance Training Group 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 89.66 [78.16, 
102.53] 5.94 17.74 15.09 < .001*** .427 .914 

Time (week) 3.49 [-13.47, 
19.60] 7.69 3.63 0.45 .650   

Time (month) -2.19 [-12.82, 
7.17] 4.48 5.06 -0.49 .658   

PTSD -23.64 [-54.90, 
8.70] 16.80 15.26 -1.41 .148   

PD -41.48 [-74.78,  
-9.32] 16.80 15.26 -2.47 .016*   

SAD -23.27 [-41.05,  
-5.22] 8.93 14.50 -2.61 .008**   

Random effects (individual × disorder) 

Intercept 14.50 [0.00, 
18.51]    < .001***   

Residual 6.08 [0.64, 9.37]    < .001***   
Note. PTSD = posttraumatic stress disorder. PD = panic disorder. SAD = social anxiety 
disorder. Generalized anxiety disorder was used as the reference disorder. Confidence 
intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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Table 7  
Multilevel Model for Depression Anxiety Stress Scales–21 Total Score from Pre- to Post-
Intervention 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 24.90 [20.32, 
29.77] 2.33 125.41 10.69 < .001*** .059 .714 

Group (AE) 3.20 [-1.41, 
8.32] 2.40 144.45 1.33 .192   

Group (RT) 0.06 [-6.37, 
6.84] 3.27 142.64 0.02 .966   

Time 6.63 [1.08, 
12.26] 2.80 125.26 2.37 .026*   

Group × time 
(AE) -12.84 [-20.67,  

-5.38] 3.74 123.01 -3.43 < .001***   

Group × time 
(RT) -12.00 [-20.92,  

-2.77] 4.32 126.48 -2.78 .004**   

Random effects 

Intercept 9.50 [6.99, 
11.44]    < .001***   

Residual 6.29 [5.34, 6.97]    < .001***   
Note. AE = aerobic exercise. RT = resistance training. Waitlist was used as the reference 
group. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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[-12.06, 1.03], p = .100 Cohen’s d = -0.45, 95% CI [-1.00, 0.09]). Because the efficacy 

of both exercise groups could not be established, equivalency analyses were not 

conducted. The addition of physical fitness significantly contributed to model fit (LRT = 

9.51, p = .014). The model was therefore refit, selecting only the exercise conditions to 

include the additional parameters (see Table 8). For individuals with a mean 6MWT 

score (609.93 m), results suggested a reduction in symptoms in the aerobic exercise 

group of 7.48 points over time, but no significant reduction in the resistance training 

group. Scores on the 6MWT were associated with differences in the magnitude of 

change in symptoms over time in both exercise groups, such that lower fitness was 

associated with greater reductions in symptoms. Although this interaction could also 

suggest that greater physical fitness was associated with an increase in symptoms over 

time, ancillary analyses involving three-dimensional plots of the data suggested that this 

was not the case (see Figures 2 and 3). Scores were significantly lower in the aerobic 

exercise group at 1-week follow-up (see Table 9), but not at 1-month follow-up. 

3.3.1. DASS–21 Depression. For DASS–21 Depression scores, the best fitting 

model did not include a random effect of time (LRTs ≤ 1.01, ps ≥ .179). The fixed 

effects of the model explained a small proportion of variance, while the overall model 

explained a large proportion of variance (see Table 10). Results revealed a significant 

increase in symptoms in the waitlist group, corresponding to 3.98 points from pre- to 

post-intervention. Compared to the waitlist, aerobic exercise was associated with a 

relative difference of 4.95 points (Cohen’s d = -0.86, 95% CI [-1.49, -0.26]), while the 

resistance training was associated with a relative difference of 6.92 points (Cohen’s d =  



 

	 57 

Table 8  
Multilevel Model for Depression Anxiety Stress Scales–21 Score from Pre- to Post-
Intervention, Including Effect of Physical Fitness 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 27.43 [22.79, 
32.25] 2.40 56.72 11.41 < .001*** .098 .755 

Group (RT) -2.32 [-9.72, 
4.97] 3.68 59.41 -0.63 .530   

Group × time 
(AE) -7.48 [-12.79,  

-2.37] 2.64 89.56 -2.83 .002**   

Group × time 
(RT) -2.58 [-9.19, 

4.12] 3.32 89.47 -0.78 .446   

Group × time × 
6MWT (AE) 5.80 [0.33, 

11.22] 2.75 112.02 2.11 .032*   

Group × time × 
6MWT (RT) 12.39 [2.43, 

22.94] 5.19 112.55 2.39 .016*   

Random effects 

Intercept 9.83 [7.00, 
11.90]    < .001***   

Residual 6.00 [4.91, 
6.76]    < .001***   

Note. AE = aerobic exercise. RT = resistance training. Aerobic exercise was used as the 
reference group. Confidence intervals were bootstrapped using 1,000 replicates. 6MWT 
scores were expressed in 100 m units and centered to a mean of 0. 
p < .05. **p < .01. ***p < .001. 
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Figure 2. Interaction between Six-Minute Walk Test and time on Depression Anxiety 
Stress Scales–21 score in the aerobic exercise group. 
 

 
Figure 3. Interaction between Six-Minute Walk Test and time on Depression Anxiety 
Stress Scales–21 score in the resistance training group. 
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Table 9  
Multilevel Model for Depression Anxiety Stress Scales–21 Score at Follow-Up 
Compared to Post-Intervention in the Aerobic Exercise Group 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 22.19 [15.53, 
28.88] 3.31 18.64 6.71 < .001*** .042 .852 

Time (week) -6.14 [-11.17,  
-1.29] 2.53 13.26 -2.43 .018*   

Time (month) -0.78 [-5.70, 3.90] 2.32 14.35 -0.34 .722   
Random effects 
Intercept 10.74 [5.74, 14.70]    < .001***   
Residual 4.59 [2.44, 6.14]    < .001***   
Note. RT = resistance training. Aerobic exercise was used as the reference group. 
Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
 

Table 10  
Multilevel Model for Depression Anxiety Stress Scales–21 Depression Score from Pre- 
to Post-Intervention 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 5.89 [3.71, 
8.20] 1.11 122.37 5.32 < .001*** .045 .738 

Group (AE) 2.59 [0.47, 
4.95] 1.11 142.74 2.33 .022*   

Group (RT) 1.74 [-1.28, 
4.91] 1.55 143.65 1.12 .254   

Time 3.98 [1.39, 
6.58] 1.29 124.60 3.09 .004**   

Group × time 
(AE) -4.95 [-8.58,  

-1.52] 1.72 122.35 -2.87 .006**   

Group × time 
(RT) -6.92 [-11.02,  

-2.70] 1.99 125.46 -3.47 < .001***   

Random effects 

Intercept 4.69 [3.48, 
5.63]    < .001***   

Residual 2.89 [2.45, 
3.20]    < .001***   

Note. AE = aerobic exercise. RT = resistance training. Waitlist was used as the reference 
group. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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-1.20, 95% CI [-1.92, -0.47]). Supplementary analyses testing whether the change in 

symptoms differed from zero (rather than from the relative change in the waitlist) 

revealed no significant changes in either the aerobic exercise group (b = -0.97, 95% CI [-

3.26, 1.19], p = .444, Cohen’s d = -0.17, 95% CI [-0.57, 0.21]), or the resistance training 

group (b = -2.94, 95% CI [-5.99, -0.00], p = .050, Cohen’s d = -0.51, 95% CI [-1.04, -

0.00]). Given that the effectiveness of both groups could not be established, equivalency 

and follow-up analyses were not conducted. Neither the addition of exercise enjoyment 

nor physical fitness significantly contributed to model fit (LRTs ≤ 5.38, ps ≥ .209), 

suggesting that they were unrelated to changes in symptoms. 

3.3.2. DASS–21 Anxiety. For DASS–21 Anxiety scores, the best fitting model 

did not include a random effect of time (LRTs ≤ 2.09, ps ≥ .222). The fixed effects of the 

model explained a small proportion of variance, while the overall model explained a 

large proportion of variance (see Table 11). Results suggested no change in symptoms 

over time in the waitlist group. Aerobic exercise was associated with a significant 

relative reduction of 4.75 points from pre- to post-intervention (Cohen’s d = -1.03, 95% 

CI [-1.70, -0.38]); however, no significant changes were observed for resistance training 

(Cohen’s d = -0.52 95% CI [-1.29, 0.28]). Neither the addition of exercise enjoyment nor 

physical fitness significantly contributed to model fit (LRTs ≤ 6.1, ps ≥ .076), suggesting 

that they were unrelated to changes in symptoms. No significant changes compared to 

post-intervention were observed at 1-week or 1-month follow-up for aerobic exercise 

(see Table 12). 
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Table 11  
Multilevel Model for Depression Anxiety Stress Scales–21 Anxiety Score from Pre- to 
Post-Intervention 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 7.54 [5.73, 
9.45] 0.91 128.10 8.26 < .001*** .054 .695 

Group (AE) 0.74 [-1.09, 
2.77] 0.95 145.95 0.78 .444   

Group (RT) -0.63 [-3.17, 
2.05] 1.29 142.83 -0.49 .634   

Time 1.38 [-0.83, 
3.63] 1.12 126.71 1.24 .226   

Group × time 
(AE) -4.75 [-7.86,  

-1.77] 1.49 124.53 -3.18 < .001***   

Group × time 
(RT) -2.41 [-5.95, 

1.28] 1.72 128.13 -1.40 .182   

Random effects 

Intercept 3.65 [2.65, 
4.40]    < .001***   

Residual 2.51 [2.13, 
2.79]    < .001***   

Note. AE = aerobic exercise. RT = resistance training. Waitlist was used as the reference 
group. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
 

Table 12  
Multilevel Model for Depression Anxiety Stress Scales–21 Anxiety Score at Follow-Up 
Compared to Post-Intervention in the Aerobic Exercise Group 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 4.80 [2.79, 
6.84] 1.00 20.89 4.81 < .001*** .080 .744 

Time (week) -1.70 [-3.73, 
0.19] 0.99 12.81 -1.73 .074   

Time (month) 0.89 [-1.02, 
2.66] 0.89 14.64 1.00 .332   

Random effects 

Intercept 2.90 [1.20, 
4.11]    < .001***   

Residual 1.80 [0.96, 
2.42]    < .001***   

Note. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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3.3.1. DASS–21 Stress. For DASS–21 Stress scores, the best fitting model did 

not include a random effect of time (LRTs ≤ 1.63, ps ≥ .284). The fixed effects of the 

model explained a small proportion of variance, while the overall model explained a 

large proportion of variance (see Table 13). Results suggested no changes over time in 

any of the trial groups. Aerobic exercise was associated with a Cohen’s d of -0.72 (95% 

CI [-1.49, 0.03]), while resistance training was associated with a Cohen’s d of -0.66 

(95% CI [-1.54, 0.24]). The addition of physical fitness significantly contributed to 

model fit (LRT = 9.01, p = .018). The model was therefore refit, selecting only the 

exercise conditions to include the additional parameters (see Table 14). For individuals 

with a mean 6MWT score (609.93 m), there was a significant reduction in scores in the 

aerobic exercise group, but not the resistance training group. The interaction between 

physical fitness and time was significant in the aerobic exercise group, such that lower 

fitness was associated with greater reductions in scores. Although this interaction could 

also suggest that greater physical fitness was associated with an increase in symptoms 

over time, ancillary analyses involving a three-dimensional plot of the data suggested 

that this was not the case (see Figure 4). 

3.3.1. ASI–3. For ASI–3 scores, the best fitting model did not include a random 

effect of time (LRTs ≤ 3.98, ps ≥ .064). The fixed effects of the model explained a small 

proportion of variance, while the overall model explained a large proportion of variance 

(see Table 15). Results revealed no changes associated with the waitlist or aerobic 

exercise; however, resistance training was associated with a relative decrease of 13.10 

points compared to the waitlist. Aerobic exercise was associated with a Cohen’s d of -

0.23 (95% CI [-0.71, 0.23]), while resistance training was associated with a Cohen’s d of  
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Table 13  
Multilevel Model for Depression Anxiety Stress Scales–21 Stress Score from Pre- to 
Post-Intervention 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 11.42 [9.55, 
13.30] 0.92 135.33 12.39 < .001*** .052 .594 

Group (AE) -0.05 [-2.07, 
2.10] 1.03 150.57 -0.05 .918   

Group (RT) -0.91 [-3.56, 
1.69] 1.31 142.04 -0.69 .496   

Time 1.37 [-1.09, 
3.85] 1.22 128.55 1.12 .278   

Group × time 
(AE) -3.20 [-6.59, 

0.14] 1.64 126.72 -1.95 .062   

Group × time 
(RT) -2.94 [-6.82, 

1.08] 1.89 131.51 -1.56 .132   

Random effects 

Intercept 3.22 [2.22, 
3.96]    < .001***   

Residual 2.79 [2.36, 
3.09]    < .001***   

Note. AE = aerobic exercise. RT = resistance training. Waitlist was used as the reference 
group. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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Table 14  
Multilevel Model for Depression Anxiety Stress Scales–21 Stress Score from Pre- to 
Post-Intervention, Including Effect of Physical Fitness 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 11.52 [9.73, 
13.41] 0.91 60.69 12.59 < .001*** .100 .682 

Group (RT) -0.91 [-3.80, 
1.87] 1.41 64.18 -0.65 .514   

Group × time 
(AE) -2.68 [-4.96,  

-0.47] 1.13 92.41 -2.36 .010*   

Group × time 
(RT) -0.44 [-3.27, 

2.46] 1.42 92.05 -0.31 .768   

Group × time × 
6MWT (AE) 2.89 [0.54, 

5.08] 1.14 117.28 2.53 .004**   

Group × time × 
6MWT (RT) 4.10 [-0.16, 

8.61] 2.16 117.14 1.90 .064   

Random effects 

Intercept 3.53 [2.41, 
4.28]    < .001***   

Residual 2.61 [2.14, 
2.94]    < .001***   

Note. AE = aerobic exercise. RT = resistance training. Aerobic exercise was used as the 
reference group. Confidence intervals were bootstrapped using 1,000 replicates. 6MWT 
scores were expressed in 100 m units and centered to a mean of 0. 
p < .05. **p < .01. ***p < .001. 
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Figure 4. Interaction between Six-Minute Walk Test and time on Depression Anxiety 
Stress Scales–21 Stress score in the aerobic exercise group. 
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Table 15  
Multilevel Model for Anxiety Sensitivity Index–3 Score from Pre- to Post-Intervention 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 29.97 [23.88, 
36.15] 3.02 98.17 9.91 < .001*** .049 .865 

Group (AE) 8.01 [3.23, 
13.39] 2.53 130.84 3.17 .002**   

Group (RT) 5.11 [-2.53, 
12.53] 3.95 153.82 1.29 .180   

Time 3.62 [-2.00, 
9.34] 2.85 118.06 1.27 .212   

Group × time 
(AE) -3.78 [-11.76, 

3.73] 3.79 116.18 -1.00 .338   

Group × time 
(RT) -13.10 [-22.10,  

-4.24] 4.41 117.75 -2.97 .002**   

Random effects 

Intercept 15.45 [11.84, 
18.36]    < .001***   

Residual 6.29 [5.34, 6.96]    < .001***   
Note. AE = aerobic exercise. RT = resistance training. Waitlist was used as the reference 
group. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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-0.79 (95% CI [-1.34, -0.26]). Neither the addition of physical fitness nor exercise 

enjoyment significantly contributed to model fit (LRTs ≤ 5.12, ps ≥ .175), suggesting 

that they were unrelated to changes in symptoms. No significant changes compared to 

post-intervention were observed at 1-week or 1-month follow-up for the resistance 

training group (see Table 16). 

3.3.1. DTS. For DTS scores, the best fitting model did not include a random 

effect of time (LRTs ≤ 1.93, ps ≥ .092). The fixed effects of the model explained a small 

proportion of variance, while the overall model explained a large proportion of variance 

(see Table 17). There were no changes over time in the waitlist or aerobic exercise 

groups; however, resistance training was associated with a relative increase in distress 

tolerance of 0.68 points compared to the waitlist. Aerobic exercise was associated with a 

Cohen’s d of 0.07 (95% CI [-0.38, 0.51]), while resistance training was associated with a 

Cohen’s d of 0.76 (95% CI [0.24, 1.27]). Neither the addition of exercise enjoyment nor 

physical fitness significantly contributed to model fit (LRTs ≤ 4.16, ps ≥ .281), 

suggesting that they were unrelated to changes in symptoms. No significant changes 

compared to post-intervention were observed at 1-week or 1-month follow-up for the 

resistance training group (see Table 18). 

3.3.1. IUS–12. For IUS–12 scores, the best fitting model did not include a 

random effect of time (LRTs ≤ 1.3, ps ≥ .246). The fixed effects of the model explained a 

small proportion of variance, while the overall model explained a large proportion of 

variance (see Table 19). Results revealed no changes associated with the waitlist or 

aerobic exercise; however, resistance training was associated with a relative reduction of  
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Table 16  
Multilevel Model for Anxiety Sensitivity Index–3 Score at Follow-Up Compared to Post-
Intervention in the Resistance Training Group 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 26.52 [13.85, 
40.12] 6.31 10.49 4.20 < .001*** .012 .935 

Time (week) 5.24 [-6.71, 
16.57] 6.07 3.09 0.86 .380   

Time (month) 3.25 [-5.49, 
12.54] 4.40 3.64 0.74 .464   

Random effects 
Intercept 17.45 [8.05, 25.06]    < .001***   
Residual 4.65 [0.12, 6.49]    < .001***   
Note. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
 

Table 17  
Multilevel Model for Distress Tolerance Scale Score from Pre- to Post-Intervention 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 2.73 [2.42, 
3.04] 0.15 100.27 17.80 < .001*** .033 .856 

Group (AE) -0.30 [-0.55,  
-0.02] 0.13 131.88 -2.32 .020*   

Group (RT) -0.41 [-0.80,  
-0.03] 0.20 153.08 -2.03 .042*   

Time -0.10 [-0.39, 
0.20] 0.15 118.83 -0.65 .524   

Group × time 
(AE) 0.07 [-0.34, 

0.46] 0.20 116.92 0.34 .740   

Group × time 
(RT) 0.68 [0.22, 

1.14] 0.23 118.56 3.01 < .001***   

Random effects 

Intercept 0.78 [0.59, 
0.92]    < .001***   

Residual 0.32 [0.28, 
0.36]    < .001***   

Note. AE = aerobic exercise. RT = resistance training. Waitlist was used as the reference 
group. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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Table 18  
Multilevel Model for Distress Tolerance Scale Score at Follow-Up Compared to Post-
Intervention in the Resistance Training Group 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 2.72 [1.93, 
3.60] 0.41 10.78 6.68 < .001*** .019 .863 

Time (week) 0.37 [-0.71, 
1.40] 0.54 2.14 0.68 .498   

Time (month) 0.28 [-0.52, 
1.12] 0.38 3.07 0.76 .462   

Random effects 

Intercept 1.04 [0.00, 
1.56]    < .001***   

Residual 0.42 [0.01, 
0.64]    < .001***   

Note. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
 

Table 19  
Multilevel Model for Intolerance of Uncertainty Scale–Short Form Score from Pre- to 
Post-Intervention 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 35.57 [31.58, 
39.62] 1.98 98.15 17.98 < .001*** .032 .863 

Group (AE) 3.76 [0.64, 7.27] 1.65 130.86 2.28 .022*   

Group (RT) 5.76 [0.77, 
10.61] 2.58 153.94 2.23 .022*   

Time 3.50 [-0.17, 
7.24] 1.86 118.15 1.88 .064   

Group × time 
(AE) 0.04 [-5.17, 

4.95] 2.48 116.28 0.02 .950   

Group × time 
(RT) -7.06 [-12.94,  

-1.27] 2.88 117.83 -2.45 .018*   

Random effects 

Intercept 10.12 [7.76, 
12.03]    < .001***   

Residual 4.11 [3.48, 4.55]    < .001***   
Note. AE = aerobic exercise. RT = resistance training. Waitlist was used as the reference 
group. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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7.06 points compared to the waitlist. Aerobic exercise was associated with a 

Cohen’s d of -0.00 (95% CI [-0.46, 0.44]), while resistance training was associated with 

a Cohen’s d of -0.63 (95% CI [-1.16, -0.11]). Neither the addition of exercise enjoyment 

nor physical fitness significantly contributed to model fit (LRTs ≤ 3.44, ps ≥ .204), 

suggesting that they were unrelated to changes in symptoms. There were no changes 

compared to post-intervention at 1-week or 1-month in the resistance training group (see 

Table 20). 

3.4. Ancillary Analyses 

To test explanations for differences in the efficacy of aerobic exercise and 

resistance training, ancillary analyses were conducted to test differences in session 

enjoyment, difficulty, and worth, as well as self-rated participant effort and motivation (n 

= 34). Compared to aerobic exercise, resistance training was associated with greater 

session enjoyment (Mdiff = 2.25, 95% CI [0.65, 3.77], p = .002), but not greater session 

difficulty (Mdiff = 1.18, 95% CI [-0.69, 2.97], p = .198). Resistance training was also not 

associated with greater session worth (Mdiff = 1.34, 95% CI [-0.07, 2.70], p = .058), self-

rated effort (Mdiff = 0.95, 95% CI [-0.00, 1.86], p = .034), or motivation (Mdiff = 1.46, 

95% CI [-0.03, 2.90], p = .044) when compared to aerobic exercise. Although probability 

values for the latter two results were below .05, confidence intervals overlapped zero.  

A t-test was computed to evaluate the difference in reported weekly minutes of 

exercise at 1-month follow-up (n = 15). The aerobic exercise group reported a greater 

number of exercise minutes (M = 133.71, SD = 140.62) compared to the resistance 

training group (M = 58.02, SD = 45.45), but the difference between the two groups was 

not significant (Mdiff = 75.69, 95% CI [-28.23, 179.62], t(13) = 1.57, p = .140). 
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Table 20  
Multilevel Model for Intolerance of Uncertainty Scale–Short Form Score at Follow-Up 
Compared to Post-Intervention in the Resistance Training Group 
 Estimate 95% CI SE df t p R2

M R2
C 

Fixed effects 

(Intercept) 37.48 [27.93, 
47.25] 4.73 9.18 7.92 < .001*** .031 .969 

Time (week) -5.42 [-11.75, 
0.64] 3.23 2.34 -1.68 .080   

Time (month) -4.55 [-9.18, 0.33] 2.40 2.55 -1.90 .056   
Random effects 
Intercept 13.64 [6.51, 19.21]    < .001***   
Residual 2.46 [0.06, 3.36]    < .001***   
Note. Confidence intervals were bootstrapped using 1,000 replicates. 
*p < .05. **p < .01. ***p < .001. 
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4. Discussion 

The primary purpose of the present trial was to determine and compare the 

efficacy of two types of exercise in reducing anxiety-related disorder symptoms and 

constructs. Additionally, a secondary purpose of the present trial was to determine 

whether individual factors, namely physical fitness and enjoyment of exercise, were 

associated with greater benefits from exercise. Three hypotheses were tested: (1) that 

aerobic exercise and resistance training would be efficacious in reducing anxiety-related 

disorder status, symptoms, and constructs when compared to a waitlist control condition; 

(2) that aerobic exercise and resistance training would be equivalently efficacious; and 

(3) that lower physical fitness and greater enjoyment of exercise would be associated 

with greater benefits from exercise. What follows is a discussion of the primary findings 

of the present trial, evidence for and again each hypothesis, ancillary findings, 

limitations, future research directions, and implications. 

4.1. Primary Findings 

4.1.1. Disorder-specific (secondary) outcomes. Findings for disorder-specific 

outcomes provided evidence for the efficacy of both aerobic exercise and resistance 

training. The findings were considered robust given the large proportion of variance 

explained for both disorder status and disorder-specific symptoms. Resistance training 

was associated with significant improvements in both disorder status and disorder-

specific symptoms. All participants in the resistance training group no longer met full 

criteria for their primary disorder at follow-up. Similarly, aerobic exercise was 

efficacious in improving disorder, although not all participants (i.e., 56%) no longer fully 

met criteria for their primary disorder at that time point.  
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Contrary to expectations, however, aerobic exercise was not efficacious in 

reducing disorder-specific symptoms. These findings are surprising given that the much 

of the research on exercise and anxiety-related psychopathology has employed aerobic 

exercise and generally supports its efficacy or effectiveness (Asmundson et al., 2013). In 

the resistance training group, the reduction in disorder-specific symptoms of 7.60 T 

(Cohen’s d = -0.39) was significant and represented a moderate improvement. Although 

overall differences in severity between disorders were revealed in the analyses, results 

suggested that the magnitude of change did not differ between them. Moreover, scores at 

follow-up were not significantly different than at post-intervention, suggesting that the 

effects of the intervention may be maintained over a short term; however, as with 

previous similar research (Fetzner & Asmundson, 2015), attrition rates were greater at 

follow-ups and so comparisons between these time points are more tenuous. In addition 

to predictions regarding the efficacy and equivalency of both types of exercise, 

predictions about associations between individual characteristics and attitudes were not 

supported. Neither physical fitness nor enjoyment of exercise appeared to be significant 

predictors of symptom change over and above the effects of the intervention.  

4.1.2. Transdiagnostic (primary) outcomes. Results for transdiagnostic 

outcomes were also promising for aerobic exercise and resistance training. The findings 

were considered robust given the large proportion of variance explained for all outcomes. 

The pattern of results, however, was somewhat mixed when compared to disorder-

specific outcomes. A discussion of these results for each construct is presented in the 

following sections.  
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4.1.2.1. DASS–21. For DASS–21 scores, the waitlist condition was associated 

with an increase of 6.63 points from pre- to post-intervention. Such a change in 

symptoms was unexpected, particularly given that participants in the waitlist condition 

had yet to undergo any intervention. Several factors may explain or contextualize this 

change. First, no adverse events were reported in the trial by participants, suggesting that 

this increase is unlikely to have been induced by participation. Second, the magnitude of 

the increase appears to be driven by a statistically significant increase in DASS–21 

Depression symptoms. Although norms for DASS–21 total scores have not been 

published, norms for clinically significant changes related to treatment for DASS–21 

Depression scores are available (Ronk, Korman, Hooke, & Page, 2013). According to 

these norms and confidence intervals of the multilevel model for DASS Depression 

scores, participants in the waitlist were within the normal range for depression. The 

increase in scores would generally classify participants as still within the normal range to 

slightly within the outpatient range. Examination of participant data revealed that only 

one participant who completed the waitlist would be classified as having deteriorated, 

but remained within the normal range for depressive symptoms. 

Differences in DASS–21 scores were observed with aerobic exercise and 

resistance training, which were both significantly different from waitlist; however, when 

directly evaluated, reductions in scores were only significantly different from zero on the 

aerobic exercise group. In other words, aerobic exercise was associated with an actual 

reduction in symptoms as well as a relative difference when compared to the waitlist. 

The same conclusion could not be drawn for the resistance training group. The 

magnitude of the reduction in the aerobic exercise group (6.20 points; Cohen’s d = -0.51) 
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represented a moderate reduction. For DASS scores, physical fitness improved the fit of 

the multilevel model, such that lower fitness was associated with greater reductions in 

symptoms for both types of exercise. These results echo findings from research on the 

role of physical fitness in the effectiveness of exercise to reduce anxiety-related 

constructs (LeBouthillier et al., 2015).  

Compared to post-intervention, results suggested that aerobic exercise was 

associated with a significant reduction at 1-week follow-up. At 1-month follow-up, the 

difference was not significant, suggesting a potential return towards post-intervention 

scores subsequent to 1-week follow-up. This pattern of results contrasts with previous 

research suggesting that the effects of exercise interventions are short lived 

(LeBouthillier et al., 2015). Nonetheless, continued exercise is likely an important 

consideration in maintaining progress made during such interventions.  

4.1.2.2. DASS–21 Depression. As discussed above, the waitlist condition was 

associated with a mild increase in depression symptoms from pre- to post-intervention. 

Despite this result, findings overall did not suggest that aerobic exercise or resistance 

training was efficacious in reducing symptoms of depression. Moreover, neither physical 

fitness nor enjoyment of exercise appeared to be important predictors of change. These 

results are unexpected given previous research on the efficacy and effectiveness of 

exercise in effecting changes in depression (Schuch et al., 2016). This discrepancy in 

findings could be explained by the nature of this investigation. The population of interest 

in the present trial consisted of individuals with an anxiety disorder, regardless of their 

level of comorbid depression. As revealed in the analyses, the mean level of depression 

in all three groups at pre-intervention was within the normal range. Participants would 
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therefore be unlikely to report substantial improvements if mood was not an area of 

concern. This hypothesis is supported by the modest reductions of approximately one to 

three points for aerobic exercise and resistance training, respectively. Secondly, the 

upper limit of the confidence interval for the effect of resistance training was nearly 

exactly zero. Perhaps continued exercise would have been associated with greater 

magnitude of changes, resulting in statistical significance but not necessarily clinical 

significance.  

4.1.2.3. DASS–21 Anxiety. For DASS–21 Anxiety scores, results again provided 

evidence for the efficacy of aerobic exercise, but not of resistance training. The 

magnitude of reduction in the aerobic exercise group (4.75 points; Cohen’s d = -1.03) 

represented a large reduction. Neither physical fitness nor enjoyment of exercise 

appeared to be important factors in predicting these changes. Similar to DASS–21 scores, 

DASS–21 Anxiety scores were lower at 1-week follow-up, but not at 1-month follow-up 

when compared to post-intervention. These results suggest that improvements in anxiety 

from aerobic exercise interventions could be maintained for a few weeks without further 

intervention.  

4.1.2.4. DASS–21 Stress. Of the DASS–21 constructs, exercise appeared to be 

least effective in reducing stress. Neither aerobic exercise nor resistance training was 

efficacious when compared to the waitlist; however, lower physical fitness was 

associated with greater reductions in stress in the aerobic exercise group. In other words, 

results suggested that while neither exercise was efficacious in the overall sample, 

aerobic exercise may be efficacious in a subset of individuals who have lower fitness. 

These differing results on the Anxiety and Stress subscales warrant some consideration. 
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While both subscales share similar content, items on the Stress subscale appears to focus 

relatively more on cognitive (e.g., “I found it hard to wind down.”), rather than physical 

(e.g., “I was aware of dryness of my mouth”) symptoms. Given that interoceptive 

exposure is purported to be an important mechanism in the anxiolytic effects of exercise 

(Asmundson et al., 2013), these cognitive symptoms may be less effectively targeted by 

exercise-based interventions. 

4.1.2.5. ASI–3. For anxiety sensitivity, results supported the efficacy of 

resistance training, but not aerobic exercise, in reducing symptoms. The magnitude of 

the reduction in the resistance training group (13.10 points; Cohen’s d = -0.79) was 

moderate to large. Although norms for clinically significant changes in the ASI–3 are not 

available, such a magnitude of change has previously been considered clinically 

significant (Broman-Fulks et al., 2004). Neither physical fitness nor enjoyment of 

exercise appeared to be important factors in predicting these changes. Additionally, no 

differences were observed between post-intervention scores and follow-ups, providing 

some evidence that gains could be maintained after the intervention. While the results for 

resistance training are encouraging and consistent with recent research (Broman-Fulks et 

al., 2015), those for aerobic exercise again contrast with previous evidence that aerobic 

exercise readily reduces anxiety sensitivity (Broman-Fulks et al., 2004, 2015; Fetzner & 

Asmundson, 2015; LeBouthillier & Asmundson, 2015; Smits et al., 2008). A putative 

mechanism of action for the anxiolytic effects of exercise is reductions in anxiety 

sensitivity through interoceptive exposure (Asmundson et al., 2013). The difference in 

efficacy between the two exercise groups in the present trial could therefore suggests that 

resistance training was a more effective form of interoceptive exposure. The particular 
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type of aerobic exercise in the present trial could also have played a role: Recent 

evidence suggests that treadmill exercise is associated with relatively greater acute 

anxiolytic effects when compared to other modalities, such as ergometer cycling (Ensari 

et al., 2015). Reductions in anxiety sensitivity reported in previous ergometer cycling 

studies using acute (LeBouthillier & Asmundson, 2015) or 2-week exercise paradigms 

(Fetzner & Asmundson, 2015) perhaps do not generalize to more prolonged exercise. 

4.1.2.6. DTS. Similar to anxiety sensitivity, resistance training, but not aerobic 

exercise, was associated with improvements in distress tolerance. This change (0.68 

point; Cohen’s d = 0.76) represented a moderate to large improvement, which did not 

significantly differ at follow-ups. Similar to other constructs, physical fitness and 

exercise enjoyment did not contribute to the prediction of changes during the 

intervention. In contrast with previous research revealing no changes in distress tolerance 

after a single session of aerobic exercise or resistance training (Broman-Fulks et al., 

2015; LeBouthillier & Asmundson, 2015), the present results provide evidence that the 

construct is amenable to change after a longer period of regular exercise. 

4.1.2.7. IUS–12. Consistent with previous research (LeBouthillier & Asmundson, 

2015), intolerance of uncertainty was not significantly reduced after aerobic exercise; 

however, results supported the efficacy of resistance training. This reduction (7.06 

points; Cohen’s d = -0.63) represented a moderate to large reduction and provides 

preliminary evidence of the modifiability of the construct though exercise. Moreover, 

this reduction could be maintained over the following month without further intervention. 

Neither physical fitness nor enjoyment of exercise appeared to be important factors in 

predicting changes in intolerance of uncertainty during the intervention. 
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4.2. Integrated Findings 

4.2.1. Hypothesis 1: Efficacy of aerobic exercise and resistance training. 

Taken together, the primary findings of the present trial provided evidence for the role of 

exercise in reducing anxiety-related disorder symptoms and underlying constructs. These 

results were considered robust considering the design and statistical analyses employed 

in the present trial, as well as the large proportion of variance explained by the models. 

With the exception of depression and stress, all constructs improved from pre- to post-

intervention in at least one of the exercise groups. When comparing the magnitude of 

reduction in scores across constructs, exercise appeared to effect the largest 

improvements for anxiety, anxiety sensitivity, distress tolerance, and intolerance of 

uncertainty whereas significant, but more modest, improvements in disorder-specific 

symptoms were also observed. The magnitude of the improvements were in line with 

those reported in a recent meta-analysis of randomized controlled trials for exercise in 

individuals with anxiety and stress-related disorders (Stubbs et al., 2017).  

At follow-up, no significant increases in scores were revealed for any of the 

constructs. For anxiety, aerobic exercise was associated with a further reduction in scores 

of 6.14 points at 1-week follow-up. Ancillary analyses revealed that at 1-month follow-

up participants in the aerobic exercise and resistance training groups reported an average 

of 133.71 and 58.01 minutes of weekly exercise, respectively; however, there was 

substantial variability in the frequency of exercise reported by participants. Overall, 

follow-up analyses provided evidence that changes associated with exercise may be 

maintained for about four weeks following intervention, perhaps due to continued 
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exercise; however, they should be interpreted with caution given the relatively higher 

rate of attrition at follow-up.  

Overall, the results of the present trial provide partial support for Hypothesis 1. 

As expected, exercise was generally associated with improvements in disorder-specific 

and transdiagnostic constructs. With the exception of disorder status, only aerobic 

exercise or resistance training, but not both, was efficacious for each of the other 

constructs. Contrary to expectations, depression and stress did not significantly improve 

as a result of the intervention. 

4.2.2. Hypothesis 2: Equivalency of aerobic exercise and resistance training. 

Because Hypothesis 1 was only partially supported, results of the present trial did not 

support Hypothesis 2. As discussed above, none of the constructs under study showed 

improvements that were simultaneously associated with both types of exercise. These 

results suggest that aerobic exercise and resistance training were not equivalent in 

reducing anxiety-related disorder symptoms and constructs.  

4.2.3. Hypothesis 3: Role of physical fitness and exercise enjoyment. Physical 

fitness predicted reductions in scores during the intervention for general psychological 

distress and anxiety. In both cases, lower physical fitness predicted greater 

improvements. This pattern of results in consistent with previous research on the role of 

physical fitness in exercise interventions, which suggested that lower cardiorespiratory 

fitness was associated with greater reductions in anxiety sensitivity and symptoms of 

posttraumatic stress disorder (LeBouthillier et al., 2015). In contrast with this research, 

however, physical fitness was not associated with other constructs, namely disorder-

specific symptoms and anxiety sensitivity. Additionally, exercise enjoyment was not 
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associated with changes in any of the constructs studied. These findings contrast with 

research suggesting that individuals have greater enhancements in mood states following 

their most preferred compared to their least preferred exercise modality (Lane et al., 

2005); however, given that the present trial investigated changes in negative affect, they 

do support research suggesting that these benefits are limited to positive mood states 

(Miller et al., 2005). While individual preferences for exercise modality will likely 

remain a clinical consideration if and when exercise is recommended for anxiety-related 

concerns, the results of the present trial suggest that a more primary consideration ought 

to be selection of exercise based on the target construct or constructs. Overall, 

Hypothesis 3 was partially supported by the results.  

4.2.4. Potential mechanisms of action. Although promising, these results also 

highlight differential associations between exercise and the constructs under study and 

related differences in mechanisms of action. Both aerobic exercise and resistance 

training effected improvements in	disorder status, but only resistance training was 

associated with reductions in disorder-specific symptoms. For transdiagnostic constructs, 

aerobic exercise and resistance training were uniquely efficacious for different constructs. 

Aerobic exercise was efficacious for overall negative affect as well as anxiety, while 

resistance training was efficacious in reducing anxiety sensitivity, distress tolerance, and 

intolerance of uncertainty. For general psychological distress and stress, results 

suggested that exercise was only effective for individuals with lower physical fitness, 

regardless of type of exercise. Both types of exercise may therefore effect changes on 

anxiety-related psychopathology through different mechanisms: Aerobic exercise may 

reduce symptoms through reductions in general psychological distress, while resistance 
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training may more effectively target specific symptoms and vulnerability and 

maintenance factors. 

Compared to aerobic exercise, resistance training was efficacious for a greater 

number of constructs. A potential explanation of these results may involve participants’ 

perceptions of their exercise sessions. Ancillary analyses revealed that those engaged in 

resistance training rated their enjoyment of the sessions more highly than those in 

aerobic exercise. These perceptions of the session could include not only enjoyment of 

exercise, but factors such as working alliance with the trainer and satisfaction with the 

amenities used in the trial. Greater overall satisfaction with trial sessions may have 

facilitated greater overall improvements in anxiety-related symptoms and constructs. The 

causality of this relationship remains uncertain, as perceived improvements may also 

have facilitated satisfaction with the exercise sessions. This latter interpretation is 

consistent with other ancillary analyses revealing no differences between groups in terms 

of session difficulty, session worth, self-rated effort, and motivation. Moreover, research 

suggests that exercise that increases self-efficacy (e.g., martial arts) effects greater 

reductions in anxiety when compared to exercise that simply maintains it (e.g., cycling; 

Bodin & Martinsen, 2004). Due to the more varied nature of tasks involved in resistance 

training, this type of exercise could have been associated with greater self-efficacy and 

therefore improvements in a greater number of anxiety-related symptoms and constructs. 

4.3. Limitations and Future Directions 

The present trial was subject to several limitations. First, the trial sample was 

uniform, comprising mostly White females, ranging mostly between 20 and 40 years old, 

and who were students or working full time. The uniformity of the trial groups is 
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evidence that the randomization procedure was effective; however, composition of the 

overall sample limits the generalizability of findings to a subset of the general population. 

Future research should strive to test the efficacy of exercise in other groups of 

individuals. Second, individuals in the present trial primarily presented with generalized 

anxiety or social anxiety disorder. While all anxiety-related disorders of interest were 

represented in the present trial, future research should seek to replicate the findings in a 

sample with a more balanced proportion of disorders so that individual effects of 

exercise modality may be further investigated for each disorder. Third, as with previous 

research (Fetzner & Asmundson, 2015), attrition of trial participants at follow-up was 

relatively greater than during the trial. As a consequence, estimates of maintenance of 

gains after the intervention are likely less reliable. Future research should strive to 

understand and subsequently minimize this attrition (e.g., by scheduling additional phone 

contact with participants, restating the importance of follow-up completion), while 

respecting the autonomy of participants.  

The unique patterns of improvements associated with aerobic exercise and 

resistance training in the present trial highlight the importance of continued research to 

elucidate the mechanisms of action in exercise-related interventions. For example, could 

a combination of aerobic exercise and resistance training confer benefits for a greater 

number of anxiety-related disorder symptoms and constructs, when compared to the 

unique effects of each exercise modality? In addition to replicating and expanding 

research for specific types of exercise, future research should explicitly and 

simultaneously investigate physiological and psychological mechanisms that may be 

responsible for the effects of exercise on an anxiety-related disorders and constructs. 
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4.4. Implications 

The present trial is the first to investigate the relative efficacy of different types 

of exercise on anxiety-related disorders and related constructs and using an experimental 

design that meets rigorous standards of scientific inquiry. Results highlighting the unique 

effects of aerobic exercise and resistance training suggest several new and promising 

areas of research on the mechanisms of action in exercise-related interventions. The 

results of the trial also have important practical implications by bolstering knowledge 

about the transdiagnostic efficacy of aerobic exercise and resistance training, thereby 

allowing individuals and clinicians more flexibility in tailoring exercise-related 

interventions to target anxiety-related disorders. Knowledge regarding the role of 

physical fitness in predicting improvements in constructs such as general psychological 

distress and stress may allow clinicians to tailor interventions to specific individuals’ 

needs and preferences. In turn, tailored exercise interventions may increase the 

likelihood that individuals will exercise consistently in order to achieve and maintain the 

greatest mental and physical health benefits. The results also have implications for 

clinicians and public policy by providing evidence for different types of exercise as 

efficacious, cost-effective, and easily accessible interventions for anxiety-related 

psychopathology, thereby reducing the personal and economic burdens rooted in these 

disorders. 
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Appendix B 
 

P4 Screener 
 

Figure 1. P4 Screener for Assessing Suicide Risk

P4 is a mnemonic for the 4 screening questions: past suicide attempt, suicide plan, probability of completing suicide, and
preventive factors. ©Copyright 2010 Kurt Kroenke, MD.

Any individual who responds “yes” to a question about thoughts of self-harm is asked 4 additional questions—the 4 P’s
on past history, plan, probability, and preventive factors. Shaded responses are those that are more concerning for suicidal
ideation.

Table 1

Suicide Algorithms in 6 Randomized Clinical Effectiveness Trials for Depression in Medical Populations
(N = 3,523 subjects)

ARTIST IMPACT RESPECT AIM SCAMP INCPAD

Characteristic

Patients, n 573 1,801 404 186 250 309

No. of practices 37 18 60 4 11 16

Clinical setting Primary care Primary care Primary care Neurology Primary care Oncology

Population All patients Geriatric All patients Poststroke Chronic pain Cancer

Excluded if suicidal Yes Yes Yes Yes Yes Yes

a,b

a

b

31 32 33 34 35 36

a
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Appendix C 
 

Severity Measure for Specific Phobia–Adult 
 

 

Severity Measure for Specific Phobia—Adult 

 
Name:____________________________________   Age: ______    Sex:  Male  �    Female �    Date:_________________ 

  

 

The following questions ask about thoughts, feelings, and behaviors that you may have had in a variety of situations.   
Please check (9) the item below that makes you most anxious.  Choose only one item and make your ratings based on the 
situations included in that item. 
� Driving, flying, tunnels, 

bridges, or enclosed spaces 
� Animals or 

insects 
� Heights, storms, or 

water 
� Blood, needles, 

or injections 
� Choking or 

vomiting 

Please respond to each item by marking (3 or x) 

one box per row.     

During the PAST 7 DAYS, I have…  

 Clinician 

Use 

Never Occasionally Half of 

the time 
Most of 

the time 
All of  

the time 
Item 

score 

1. felt moments of sudden terror, fear, or 
fright in these situations �  0 �  1 �  2 �  3 �  4  

2. felt anxious, worried, or nervous about 
these situations �  0 �  1 �  2 �  3 �  4  

3. 
had thoughts of being injured, overcome 
with fear, or other bad things happening in 
these situations 

�  0 �  1 �  2 �  3 �  4  

4. 
felt a racing heart, sweaty, trouble 
breathing, faint, or shaky in these 
situations 

�  0 �  1 �  2 �  3 �  4  

5. felt tense muscles, felt on edge or restless, 
or had trouble relaxing in these situations �  0 �  1 �  2 �  3 �  4  

6. avoided, or did not approach or enter, 
these situations �  0 �  1 �  2 �  3 �  4  

7. moved away from these situations or left 
them early �  0 �  1 �  2 �  3 �  4  

8. 
spent a lot of time preparing for, or 
procrastinating about (i.e., putting off), 
these situations 

�  0 �  1 �  2 �  3 �  4  

9. distracted myself to avoid thinking about 
these situations �  0 �  1 �  2 �  3 �  4  

10. 
needed help to cope with these situations 
(e.g., alcohol or medications, superstitious 
objects, other people) 

�  0 �  1 �  2 �  3 �  4  

Total/Partial Raw Score:  
Prorated Total Raw Score: (if 1-2 items left unanswered)  

Average Total Score:  
Craske M, Wittchen U, Bogels S, Stein M, Andrews G, Lebeu R. Copyright © 2013 American Psychiatric Association. All rights reserved.  

This material can be reproduced without permission by researchers and by clinicians for use with their patients. 
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Appendix D 
 

Social Interaction Phobia Scale 
 

Please select the statement that best corresponds with 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. When mixing socially I 
am uncomfortable. 

0 1 2 3 4 

2. I have difficulty talking 
with other people. 

0 1 2 3 4 

3. I find myself worrying 
that I won’t know what 
to say in social 
situations. 

0 1 2 3 4 

4. I am nervous mixing 
with people I don’t know 
well. 

0 1 2 3 4 

5. I am tense mixing in a 
group. 

0 1 2 3 4 

6. I get nervous that 
people are staring at me 
as I walk down the 
street. 

0 1 2 3 4 

7. I feel self-conscious if I 
have to enter a room 
where others are 
already seated. 

0 1 2 3 4 

8. I would get tense if I had 
to sit facing other 
people on a bus or a 
train. 

0 1 2 3 4 

9. I am worried people will 
think my behavior odd. 

0 1 2 3 4 

10. I would get tense if I had 
to carry a tray across a 
crowded cafeteria. 

0 1 2 3 4 

11. I worry I’ll lose control of 
myself in front of other 
people. 

0 1 2 3 4 

12. I worry I might do 
something to attract the 
attention of others. 

0 1 2 3 4 

13. When in an elevator I 
am tense if people look 
at me. 

0 1 2 3 4 

14. I can feel conspicuous 
standing in a queue. 

0 1 2 3 4 
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Appendix E 
 

Panic Disorder Severity Scale–Self Report 
	
Several of the following questions refer to panic attacks and limited symptom attacks. For this 
questionnaire, we define a panic attack as a sudden rush of fear or discomfort accompanied by 
at least 4 of the symptoms listed below. In order to qualify as a sudden rush, the symptoms must 
peak within 10 minutes. Episodes like panic attacks but having fewer than 4 of the listed 
symptoms are called limited symptom attacks. Here are the symptoms to count: 
 

• Rapid or pounding 
heartbeat 

• Sweating 
• Trembling or shaking 
• Breathlessness 
• Feeling of choking 

• Chest pain or 
discomfort 

• Nausea 
• Dizziness or faintness 
• Feelings of unreality 
• Numbness or tingling 
 

• Chills or hot flashes 
• Fear of losing control or going 

crazy 
• Fear of dying 

 
For each of the following questions, please circle the number of the answer that best describes 
your experience during the past week. 

 
1. How many panic and limited symptoms attacks did you have during the past week? 
 

0—No panic or limited symptom episodes 
1—Mild: no full panic attacks and no more than 1 limited symptom attack/day 
2—Moderate: 1 or 2 full panic attacks and/or multiple limited symptom attacks/day 
3—Severe: more than 2 full attacks but not more than 1/day on average 
4—Extreme: full panic attacks occurred more than once a day, more days than not 

 
2. If you had any panic attacks during the past week, how distressing (uncomfortable, 
frightening) were they while they were happening? (If you had more than one, give an average 
rating. If you didn’t have any panic attacks but did have limited symptom attacks, answer for the 
limited symptom attacks.) 
 

0—Not at all distressing, or no panic or limited symptom attacks during the past week 
1—Mildly distressing (not too intense) 
2—Moderately distressing (intense, but still manageable) 
3—Severely distressing (very intense) 
4—Extremely distressing (extreme distress during all attacks) 

 
3. During the past week, how much have you worried or felt anxious about when your next panic 
attack would occur, or about fears related to the attacks (for example, that they could mean you 
have physical or mental health problems or could cause you social embarrassment)?  
 

0—Not at all 
1—Occasionally or only mildly 
2—Frequently or moderately 
3—Very often or to a very disturbing degree 
4—Nearly constantly and to a disabling extent 

 
4. During the past week, were there any places or situations (e.g., public transportation, movie 
theaters, crowds, bridges, tunnels, shopping malls, being alone) you avoided, or felt afraid of 
(uncomfortable in, wanted to avoid or leave), because of fear of having a panic attack? Are there 
any other situations that you would have avoided or been afraid of if they had come up during the 
week, for the same reason? If yes to either question, please rate your level of fear and avoidance 
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this past week. 
 

0—None: no fear or avoidance 
1—Mild: occasional fear and/or avoidance, but I could usually confront or endure the 
situation. There was little or no modification of my lifestyle due to this. 
2—Moderate: noticeable fear and/or avoidance, but still manageable. I avoided some 
situations but I could confront them with a companion. There was some modification of 
my lifestyle because of this, but my overall functioning was not impaired. 
3—Severe: extensive avoidance. Substantial modification of my life style was required to 
accommodate the avoidance, making it difficult to manage usual activities. 
4—Extreme: pervasive disabling fear and/or avoidance. Extensive modification in my 
lifestyle was required, such that important tasks were not performed. 

 
5. During the past week, were there any activities (e.g., physical exertion, sexual relations, taking 
a hot shower or bath, drinking coffee, watching an exciting or scary movie) that you avoided, or 
felt afraid of (uncomfortable doing, wanted to avoid or stop), because they caused physical 
sensations like those you feel during panic attacks or that you were afraid might trigger a panic 
attack? Are there any other activities that you would have avoided or been afraid of if they had 
come up during the week, for that reason? If yes to either question, please rate your level of fear 
and avoidance of those activities this past week. 
 

0—No fear or avoidance of situations or activities because of distressing physical 
sensations 
1—Mild: occasional fear and/or avoidance, but usually I could confront or endure with 
little distress activities that cause physical sensations. There was little modification of my 
lifestyle due to this. 
2—Moderate: noticeable avoidance, but still manageable. There was definite, but limited, 
modification of my lifestyle, such that my overall functioning was not impaired. 
3—Severe: extensive avoidance. There was substantial modification of my life style or 
interference in my functioning.  
4—Extreme: pervasive and disabling avoidance. There was extensive modification in my 
lifestyle due to this, such that important tasks or activities were not performed. 

 
6. During the past week, how much did the above symptoms altogether (panic and limited 
symptom attacks, worry about attacks, and fear of situations and activities because of attacks), 
interfere with your ability to work or carry out your responsibilities at home? (If your work or home 
responsibilities were less than usual this past week, answer how you think you would have done 
if the responsibilities had been usual.) 
 

0—No interference with work or home responsibilities 
1—Slight interference with work or home responsibilities, but I could do nearly everything 
I could if I didn’t have these problems 
2—Significant interference with work or home responsibilities, but I still could manage to 
do the things I needed to do 
3—Substantial impairment in work or home responsibilities; there were many important 
things I couldn’t do because these problems 
4—Extreme, incapacitating impairment, such that I was essentially unable to manage 
any work or home responsibilities 

 
7. During the past week, how much did panic and limited symptom attacks, worry about attacks, 
and fear of situations and activities because of attacks, interfere with your social life? (If you 
didn’t have many opportunities to socialize this past week, answer how you think you would have 
done if you did have opportunities.) 
 

0—No interference  
1—Slight interference with social activities, but I could do nearly everything I could if I 
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didn’t have these problems 
2—Significant interference with social activities, but I could manage to do most things if I 
made the effort 
3—Substantial impairment in social activities; there are many social things I couldn’t do 
because these problems 
4—Extreme, incapacitating impairment, such that there was hardly anything social I 
could do  
 



 

	 116 

Appendix F 
 

Severity Measure for Agoraphobia–Adult 
 

 

Severity Measure for Agoraphobia—Adult 

 

Name:____________________________________   Age: ______    Sex:  Male  �    Female �    Date:_________________ 

 

 

Instructions: The following questions ask about thoughts, feelings, and behaviors you may have had in the 
following situations: crowds, public places, using transportation (e.g., buses, planes, trains), traveling alone, or 
away from home. Please respond to each item by marking (3 or x) one box per row.     

                            

 Clinician 

Use 

 During the PAST 7 DAYS, I have… Never Occasionally Half of 

the time 
Most of 

the time 
All of  

the time 
Item 

score 

1. felt moments of sudden terror, fear, or 
fright in these situations �  0 �  1 �  2 �  3 �  4  

2. felt anxious, worried, or nervous about 
these situations �  0 �  1 �  2 �  3 �  4  

3. 

had thoughts about panic attacks, 
uncomfortable physical sensations, getting 
lost, or being overcome with fear in these 
situations 

�  0 �  1 �  2 �  3 �  4  

4. 
felt a racing heart, sweaty, trouble 
breathing, faint, or shaky in these 
situations 

�  0 �  1 �  2 �  3 �  4  

5. felt tense muscles, felt on edge or restless, 
or had trouble relaxing in these situations �  0 �  1 �  2 �  3 �  4  

6. avoided, or did not approach or enter, 
these situations   �  0 �  1 �  2 �  3 �  4  

7. moved away from these situations, left 
them early, or remained close to the exits �  0 �  1 �  2 �  3 �  4  

8. 
spent a lot of time preparing for, or 
procrastinating about (putting off), these 
situations 

�  0 �  1 �  2 �  3 �  4  

9. distracted myself to avoid thinking about 
these situations �  0 �  1 �  2 �  3 �  4  

10. 
needed help to cope with these situations 
(e.g., alcohol or medication, superstitious 
objects, other people) 

�  0 �  1 �  2 �  3 �  4  

Total/Partial Raw Score:  
Prorated Total Raw Score: (if 1-2 items left unanswered)  

Average Total Score:  
Craske M, Wittchen U, Bogels S, Stein M, Andrews G, Lebeu R. Copyright © 2013 American Psychiatric Association. All rights reserved.  

This material can be reproduced without permission by researchers and by clinicians for use with their patients. 
 

 

 

 



 

	 117 

Appendix G 
 

Penn State Worry Questionnaire 
 

Patient Name:__________________________________                              Date:_______________ 
 

The Penn State Worry Questionnaire (PSWQ) 
 

Instructions:  Rate each of the following statements on a scale of 1 (“not at all typical of me”) to 5 (“very 
typical of me”).  Please do not leave any items blank. 

 
 
 
 
 
 

 Not at all typical                                         Very typical 
       of me                                                       of me                           

1.     If I do not have enough time to do everything, 
        I do not worry about it. 

          1              2              3             4              5 

2.     My worries overwhelm me.           1              2              3              4              5 

3.     I do not tend to worry about things.           1              2              3              4              5 

4.     Many situations make me worry.            1              2              3              4              5 

5.     I know I should not worry about things, but 
        I just cannot help it.  

          1              2              3              4              5 

6.     When I am under pressure I worry a lot.           1              2              3              4              5 

7.     I am always worrying about something.           1              2              3              4              5 

8.     I find it easy to dismiss worrisome thoughts.           1              2              3              4             5  

9.     As soon as I finish one task, I start to worry 
        about everything else I have to do.   

          1              2              3              4             5  

10.   I never worry about anything.           1              2              3              4             5 

11.   When there is nothing more I can do about a 
        concern, I do not worry about it any more. 

          1              2              3              4             5 

12.   I have been a worrier all my life.           1             2               3              4             5 

13.   I notice that I have been worrying about  
        things. 

          1             2               3              4             5 

14.   Once I start worrying, I cannot stop.           1             2               3              4             5 

15.   I worry all the time.            1             2               3              4             5 

16.   I worry about projects until they are all done.            1             2               3              4             5 
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Appendix H 
 

Obsessive-Compulsive Inventory–Revised 
 

Received November 21, 2001
Revision received June 25, 2002

Accepted August 6, 2002 !

Appendix

Obsessive–Compulsive Inventory—Revised

The following statements refer to experiences that many people have in their everyday lives. Circle the
number that best describes HOW MUCH that experience has DISTRESSED or BOTHERED you during
the PAST MONTH. The numbers refer to the following verbal labels:

0 1 2 3 4
Not at all A little Moderately A lot Extremely

1. I have saved up so many things that they get in the way. 0 1 2 3 4
2. I check things more often than necessary. 0 1 2 3 4
3. I get upset if objects are not arranged properly. 0 1 2 3 4
4. I feel compelled to count while I am doing things. 0 1 2 3 4
5. I find it difficult to touch an object when I know it has been touched by strangers
or certain people. 0 1 2 3 4

6. I find it difficult to control my own thoughts. 0 1 2 3 4
7. I collect things I don’t need. 0 1 2 3 4
8. I repeatedly check doors, windows, drawers, etc. 0 1 2 3 4
9. I get upset if others change the way I have arranged things. 0 1 2 3 4
10. I feel I have to repeat certain numbers. 0 1 2 3 4
11. I sometimes have to wash or clean myself simply because I feel contaminated. 0 1 2 3 4
12. I am upset by unpleasant thoughts that come into my mind against my will. 0 1 2 3 4
13. I avoid throwing things away because I am afraid I might need them later. 0 1 2 3 4
14. I repeatedly check gas and water taps and light switches after turning them off. 0 1 2 3 4
15. I need things to be arranged in a particular order. 0 1 2 3 4
16. I feel that there are good and bad numbers. 0 1 2 3 4
17. I wash my hands more often and longer than necessary. 0 1 2 3 4
18. I frequently get nasty thoughts and have difficulty in getting rid of them. 0 1 2 3 4

Note. Copyright 2002 by Edna B. Foa.

496 FOA ET AL.
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Appendix I 
 

Life Events Checklist for DSM-5 
	
Listed below are a number of difficult or stressful things that sometimes happen to people. For 
each event check one or more of the boxes to the right to indicate that: (a) it happened to you 
personally; (b) you witnessed it happen to someone else; (c) you learned about it happening to a 
close family member or close friend; (d) you were exposed to it as part of your job (for example, 
paramedic, police, military, or other first responder); (e) you’re not sure if it fits; or (f) it doesn’t 
apply to you. Be sure to consider your entire life (growing up as well as adulthood) as you go 
through the list of events. 

 Happened 
to me 

Witnessed 
it 

Learned 
about it 

Part 
of 
my 
job 

Not 
sure 

Doesn’t 
Apply 

1. Natural disaster (for example, 
flood, hurricane, tornado, 
earthquake) 

      

2. Fire or explosion       
3. Transportation accident (for 

example, car accident, boat 
accident, train wreck, plane 
crash) 

      

4. Serious accident at work, home, 
or during recreational activity 

      

5. Exposure to toxic substance (for 
example, dangerous chemicals, 
radiation) 

      

6. Physical assault (for example, 
being attacked, hit, slapped, 
kicked, beaten up) 

      

7. Assault with a weapon (for 
example, being shot, stabbed, 
threatened with a knife, gun, 
bomb) 

      

8. Sexual assault (rape, attempted 
rape, made to perform any type 
of sexual act through force or 
threat of harm) 

      

9. Other unwanted or 
uncomfortable sexual 
experience 

      

10. Combat or exposure to a war-
zone (in the military or as a 
civilian) 

      

11. Captivity (for example, being 
kidnapped, abducted, held 
hostage, prisoner of war) 
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 Happened 
to me 

Witnessed 
it 

Learned 
about it 

Part 
of 
my 
job 

Not 
sure 

Doesn’t 
Apply 

12. Life threatening illness or injury       
13. Severe human suffering       
14. Sudden violent death (for 

example, homicide, suicide) 
      

15. Sudden accidental death       
16. Serious injury, harm, or death 

you caused to someone else 
      

17. Any other very stressful event or 
experience 
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Appendix J 
 

Posttraumatic Stress Disorder Checklist for DSM-5 
 

Keeping this worst event in mind, read each of the problems on the next page and then circle 
one of the numbers to the right to indicate how much you have been bothered by that problem in 
the past month. 
  

 
 
In the past month, how much were you bothered by: 

Not 
at all 

A little 
bit 

 
Moderately 

Quite 
a bit 

 
Extremely 

1. Repeated, disturbing, and unwanted memories of the 
stressful experience? 0 1 2 3 4 

2. Repeated, disturbing dreams of the stressful experience? 0 1 2 3 4 

3. Suddenly feeling or acting as if the stressful experience were 
actually happening again (as if you were actually back there 
reliving it)? 

0 1 2 3 4 

4. Feeling very upset when something reminded you of the 
stressful experience? 0 1 2 3 4 

5. Having strong physical reactions when something reminded 
you of the stressful experience (for example, heart pounding, 
trouble breathing, sweating)? 

0 1 2 3 4 

6. Avoiding memories, thoughts, or feelings related to the 
stressful experience? 0 1 2 3 4 

7. Avoiding external reminders of the stressful experience (for 
example, people, places, conversations, activities, objects, or 
situations)? 

0 1 2 3 4 

8. Trouble remembering important parts of the stressful 
experience? 0 1 2 3 4 

9. Having strong negative beliefs about yourself, other people, 
or the world (for example, having thoughts such as: I am 
bad, there is something seriously wrong with me, no one can 
be trusted, the world is completely dangerous)? 

0 1 2 3 4 

10. Blaming yourself or someone else for the stressful 
experience or what happened after it? 0 1 2 3 4 

11. Having strong negative feelings such as fear, horror, anger, 
guilt, or shame? 0 1 2 3 4 

12. Loss of interest in activities that you used to enjoy? 0 1 2 3 4 

13. Feeling distant or cut off from other people? 0 1 2 3 4 

14. Trouble experiencing positive feelings (for example, being 
unable to feel happiness or have loving feelings for people 
close to you)? 

0 1 2 3 4 

15. Irritable behavior, angry outbursts, or acting aggressively? 0 1 2 3 4 

16. Taking too many risks or doing things that could cause you 
harm? 0 1 2 3 4 

17. Being “superalert” or watchful or on guard? 0 1 2 3 4 

18. Feeling jumpy or easily startled? 0 1 2 3 4 

19. Having difficulty concentrating? 0 1 2 3 4 

20. Trouble falling or staying asleep? 0 1 2 3 4 
 

PCL-5 (8/14/2013) Weathers, Litz, Keane, Palmieri, Marx, & Schnurr -- National Center for PTSD 
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Appendix K 
 

Depression Anxiety Stress Scales–21 
	

 

DAS S 21 Name: Date: 

Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the statement 
applied to you over the past week.  There are no right or wrong answers.  Do not spend too much time 
on any statement. 

The rating scale is as follows: 
0  Did not apply to me at all 
1  Applied to me to some degree, or some of the time 
2  Applied to me to a considerable degree, or a good part of time 
3  Applied to me very much, or most of the time 
 

1 I found it hard to wind down 0      1      2      3 

2 I was aware of dryness of my mouth 0      1      2      3 

3 I couldn't seem to experience any positive feeling at all 0      1      2      3 

4 I experienced breathing difficulty (eg, excessively rapid breathing, 
breathlessness in the absence of physical exertion) 

0      1      2      3 

5 I found it difficult to work up the initiative to do things 0      1      2      3 

6 I tended to over-react to situations 0      1      2      3 

7 I experienced trembling (eg, in the hands) 0      1      2      3 

8 I felt that I was using a lot of nervous energy 0      1      2      3 

9 I was worried about situations in which I might panic and make 
a fool of myself 

0      1      2      3 

10 I felt that I had nothing to look forward to 0      1      2      3 

11 I found myself getting agitated 0      1      2      3 

12 I found it difficult to relax 0      1      2      3 

13 I felt down-hearted and blue 0      1      2      3 

14 I was intolerant of anything that kept me from getting on with 
what I was doing 

0      1      2      3 

15 I felt I was close to panic 0      1      2      3 

16 I was unable to become enthusiastic about anything 0      1      2      3 

17 I felt I wasn't worth much as a person 0      1      2      3 

18 I felt that I was rather touchy 0      1      2      3 

19 I was aware of the action of my heart in the absence of physical 
exertion (eg, sense of heart rate increase, heart missing a beat) 

0      1      2      3 

20 I felt scared without any good reason 0      1      2      3 

21 I felt that life was meaningless 0      1      2      3 
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Appendix L 
 

Anxiety Sensitivity Index–3 
 

Please select the number that best describes how much you agree with each statement. 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. 
 
 Agree 

very 
little 

Agree 
a little 

Somewhat 
agree 

Agree 
a lot 

Agree 
very 

much 
1. It is important to me not to appear nervous. 0 1 2 3 4 
2. When I cannot keep my mind on a task, I 

worry that I may 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 "spacey" or spaced out I worry 
that I may be mentally ill. 

0 1 2 3 4 

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 M 
 

Distress Tolerance Scale 
 

Think of times that you feel distressed or upset. Circle the item that best describes your beliefs 
about feeling distressed or upset. Please answer regarding your feelings of distress 'in general', 
that is, on the average. 
 
 Strongly 

agree 
Mildly 
agree 

Agree 
and 

disagree 
equally 

Mildly 
disagree 

Strongly 
disagree 

1. Feeling distressed or upset is 
unbearable to me. 

1 2 3 4 5 

2. When I feel distressed or upset, all I 
can think about is how bad I feel. 

1 2 3 4 5 

3. I can’t handle feeling distressed or 
upset. 

1 2 3 4 5 

4. My feelings of distress are so intense 
that they completely take over. 

1 2 3 4 5 

5. There’s nothing worse than feeling 
distressed or upset. 

1 2 3 4 5 

6. I can tolerate being distressed or 
upset as well as most people. 

1 2 3 4 5 

7. My feelings of distress or being upset 
are not acceptable 

1 2 3 4 5 

8. I’ll do anything to avoid feeling 
distressed or upset.  

1 2 3 4 5 

9. Other people seem to be able to 
tolerate feeling distressed or upset 
better than I can. 

1 2 3 4 5 

10. Being distressed or upset is always a 
major ordeal for me. 

1 2 3 4 5 

11. I am ashamed of myself when I feel 
distressed or upset. 

1 2 3 4 5 

12. My feelings of distress or being upset 
scare me. 

1 2 3 4 5 

13. I’ll do anything to stop feeling 
distressed or upset. 

1 2 3 4 5 

14. When I feel distressed or upset, I 
must do something about it 
immediately. 

1 2 3 4 5 

15. When I feel distressed or upset, I 
cannot help but concentrate on how 
bad the distress actually feels. 

1 2 3 4 5 
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Appendix N 
 

Intolerance of Uncertainty Scale–Short Form 
 

Please select 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 
advance. 

1 2 3 4 5 

12. I must get away from 
all uncertain situations. 1 2 3 4 5 

	


