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Effects of aerobic exercise on anxiety sensitivity

Joshua J Broman-Fulks, Mitchell E. Berman, Brian A. Rabian, Michael J. Webster

ABSTRACT

Anxiety sensitivity is a known precursor to panic attacks and panic disorder, and involves the
misinterpretation of anxiety-related sensations. Aerobic exercise has been shown to reduce
generalized anxiety, and may also reduce anxiety sensitivity through exposure to feared
physiological sensations. Accordingly, 54 participants with elevated anxiety sensitivity scores
completed six 20-min treadmill exercise sessions at either a high-intensity aerobic (n=29) or
low-intensity (n=25) level. Self-ratings of anxiety sensitivity, fear of physiological sensations
associated with anxiety, and generalized anxiety were obtained at pre-treatment, post-
treatment, and one-week follow-up. Results indicated that both high- and low-intensity exercise
reduced anxiety sensitivity. However, high-intensity exercise caused more rapid reductions in a
global measure of anxiety sensitivity and produced more treatment responders than low-
intensity exercise. Only high-intensity exercise reduced fear of anxiety-related bodily sensations.
The implications of these findings are discussed.



1. INTRODUCTION

A growing body of evidence indicates that aerobic exercise is an effective and cost-efficient
treatment alternative for a variety of anxiety and mood disorders, including panic disorder (for a
review, see Salmon, 2001). However, researchers have not examined whether exercise affects
anxiety sensitivity, a known precursor of panic attacks and panic disorder (Ehlers, 1995).
Anxiety sensitivity is conceptualized as an enduring fear of anxiety and anxiety-related
sensations, brought about from the belief that these sensations can have harmful physical,
psychological, or social consequences ( [Reiss and McNally, 1985] and [Taylor, 1999] ).
Individuals who are high in anxiety sensitivity have a tendency to misinterpret and catastrophize
anxiety-related physiological sensations, which may contribute to or exacerbate the experience
of panic ( [Clark, 1986] and [Reiss and McNally, 1985] ). Accordingly, interventions that reduce
anxiety sensitivity have the potential to reduce the likelihood that individuals will experience
panic attacks or develop panic disorder.

Significant reductions in anxiety sensitivity following ten to twelve sessions of cognitive-
behavioral therapy (CBT) have been reported ( [McNally and Lorenz, 1987] and [Telch, Lucas,
Schmidt, Hanna, Jaimez and Lucas, 1993] ). CBT treatment packages generally include
exposure to feared somatic sensations, arousal reduction, and cognitive-restructuring
techniques. Aerobic exercise is believed to reduce anxiety and panic symptoms through similar
processes. Specifically, aerobic exercise produces many of the same bodily sensations that
often elicit anxiety reactions, such as increases in heart rate, respiration, and perspiration.
Repeated exposures to anxiety-related interoceptive stimuli through exercise may therefore
extinguish fear responses, accompanied by changes in how these stimuli are interpreted (de
Coverley Veale, 1987). Furthermore, aerobic exercise reduces generalized arousal, including
resting heart rate and muscle tension (Abadie, 1988). Based on the functional similarities
between aerobic exercise and CBT, it is not surprising that some studies have found no
differences in the efficacy of CBT and aerobic exercise in the reduction of anxiety ( [Fremont
and Craighead, 1987] and [McEntee and Haglin, 1999] ).

In contrast to general anxiety, virtually no attention has been paid to the relation between
exercise and anxiety sensitivity. One recent non-experimental study found an inverse relation
between exercise frequency and anxiety sensitivity (McWilliams & Asmundson, 2001). The
authors attributed this finding to the notion that exercise produces physiological sensations
similar to those feared by individuals with high anxiety sensitivity (e.g., elevated heart rate), and
is thus avoided. An alternative interpretation for these findings is that a lack of exposure to these
sensations resulting from physical inactivity promotes increased anxiety sensitivity. Regardless,
consistent with the literature on general anxiety, it is reasonable to posit that repeated exposure
to anxiety-related bodily sensations in the context of aerobic exercise should lead to a reduction
in anxiety sensitivity. However, no published experimental study has examined this possibility.

The purpose of the present study was to investigate the effects of aerobic exercise-induced
physiological arousal on anxiety sensitivity. Individuals were pre-selected for high anxiety
sensitivity, and assigned to six 20-min sessions of high-intensity aerobic exercise (60—-90% of
predicted maximal heart rate) or low-intensity walking (one mile per hour). Measures of anxiety



sensitivity, fear of anxiety-related physiological sensations, and state and trait anxiety were
obtained at pre-treatment, post-treatment, and one-week follow-up. Previous research has
shown that both high-intensity aerobic and light walking exercise programs reduce generalized
anxiety (Sexton, Maere, & Dahl, 1989). Accordingly, we hypothesized that participants in the
high- and low-intensity exercise conditions would both show improvement on all anxiety
measures from pre- to post-treatment, and gains would be maintained at follow-up. However, it
was expected that the high-intensity exercise group would show significantly more improvement
on these measures in comparison with the low-intensity comparison group.

2. METHOD
2.1. Participants

Participants were 54 students (41 women), ages 18-51 (M=21.17, SD=5.11). Volunteers
received course credit for participation. Approximately 550 students were screened, of which 59
potential participants met the study entry criteria (see below). Of these, five declined
participation, citing scheduling problems or lack of interest. To be included in the study,
participants had to: (1) achieve a score of 25 or more (>0.75 standard deviations above the
mean) on the Anxiety Sensitivity Index (ASI; Peterson & Reiss, 1992), (2) be at least 18 years of
age, and (3) be in good general health. Exclusion criteria included: (1) a health condition that
would preclude aerobic exercise (assessed using the Physical Activity Readiness
Questionnaire: PAR-Q; Shepherd, Cox, & Simper, 1981), (2) current involvement in
psychotherapy, (3) current use of any psychotropic medication, and (4) current involvement in
an aerobic exercise program. Current exercise involvement was defined as more than one
aerobic exercise session per week. The ASI cutoff score for this study was slightly more
conservative than cutoff scores used in previous studies (e.g., Maller & Reiss, 1992). No
participant attrition occurred during this study. The consent process and protocol were reviewed
by the Institutional Review Board for the Protection of Human Subjects at The University of
Southern Mississippi.

2.2. Instruments

The ASI (Peterson & Reiss, 1992) is the most widely used measure of anxiety sensitivity and is
believed to assess three first-order factors: (1) fear of physical symptoms of anxiety, (2) fear of
cognitions associated with anxiety attacks, and (3) fear of publicly observable symptoms of
anxiety, and a general second-order factor (Zinbarg, Barlow, & Brown, 1997). The psychometric
properties of the ASI are well-established and are only briefly mentioned here. The ASI has
relatively good stability across two-weeks, with a test—retest correlation of 0.75, and good
internal consistency, with alpha scores ranging between 0.82 and 0.91. The ASI has also been
shown to possess adequate criterion-related validity, and discriminates individuals with anxiety
disorders from non-cases (Reiss, Peterson, Gursky, & McNally, 1986).



Given that we were particularly interested in reducing fear of interoceptive cues associated with
anxiety sensitivity, the Body Sensations Questionnaire (BSQ; Chambless, Caputo, Bright, &
Gallagher, 1984) was included as a primary outcome measure. The BSQ possesses good
internal consistency (alpha=0.87), and moderate to good test—retest reliability (r=0.67) over a
one-month time period. The BSQ has also been shown to provide independent information
above measures of general anxiety, and discriminates individuals with anxiety disorders
(Chambless et al., 1984).

Although we did not pre-select individuals based on general anxiety, previous studies have
demonstrated that participation in aerobic exercise leads to decreases in state and trait anxiety
(e.g., [Fremont and Craighead, 1987] , [McAuley, Mihalko and Bane, 1996] and [McEntee and
Haglin, 1999] ). To attempt to replicate these findings in individuals with high-anxiety sensitivity,
the State—Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, Lushene, & Jacobs, 1983) was
included in the battery of questionnaires. The psychometric properties of the STAI are well-
documented (e.g., Spielberger et al., 1983).

A brief demographic questionnaire was also completed during the screening sessions to obtain
information on participant age, race, gender, exercise, panic history, current use of medications,
and history of treatment for anxiety disorders.

2.3. Procedure

Potential participants were screened in groups, and completed a screening consent form, the
ASI, and the demographic questionnaire. Participants who met the selection criteria were
informed by telephone of their acceptance into the study, and of the general expectations for
participation. Participants were told that the purpose of the present study would be to examine
the effects of different rates of physical activity on general mood states. In accordance with the
recommendations of the American College of Sports Medicine (ACSM, 2000), volunteers who
met the study entry criteria were administered the PAR-Q to ensure their safety and to
determine if medical clearance was necessary (no participant met PAR-Q criteria requiring
medical clearance).

Participants were randomly assigned to the high-intensity aerobic exercise condition or the low-
intensity walking comparison condition. Participants completed the ASI, BSQ, and STAI (order
of presentation of the questionnaires was randomized) over three assessment sessions:
immediately before the first exercise session, after a five-minute cool down period following the
final exercise session, and at a one-week follow-up session. In addition, the BSQ was
administered before exercise sessions 2-5.

Participants wore a Polaris heart monitor during each exercise session to assess heart rate.
Each session began with two minutes of stretching exercises and a two-minute treadmill warm-
up. Those in the high-intensity exercise condition were then asked to briskly walk or jog on a
treadmill at a speed that produced exercise heart rates between 60% and 90% of the
individual's age-adjusted predicted maximal heart rate, as recommended by the ACSM (2000)



for optimal aerobic exercise conditions. The lower- and upper-bound for each individual's
aerobic heart rate range was computed using the following formula: (220 —age)x(0.60 [lower-
bound] or 0.90 [upper-bound]). Treadmill speed was adjusted as necessary to ensure that
participants in the high-intensity exercise group remained within the lower- and upper-bounds of
aerobic exercise for the duration of each exercise session. High-intensity exercise participants
were encouraged to increase their treadmill speed and heart rates with each subsequent
session. A brief cool down period followed treadmill sessions.

Each exercise session lasted 20 min, and was repeated 2—4 times per week for a total of six
exercise sessions across two weeks. The majority of participants (87%) completed three
exercise sessions per week. The comparison group completed a similar protocol except
treadmill speed was maintained at one-mile per hour so participant heart rate never reached
60% of maximum. To accommodate participants, yet minimize variability in exercise exposure,
sessions were scheduled at the convenience of the participant, but during weekly business
hours only.

Research has indicated that significant reductions in anxiety can occur following a single
exercise session (Roth, 1989). In contrast, CBT and other therapeutic approaches may require
up to 10 sessions for a measurable therapeutic effect. Therefore, to ensure sufficient
opportunity for repeated exposure to physiological sensations, yet minimize the number of
sessions required, six sessions of exercise exposure were employed. For this initial study, a
one-week follow-up session was used to determine if any observed effects continued after the
completion of the exercise sequence.

Exercise sessions were conducted in a large laboratory which primarily contained exercise and
other health-related equipment. During sessions, only the researcher and the individual
participant were present. The researcher’s primary function was to administer questionnaires,
monitor participant heart rates, control treadmill speed, and offer assistance if necessary. No
other activities were allowed during the exercise sessions to minimize the possibility that
participants would be distracted from observation of bodily sensations. No further instructions
were provided.

3. RESULTS

The study hypotheses were tested using separate exercise group by assessment session
mixed-model analyses of variance (ANOVASs) for each of the dependent measures. The
repeated-measures factor had three levels (pre-intervention, post-intervention, and follow-up)
for all analyses except the BSQ, which was also completed before treadmill sessions 2-5 (for a
total of seven assessment points). If violations of the sphericity assumption were detected,
significance tests were also conducted using the Greenhouse—Geisser correction method.
Corrected and uncorrected analyses produced the same pattern of significant and non-
significant effects. Therefore, to simplify data presentation, uncorrected dfs are reported.
Because multiple omnibus ANOVAs were conducted, Bonferroni corrected p values were used
(p=0.01) to assess main effects and interaction terms. Significant interactions were analyzed by



examining within-group simple effects, also corrected for number of analyses performed,
followed by post hoc mean comparisons using Tukey’s HSD procedure.

3.1. Demographic characteristics and pre-treatment scores

Independent t-tests and chi-square tests indicated that the two treatment groups were
comparable at pre-treatment on all demographic variables (all ps>0.10; see Table 1).
Independent sample t-tests revealed no significant differences between the two treatment
groups on any of the outcome measures at pre-treatment (Table 2).

Table 1. Demographic characteristics as a function of high-intensity versus low-intensity
exercise conditions

Variable High-intensity group (n=29) Low-intensity group (n=25)
n (%) Mean SD n (%) Mean SD

Age 20.76 3.16 21.64 6.75

Gender

Men 6 (21) 7 (28)

Women 23 (79) 18 (72)

Race

Caucasian 16 (55) 9 (36)

African-American 13 (45) 3 (52)

Asian - 2 (8)

Native American |- 1(4)

Panic History

Yes 9 (31) 9 (36)

No 20 (69) 16 (64)

Note. The groups did not differ on any of the above variables.



Table 2. Group means and standard deviations at each assessment period for outcome
measures

Measure High-intensity (n=29) Low-intensity (n=25)
ASI

Pre-treatment 34.17 (6.30) 31.44 (5.06)
Post-treatment 25.03 (9.71) 28.56 (6.01)
Follow-up 23.48 (9.44) 25.32 (6.32)
BSQ

Pre-treatment 2.52 (0.53) 2.69 (0.57)
Post-treatment** 1.96 (0.53) 2.50 (0.65)
Follow-up** 2.00 (0.52) 2.52 (0.60)
STAI-State

Pre-treatment 35.10 (9.07) 35.12 (9.83)
Post-treatment* 32.03 (8.15) 38.24 (11.66)
Follow-up 35.72 (11.35) 38.08 (12.34)
STAI-Trait

Pre-treatment 41.67 (9.54) 42.72 (10.74)
Post-treatment 38.79 (7.82) 42.32 (10.53)
Follow-up 40.14 (9.46) 42.28 (11.89)

ASI=Anxiety Sensitivity Index; BSQ=Body Sensations Questionnaire; STAI=State—Trait
Anxiety Inventory. The BSQ was also administered before exercise sessions 2-5 (see
Fig. 1). No pre-treatment group differences emerged for any of the above measures.

* p<0.05.

= p<0.01.

3.2. Manipulation check: aerobic exercise

To determine if the participants in the high-intensity exercise group achieved exercise heart
rates consistent with the intensity range for aerobic exercise, as recommended by the ACSM
(2000), and that those in the comparison condition did not, average heart rates for the two
groups were examined. Average heart rate for the high-intensity group (M=139.38, SD=10.48)
was within the age-predicted aerobic range of 119-179 beats per minute, whereas the low-
intensity group (M=103.14, SD=9.68) did not achieve heart rates within the age-predicted
aerobic range of 119-178 beats per minute. An independent samples t-test revealed that
average group heart rates were significantly different, t(52)=13.13, p<0.0001.



3.3. Exercise effects on anxiety sensitivity measures

Pre-treatment, post-treatment, and follow-up means and standard deviations for the outcome
measures are presented in Table 2. Recall that participants completed two measures of anxiety
sensitivity, the Anxiety Sensitivity Index and the Body Sensations Questionnaire. To determine if
significant changes in anxiety sensitivity occurred as a function of aerobic exercise, separate
mixed-model ANOVA were performed for these outcome measures.

3.3.1. Anxiety Sensitivity Index

A 2x3 (exercise groupxassessment time) mixed-model ANOVA performed on mean ASI scores
revealed a significant main effect for assessment session, F(2, 104)=49.98, p<0.001, n°=0.49,
with higher ASI scores found at pre-treatment (M=32.91, SD=5.87) than at post-treatment
(M=26.67, SD=8.33) and follow-up (M=24.33, SD=8.13). Post hoc analyses indicated that the
decrease from pre- to post-treatment was significant, as was the decrease from pre-treatment to
follow-up. However, the decrease from post-treatment to follow-up did not attain significance.

A group by time interaction was also found, F(2, 104)=6.99, p=0.001, n°=0.12. A significant
simple effect for assessment session emerged for the high-intensity exercise group, F(2,
56)=42.50, p<0.001, n?°=0.60. Post hoc tests revealed that ASI scores declined from pre-
intervention to post-intervention. Although the high-intensity group maintained this decrease at
follow-up, follow-up ASI scores were not significantly different compared to post-treatment
scores. An assessment session effect was also found for the low-intensity comparison group,
F(2, 48)=13.72, p<0.001, n*=0.36. Post hoc tests indicated that the comparison group did not
experience a significant change in ASI scores from pre- to post-treatment. Follow-up scores
were significantly lower compared to post-treatment scores, however.

The clinical significance of high-intensity exercise can be examined by comparing the number of
“treatment” responders in the two groups, both at post-intervention and follow-up. Treatment
responders were defined as those who had decreases in ASI scores of one standard deviation
(9 points) or more at each of these time-points. Too few participants (n=5) decreased 1.96 SD
or more (a criterion suggested by Jacobson & Truax, 1991) to allow meaningful analysis.
However, decreases of one SD or more were not uncommon. It is reasonable to posit that this
represents a meaningful change, given the ASI inclusion cut-off score. At post-treatment, 15 of
29 (52%) participants in the high-intensity group and five of 25 (20%) participants in the low-
intensity comparison group reported a decrease of this magnitude, representing a significant
difference in treatment responders, x*(1, N=54)=5.80, p<0.05. At follow-up, 18 participants in
the high-intensity group (62%) and seven participants in the comparison group (28%) reported a
one SD or more decrease in ASI scores from pre-treatment. Again, more high-intensity exercise
participants responded to treatment than did low-intensity exercise participants, x*(1,
N=54)=6.27, p=0.01.



3.3.2. Body Sensations Questionnaire

The BSQ was administered to participants to assess fear of anxiety-related physiological
sensations. In addition to the pre-treatment, post-treatment, and follow-up assessments, the
BSQ was also administered to participants before beginning the exercise task in sessions 2-5,
which allowed for a more comprehensive view of any changes that may have taken place. A
2x7 (exercise groupxassessment time) mixed-model ANOVA revealed a significant main effect
for assessment session, F(6, 312)=13.30, p<0.001, r72=0.20, and a main effect for exercise
group, F(1, 52)=9.44, p<0.01, n?*=0.15. Mean BSQ scores for the high-intensity exercise group
(M=2.12, SD=0.10) were significantly lower on average compared to the low-intensity
comparison group (M=2.56, SD=0.11).

A significant interaction effect between group and exercise session was also found, F(6,
312)=4.56, p<0.001, n?=0.08. Fig. 1 illustrates the treatment effects for the two groups over the
seven assessment sessions. The simple effect analysis for the exercise group was significant,
F(6, 168)=13.35, p<0.001, n°=0.32. Post hoc tests revealed a significant decrease in pre-
treatment BSQ scores following the initial exercise session, with scores remaining significantly
lower compared to pre-treatment levels through each of the following sessions. In contrast, the
simple effect analysis for the low-intensity comparison condition was not significant.

2.8
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26
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22
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Pre 2 3 4 5 Post  Follow-up
Session
Fig. 1.

Mean BSQ scores for high- and low-intensity exercise groups at pre-intervention, before each
exercise session, post-intervention, and at a one-week follow-up session.



3.4. State and trait anxiety

Separate 2x3 mixed-model ANOVAs were performed on state and trait anxiety scores. No
significant effects emerged from these analyses.

3.5. Associations among anxiety measures

Pearson-product moment correlations among the pre-intervention anxiety measures were
calculated. No significant correlations were found between baseline ASI scores and either STAI-
S or STAI-T scores. In contrast, baseline BSQ scores were related to the ASI (r=0.33, p<0.05),
STAI-S (r=0.31, p<0.05), and STAI-T (r=0.32, p<0.05). A strong correlation was found between
the STAI subscales (r=0.80, p<0.01), which is consistent with previous reports (e.g., Spielberger
et al., 1983). To determine if baseline BSQ scores uniquely predict ASI scores controlling for
state and trait anxiety, we conducted a hierarchical multiple regression, entering the STAI
subscales simultaneously in the first block, followed by the BSQ in the second block. Block one
was non-significant, R>=0.05, F(2, 51)=1.26, p=0.29. AR? for block two was significant, F(1,
50)=4.42, p<0.05. Thus, the BSQ predicts ASI scores controlling for general anxiety.

4. DISCUSSION

The purpose of the present study was to investigate the effects of aerobic exercise on anxiety
sensitivity. We hypothesized that participants in the high-intensity exercise condition and the
low-intensity comparison condition would both show improvement in anxiety sensitivity, but that
the high-intensity exercise group would show more improvement at post-treatment and follow-
up compared to the comparison group. Results indicated that high-intensity exercise and low-
intensity exercise were both successful, on average, at decreasing overall anxiety sensitivity at
follow-up as reported on the ASI. High-intensity exercise, however, had several distinct
advantages over low-intensity exercise. First, high-intensity exercise produced more rapid
reductions in ASI scores. Second, high-intensity exercise yielded more than twice as many
“treatment” responders.

With respect to BSQ scores, only high-intensity exercise reduced fear of anxiety-related
physiological sensations. Specifically, the high-intensity exercise group reported significantly
less fear of anxiety-related bodily sensations at post-intervention compared to their counterparts
in the low-intensity comparison group, and these group differences were maintained at follow-
up. Interestingly, these differences emerged by the beginning of the second exercise session.
Thus, high-intensity exercise may be especially effective in the rapid reduction of fear of
physiological arousal in high-anxiety sensitivity individuals.

The finding that two weeks of low-intensity exercise reduced global anxiety sensitivity, as
assessed by the ASI, is worthy of discussion. Although participants in the low-intensity condition
did not achieve heart rates in the aerobic range, it appears that even this low level of physical
activity can reduce anxiety sensitivity for some individuals. This finding is similar to that reported



by Sexton et al. (1989), who found comparable reductions in general anxiety for participants
who exercised by jogging and those who patrticipated in light walking. The authors speculated
that some minimum amount of physical activity might be biologically necessary to keep anxiety
at healthy levels. The present results indicate that this may also be true for anxiety sensitivity. It
may also be the case that more robust aerobic exercise-induced reductions in global anxiety
sensitivity may be achieved with the addition of other treatment components (e.g., cognitive
restructuring).

Previous studies have reported that participation in an aerobic exercise program can reduce
state and trait anxiety (e.g., [Fremont and Craighead, 1987], [McEntee and Haglin, 1999] and
[McAuley, Mihalko and Bane, 1996] ). However, we were unable to replicate these findings. One
potential explanation for this is that our participants were not pre-selected based on high
general anxiety scores. Although it may be expected that individuals high in anxiety sensitivity
would also, on average, have elevated state and trait anxiety scores, this was not the case in
the present study. Our STAI scores were close to the mean scores found in samples with similar
characteristics (e.g., Spielberger et al., 1983). In addition, no significant associations between
ASI scores and either the STAI-S or STAI-T were found. Thus, further reductions in state and
trait anxiety may not have been possible. In contrast to STAI scores, pre-selection on the ASI
did produce elevated mean BSQ scores. This finding, coupled with the results of a hierarchical
multiple regression analysis showing that BSQ scores uniquely predict ASI scores, supports the
notion that the ASI and BSQ are more closely related compared to measures of general anxiety.

When patrticipants are selected based on extreme scores, regression to the mean is a potential
threat to the internal validity of a study. An active control condition was used to limit threats to
study construct validity. When using this control strategy, beneficial changes in the experimental
condition must exceed those in the comparison condition to rule out statistical regression. In the
present study, high-intensity exercise produced significant improvement in general anxiety
sensitivity scores as measured by the ASI at post-intervention, whereas low-intensity exercise
did not. However, both groups were equivalent at follow-up, which may reflect either statistical
regression or a delayed effect of low-intensity exercise. Reductions in BSQ scores for the high-
intensity exercise group at post-intervention and follow-up, coupled with stable scores for the
control group and the well-documented psychometric properties of the ASI (i.e. relatively high
two-week test-retest reliability of 0.75; Peterson & Reiss, 1992) provide compelling evidence
that the effects of high-intensity exercise were not due to statistical regression, at least for fear
of physiological sensations. We recommend future researchers include an assessment-only
control condition, in addition to an active control group, to address these issues in more depth.

Due to the promising nature of the present results, additional research will be required to
determine the full extent of aerobic exercise’s clinical significance with regard to anxiety
sensitivity. Several methodological considerations have been identified and should be improved
upon in future investigations. These include the lack of a systematic evaluation of participants’
previous exercise experiences, self-rated perceptions of effort while exercising, and exercise
involvement between post-treatment and follow-up evaluations. Following is a brief discussion
of each of these variables and the implications that they may have on the interpretation of the
present results.



In order to take part in the present study, participants were required to not be already involved in
an aerobic exercise program. However, an in depth analysis of lifetime exercise history was not
obtained. It is possible that people with diverse exercise experiences may respond very
differently to vigorous exercise. Specifically, individuals who have participated in aerobic
exercise in the past, particularly at higher intensities, may respond in different ways to exercise-
induced physiological arousal than someone who has never exercised. Consequently, exercise
history represents a potential moderator variable that future research will need to evaluate to
determine what, if any, impact it may have on the effects of aerobic exercise on anxiety
sensitivity.

Although the discrepancy in average heart rates for the two treatment groups was found to be
highly significant, perceptions of effort and physiological sensations experienced by group
members were not directly assessed. Consequently, it is possible that individuals at the upper
end of the low-intensity exercise group may have experienced many of the same sensations
that were intended to be exclusive to the high-intensity exercise condition. Unfortunately, the
potential impact that this overlap may have had on results remains unknown. However, it is
unlikely that many of the participants in the low-intensity exercise condition achieved increases
in physiological sensations similar to that of the high-intensity condition simply due to the
discrepancy in speeds on the treadmill. Average treadmill speed for individuals in the high-
intensity exercise condition was approximately three times that of the comparison condition
(2.91 vs. 1, respectively). Consequently, the overlap in body sensations between the two
conditions was likely to be minimal. However, a more controlled evaluation of participants’
perception of physical exertion is recommended.

A third potentially influential variable not assessed in the present study is possible changes in
participants’ exercise habits that may have occurred between post-treatment and follow-up.
Although a relatively brief follow-up was employed in the present study, an increase in exercise
intensity for even a few participants in the slow walking comparison condition could potentially
have a relatively large impact on outcome measures at follow-up, particularly if high-intensity
forms of exercise were undertaken. Future research may find it beneficial to systematically
evaluate and control for changes in exercise habits following exercise treatment protocols in
order to maximize the internal validity of the study and improve the confidence with which
findings can be interpreted.

Generalizability of the present results is also somewhat limited by the selection criteria used. To
have been selected for this study, individuals were required to endorse a relatively high level of
anxiety sensitivity and be in good general health. They could not be involved in an aerobic
exercise program, nor be receiving psychological or pharmacological treatment. Each of these
requirements restricts the population to which these results are applicable. In a practical sense,
however, clinicians would only use aerobic exercise as an intervention for individuals with high
anxiety sensitivity if they were healthy and not already involved in an aerobic exercise program.
However, research using a treatment-seeking population would strengthen the confidence with
which the present results could be generalized. It should also be noted that one-third of the
participants reported a history of panic attacks. Although this is at the upper bounds of normal



limits for panic history in the general population (Rachman & de Silva, 1996), it is consistent with
the proposed relation between anxiety sensitivity and panic.

Clearly, there are limitations to using high-intensity aerobic exercise as an intervention for
anxiety sensitivity. Individuals with certain health-related problems, such as heart disease or
severe asthma, would not be candidates for this intervention. Also, some individuals may find it
difficult to initiate or maintain a regular aerobic workout routine, and some may simply refuse to
consider this option. However, for individuals with high anxiety sensitivity who cannot or will not
consider more traditional means of intervention (i.e. pharmacology, psychotherapy) due to
financial or personal constraints, aerobic exercise may prove to be an invaluable treatment
alternative. Future research will also need to address whether longer participation in a high-
intensity exercise program (eight weeks or more) will confer additional benefits, and whether
these benefits are maintained for longer follow-up periods.
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