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Objective: The purpose of this study was to compare the therapeutic effect of exercise
for patients with panic disorder to a drug treatment of proven efficacy and to placebo.
Method: Forty-six outpatients suffering from moderate to severe panic disorder with or with-
out agoraphobia (DSM-III-R criteria) were randomly assigned to a 10-week treatment proto-
col of regular aerobic exercise (running), clomipramine (112.5 mg/day), or placebo pills. Re-
sults: The dropout rate was 31% for the exercise group, 27% for the placebo group, and 0%
for the clomipramine group. In comparison with placebo, both exercise and clomipramine led
to a significant decrease in symptoms according to all main efficacy measures (analysis of
variance, last-observation-carried-forward method and completer analysis). A direct compari-
son of exercise and clomipramine revealed that the drug treatment improved anxiety symptoms
significantly earlier and more effectively. Depressive symptoms were also significantly im-
proved by exercise and clomipramine treatment. Conclusions: These results suggest that regu-
lar aerobic exercise alone, in comparison with placebo, is associated with significant clinical
improvement in patients suffering from panic disorder, but that it is less effective than treat-
ment with clomipramine.
 (Am J Psychiatry 1998; 155:603–609)

D espite the fact that exercise is often recommended
as a coping strategy for neurotic disorders in the

lay public, surprisingly few studies have examined the
therapeutic potential of exercise in psychiatric disorders
(1, 2). We know of only one clinical study on exercise
for patients with anxiety disorders (3) and two case re-
ports suggesting an anxiolytic effect of acute bouts of
exercise (4, 5). To our knowledge, there have been no con-
trolled, randomized studies examining the effects of aero-
bic exercise in panic disorder as defined by DSM-III-R.

Several pharmacological and psychological therapies
have been shown to be effective in panic disorder and
agoraphobia. Tricyclic antidepressants such as imipra-
mine and clomipramine have been the mainstay of
pharmacotherapy (6–11). Benzodiazepines such as al-
prazolam (12), irreversible monoamine oxidase inhibi-
tors (13), and selective serotonin reuptake inhibitors
such as fluvoxamine (14) have also proven effective in

blocking panic attacks. On the other hand, many pa-
tients are concerned about side effects or a possible re-
lapse after drug discontinuation and are in search of a
nonpharmacological treatment that produces longer-
lasting benefits.

Several studies found indexes of reduced cardiopul-
monary fitness in patients with panic disorder (15–19).
Having these studies in mind, we hypothesized that
aerobic exercise might be of particular benefit in the
treatment of panic disorder and agoraphobia. The pres-
ent study was designed to compare putative therapeutic
effects of exercise with a treatment of well-documented
high efficacy (clomipramine) and with placebo.

METHOD

Patients with a diagnosis of panic disorder and agoraphobia ac-
cording to the DSM-III-R and ICD-10 criteria (age range=18–50
years) were recruited by physician referral and from the Outpatient
Anxiety Disorders Unit of the Department of Psychiatry, University
of Göttingen, Germany. Diagnoses were made by an experienced psy-
chiatrist using the Structured Clinical Interview for DSM-III-R (20).
The exclusion criteria were pregnancy, lactation, substantial medical
illness, bipolar affective disorder, severe major depression, psychotic
symptoms, drug dependency (alcohol, benzodiazepine, or other),
anorexia or bulimia nervosa, body weight below 80% of ideal body
weight, and regular aerobic exercise comparable to the exercise treat-

Received Feb. 5, 1997; revisions received Aug. 5 and Oct. 10, 1997;
accepted Nov. 14, 1997. From the Department of Psychiatry and the
Department of Sports Medicine, University of Göttingen; the Depart-
ment of Neurology, University of Würzburg; and the Department of
Sports Medicine, University of Saarbrücken, Germany. Address re-
print requests to Dr. Broocks, Department of Psychiatry, University
of Göttingen, von-Siebold-Straße 5, D-37075 Göttingen, Germany.
 Supported by a public grant from the Volkswagen Foundation.

Am J Psychiatry 155:5, May 1998 603



ment protocol. All patients were in good physical health and had nor-
mal results on a physical examination, ECG, and routine laboratory
tests (renal, hepatic, pancreatic, hematologic, and thyroid function)
before inclusion in the study.

Ninety-six consecutive patients were eligible for the study in accord-
ance with the inclusion and exclusion criteria. The main reasons for
ineligibility were concomitant physical disorders or current substance
abuse. The main reasons for patients’ refusal to participate were 1) the
possibility of receiving only placebo treatment, 2) the necessity to un-
dergo clinical tests (e.g., bicycle ergometry), and 3) the possibility of drug
treatment. Forty-nine patients gave written informed consent after the
whole procedure had been explained. Two patients dropped out of the
study before actual treatment began. One patient had to be excluded
because most of his symptoms had subsided at baseline. Thus, 46 pa-
tients were randomly assigned to the 10-week treatment protocol.

Patients were not allowed to undergo additional psychological treat-
ment during the study. Patients taking psychotropic medication were
required to discontinue this medication at least 3 weeks before baseline.
During this time, only promethazine (25–50 mg) was allowed in the case
of severe panic attacks. However, all patients were given the opportu-
nity to talk to one of the study therapists at any time. Urine analysis for
benzodiazepine intake was done at baseline and at the
end of the treatment period. Patients who no longer
met the DSM-III-R criteria for panic disorder and
agoraphobia during the week before treatment and
patients who had shown an improvement of 2 or
more points on the Clinical Global Impression (CGI)
scale between the screening interview and baseline
were excluded from the study.

At baseline, patients were randomly assigned to
the clomipramine/placebo group (N=30) or the ex-
ercise group (N=16). The study therapists (A.B.,
G.P., and A.G.) were not blind to this assignment.
Patients in the drug group were further randomly
assigned to receive either clomipramine (N=15) or
placebo (N=15). The assignment was done by the
hospital pharmacist; investigators and subjects re-
mained blind to this assignment.

Patients in the drug treatment groups received
capsules containing either 37.5 mg of clomipramine
or placebo and were asked to take one capsule per
day during the first week, two capsules per day dur-
ing the second week, and three capsules per day
(i.e., 112.5 mg of clomipramine or placebo) during
the third week and thereafter. In the case of adverse
events, patients were given the opportunity to call
someone from the staff at any time or come to the
outpatient department. All side effects were noted,
and patients were reassured that most symptoms
would be temporary and not dangerous. The study
was conducted in accordance with the guidelines in
Good Clinical Practice for Trials of Medical Prod-
ucts in the European Community: Declaration of
the World Medical Association (Helsinki, 1989).

Patients in the exercise group were trained accord-

ing to a specific training protocol that is
based on general recommendations for ef-
fective aerobic exercise. Every patient was
asked to find a 4-mile route (park or forest)
that was easily accessible from his or her
home. During the first week, it was sufficient
to walk this route three or four times alone
or with an accompanying person. During
the second week, the patients had to start
short running periods (2–4 minutes). Within
the next 4 weeks, a gradual prolongation of
these running periods had to be attempted.
During the final 4 weeks of training, all pa-
tients were encouraged to run the whole dis-
tance without any breaks. However, the
main emphasis was put on the requirement
to “complete the route” at least three times
a week, even if longer walking periods could

not be avoided. Once a week all patients in the running group and a
trainer (T.M.) would meet at a sports ground in order to run together.

All patients were required to complete activity diaries, which had to
be presented at the weekly meetings with the therapists. The study thera-
pists limited their interaction with the subjects to discussion of clinical
history, recent important events, panic attacks during the last week, side
effects of medication, and exercise-related problems. Therapists had to
restrict their interaction to general support and avoid any specific cog-
nitive or exposure techniques. The timing of these talks (once a week,
then once a fortnight after week 6) was similar in all treatment groups.

The following set of clinician- and self-rated measures was completed
at the screening interview, at baseline, and after 2, 4, 6, 8, and 10 weeks:
the Hamilton Anxiety Rating Scale (21), observer-rated and patient-
rated versions of the Panic and Agoraphobia Scale (22), observer and
patient versions of the CGI (23), and the Fear Questionnaire (24). Ad-
ditional scales were administered at baseline and week 10: the Beck
Anxiety Inventory (25), the Beck Depression Inventory (26), and the
Montgomery-Åsberg Depression Rating Scale (27).

The Panic and Agoraphobia Scale is a new scale for measuring
severity in patients with panic disorder and agoraphobia. It contains
13 items with a 0–4 Likert rating scale and is divided into five sub-

TABLE 1. Demographic Characteristics of 46 Patients With Panic Disorder With or Without
Agoraphobia in a Study of Treatment With Exercise, Clomipramine, or Placebo

Exercise Group
(N=16)

Clomipramine
Group (N=15)

Placebo Group
(N=15)

Variable N Mean SD N Mean SD N Mean SD

Sex
Male  6 11  6
Female 10  4  9

Panic disorder
With agoraphobia 15 13 14
Without agoraphobia  1  2  1

Age (years) 31.8 9.5 33.9 9.2 34.8 6.8
Duration of illness (years)  3.1 2.1  4.1 4.6  6.9 7.9

TABLE 2. Baseline Scores and Change Scores at Week 10 on Primary Outcome Measures

Exercise
Group
(N=16)

Clomipramine
Group
(N=15)

Measure Mean SD Mean SD

Hamilton Anxiety Rating Scale score
Baseline 24.4 8.0 22.5 6.4
Change

Completer analysisb –13.1 9.5 –14.0 7.3
Last-observation-carried-forward analysis –12.9 8.4 –14.0 7.3

Clinical Global Impression score (observer rating)
Baseline 4.4 0.9 4.7 0.6
Change

Completer analysisb –2.0 0.9 –3.1 0.7
Last-observation-carried-forward analysis –1.7 1.0 –3.1 0.7

Panic and Agoraphobia Scale score (observer rating)
Baseline 28.5 9.1 24.4 6.4
Change

Completer analysisb –13.7 7.5 –16.8 8.5
Last-observation-carried-forward analysis –12.5 7.7 –16.8 8.5

Panic and Agoraphobia Scale score (patient rating)
Baseline 27.0 10.2 23.1 5.1
Change

Completer analysisb –9.8 6.8 –13.4 7.4
Last-observation-carried-forward analysis –8.8 6.9 –13.4 7.4

aGreenhouse-Geisser adjustments were used in the overall ANOVA. Main treatment
effects were compared by repeated measures ANOVA using all six time points (baseline
and 2, 4, 6, 8, and 10 weeks); p values of these post hoc tests were corrected by the
Bonferroni-Holm method.
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scores (intensity and frequency of panic attacks, agoraphobia, antici-
patory anxiety, disability, health-related concerns). Before and after
treatment, patients were also asked to rate on a 12-item list how ef-
fective they considered different therapies or activities to be in the
treatment of panic disorder and agoraphobia. Rater and patient ver-
sions of the CGI were used as a global rating of psychopathology and
overall severity of the condition. The following scales were defined as
the main efficacy measures before the study began: the Hamilton
anxiety scale, the observer-rated and patient-rated versions of the
Panic and Agoraphobia Scale, and the rater version of the CGI. All
other scales were treated as secondary outcome measures.

All statistical analyses were performed on an intent-to-treat basis;
that is, data from all randomly assigned patients were included in the
analysis if they had both a baseline observation and at least one post-
baseline observation. In order to consider the influence of dropouts,
calculations were performed on the basis of the last available results
of each patient (last-observation-carried-forward method). As a sec-
ond step, calculations were also performed for those patients who
had actually completed the 10-week treatment protocol (completer
analysis).

Data were analyzed by two-factor repeated measures analysis of
variance (ANOVA) with baseline status as a covariate. The first
repeated factor, group, was defined by the three treatment groups:
exercise, clomipramine, and placebo. The second repeated factor,
time, was defined by six time points (baseline and weeks 2, 4, 6, 8,
and 10). A conventional univariate repeated measures approach
was used to investigate the main effects of group and time and the
interaction between group and time. Adjustments were made ac-
cording to the Greenhouse-Geisser method (28), provided that the
corresponding epsilon value was less than 1. If the interaction was
significant, post hoc tests were done to compare the main treatment
effects with each other; we used the Bonferroni-Holm method to
correct p values. If a significant interaction between group and time
was evident, treatment effects were also examined at each post-
baseline time point with the use of Tukey-Kramer adjustments for
multiple comparisons.

Categorical data were compared by Fisher’s exact test. Results
with p values less than 0.05 were interpreted as significant. All data
analysis was done with SAS, version 6.11 (29).

RESULTS

The randomization procedure produced comparable
groups clinically and demographically for the three treat-
ments (table 1). There were no statistical differences in
terms of age, sex distribution, or duration of illness.

One patient in the exercise group dropped out of the
study within the first week of treatment. Her first at-
tempts to run had convinced her that exercise would
not be a desirable and appropriate method to relieve her
anxiety problems. Since no postbaseline assessment
could be obtained, this patient was not included in the
analysis. Two other patients from the exercise group
and four patients from the placebo group decided to
leave the treatment protocol (all between week 6 and
week 8) because their symptoms had not improved.
Two further patients from the exercise group could not
continue training after week 6 and week 8 because of
intermittent disease that was not exercise-related. In
summary, the overall dropout rate was 31% for the ex-
ercise group and 27% for the placebo group. There
were no dropouts in the clomipramine group.

There were no significant differences between the three
treatment groups in scores on any of the psychometric
scales at baseline. Table 2 gives the mean baseline scores
on all primary outcome measures and the mean change
from baseline score after 10 weeks of treatment (com-
pleter and last-observation-carried-forward analyses).
Repeated measures ANOVA in which all six time points
were used revealed a significant group-by-time interac-
tion for all primary outcome measures in both the com-
pleter and the last-observation-carried-forward analyses.

of Patients With Panic Disorder With or Without Agoraphobia Treated With Exercise, Clomipramine, or Placebo

Placebo
Group
(N=15)

Repeated Measures ANOVAa

Group-by-Time
Interaction

Exercise Versus
Placebo

Clomipramine Versus
Placebo

Clomipramine Versus
Exercise

Mean SD F df p F df p F df p F df p

20.9 8.5

0.8 6.9 6.14 10, 165 0.0001  6.47 1, 33 0.02 11.82 1, 33 0.003 0.51 1, 33 n.s.
1.9 7.0 8.08 10, 205 0.0001 13.36 1, 41 0.0007 18.35 1, 41 0.0002 0.33 1, 41 n.s.

4.2 0.8

–0.4 1.1 7.16 10, 165 0.0001  7.96 1, 33 0.008 62.43 1, 33 0.0002 26.92 1, 33 0.0002
–0.3 1.0 9.55 10, 205 0.0001  9.70 1, 41 0.003 83.82 1, 41 0.0002 39.04 1, 41 0.0002

23.2 7.4

–2.1 9.0 3.70 10, 165 0.0005  4.93 1, 33 0.03 23.27 1, 33 0.0002 5.63 1, 33 0.02
0.5 9.4 5.78 10, 205 0.0001 11.22 1, 41 0.002 38.30 1, 41 0.0002 6.99 1, 41 0.01

24.8 6.7

–1.1 5.7 4.47 10, 165 0.0001  2.02 1, 33 n.s. 15.50 1, 33 0.0008 5.90 1, 33 0.02
0.5 7.7 6.20 10, 205 0.0001  5.15 1, 41 0.03 25.80 1, 41 0.0002 7.58 1, 41 0.009

bFor the exercise and placebo groups in the completer analysis, N=11; for the clomipramine group, N=15.
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Post hoc comparisons showed
that exercise was significantly
more effective than placebo for
all of these measures except
the patient-rated version of the
Panic and Agoraphobia Scale,
in which a significant difference
between exercise and placebo
was evident only in the last-ob-
servation-carried-forward analy-
sis. Clomipramine was signifi-
cantly more effective than placebo
as measured by the rater version
of the CGI and the observer-rated
and patient-rated versions of the
Panic and Agoraphobia Scale.

Figure 1 illustrates the time
course of the treatment effects
(completer analysis). A signifi-
cant treatment effect of clomi-
pramine was already evident af-
ter 4 weeks (rater version of the
CGI and observer-rated and pa-
tient-rated versions of the Panic
and Agoraphobia Scale) and
more pronounced after 6, 8, and
10 weeks of treatment (Hamil-
ton anxiety scale, rater version
of the CGI, and observer-rated
and patient-rated versions of the
Panic and Agoraphobia Scale).
The effect of exercise was sig-
nificantly different from that of
placebo after 8 weeks and at the
end of the treatment phase (Ham-
ilton anxiety scale, rater version
of the CGI, and observer-rated
version of the Panic and Agora-
phobia Scale). Direct compari-
son of the two active treatment
conditions revealed that clomipramine
was superior to exercise after 4 weeks
(rater version of the CGI) and 6 and 8
weeks (rater version of the CGI and ob-
server-rated and patient-rated versions of
the Panic and Agoraphobia Scale). At the
end of the treatment period, the superiority
of clomipramine was evident only in the
rater version of the CGI.

Table 3 gives the mean baseline scores
on all secondary outcome measures and
the mean change from baseline score after
10 weeks of treatment. A significant
group-by-time interaction was evident for
all secondary outcome measures. Post hoc
comparisons showed that clomipramine
was significantly more effective than pla-
cebo on all secondary measures of anxiety
(Beck Anxiety Inventory and Fear Ques-
tionnaire) and depression (Beck Depres-

FIGURE 1. Change in Primary Outcome Measures of Patients’ Anxiety During 10 Weeks of Treat-
ment With Aerobic Exercise (N=11), Clomipramine (N=15), or Placebo (N=11) (Completer Analysis)

aSignificantly different from placebo: p<0.05 (ANOVA followed by Tukey-Kramer adjustments for
multiple comparisons).

bSignificantly different from placebo: p<0.001 (ANOVA followed by Tukey-Kramer adjustments
for multiple comparisons).

cSignificantly different from placebo: p<0.01 (ANOVA followed by Tukey-Kramer adjustments for
multiple comparisons).

dSignificantly different from exercise: p<0.01 (ANOVA, followed by Tukey-Kramer adjustments for
multiple comparisons).

eSignificantly different from exercise: p<0.05 (ANOVA, followed by Tukey-Kramer adjustments for
multiple comparisons).

TABLE 3. Baseline Scores and Change Scores at Week 10 on Secondary Outcome Measures

Exercise
Group
(N=11)

Clomipramine
Group
(N=15)

Measure Mean SD Mean SD

Beck Anxiety Inventory score
Baseline 32.9 12.8 30.2 10.8
Change –18.0 13.3 –14.6 15.8

Fear Questionnaire score
Baseline 65.3 28.2 60.5 27.1
Change –24.1 12.6 –30.3 23.2

Montgomery-Åsberg Depression Rating Scale score
Baseline 17.5 8.1 17.5 7.8
Change –9.7 6.8 –11.4 6.1

Beck Depression Inventory score
Baseline 15.2 8.9 14.7 6.8
Change –8.4 8.8 –7.5 6.6

Clinical Global Impression score (patient rating)
Baseline 4.6 1.0 4.4 0.7
Change –1.8 1.0 –2.6 1.4

aGreenhouse-Geisser adjustments were used in the overall ANOVA. Main treatment
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sion Inventory and Montgomery-Åsberg scale), as well
on the patient-rated CGI. In contrast, exercise treatment
was associated with significant clinical improvement
only on the Beck Anxiety Inventory, the Beck Depression
Inventory, and the Montgomery-Åsberg scale. Clomipra-
mine’s therapeutic effect was significantly superior to the
effects of exercise when scores on the Fear Questionnaire
and the patient version of the CGI were used as efficacy
criteria.

Side effects were documented at every weekly appoint-
ment. In the exercise group, no side effects except tran-
sient muscle or joint complaints were noted. With the
exception of one patient, these complaints completely
disappeared with continuous participation in the exercise
program and did not lead to dropout. Patients receiving
clomipramine or placebo had significantly more side ef-
fects than those assigned to exercise treatment. The most
common complaints were dry mouth, sweating, mild
tremor, dizziness, tachycardia, nausea, constipation, di-
arrhea, and, rarely, impaired erection or ejaculation.
These side effects were most pronounced during the first
4 weeks of treatment, followed by a gradual decline dur-
ing the remaining 6 weeks.

DISCUSSION

The therapeutic effects of a 10-week protocol of
regular aerobic exercise was compared to treatment
with clomipramine or placebo in patients with panic
disorder and agoraphobia. Exercise was associated
with significant improvements in all primary outcome
measures in comparison with placebo treatment. Clo-
mipramine was confirmed to be a highly effective treat-
ment for nearly all symptoms of panic disorder and
agoraphobia. In comparison with exercise, clomipra-
mine improved anxiety symptoms significantly more
effectively and significantly earlier (i.e., after 4 weeks

of treatment). To our knowledge, this is the first pla-
cebo-controlled, randomized study to examine the ef-
fects of aerobic exercise in panic disorder with or with-
out agoraphobia as defined by the DSM-III-R or ICD-
10 criteria.

The dropout rate was 31% for the exercise group,
27% for the placebo group, and 0% for the clomipra-
mine group, which is an important outcome measure in
itself. Despite the fact that side effects of the active drug
were quite disturbing in some patients, none of them
discontinued drug treatment. It can be assumed that
this was mainly because our patients were thoroughly
informed about the typical side effects of clomipramine
and their transitory nature.

One of the potential criticisms of our study is that the
duration of 10 weeks might be too short for the evalu-
ation of exercise effects. In fact, several patients had
considerable difficulty starting running on a regular ba-
sis in the first 4 weeks of the trial. Most patients suf-
fered from moderate or severe agoraphobia, and some
of them could only perform their weekly exercise task
with a friend or relative accompanying them, at least
during the first weeks of the treatment phase. It could
take a longer period of time before exercise fully de-
ploys its effects. However, exercise diaries and results
from spiroergometric testing before and after treatment
(data not shown) support the assumption that compli-
ance in the exercise group was satisfactory. It is inter-
esting that only two patients reported a panic attack
during a running session. Both continued running and
experienced a remission of the attack within 15 min-
utes. This observation is consistent with the report of
Stein et al. (30) that only one of 16 patients with panic
disorder and agoraphobia panicked during submaxi-
mal exercise testing on a bicycle ergometer.

Treatment effects in the placebo group were surpris-
ingly small. Other studies on panic disorder have re-
ported higher responses to placebo (12). This has been

of Patients With Panic Disorder With or Without Agoraphobia Treated With Exercise, Clomipramine, or Placebo

Placebo
Group
(N=11)

Repeated Measures ANOVAa

Group-by-Time
 Interaction

Exercise Versus
Placebo

Clomipramine Versus
Placebo

Clomipramine Versus
Exercise

Mean SD F df p F df p F df p F df p

35.8 18.8
–0.4 10.7 10.35 1, 32 0.0003 16.31 1, 32 0.0006 15.28 1, 33 0.001 0.12 1, 32 n.s.

74.0 26.5
–8.2 19.7 2.93 10, 160 0.006 0.25 1, 32 n.s. 7.86 1, 33 0.03 5.02 1, 32 0.03

17.7 7.9
–1.8 7.5 18.26 1, 32 0.0001 23.55 1, 32 0.0002 32.00 1, 33 0.0001 0.16 1, 33 n.s.

18.3 10.7
–2.5 5.2 5.49 1, 32 0.009 9.16 1, 32 0.01 7.72 1, 33 0.02 0.19 1, 32 n.s.

4.9 1.1
–1.0 1.4 4.40 10, 160 0.0001 0.24 1, 32 n.s. 12.28 1, 33 0.003 9.32 1, 32 0.005

effects were compared by repeated measures ANOVA; p values of these post hoc tests were corrected by the Bonferroni-Holm method.
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explained as nonspecific psychological effects. In the
present study, we tried to restrict our psychological in-
terventions to general support only. A second reason
for the low response to placebo might be related to the
3-week observation period before the treatment phase.
Other studies reporting higher placebo effects have
used a shorter placebo washout period. Moreover, in
some of these studies, patients with mild panic disorder
and agoraphobia were included; in contrast, we re-
cruited only patients with at least a moderate severity
rating on the observer version of the CGI.

A clear limitation of our study design is that it is not
possible to establish true double-blind conditions in a
study that compares a behavioral treatment approach
with intake of medication. When the patient is in-
formed that he or she has been randomly assigned to
a running regimen, it becomes obvious that exercise is
hypothesized to reduce anxiety symptoms (although
many of our patients found it difficult to believe this).
On the other hand, adequate clinician ratings require
more than mere checking of symptoms. It is our expe-
rience that in an unstructured talk, patients would read-
ily mention circumstances which would suggest to the
rater that the patient was participating in an exercise
program or was taking medication.

Nevertheless, we think that our results cannot be ex-
plained solely on the basis of expectation and bias for the
following reasons. 1) During the first 4 weeks, patients
in the exercise condition did not show more improve-
ment than patients in the placebo condition. 2) The pa-
tients’ statements before treatment about whether exer-
cise would reduce anxiety symptoms did not correlate
with the individual response to exercise as measured by
all main efficacy scales. 3) We did not observe significant
discrepancies between self-ratings and observer ratings;
there was a significant correlation between the patient-
and the observer-rated versions of the Panic and Agora-
phobia Scale when baseline ratings were compared with
the ratings after the 10-week exercise protocol (r=0.66,
N=11, p<0.02).

We cannot exclude the possibility that nonspecific ef-
fects such as increased social interaction might contrib-
ute to the beneficial effect of exercise. However, the
short discussions before running were focused on
sports-related topics in order to avoid some additional
“group therapy.”

In the one clinical study on exercise for patients with
“anxiety neurosis” or “neurotic depression” (3), 52 pa-
tients underwent an 8-week trial of walking or jogging
(30 minutes, three to four times per week). There was
no placebo control group. A significant decline in anxi-
ety and depression scores was observed in both the
walking and the jogging groups. Treatment effects at
the end of the trial did not correlate with improved car-
diopulmonary fitness. However, a follow-up examina-
tion after 6 months revealed a significant correlation
between maximal oxygen consumption and low anxi-
ety ratings. Exercise programs in clinical groups have
been used predominantly in the treatment of depres-
sion. All studies have shown more or less positive ef-

fects, but most of these studies have lacked the rigor of
controlled clinical trials (31–35).

The mechanisms by which exercise exerts psychologi-
cal changes are not clear. From a cognitive behavior
perspective, running would represent some kind of ex-
posure treatment in which the patient is confronted
with feared internal stimuli such as palpitations, short-
ness of breath, dizziness, and sweating. While experi-
encing panic attacks, patients tend to misinterpret these
bodily sensations as an expression of a life-threatening
organic disease. Exercise typically provokes very simi-
lar symptoms, which can now be experienced as a
physiological reaction. Some cognitive behavioral tech-
niques include interoceptive conditioning, a technique
that helps the patient to reattribute certain somatic cues
to nonpathological vegetative functions (36, 37).

In this study, some patients initially did not dare to
run intensively outside their weekly group sessions, be-
cause they feared heart attacks or “dangerous” in-
creases in blood pressure. Discussing these concerns
with the therapist could represent an important thera-
peutic factor in itself. We cannot exclude the possibility
that such exercise-related corrections of dysfunctional
cognitions help patients to interpret other perceived
dangers in a more harmless way.

These clinical observations have led us to the assump-
tion that abstaining from exercise is part of the phobic
avoidance behavior. In fact, our patients explained that
they had reduced their exercise because of a fear that
they would suffer from organic heart disease or that
exercise could precipitate dangerous heart attacks. Re-
duced cardiopulmonary fitness in patients with panic
disorder has been reported in several studies (15–19). It
is not clear whether these deficits represent a primary
biological disposition or whether all observations are a
consequence of exercise avoidance.

Earlier exercise studies have suggested that exercise
as an active coping strategy gives patients a “sense of
mastery” that reliance on drug treatment does not.
Since exercise is indeed associated with other health
benefits, such as a reduction of risk factors for heart
disease and arteriosclerosis, it might help patients to de-
velop a more optimistic view of their physical fitness.
Running may also lead to distraction from depressive
or anxiety-related thoughts.

Anxiolytic or antidepressant effects of exercise might
also be related to adaptive changes in the central nervous
system, which are reviewed elsewhere (38–42). However,
it is not clear whether these neuroendocrine adaptations
are related to the psychological effects of exercise.

In conclusion, regular aerobic exercise alone seems to
be associated with significant clinical improvement in pa-
tients suffering from panic disorder. The role of exercise
in treating panic may be particularly valuable for patients
who are unable or unwilling to take medication. The ma-
jority of patients suffering from panic disorder and ago-
raphobia are young and have no contraindications for
aerobic or other forms of exercise. On the basis of these
results, further trials using exercise in the treatment of
anxiety disorders are warranted. Exercise could be easily
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integrated into cognitive behavioral treatments. It is not
clear whether the combination of exercise and drug treat-
ment will lead to a potentiation of treatment effects. Fur-
ther studies should also evaluate clinical characteristics
associated with a favorable response to medication or ex-
ercise. Subgroups of patients may respond preferentially
to exercise. So far, there have been no long-term follow-
up studies, and there are no data to answer the important
question of whether the risk of relapse can be reduced in
vulnerable individuals by continuing regular exercise.
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