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Abstract

Anxiety disorders constitute a significant public health problem. Current gold standard treatments
are limited in their effectiveness, prompting the consideration of alternative approaches. In this
review, we examine the evidence for exercise as an intervention for anxiety disorders. This
evidence comes from population studies, studies of nonclinical anxiety reduction, as well as a
limited number of studies of clinically anxious individuals. All of these studies provide
converging evidence for consistent beneficial effects of exercise on anxiety, and are consistent
with a variety of accounts of the mechanism of anxiety reduction with exercise. Further study of
clinical populations is encouraged, as are studies of the mechanism of change of exercise
interventions, which have the potential to help refine exercise intervention strategies. Likewise,
studies that identify moderators of treatment efficacy will assist clinicians in deciding how and for
whom to prescribe exercise.
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Among psychological disorders, anxiety disorders are the most common [1,2] and are
associated with the most impairment across various domains of functioning [3], including
significant impairment of relationships, care giving and job productivity [4-7]. The current
gold standard treatments for anxiety disorders are cognitive-behavioral therapy (CBT) and
pharmacotherapy [8-11]. Though efficacious, 14-43% of anxiety disorder patients do not
respond to treatment [12—16] and 18-48% relapse within 6 months [12,15]. Furthermore,
well over half of those suffering with anxiety do not initiate or receive adequate treatment
[17,18] due to lack of access to empirically supported treatments [19-21], stigma or
subcultural disapproval of psychotherapy and psychotropic medication [22,23], and aversive
medication side effects [24-27]. Together, these findings call for the consideration of
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augmentation and alternate complementary or stand-alone approaches to the treatment of
anxiety disorders.

The purpose of this paper is to review the potential of exercise as an intervention for the
treatment of anxiety disorders. The authors begin by reviewing research on potential
biological, behavioral and psychological mechanisms by which exercise may have an effect
on anxiety disorders. Then, the authors review studies examining the effects of exercise on
anxiety and discuss potential moderators of these effects. Together, these findings form the
basis of the last section, in which the authors provide a number of future directions for
research in this area.

Potential change mechanisms

Neurotransmitter functioning

Animal studies have demonstrated that exercise produces similar alterations in neural
systems, such as the serotonergic [28-31] and noradrenergic systems [32—-36], which are
presumed to underlie pharmacologic treatments for depression and anxiety. For example,
treadmill running appears to increase blood free (i.e., not bound to albumin) tryptophan,
thereby causing tryptophan (the precursor to serotonin) to enter the brain at an increased
rate, resulting in increased serotonin (5-hydroxyindoleacetic acid [5-HT]) synthesis in rats
[37]. Exercise has also been associated with increased 5-HT turnover in the mediobasal
hypothalamus of rats [38]. Initial work from Broocks ef a/. has extended this work to
humans by demonstrating that the anxiolytic effect of exercise is correlated with a
downregulation of postsynaptic serotonin receptors, specifically the 5-HT,¢ receptors
[39,40]. In two studies [39,40], the authors examined the effects of meta-
chlorophenylpiperazine (m-CPP), a 5-HT,¢ partial agonist, in physically trained versus
untrained participants. Administration of m-CPP produces psychological and physiological
anxiogenic symptoms, including increases in plasma cortisol, thought to be mediated by m-
CPP’s effects on 5-HT,¢ receptors [39]. It has thus been frequently used as a gauge of
serotonergic functioning in humans. Broocks et a/. found that endurance athletes showed a
diminished cortisol response to m-CPP relative to sedentary controls [39]. In a later study,
the authors found a similar blunted cortisol response to m-CPP after 10 weeks of moderate-
intensity aerobic exercise among previously sedentary participants [40]. These data support
the hypothesis that chronic exercise results in a reduced hormonal reaction to m-CPP, and
suggest that the anxiolytic effects of exercise may be mediated by repeated stimulation of
central serotonin turnover, ultimately resulting in downregulation of 5-HT,¢ receptors [40].

Exercise may also affect noradrenergic neurotransmission, which has been implicated in the
etiology of panic disorder [32-36]. Support for this hypothesis comes from studies showing
that increased physical activity in rats is associated with increased noradrenaline turnover in
the mediobasal hypothalamus, which appears to cause a downregulation of a.,-adrenergic
receptors [41,42]. To our knowledge, this finding in rats has not yet been translated to
humans. Indeed, Sommer et al. examined the psychological and physiological effects of
intravenous yohimbine administration in endurance athletes versus sedentary controls [43].
Yohimbine is an anxiogenic herbal supplement that acts as an ay-adrenergic antagonist,
leading to increased neuronal firing and turnover of noradrenaline in the locus coeruleus
[14]. Contrary to hypothesis, the authors found no differences between athletes and controls
in plasma cortisol increases, heart rate, blood pressure, or self-reported anxiety symptoms in
response to yohimbine [43]. This study therefore failed to show evidence for a
downregulation of central noradrenergic neurotransmission associated with chronic exercise.

Given the efficacy of benzodiazepines for reducing anxiety, exercise-induced changes in
GABA functioning have also been examined as a mediator of the effects of exercise on
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anxiety. Injections of GABA into the nucleus accumbens septi and ventral posterior globus
pallidus attenuate open-field locomotion (a common index of fear and anxiety in rats [44—
46]), whereas injection of picrotoxin, a GABAA receptor antagonist, increases locomotion
[47,48]. Jones et al. concluded that GABA receptors of the nucleus accumbens septi and
ventral posterior globus pallidus directly impact locomotion in rats [47,48]. Given that
exercise also increases open-field locomotion in rats [49,50], Dishman et a/. posited that
exercise may reduce anxious behavior in rats by increasing GABA concentrations, thereby
downregulating GABAA, receptors (i.e., decreasing GABA receptor density) in the corpus
striatum [51]. They found that voluntary exercise on an activity wheel, but not forced
treadmill exercise, increased open-field locomotion and decreased other anxiety-related
behaviors with a corresponding GABA downregulation [51]. Both activity wheel exercise
and treadmill exercise resulted in increased GABA levels, suggesting that the decreases in
anxiety behavior resulted from chronic downregulation of GABA, receptors and not acute
increases in GABA. Whether exercise-related anxiolysis in humans can be accounted for by
GABA, downregulation remains unclear. Interestingly, recent work by Streeter et al. has
demonstrated that anxiety reductions achieved with yoga are associated with increased
thalamic GABA levels [52,53]. Specifically, they found that a 12-week yoga intervention
produced greater anxiolytic effects and increases in acute thalamic GABA levels than a
metabolically matched walking intervention, suggesting that the GABA-mediated anxiolytic
effects may be specific to yoga and not generalize to other forms of exercise [53].

Atrial natriuretic peptide

Atrial natriuretic peptide (ANP) is a peptide hormone that inhibits hypothalamic pituitary
adrenocortical activity and may have anxiolytic properties [54]. Stréhle ef al. showed that
both central and peripheral administration of atriopeptin reduced fear responding in rats as
well as among individuals with panic disorder [55,56]. As submaximal and maximal
exercise bouts significantly increase ANP concentrations [57], Stréhle ef al. examined the
effects of exercise on ANP and response to panic provocation [54]. They found that exercise
(30 min of 70% of maximum heart rate on a treadmill) significantly increased plasma ANP
and reduced anxious responding to CCKjy. Importantly, the magnitude of the reduction in
anxiety was directly associated with the increase in plasma ANP.

Brain-derived neurotrophic factor

Brain-derived neurotrophic factor (BDNF) is a neurotrophin involved in brain
neuroplasticity, differentiation and survival of neurons in both the central and peripheral
nervous system [58,59]. Adequate BDNF levels appear to be an important factor in the
maintenance of normal cognitive function and mood [58,59], whereas impairments have
been associated with reduced memory/learning [60-62] and depressive symptoms [63—65].
Similarly, reduced BDNF levels have been associated with both increased general anxiety
[66] and anxiety disorders [64,67]. In addition, baseline serum BDNF levels among persons
with panic disorder have been shown to be predictive of response to exposure-based
treatment, such that those with higher serum BDNF levels show greater response compared
with those with lower serum BDNF levels [68]. Thus, interventions that increase BDNF
levels may have clinical implications for treatment of individuals with anxiety disorders
[59].

Acute aerobic exercise has been shown to significantly increase BDNF levels in normal
controls [67,69-71] and individuals with neurological/psychiatric conditions [70-72]. For
example, Strohle et al. compared individuals with panic disorder to normal controls before
and after a 30-min bout of moderate-intensity exercise [67]. The authors found that patients
with panic disorder had significantly reduced BDNF concentrations relative to normal
controls at baseline. Moreover, 30 min of moderate-intensity exercise significantly increased
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BDNF concentrations in these individuals with panic disorder, whereas no changes in BDNF
concentrations were observed in the normal controls. In addition, there appears to be a dose—
response relationship; the increase in BDNF levels tend to be greater following high
compared with low aerobic exercise intensity [69,73-76]. These initial findings prompt the
need for follow-up studies examining whether BDNF concentrations normalize with
exercise training programs and whether this change indeed guides anxiety symptom
reduction.

A popular hypothesis is that endorphins, endogenous peptides that act as opioid receptor
agonists, mediate exercise-induced anxiety reduction [77]. However, evidence to support
this hypothesis is mixed [77]. Multiple studies have demonstrated that acute exercise results
in decreased anxiety regardless of whether participants were administered naltrexone, an
opioid receptor-blocking medication, or placebo (e.g., [78,79]). Furthermore, Galiano and
colleagues observed that larger increases in p-endorphin during exercise were associated
with increases in state anxiety, as opposed to decreases (unpublished observation noted in
[79]). Although B-endorphin is released into the bloodstream during stress, including
physiological stressors such as exercise, there is limited evidence that p-endorphin crosses
the blood-brain barrier during or after exercise, and peripheral p-endorphin is therefore
unlikely to directly influence anxiety or mood [80]. A recent study was the first to
demonstrate increases in central endogenous opioid binding following prolonged vigorous
exercise among trained athletes [81]. Furthermore, the authors of this study also found that
opioid binding in the frontolimbic brain regions was associated with self-reported euphoria,
suggesting that opioidergic effects of exercise may indeed mediate anxiolysis following
prolonged physical exertion [81]. However, these data may not explain the anxiolytic effects
of less strenuous exercise (see the following paragraphs).

Adenosine is an inhibitory neuromodulator that influences synaptic transmission of
dopamine and glutamate. Adenosine A; and Axa receptors, the receptors responsible for
controlling neurotransmission, are implicated in anxiety etiology [82]. Although there is
evidence that exercise impacts central neurotransmitter systems, including adenosine-
modulated dopamine and glutamate [83], the authors are not aware of any studies that have
examined the effects of exercise on adenosine in humans. In animal work, one of the first
studies to examine the effects of exercise (8 weeks of 20-min moderate-intensity treadmill
running) on adenosine A; and Aya receptors in rats found that all training frequencies (1, 3
and 7 days per week) reversed the typical age-related increases in Ao receptors in the
hippocampus [84]. However, only the once-weekly exercise protocol was found to attenuate
age-related anxiety behavior, with anxious behavior increasing following the other exercise
frequencies in both adult and middle-aged rats [84]. These results suggest that Apa-mediated
anxiolysis following exercise training may be limited to moderate-intensity exercise at low
frequencies among middle-aged rats [84]. The finding that most frequencies of moderate-
intensity exercise increased anxiety behavior was unexpected, but may be due to the 48-h
exercise abstinence prior to assessing anxiety behavior or to the forced nature of treadmill
exercise in rats [84]. Indeed, the anxiolytic effects of exercise are less consistent in rats than
in humans, and the impact of exercise on adenosine receptors and subsequent changes in
anxiety thus needs to be tested in humans.

Electrocortical changes

Electrocortical changes, specifically increased in EEG-a wave frequency band, following
exercise have also been proposed as a mechanism of action [85]. Specifically, increases in
the EEG-a frequency band, particularly in the frontal anterior regions of the brain, are
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thought to be associated with relaxation and decreased anxiety. Studies have shown that the
EEG-a frequency band does increase during and after exercise; however, no more than
other frequency bands [85]. Furthermore, there are no significant differences in the EEG-a
frequency band increases across brain regions [85]. In their meta-analysis, Crabbe and
Dishman also found that increased frontal alpha activity and interhemispheric asymmetry
after exercise was not reliably associated with decreases in anxiety [85].

Core body temperature

Core body temperature increases with exercise and core temperature has been found in some
studies to be associated with exercise-induced decreases in anxiety [86]. The thermogenic
hypothesis states that the increase in core body temperature that results from exercise may
be responsible for reductions in anxiety by way of reducing muscular tension and altering
neuron activity [87-89]. This hypothesis has been largely unsupported in empirical work
[90]. For example, several studies have found a positive rather than an inverse relationship
between body temperature and anxiety ratings when experimentally manipulating body
temperature changes during exercise [90-92]. Petruzzello et al. found that self-reported
anxiety immediately following exercise was higher among those randomized to a warm
running condition that induced higher body temperatures than those who exercised in neutral
or cool conditions [91]. No condition differences in anxiety were found throughout a 30-min
recovery phase, and the temperature manipulation explained only little variance in anxiety
ratings, such that the authors concluded that the thermogenic hypothesis was unsupported
[91]. Another study found that reductions in anxiety occurred when body temperature was
prevented from rising during exercise [86]. The mixed support for the thermogenic
hypothesis may have resulted from methodological inconsistencies across studies [86].
Researchers have proposed that exercise-induced changes in anxiety may result from
increases in brain (specifically hypothalamus) temperature rather than body temperature and
that using tympanic temperature is preferable to the more commonly used rectal temperature
[86,91].

Extinction learning

Anderson and Insel have highlighted the promise of fear extinction research in animals and
humans for improving psychosocial interventions and especially exposure-based treatments
for anxiety disorders [93]. Indeed, the procedures for fear extinction training in animals are
very similar to exposure therapy procedures in humans with anxiety disorders [93-95]. That
is, animals display extinction learning following repeated exposure to feared stimuli in the
absence of associated negative outcomes [95,96] and humans with anxiety disorders display
fear reduction following (repeated or prolonged) exposure to feared stimuli in the absence of
negative outcomes [97,98]. This extinction model may also be useful for explaining why and
how exercise reduces fear among anxiety disorder populations. For example, if completed in
situations where other people are present (e.g., gyms, classes, research studies and so on),
exercise provides exposure to feared stimuli (e.g., to having visible signs associated with
anxiety while with others who may notice and negatively evaluate them) for people with
social anxiety. Similarly, for individuals with contamination concerns, using sweaty, warm
gym equipment that is shared by others may provide exposure to feared contaminants.

The extinction model for explaining the effect of exercise for anxiety disorders appears
particularly apt for panic and related disorders [99]. Central to the onset and maintenance of
panic and related disorders is elevated anxiety sensitivity, or the fear of anxiety and related
sensations [100]. Anxiety sensitivity is an established cognitive risk factor for panic attacks
and panic disorder [100], and psychological interventions that effectively reduce anxiety
sensitivity are associated with panic prevention or amelioration [101,102]. The key
component to these psychological interventions is interoceptive exposure, or the repeated
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induction of bodily sensations (e.g., running in place, hyperventilation [103]). Accordingly,
because exercise can produce many of the stimuli that are feared by individuals with panic
and related disorders (e.g., increased heart rate, increased cardiac stroke volume, increased
perspiration, elevated respiration rate), exercise could be viewed as a vehicle for
interoceptive exposure.

Consistent with this hypothesis, three studies have documented significant changes in
anxiety sensitivity with programmed exercise. In the first trial, Broman-Fulks ef a/.
randomly assigned 54 participants with high levels of anxiety sensitivity to either six 20-min
high-intensity (60-90% maximal heart rate) or a low-intensity (below 60% of maximal heart
rate) aerobic exercise program [104]. The high-intensity intervention was associated with
significantly greater reductions in anxiety sensitivity compared with the low intensity
intervention. In a second study, Broman-Fulks and Storey compared six sessions of aerobic
exercise to a no-exercise comparison condition in 24 participants with high anxiety
sensitivity [105]. Anxiety sensitivity decreased significantly in the aerobic exercise
condition, with no significant change in the control condition. In a third study, Smits ef a/.
compared 20-min high-intensity exercise sessions (Six sessions over a 2-week period,
delivered either alone or with cognitive restructuring) to a waitlist control in 60 participants
with high anxiety sensitivity [103]. The two exercise conditions were found to be equally
efficacious in reducing anxiety sensitivity and markedly better than the waitlist condition. In
addition, the exercise conditions were associated with significant reductions in overall
anxiety compared with the waitlist condition.

Emotional action tendencies

Self-efficacy

Modifying emotional action tendencies — that is, self-perpetuating behavioral patterns in
affective disorders (e.g., avoidance in anxiety, social withdrawal and inaction in depression)
—is a fundamental therapeutic strategy shown to be efficacious for treating anxiety disorders
[106]. Exercise may be useful in the treatment of anxiety disorders because it requires
enduring negative physical and emotional states in order to remain engaged in the activity
[107]. Specifically, exercise involves an action (i.e., approach) that is inconsistent with the
natural action tendencies associated with anxiety (i.e., avoidance). Similar to behavioral
activation treatments for depression [108,109], persisting in exercise whereas experiencing
the physiological and psychological symptoms of exertion (which, as discussed above,
mimic anxiety symptoms) may also have more general effects on restoring participants to
adaptive activity [107].

Exercise may also alleviate anxiety, in part, by enhancing perceived coping ability or self-
efficacy. McAuley et al. have described a reciprocal relationship between self-efficacy and
physical activity whereby higher levels of self-efficacy lead to greater initiation and
maintenance of exercise, and exercise results in increased self-efficacy [110]. Self-efficacy
also appears to be correlated with the impact of exercise on anxiety [108,111]. For example,
Steptoe and colleagues observed parallel decreases in perceived coping deficits and anxiety
among healthy adults who participated in a 10-week moderate-intensity exercise program
[108]. Neither the control groups nor the exercise group experienced decreases in anxiety or
perceived coping deficits. Another study of older adults found that anxiety on the State
Anxiety Inventory (STAI-S [112]) was significantly decreased at all levels of exercise
intensity (i.e., light, moderate and maximal) when items assessing arousal were removed
(total STAI-S score increased following high-intensity exercise due to increases in arousal
[111]). Similar to the Steptoe and colleagues’ findings [108], exercise-induced increases in
self-efficacy were associated with decreases in state anxiety following only moderate-
intensity exercise [111]. These data are also consistent with the effects of higher intensity
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exercise on mood during exercise; mood ratings decrease during exercise when exercise is
of higher intensity (i.e., tend to decrease when the ventilatory threshold is reached [113]),
even though mood improves after exercise. In the same way, high-intensity exercise seems
to take its toll on self-efficacy, perhaps simply because of the degree of effort required for
high-intensity workouts.

Not only does exercise intensity appear to influence self-efficacy and related decreases in
anxiety, but other conditions may also enhance or detract from the effects of exercise on
self-efficacy and subsequent decreases in anxiety. For example, female participants given
false negative feedback about their exercise performance experienced decreases in self-
efficacy relative to those who received positive feedback [114]. Self-efficacy mediated
levels of postexercise state anxiety such that those who received positive feedback had
significantly lower levels of anxiety [114]. Thus, it appears that a supportive exercise
environment may enhance the meditational effects of self-efficacy. Furthermore, exercise
interventions that specifically target self-efficacy [115] and particular forms of exercise that
target self-efficacy may be particularly effective in reducing anxiety. For example, 45 min of
martial arts was associated with greater decreases in state anxiety and increases in positive
affect than 45 min of exercise on a stationary bicycle [109]. Hence, when it comes to
changes in self-efficacy, the socially constructed meaning of exercise and whether certain
performance criteria were met appear to have an influence over and above other influences
of exercise.

Others have proposed that the anxiolytic effects of exercise are due to exercise serving as a
distraction or ‘time-out’ from worries and concerns. For example, Bahrke and Morgan found
significant reductions in state anxiety following 20 min of exercise (at 70% maximal heart
rate), meditation or rest, suggesting that exercise may be one of several forms of distraction
that can decrease anxiety [116]. A more recent study tested the time-out hypothesis among
college females high in trait anxiety [117]; specifically, they examined within-subject
differences in anxiety following four conditions: exercise-only (low intensity); exercise-
while-studying (i.e., exercise in which a time-out is prevented); study only and resting
control condition. Anxiety was reduced only after the exercise-only condition, supporting
the hypothesis that exercise decreases anxiety because it provided a time-out from daily
concerns.

Summary of mechanisms of action: a broad spectrum of effects

As evident from the preceding review, there is no shortage of viable mechanisms for the
effects of exercise on anxiety. Multiple neurotransmitter, neuromodulator and psychological
mechanisms of action have received support, with insufficient evidence at present for the
selection of one account over the others. As such, we are faced with the interim conclusion
that there are multiple reasons why exercise should act as an anxiolytic. We now turn to the
evidence on how consistently and strongly it does act in this capacity.

Evidence for the efficacy of exercise for anxiety disorders

Population-based studies have provided reliable evidence of fewer anxiety symptoms, lower
stress and greater well-being among individuals who engage in regular physical activity
[62,118]. Likewise, individuals who exercise regularly are significantly less likely to meet
diagnostic criteria for panic disorder, agoraphobia, social phobia, generalized anxiety
disorder (GAD) or specific phobias [119,120]. Furthermore, among those who do have
anxiety disorders, higher physical activity is associated with better social functioning and
vitality [121].
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A series of laboratory challenge studies have extended these findings by demonstrating that
acute exercise confers antipanic and anxiolytic effects. For example, Esquivel et a/. found
that 12 min of exercise (bicycle ergometer with increasing workload to reach >6 mmol/l of
blood lactate concentration) prior to a single vital capacity inhalation of 35% CO,/65% O,
was associated with significantly decreased fear reactivity, demonstrated by fewer panic
symptoms, compared with minimal exercise (cycling on the ergometer with continuous
[low] workload) in 20 healthy adults [122]. Similarly, Stréhle ef a/. randomized 15 healthy
participants to either 30 min of treadmill exercise at 70% of maximum oxygen consumption
or 30 min of quiet rest prior to a biological challenge using an injection of 50 pug of CCK4
[123] and found moderate to large between-group differences with respect to CCKy-induced
panic attacks, panic symptoms and anxiety [123]. Smits ef a/. documented that healthy
participants who engaged in 20 min of moderate-intensity treadmill exercise (i.e., 70% of
maximum heart rate; n = 46) reported less anxiety reactivity prior to a single vital capacity
inhalation of 35% CO,/65% O, (n = 46) relative to participants who rested prior to
challenge [124].

Particularly important for the treatment of anxiety disorders are two studies that have
documented similar effects of acute exercise on biological challenge reactivity among
individuals with anxiety disorder diagnoses. First, Esquivel ef a/. found that moderate to
hard exercise (i.e., up to 15 min of cycling at 80-90% of maximum heart rate) was
associated with reduced reactivity to CO, challenge, demonstrated by fewer panic attacks
and symptoms and less anxiety, in comparison with very light exercise in individuals
suffering from panic disorder [125]. Similarly, Strohle et a/. found that individuals with
panic disorder who engaged in 30 min of aerobic exercise (70% of VO, max) were less
likely to have a panic attack in response to a CCKy4 challenge as compared with those who
did not exercise beforehand [126].

This evidence that acute bouts of vigorous exercise have anxiolytic effects, along with
extant work specifically examining the blood lactate—anxiety relationship (e.g., [127-129]),
is in opposition to the Pitts and McClure hypothesis that excessive lactate production in
response to exercise (and other stressors) may be responsible for producing panic attacks
[130,131]. This hypothesis was in part based on the observation that injections of sodium o.-
lactate produced panic attacks in the majority of a sample with ‘anxiety neurotics’ and that
anxiety patients produced greater levels of blood lactate following exercise. By contrast,
Garvin et al. found no correlation between changes in blood lactate and anxiety ratings
following acute bouts of aerobic and anaerobic exercise at 70% maximal capacity [127].
Anxiety significantly decreased 1 h following aerobic exercise and there were no increases
in anxiety in the anaerobic condition despite larger increases in blood lactate [127]. In a
review of the relation between exercise and panic attacks among patients with panic
disorder, O’Connor et al. argued that Pitts and McClure’s conclusions were based on
inaccurate interpretations of prior work, a misunderstanding of the physiological effects of
exercise-induced lactate increases versus injections of sodium o.-lactate, and the failure to
consider alternative explanations (e.g., associations between exercise-induced lactate and
anxiety symptoms could be due to anxiety patients’ relative lack of fitness) [129]. They
found no evidence that acute bouts of exercise induce panic attacks (and indeed they co-
occur only rarely and by chance [129]). On the contrary, the evidence suggests that exercise
benefits patients with panic disorder [129].

In addition to single bouts of exercise, exercise programs have also caused relief from
anxiety symptoms. For example, a meta-analysis of 49 randomized controlled trials of
primarily nonpsychiatric populations (e.g., studies of the general population, the elderly or
medically ill samples) revealed a moderate effect size for the advantage of exercise
interventions over the control conditions on the self-report of anxiety symptoms [132]. As
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applied to anxiety disorders, studies are few in number and have involved small sample
sizes. For example, Broocks and associates examined the relative efficacy of aerobic
exercise, clomipramine and pill placebo in a randomized trial of 46 patients with panic
disorder [133]. The exercise intervention was a 10-week program that asked patients to find
and complete a 4-mile route (forest or park) that was easily accessible from their home at
least three times a week. At treatment end point, both active treatments resulted in equal
reductions in anxiety and outperformed placebo at post-treatment; however, clomipramine
yielded greater changes in global improvement ratings compared with aerobic exercise.

Similarly, there is initial support of the efficacy of exercise as an adjunctive intervention for
group CBT. Specifically, Merom et a/. randomized anxiety patients — including those with
panic disorder, generalized anxiety disorder and social phobia — to adjunctive treatment with
either an exercise condition (with the group therapists recommending working up to a goal
of 150 min of exercise spread across five sessions per week) or to a healthy eating
educational control group [134]. These interventions were initiated during the beginning of
an 8- to 10-week program of group CBT. Across treatment, significantly lower levels of
depression, anxiety and stress were reported by patients who underwent the exercise
intervention. Notably, the effects were most prominent for patients being treated for social
phobia.

Another trial similarly examined exercise as an adjunctive intervention for anxiety patients
(again represented by those with panic disorder, generalized anxiety disorder and social
phobia), but targeted patients in an inpatient setting [135]. In this trial, 8 weeks aerobic
exercise (walking or running at 70% maximal aerobic capacity) was compared with an
anaerobic training program. Both groups improved significantly, allowing no firm
conclusions about the role of exercise in these gains.

In addition to these findings from randomized trials, a number of open trials in other anxiety
disorders suggest both feasibility and potential efficacy for exercise interventions. For
example, in an open trial examining the efficacy of aerobic exercise as an adjunctive
intervention to regular care for obsessive-compulsive disorder, Brown et al. examined a 12-
week moderate-intensity group exercise program [136]. Significant changes in obsessive and
compulsive symptoms were evident at post-treatment, and continued to be evident at a 6-
month follow-up assessment. Likewise, two small studies of inpatient adolescents with post-
traumatic stress disorder (PTSD) utilized a multiple baseline design to examine within-
subject changes in PTSD symptom severity following three sessions per week of aerobic
exercise [137,138]. In both studies, PTSD symptoms decreased following the exercise
intervention. No studies have yet examined the efficacy of exercise in treating specific
phobias.

Potential moderators of the effects of exercise on anxiety

Research on the acute effects of exercise suggests that the efficacy and utility of exercise
interventions for anxiety disorders may vary by exercise modality. Specifically, reductions
in anxiety occur immediately and up to 120 min following aerobic exercise [116,139,140],
whereas resistance training has been found to result in a temporary increase in anxiety
immediately following exercise but then returns to baseline levels 20-60 min following
exercise [141,142]. An earlier study found no decreases in state anxiety after one 50-min
session of self-selected resistance training [143]. However, long-term resistance training
programs are associated with anxiety reduction [144— 146]. For example, 12-week resistance
training programs consisting of three weekly sessions at both high and low intensity showed
significant and comparable reductions in tension and trait anxiety at post-treatment relative
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to a no-treatment control group [146]. Similar effects were observed following a 24-week
weight machine intervention consisting of three weekly sessions [144].

Overall, there is limited extant work comparing different forms of exercise, with treadmill
walking/running and resistance training the most commonly examined. Recently, yoga and
tai chi have shown promise as interventions for anxiety. Field et a/. found that a 20-min
class combining tai chi movements and yoga postures produced significant reductions in
state anxiety from pre- to post-exercise among healthy participants [147]. Another study
compared the effects of a 12-week yoga intervention (three 60-min sessions per week)
compared with a metabolically matched walking control condition among healthy
participants [53]. Those in the yoga condition showed significantly greater improvements in
state anxiety, tranquility and revitalization at post-treatment relative to those in the walking
condition. Together, these results suggest that a range of exercise modalities may be
beneficial in treating anxiety disorders, which is important for individuals unable to
participate in particular forms of exercise (e.g., vigorous or high-impact exercise such as
running). It is unclear at this time whether a particular form of exercise produces greater
anxiolytic effects than others.

Few studies have examined the dose—response relationship of exercise and anxiety
reduction. Therefore, little is known about the effects of exercise program length, session
duration, session frequency and exercise intensity on anxiety. It appears that the length of
the exercise intervention may have a linear relationship to the magnitude of anxiolytic
effects [148]. In a meta-analysis, programs lasting 16 weeks or longer produced the largest
reductions in trait anxiety, and meaningful reductions in anxiety were found only in
programs lasting 10 weeks or longer [148]. In another meta-analysis, Wipfli et a/. found that
exercise frequency of three to four times per week elicited larger anxiolytic effects than less
or more frequent regimens [149]. Exercise session duration may also affect the magnitude of
anxiety reductions, with activity sessions lasting 21-30 min potentially providing the most
anxiety reduction [148]. However, another review suggests that session duration does not
predict degree of anxiety reduction beyond the effects explained by the degree of exercise
intensity [113]. Although several studies have shown no effect of exercise intensity, others
have suggested that greater intensity increases state anxiety and decreases positive affect
during and immediately following acute bouts of exercise [113]. One study suggests that the
positive relationship between exercise intensity and anxiety may be stronger for men than
for women [150]. Unfortunately, studies that have carefully manipulated the exercise dose
by varying intervention length, session duration, intensity and frequency are lacking.

In addition to certain exercise intervention parameters, there may be person variables
associated with the efficacy of exercise for anxiety disorders. For example, recent work
suggests that two specific anxiety vulnerability factors — anxiety sensitivity and social
physique anxiety — may influence the degree to which individuals can tolerate exercise
interventions. That is, these variables are negative affective responses to exercise, and they
may reduce satisfaction with exercise and potentially prevent continued adherence to an
exercise program. Indeed, affective responses to exercise are related to total time spent in
physical activity during 6- and 12-month follow-up periods [151], and affective responses to
exercise appear to be critically linked to exercise motivation [152,153]. Smits ef a/. observed
that anxiety sensitivity and BMI interacted to predict fear during moderate-intensity
exercise, such that those with both high BMI and high anxiety sensitivity reported the
greatest levels of fear [154]. Social physique anxiety (i.e., anxiety about the evaluation of
one’s physical appearance by others) is also associated with reduced physical activity [155],
and appears to explain at least in part negative affective responses to exercise among obese
women [156].
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Person variables that potentially affect the utility of exercise interventions for anxiety
disorders may also include biological markers. For example, physical activity was found to
be a protective factor for depression only among adolescent girls with a BONF met allele at
the val66met polymorphism [157]. Similarly, Toups et a/. recently found that depressed
adults with high serum BDNF experienced more rapid improvements in depressive
symptoms after a 12-week aerobic exercise intervention relative to those with lower BDNF
levels [158]. Thus, the met allele may not only identify individuals most at risk for
depression, but also identify a subgroup of individuals for whom exercise interventions
would have the most ameliorative effects [157].

Expert commentary

In this article, we have reviewed the findings from a wide range of studies that, collectively,
support a role for exercise interventions for the treatment of anxiety disorders. Both
population-based studies and large-scale, well-controlled clinical trials demonstrating the
efficacy of exercise as a stand-alone or augmentation intervention for depression justify
using exercise as an intervention for improving emotional well-being [152]. Support for
considering exercise as an intervention specifically for the treatment of anxiety disorders
comes from studies linking exercise to behavioral, cognitive and neural processes theorized
to operate in anxiety reduction, as well as from the increasing body of research
demonstrating that both acute exercise and more extensive exercise programs reduce anxiety
[152]. At this time, however, there have been few randomized controlled trials of exercise
involving anxiety disorder samples. Initial trials for panic disorder and related core fears
have indicated that exercise can be a powerful intervention. Much less research has been
conducted involving other anxiety disorders, but preliminary work indicates that exercise is
a feasible intervention for those in inpatient or outpatient settings, and that it has the
potential to enhance outcome for established treatments such as CBT.

Five-year view

Establishing exercise as an empirically supported intervention for the anxiety disorders
requires randomized controlled trials involving anxiety disorder samples. Here, there is
sufficient rationale to examine exercise as a stand-alone intervention or as an augmentation
strategy to established interventions such as CBT and pharmacotherapy [8,159]. Confidence
in the effects of exercise can be enhanced when these studies utilize appropriate comparator
interventions such as wellness education [160] or supportive treatment [161]. In addition to
examining the specificity of exercise, future studies should attend to the examination of
mediators and moderators of exercise efficacy. Regarding the study of mediators, it is
important to include multiple measures of multiple plausible mediators (e.g., self-efficacy,
extinction learning and so on) and anxiety severity throughout the intervention period
[162,163]. This allows for both establishing temporal precedence (i.e., mediator to anxiety
and anxiety to mediator effects) and testing of specificity of meditational effects (i.e., ruling
out third variable explanations). Identifying mediators will help increase the understanding
of the mechanism of change of exercise intervention, thus enabling the refinement of
exercise intervention strategies. Much like the identification of mediators, the study of
moderators will help determine the utility of exercise interventions for the anxiety disorders.
Here, it is important to consider the influence of intervention parameters (e.g., dose,
resistance vs cardio and so on) and person variables (age, sex and so on) as well as their
interaction on the strength of the exercise—anxiety effect. Such findings will ultimately help
clinicians decide how and for whom to prescribe exercise.

In conclusion, the extant research highlights the potential of exercise as a stand-alone or
complementary intervention for anxiety disorders. Previous work on potential mechanisms
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of the anxiolytic effects of exercise has demonstrated that exercise is associated with
physiological, psychological and behavioral processes theorized to operate in anxiolysis.
Furthermore, several initial randomized controlled trials have revealed reductions in anxiety
following both acute bouts of exercise and programmatic exercise.
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Key issues

»  Current gold standard treatments for anxiety disorders are limited in their
effectiveness, necessitating the study of treatment augmentation strategies and
alternative approaches to anxiety treatment.

» Studies linking exercise to processes theorized to operate in anxiety reduction
provide theoretical support for exercise interventions.

» Potential mechanisms of change include extinction learning; modulation of
neurotransmitter functioning, atrial natriuretic peptide and brain-derived
neurotrophic factor; and modification of emotional action tendencies and self-
efficacy.

» Research demonstrating anxiety reduction following both acute bouts of
exercise and programmatic exercise have provided initial support for the
potential of exercise as stand-alone or complementary intervention for anxiety
disorders.

» Few trials have examined exercise intervention efficacy among individuals
suffering from an anxiety disorder, but initial trials have shown promise.

» More randomized controlled trials of other anxiety disorders are needed.

»  Future work should examine mediators in order to increase understanding of the
mechanism of change of exercise intervention and thus, enable the refinement of
exercise intervention strategies.

» The identification of moderators, including possible exercise intervention
parameters and person factors, will help assist clinicians in deciding how and for
whom to prescribe exercise.
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