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Abstract

Background: Anxiety disorders are common, yet treatment options in general practice are often limited to
medication or CBT. There is a lack of evidence for the effectiveness of exercise in the treatment of anxiety in
patients who present to general practice and also about the intensity of exercise required to lead to improvement. The
aim of this systematic review was to assess the use of exercise versus waiting list control groups in the treatment of
anxiety and also to assess the benefit of high intensity exercise vs low intensity exercise. Long term follow up scores
were also analysed. We included patients who met diagnostic criteria for anxiety disorders or had clinically raised
anxiety levels on a validated rating scale and performed a subgroup analysis of the outcomes between the two
groups. The intervention was any aerobic exercise programme carried out for at least two weeks, or exercise carried
out at high intensity for at least two weeks. The comparison groups were either a waiting list control group or low
intensity exercise.

Method: Systematic review of randomised controlled trials. Three databases were searched; CENTRAL, Medline and
Embase. Outcome assessment was based on validated anxiety rating scales. The quality of the studies was appraised
according to the Cochrane Risk of Bias tool. Effect sizes were calculated using the standardised mean difference.

Results: Fifteen studies were identified with a total of 675 patients. Nine trials had participants with diagnosed anxiety
disorders and six trials had participants with raised anxiety on a validated rating scale. Aerobic exercise was effective in
the treatment of raised anxiety compared to waiting list control groups (effect size —041, 95% Cl=-0.70 to —0.12).
High intensity exercise programmes showed greater effects than low intensity programmes. There was no significant
difference in outcomes between groups of patients with diagnosed anxiety disorders and patients who had raised
anxiety on a rating scale. Conclusions were limited by the small number of studies and wide variation in the delivery of
exercise interventions.

Conclusion: Exercise programmes are a viable treatment option for the treatment of anxiety. High intensity exercise

regimens were found to be more effective than low intensity regimens. The results have implications for the use of
exercise schemes in General Practice.

Keywords: Anxiety, Panic, Social phobia, Mood, Exercise, Walking, Jogging, Physical activity, Treatment, Randomised
controlled trials, Review, Meta-analysis, General practice
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Background

Current options for the treatment of anxiety in general
practice include psychotherapy such as cognitive behav-
ioural therapy (CBT), or anxiolytic medication such as
selective serotonin reuptake inhibitors (SSRIs). Many pa-
tients do not want to take anxiolytic medication and
would rather turn to lifestyle measures in the first in-
stance as medication brings the possibility of side effects
such as nausea. Exercise as a treatment modality has the
benefit of being relatively free from side effects while
also producing other improvements in health such as
weight loss and reduction in blood pressure. It also has
the advantage that patients can schedule sessions around
their working life rather than needing to take time away
from work to attend sessions with a therapist, making it
potentially more accessible to patients in addition to be-
ing cost-effective to deliver.

Although exercise is a potentially therapeutic option
for the treatment of anxiety disorders in general practice,
the use of exercise to treat anxiety varies widely and
there is little guidance available about the intensity of
exercise required to produce a significant improvement
[1]. Many GPs have access to “exercise on prescription”
schemes where patients receive a subsidised training
programme at a local gym. Evidence of the efficacy, and
the optimal intensity of the exercise for the treatment of
anxiety is necessary in order to inform the structure of
exercise schemes that could be offered by GPs.

Previous trials have found exercise to be effective in
the treatment of anxiety and both physiological and psy-
chological pathways have been proposed [2]. Physio-
logical mechanisms may include alterations in the
serotonergic and noradrenergic pathways; in 1991
Broocks et al. found that 5-hydroxytriptamine turnover
is increased in physical activity, while other studies have
found that increases in atrial natriuretic peptide are as-
sociated with decreased anxiety levels [3—5]. Exposure to
the physiological effects of exercise provokes anxious
feelings in some individuals and is a reason why many
anxiety sufferers are reluctant to undertake exercise
(anxiety sensitivity). It has been proposed that exposure
to physical training increases tolerance to these symp-
toms and decreases anxiety sensitivity [6]. Engagement
with exercise may lead to an increased sense of
self-efficacy as patients see an increase in their ability to
cope with the physiological challenges of exercise [7].
Another psychological theory is that of ‘emotion action
tendencies’; patients with anxiety disorders tend to with-
draw from social situations and engaging in exercise rep-
resents a change in social behaviour. Finally, the
Distraction Theory posits that exercise may provide
“time out” from daily activities and decrease anxious
rumination, allowing the patient to think anxiolytic
thoughts instead [8].
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There have been several previous reviews which ad-
dressed the subject of the effectiveness of exercise in the
treatment of anxiety in both healthy and clinical sub-
jects. However, not all of the reviews encompass the
broad range of patients who present to primary care [9—
20]. In addition, very few previous reviews have ad-
dressed the question of the optimal intensity of exercise
required to effect an improvement in anxiety, which is
an important question for patients undertaking a
programme of physical activity. Those that did explore
this issue were inconclusive [13, 14, 16].

Two recent systematic meta-analyses and one system-
atic review evaluated the use of aerobic exercise in the
treatment of clinical anxiety disorders and limited the
participants to those that were formally diagnosed with
anxiety disorders according to the Diagnostic and Statis-
tical Manual of Mental Disorders (DSM-IV) [17-19]. In
2012, Jayakodi et al. conducted a systematic review of
eight randomised trials of exercise for patients with clin-
ical anxiety disorders [17]. They found an improvement
in anxiety symptoms in the groups treated with exercise
but concluded that the intensity of exercise needed was
unclear. Another meta-analysis in 2013 identified seven
trials of exercise in the treatment of diagnosed anxiety
disorders [18]. This review found the only trials to re-
port an improvement in anxiety scores were those in
which aerobic exercise was compared to a waiting list
control group (effect size = — 1.42) rather than alterna-
tive treatments such as CBT or medication [18] . Both
of these meta-analyses limited the participants to those
with formally diagnosed anxiety disorders and the num-
ber of studies included was small. A systematic review
by Asmundson et al. in 2013 discussed the use of anxiety
in diagnosed anxiety disorders and found that the lim-
ited evidence available was encouraging regarding the
use of exercise as therapy, however their review only in-
cluded trials of patients with formally diagnosed anxiety
disorders and did not include a meta-analysis [19].

The study populations included in other previous re-
views are varied, with some reviews including healthy
participants, some including participants with raised
anxiety scores and others using trials of patients with a
wider range of psychiatric illnesses such as depression.
Three reviews which used healthy subjects found that
exercise was effective in reducing anxiety symptoms
among this group of people [9-11]. Two large
meta-analyses by Petruzello, in 1991 (one hundred and
twenty four studies) [13] and Wipfli in 2008 (forty nine
studies) [14], included healthy subjects and those with
raised anxiety levels. Results of these reviews gave effect
sizes of — 0.48 and — 0.34 respectively for exercise in alle-
viating anxiety symptoms. A meta-analysis of partici-
pants with chronic disease also found exercise to be
beneficial in this group of patients [12]. Two further
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reviews included patients with a range of co-morbid
mental health disorders such as depression; these re-
views also demonstrated a decrease in anxiety levels
after exercise [15, 16].

The study reported here aims to assess the use of exer-
cise in anxiety in order to inform the more widespread
use of exercise as a treatment for the patients who typic-
ally present in primary care. The review uses a system-
atic review and meta-analysis to assess the efficacy of
exercise programmes for the treatment of patients with
anxiety levels higher than the healthy population, includ-
ing patients who have raised anxiety scores, as demon-
strated on a validated rating scale, but not necessarily
been diagnosed according to strict diagnostic criteria.
Studies where participants had raised anxiety sensitivity
have also been included. This is a broader range of par-
ticipants than in the previous reviews of anxiety disor-
ders, and is representative of the undifferentiated group
of anxiety sufferers that present to general practice,
where a formal diagnosis has often not been made prior
to initial consultation, [21]. The publication of new trials
allowed the inclusion of a larger number patients com-
pared to previous reviews of anxiety patients [17-19]. In
addition, an analysis of results from studies comparing
high intensity exercise to low intensity exercise is
included.

Methods

The protocol for this systematic review was published
with the Prospero International Register of Systematic
Reviews at http://www.crd.york.ac.uk/PROSPERO (regis-
tration number 42014013932).

Literature search strategy
The search strategy for studies included in this review
was restricted to online databases and was conducted
using the Simplified Search Strategy detailed by Royle
and Waugh [22]. This strategy utilises a search of the
Cochrane Central Register of Controlled Trials (CEN-
TRAL), using variants of the word random in all fields.
The search is then repeated in MEDLINE and EMBASE.
This strategy was shown to have 94% sensitivity in find-
ing trials compared to other methods of searching [22].
There was no time limit on the searches and reference
lists of the studies and reviews identified were also
searched to detect further studies. The full search strat-
egy that was run in CENTRAL, EMBASE and MED-
LINE is given in Additional file 1.

Study selection

Title and abstract screening was performed independ-
ently by two reviewers in April 2015 and September
2015 respectively. Following this initial screening, the
full texts of the identified articles were retrieved, and
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reviewed against the inclusion/exclusion criteria by the
first reviewer. A proportion of the full text screening
(10%) was performed by a second reviewer independ-
ently with excellent inter-rater agreement of 95% (kappa
coefficient = 0.99). Any queries regarding inclusion or
exclusion of studies were considered by a third author.

Reviews of interest were identified by searching the
Cochrane Database of Systematic Reviews as well as
running the same search strategy detailed above for re-
views as well as trials.

Inclusion and exclusion criteria
Inclusion criteria were:

1. Randomised controlled trials.

2. Adults (aged > 18 years old) with anxiety levels high
enough to meet the accepted threshold for clinically
raised anxiety, raised anxiety sensitivity on a validated
rating scale, or a formal DSM diagnosis of a specific
anxiety disorder.

3. Training regimens of at least two weeks of regular
exercise sessions. For inclusion in the high intensity
group, the lower threshold of exercise intensity was
a minimum of 60% HR max or 60% VO, max.

Exclusion criteria were:

1. Studies where the control groups undertook an
alternative active intervention that was not also
given to the exercise group. If counselling or
medication was used in intervention as well as
control groups then trials were included.

2. Trials of patients that were primarily suffering
from depression.

3. Trials of patients whose primary medical problem
was a chronic medical condition such as cancer or
heart disease.

4. Non-English language publications.

Data extraction
The data extracted from the papers included the follow-
ing information:

1) Details of the exercise intervention including the
type of exercise, length of programme and number
of exercise sessions per week. Intensity of exercise
was measured as percentage of maximal heart rate
(HR max) or percentage of maximal oxygen
consumption (VO, max).

2) Types of control groups (waiting list control or low
intensity exercise control group)

3) Number of participants in the groups.
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4) Diagnostic criteria used in each trial; this was either
the DSM criteria for anxiety disorders or the rating
scale used to measure anxiety levels.

5) Time spent with the therapist was also extracted
for both intervention and control groups in order
to give an indication of possible attention bias.

6) The post-intervention anxiety scores in participants.

7) Long term follow up measurements. To be counted
as “long term”, the measurement was required to be
taken at least two months post-intervention.

The data was extracted by the first author using a data
extraction form in Microsoft Excel, and the accuracy of
the data extraction from all fifteen studies was verified
independently by a second reviewer. One trial was sub-
sequently excluded as the method for calculating the ef-
fect size given in the paper was not clearly the same
method used for the calculation in the other papers
(Merom et al.) [23]. For this reason, the results were ex-
cluded from the meta-analysis due to potential inconsist-
ency in the calculations.

Risk of Bias

Data were extracted using Cochrane Collaboration’s Re-
view Manager 5.3 which also provides a template for the
evaluation of bias [24]. The items used in this template
include an evaluation of whether the paper discusses the
following methodological issues; random sequence gen-
eration and allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment,
incomplete data and selective reporting. In addition an
evaluation was made on each study of the amount of
time spent by participants in each group with the ther-
apist. The assessment of bias was made by one author at
the study selection stage. The overall quality of evidence
was evaluated using the GRADE approach which gives
an overall assessment of the quality of evidence for out-
comes in systematic reviews, based on the risk of bias,
inconsistency in results, indirectness, imprecision and
publication bias [25].

Analysis

For continuous data, effect sizes were calculated as the
Standardised Mean Difference based on post-test scores
between intervention and control groups. These effect
sizes were then weighted prior to aggregation using an
inverse variance and fixed effects model and combined
to give an overall effect size using the statistical software
programme StatsDirect [26]. We examined outcomes
from studies comparing exercise versus waiting list con-
trol, and from studies comparing high and low intensity
exercise. We also compared the outcomes from studies
which included patients with an anxiety disorder accord-
ing to diagnostic criteria with those which included
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patients with raised anxiety levels on rating scales (but
no formal diagnosis).

Results

Figure 1 presents the PRISMA flow chart for study se-
lection. Screening of abstracts left twenty one studies for
review of the full text. After analysis of these articles,
seven studies were excluded because they did not meet
the criteria for inclusion [23, 27-32]. A table of these ex-
cluded studies can be found in Additional file 2.

Characteristics of studies comparing exercise vs waiting
list control groups

There were ten randomised controlled trials that com-
pared exercise groups with non-exercise control groups
with a total of 422 patients (Table 1).

The numbers of participants ranged from twenty four
in the smallest [33] to seventy four in the largest study
[23]. Five trials were included in the meta-analysis [33—
37] and five were eligible but the data presentation did
not allow them to be included in the meta-analysis [23,
38-41]. Of the ten studies, five trials included patients
with formally diagnosed anxiety disorders [23, 34, 35, 38,
39] and five included patients with clinically raised anx-
iety, or anxiety sensitivity, on a recognised rating scale
[33, 36, 37, 40, 41].

Exercise interventions included running, walking,
treadmill training and supervised aerobic training ses-
sions. Intensity of the exercise was not recorded in all of
these trials as some of the programmes included exercise
undertaken outside of the lab. In these cases the exercise
was recorded with pedometers and accelerometers worn
by the participants. In those trials were intensity was re-
corded, the high intensity level ranged from 60 to 90%
of HR max.

The duration of the programmes were as follows; four
trials were ten weeks long [34, 37-39], two were of eight
weeks duration [23, 35], three programmes were of two
weeks duration [33, 36, 41] and one lasted for six months
[40]. Frequency of exercise sessions varied from five times
per week in one study [23], four times a week one study
[39], three times per week in six studies [33, 34, 36, 38, 40,
41], twice a week in one study [35] and one study did not
have a defined number of sessions [37].

There was a non-active waiting list control group in
six studies [33-36, 40, 41], two studies used psycho-
logical therapy in both exercise and control groups [23,
37], and two studies used a non-active control group
with placebo pills [38, 39]. The intervention and control
groups were only matched for time spent with a therap-
ist in one of the trials [23].

A range of outcome measures were used in the trials
and are given in Table 1. The broad range of rating
scales used to measure anxiety outcomes in the trials
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Fig. 1 PRISMA flow chart outlining the process of study selection

reflect the spectrum of anxiety disorders represented in
the review including conditions such as panic disorder,
General Anxiety Disorder, raised anxiety sensitivity and
also more generally raised anxiety levels.

Characteristics of studies of high intensity vs low
intensity exercise

There were five studies with a combined number of 253
participants which compared high intensity exercise to
low intensity exercise [42—46], (Table 2).

One study identified by the search was eligible for the
review but could not be included in the meta-analysis
due to the data presentation [42]. Three studies included
patients with formally diagnosed anxiety disorders [42,

44, 46] and two studies included patients with general
anxiety scores above the clinical mean [43, 45].

High intensity intervention groups undertook aerobic
exercise such as jogging, treadmill exercise or walking
which was performed to a minimum of 60% HR max or
70% VO, max. Low intensity control groups undertook
less strenuous aerobic exercise such as comfortable
walking or stretching and flexibility exercises.

The longest programme was of ten weeks duration
[45], three programmes were eight weeks long [42, 44,
46] and one trial was just two weeks long [43]. All of the
studies comparing high and low intensity exercise were
matched for time spent with the therapist. No trials uti-
lised psychological therapies such as CBT in interven-
tion or control groups.
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Table 2 Characteristics of Studies comparing High Intensity to Low Intensity Exercise

Author Study Diagnostic criteria Intervention Control group Were Long term Outcome measure
Size groups follow up
matched
for time
spent with
the
trainer?
Broman-  n=54 Students with a score of Six 20 min treadmill Six 20 min walking at  Yes Measurements — Anxiety Sensitivity
Fulks, 25 or more (0.75 SD over  sessions at high low intensity over two repeated one  Index (ASI), and
2004 [43] the mean) on the Anxiety  intensity for 2 weeks.  weeks. week later State Trait Anxiety
Sensitivity Index Polaris heart monitor Inventory (STAI
to assess HR. 60-90% trait)
HR max.
Sexton et n=40 Non-psychotic Inpatients ~ Jogging, 30 mins 3 or  Walking for 3 or 4 Yes Yes, 6 months  State Trait Anxiety
al 1989 with anxiety disorders 4 times per week for  times per week over later Inventory (STAI
[44] 8 weeks at 70% HR 8 weeks at a trait)
max comfortable speed.
Steptoe et n=33 Volunteers with anxiety 10 weeks of one 10 weeks of one Yes Yes at State Trait Anxiety
al 1989 levels in the “borderline” or supervise and three supervise and three 3 months Inventory (STAI
[45] “definite” range on HADS ~ unsupervised sessions. unsupervised sessions. trait)
scale and/or raised score 20 mins of continuous  Strength, mobility and
on the Profile of Moods walking at 60-65% HR  flexibility not above
States. max. 50% HR max.
Gaudlitz n=47 Participants had Panic 30 mins on treadmill 3 Low intensity Yes Yes at Hamilton Anxiety
et al. Disorder according to times per week for stretching exercises for 7 months Scale (Ham-A), BAI
2015 [46] DSMIV criteria 8 weeks to 70% VO2 30 mins 3 times per
max. week for 8 weeks
Martinsen n=79 Patients meeting DSM Il Brisk walking or Anaerobic training - Yes No Comprehensive
et al, 1989 criteria for panic disorder  jogging to 70% VO2  strength, flexibility and Psychopathological
[42] with or without max, Trained 3 times  relaxation - low Rating Scale (CPRS),

agoraphobia, Generalised
anxiety disorder or social
phobia.

per week for 8 weeks.

Phobic Avoidance
Rating Scale (PARS)

intensity.

Risk of Bias in studies

The overall risk of bias for all the different studies in-
cluded in the review is demonstrated in Fig. 2.

The main source of bias in the studies was that of the
lack of blinding of participants and personnel. This was
true of the majority of trials and is a common problem
where participants engage in an active intervention.
Only three studies addressed this problem; in the study

by Gaudlitz et al. [46], participants in exercise groups of
differing intensity were blinded as to the group they
were in and so were the personnel assessing outcome.
This study was judged overall to be the best quality for
minimising the risk of bias in all categories. Control par-
ticipants in the study by Brookes et al were given placebo
medication and outcome assessors were also blinded
[39]. Participants in the trial by Broman-Fulks et al were

Random sequence generation (selection bias)

Allocation concealment (selection bias) -

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

Other bias

L
25%

!
I
Oofﬂ

i
50%

1 J
75%  100%

. Low risk of bias I:] Unclear risk of bias

. High risk of bias

Fig. 2 Risk of bias summary: Overall risks of bias items for included studies
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unaware of the intervention used in the other group
[33]. Attention bias, where the groups were not matched
for the time spent with a supervisor, was also a difficulty
in some trials. In these instances, the improvement
could potentially be due to the time spent with the
trainer, rather than the exercise itself. Of the fifteen
studies, only eight had matched the time spent with a
therapist between the groups [23, 38, 39, 42—46]. Evalu-
ation of risk of bias in each trial is given in Table 3.

The quality of evidence was moderate for all outcomes
and is demonstrated in Table 4. The GRADE score was
downgraded by one in all outcomes due to the lack of
blinding of participants in most of the trials and also for
the possibility of attention bias due to time spent with
the supervisor being therapeutic in itself.

Analysis

Exercise vs waiting list control group

The results from the meta-analysis of Exercise group vs
Waiting list control group gave an effect size of — 0.41 (95%
CI=-0.70 to —0.12), where a negative effect size denotes
an improvement in anxiety scores. The heterogeneity given
by the 12 test was 0% (95% CI =0 to 61%)) (Fig. 3).

Of the studies that were excluded from the numer-
ical meta-analysis due to data presentation, three of
the trials also found that exercise was significantly
more effective than placebo in reducing anxiety symp-
toms [38-40]. One study found that exercise did not
lead to a statistically significant improvement in
symptoms compared to patients in a relaxation group
[37]. Table 5 shows the results for the Exercise vs
Waiting List Control Group.

High intensity vs low intensity exercise

Figure 4 shows the meta-analysis of the results of four
trials which each included a comparison of high inten-
sity exercise with low intensity exercise. The pooled esti-
mate of differences found in those four studies gave an
effect size of —0.38 (95% CI =-0.68 to - 0.08), suggest-
ing that high intensity exercise training is more effective
at lowering anxiety levels than lower intensity training
(Fig. 4). The heterogeneity given by the I* test was 0%
(95% CI (0 to 67.9%).

Drop-out rates were greater in the high intensity
group in the study by Sexton and equal in the studies by
Broman-Fulks and Steptoe et al. [43—45]. In the study by
Gaudlitz et al. there more non-completers in the low in-
tensity groups than in the high intensity group [46]. Of
the trials that were excluded from the meta-analysis,
Martinsen et al found that there was no difference in
anxiety reduction between walkers and joggers, but that
there was a higher drop-out rate in the jogging group
(P>0.1) [42]. Table 6 shows the results for the High In-
tensity Exercise vs Low Intensity Exercise Groups.
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Results from long term follow up scores

Three studies from the high intensity vs low intensity
group gave measurements for long term follow up scores
[44-46]. They all found that the reduction in anxiety
from exercise was maintained several months after the
training in both high intensity and low intensity groups.
Two studies found that high intensity exercise lead to
bigger reductions in the long term [45, 46] and one
study reported a similar reduction between high inten-
sity and low intensity groups [44]. The combined effect
size from these three studies was — 0.30 (95% CI=-0.72
to 0.12) (Table 7). The heterogeneity given by the I test
was 18.2% (95% CI =0 to 77.5%).

Subgroup analysis of results from patients with raised
anxiety levels and those with diagnosed anxiety disorders
There were seven trials identified where patients had
raised anxiety levels based on a validated rating scale
[33, 36, 37, 40, 41, 43, 45], five of these trials gave data
which could be included in the meta-analysis [33, 36, 37,
43, 45]. The overall effect size in this group of partici-
pants was — 0.46 (- 0.74 to - 0.17) (Fig. 5). Both of the
trials not included in the meta-analysis also showed a re-
duction in anxiety scores in the exercise group com-
pared with the control group [39, 40]. There were eight
trials identified were participants had formally diagnosed
anxiety disorders [23, 34, 35, 38, 39, 42, 44, 46], of which
four were included in the meta-analysis [34, 35, 44, 46].
The overall effect size in this group of patients was a
smaller reduction in anxiety symptoms of - 0.32 (0.62 to
- 0.01) There was no significant difference in the mean
reduction of symptoms between the two groups of trials
P=0.24 (- 0.39 to 0.19).

Discussion

Principal findings

This review identified ten randomised controlled trials
which assessed the use of Exercise versus Waiting list con-
trol groups [23, 33-41] and five randomised controlled
trials comparing High Intensity to Low Intensity exercise
for the treatment of anxiety [42—46]. Participants in these
trials had a diagnosis of an anxiety disorder according to
DSM criteria [23, 34, 35, 38, 39, 42, 44, 46] or had high
anxiety levels / anxiety sensitivity levels on a validated
anxiety rating scale [33, 36, 37, 40, 41, 43, 45]. Results
showed that exercise is more effective than waiting list
control group with a moderate effect size of — 0.41 (95%
CI=-0.70 to -0.12) which was statistically significant.
High Intensity exercise was found to be more effective
than low intensity exercise with a significant effect size of
-0.38 (95% CI -0.68 to —0.08). Follow up scores in high
intensity exercise indicate that improvement in anxiety
levels is maintained for several months after training with
a non-significant effect size of - 0.33 (- 0.74, 0.08). It was
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Table 3 Risk of Bias in each trial
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Study Random Allocation Blinding Blinding Incomplete Selective Attention Bias
Sequence Concealment Participants Outcome Outcome Reporting
Herring et Blocked Clinicians Participants Not blinded. X All allocated All outcomes Low intensity and high
al, 2012 randomisation performing the not blinded X subjects were reported.  intensity groups matched
[35] stratified initial assessment completed the for therapist time but not
according to blinded to study. waiting list control group.
medication use.  allocation
Jazaieri et Randomised No information Participants No information No difference  Patients self- patients were not matched
al, 2012 using Efrons ) not blinded (X) regarding in attrition reported the for time spent with an
[34] randomisation assessor between quantity of exer- instructor. (X)
procedure blinding (?) groups. cise performed.
0]
Smits et Computer No allocation Participants .Not blinded.  No difference  All outcomes Attention bias, patients
al. 2008 Generated concealment (X)  were not (X) in attrition were reported.  were not matched for the
[36] Random blinded (X) between spent with an instructor. (X)
Sequence groups.
Merom et Computer Performed by Participants Not Blinded (X) No difference  All outcomes Groups had matched time
al. 2007 Generated independent not blinded (X) in attrition were reported.  with therapist.
[23] Randomisation research centre between
groups.
Mailey et~ No information ~ No information Participants Not blinded (?) Very little All outcomes Intervention and control
al, 2010 about method ? not blinded (X) attrition in were reported.  groups not matched for
[37] of randomisation both groups. time (X)
]
Broman- No information ~ No information Participants Not Blinded (X) All allocated All outcomes Attention bias, patients
Fulks, about the (@) were blinded subjects were reported.  were not matched for the
2008 [33] method of as to the completed the spent with an instructor. (X)
randomisation group they study.
? were in
Wedekind  Blocked Allocation Participants Blind rater No significant  All outcomes Subjects in the control
2010 [38]  randomisation performed by the not blinded (X) used to difference in were reported.  group received time with a
hospital eliminate drop outs therapist doing relaxation
pharmacist expectation between training.
differences (?)  groups.
Brooks et No information ~ No information Participants Investigators Similar attrition  All outcomes Time matched with
al. 1998 about method @ were blinded.  were blinded  rate were reported.  therapist across groups
[39] of randomisation
]
Villaverde  Details given No information Participants Not Blinded (X) Similar attrition All outcomes No time matching between
et al. 2012 regarding the ? not blinded (X) rate between  were reported.  groups (X)
[40] randomisation groups.
procedure
Medina et  Not mentioned  No information Participants Not Blinded (X) Similar attrition ~All outcomes No time matching between
al. 2015 in the method ™ not blinded (X) rate were reported.  groups (X)
[41] section. (X)
Broman-  No information ~ No information Participants Not Blinded (X) No attrition in  All outcomes Matched for time
Fulks, about method (@) not blinded (X) the groups were reported.
2004 [43]  of randomisation
X)
Sexton et No information ~ No information Participants Not Blinded (X) higher no. of  All outcomes Less risk of attention bias as
al. 1989 about the (@) not blinded (X) dropout in the were reported.  both active interventions.
[44) method of high intensity
randomisation group (X)
]
Steptoe et  No information  No information Participants Not Blinded (X) Similar attrition Some outcomes Participants in both groups
al. 1989 about the (@) not blinded (X) rate between  were not had similar time with
[45] method of groups. reported (?) therapists

randomisation

@)
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Table 3 Risk of Bias in each trial (Continued)
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Study Random Allocation Blinding Blinding Incomplete Selective Attention Bias

Sequence Concealment Participants Outcome Outcome Reporting
Gaudlitz Randomised Assessment staff  Participants Study staff Low attrition  All outcomes Time matched with
et al. 2015 using block were blinded were blinded  were blinded  rate and all were reported.  therapist across groups
[46] allocation as to nature of subjects

the study accounted for

Martinsen  Randomised No information Participants Assessors were  Low attrition  All outcomes Groups were time matched
et al, 1989 using block (@) not blinded (X) not blinded rate were reported.
[42] allocation

disappointing that so few studies had long term follow up
scores but although the effect is formally not significant,
the magnitude is similar.

Continued engagement with the exercise programme is a
potential problem with higher intensity exercise regimens.
One study found that there were higher drop-out rates with
the groups that undertook high intensity compared to low

Table 4 Summary of Findings Table for Grade outcomes

intensity training [44]. This study stated that the participants
found the programmes too strenuous. This clearly has im-
plications for the structure of the exercise programme as it
is necessary to maximise the number of participants who
complete the regimen. Given the finding that high intensity
regimens are more effective than low intensity regimens, ex-
ercise programmes need to be carefully tailored to the

Aerobic Exercise compared to Placebo for the treatment of Anxiety

Patient or population: Patients with raised anxiety levels on a validated rating scale or diagnosed with Anxiety disorders. Intervention: Aerobic

exercise for anxiety, Comparison: Non exercise Control Groups.

Outcomes Risk with Ne of
Aerobic participants
exercise for (studies)
anxiety

Improvement in anxiety scores in patients who 041 SMD 194 (6 RCTs)

exercised compared to no exercise. Assessed lower (0.70

with: Evidence based anxiety rating scales lower to 0.12

follow up: range 2 weeks to 10 weeks lower)*

Quality of the Comments

evidence (GRADE)

ED(-B@OMODERATE The risk of bias noted is due to the lack of
blinding of participants to the intervention in
most of the studies. Also bias due to time
spent with supervisor

High intensity exercise compared to low intensity exercise for Anxiety Disorders

Patient or population: Anxiety Disorders Intervention: High intensity exercise Comparison: low intensity exercise

Outcomes Risk with High Ne of

intensity participants
exercise (studies)
Results of groups who undertook high intensity  0.38 lower 174 (4 RCTs)
exercise compared with those who undertook (0.68 lower to
low intensity exercise. Assessed with: Evidence  0.08 lower)*

based anxiety rating scales follow up: range
2 weeks to 10 weeks

Quality of the Comments

evidence (GRADE)

EBGB@OMODERATE The risk of bias noted is due to the lack of
blinding of participants to the intervention in
most of the studies. Time with supervisor was
matched in these trials

Long term High intensity exercise compared to Long term low intensity exercise for Anxiety Disorders

Patient or population: Anxiety Disorders, Intervention: Long term High intensity exercise,Comparison: Long term low intensity exercise

Outcomes Risk with Ne of Quality of the Comments

Long term participants  evidence (GRADE)

High intensity  (studies)

exercise
Improvement in anxiety levels in high intensity - 0.33 SMD 6 (3 RCTs) EB@@OMODERATE The risk of bias noted is due to the lack of
groups compared to low intensity groups over lower (0.74 blinding of participants to the intervention in
a longer time period. Assessed with: Evidence lower to most of the studies. Time with supervisor was
based anxiety scores follow up: range 3 months  0.08 lower)* matched in these trials

to 7 months

*GRADE Working Group grades of evidence High quality: We are very confident that the true effect lies close to that of the estimate of the effect, Moderate
quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different, Low quality: Our confidence in the effect estimate is limited:

The true effect may be substantially different from the estimate of the effect,

Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect
*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% Cl)
Cl Confidence interval; SMD Standardised mean difference
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individual, especially patients with high anxiety sensitivity
levels, in order to maximise the benefit from exercise while
minimising the risk of the patient dropping out.

Subgroup analysis

The pooled effect size from five trials which included pa-
tients with formally diagnosed anxiety disorders was —
0.32 (- 0.62 to — 0.01) which was not significantly differ-
ent from the effect size in patient with raised anxiety

levels which was - 0.46 (95% CI -0.74 to — 0.17). P = 0.24
(- 0.39 to 0.19). This finding needs replication with a lar-
ger number of studies. Any differences in outcome be-
tween these groups could potentially be attributed to
worse baseline scores in patients with anxiety disorders,
however differences in rating scales used in these studies
makes baseline severity difficult to compare. This could
be relevant when managing different groups of patients
as the more heterogeneous group of patients with raised
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Table 5 Results for Exercise vs Waiting List Control Group
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Mean (SD) Total Mean (SD)

Total

SMD (95% Cl) Outcome

Broman-fulks, 2008 [33] 2792 (15.36) 12 41 (25.68)

Jazaieri, 2012 [34] 6141 (28.64) 6542 (21.37)

Herring, 2012(a) [35] 59.3 (7.38) 10 65.5 (7.62)

Herring 2012(b) [35] 61.10 (1001) 10 65.5 (7.62)

Smits, 2008 [36] 10.19 (6.54) 16 18.26 (10.24)

Merom, 2008 [23] Not Reported Not Reported

Mailey, 2010 (37] 4405 (1802) 26 4723 (9.29)

Wedekind 2010 [38] Not Reported 20 Not Reported

Brooks et al 1998 [39] 115 228

Villaverde et al.. 2012 [40] 16.76 17 15.02

Medina et al 2015 [41] Not Reported Not Reported Not Reported

12

29

19

36

25

17

19

Not Reported

—060 (—142,022) Exercise lead to significant
reductions in exercise sensitivity

compared to the untreated group

—0.16 (= 0.69, 0.38) Exercise lead to non-significant
reductions in anxiety compared to

the untreated group.

—0.79 (= 1.71,0.13) Exercise lead to non-significant
reductions in anxiety compared

to the untreated group,

Resistance exercise lead to
non-significant reductions in anxiety
compared to the untreated group,

—044(-1.53,0.65)

—092(-162-022)  Exercise and exercise + CBT both lead
to statistically significant reductions in

both the ASI and BAI

—0.16 (- 0.77,045) CBT and exercise lead to a greater,
non-significant improvement in
DASS-21 scores compared to CBT

and education.

—0.22(-0.77,033)  There was a small and non-significant
improvement in anxiety and depression

in the exercise group.

Exercise and relaxation both lead to
reductions in anxiety, not statistically
significant. F value =37

Not Reported

Not Reported Exericise lead to significant improvement
in symptoms but not as effective as

Clomipramine F value =134

Not Reported There was a small non-significant

improvement in the exercise group.

Not Reported There was greater but non-significant
improvement in anxiety sensitivity for
those in Exercise compared to Waiting

List control F value =26.7

anxiety levels may be more representative of the patients
who present in primary care compared to those attend-
ing hospital out-patients clinics with formally diagnosed
anxiety disorders. However, we would reiterate that cau-
tion should be exercised in the interpretation of the sub-
group analysis due to the small number of studies and
the fact that other differences between the studies could
account for the results.

Comparison with other reviews

Previous reviews of clinical anxiety disorders have given
conflicting results about the efficacy of exercise. A recent
review by Bartley et al. [18] concluded that exercise is not
effective in the treatment of anxiety disorders but this re-
view used active control groups for comparison; for ex-
ample, the trial by Jazieri et al [34] had both a mindfulness
control group and also an untreated waiting list control
group; Bartley et al. used the mindfulness based stress re-
duction control group as a comparison, whereas the
current study uses the untreated control group; as

mindfulness is an active treatment then the effect size
from this comparison might reasonably expected to be
smaller. In the sub-analysis of studies comparing Exercise
groups to untreated waiting list control groups, Bartley et
al. actually found a large effect size of — 1.42 (0.8, - 2.04).
This is a larger effect size than in this study (- 0.41), how-
ever only two studies were included in the sub-analysis in
that particular review compared to seven results in the
current study [36, 39]. Jayakody et al identified eight trials
and found that exercise is effective as an adjunct treat-
ment for anxiety [17]. All eight trials in that review were
identified by the search in the current study but two were
excluded due to study design, one at the screening stage
[47] and one during assessment for eligibility [28]. The ef-
fect size found in this review was similar to that found in
the current meta-analysis and also the review by Petru-
zello et al, where the effect size was — 0.34 [13] and Long
et al who found an effect size of — 0.36 [10].

The current, updated, meta-analysis adds to existing
evidence that exercise is an effective treatment for
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anxiety, particularly the patient group that are likely to
present in general practice who may present with a
range of anxiety problems. The inclusion of patients
without a formal DSM diagnosed anxiety disorder
allowed the results of an additional three trials to be in-
cluded compared to other recent reviews of clinical pa-
tients and the subgroup analysis suggests that exercise
may be particularly helpful in this group of patients. Re-
sults from this review also confirm the findings of previ-
ous studies of healthy subjects which found that higher
intensity exercise is more effective at relieving anxiety
symptoms than low intensity exercise [11, 12, 14, 15].

Strengths and weaknesses

The difficulty in drawing conclusions from this
meta-analysis is that there is still a small number of ran-
domised trials on clinical patients in this subject area.
Five studies were excluded from the meta-analysis due
to the data presentation, which, given the small number
of studies in the review could make a difference to the
overall results, although the results from the excluded
trials were in general agreement with those included.
There were four studies comparing aerobic exercise to
waiting list control which were not included in the
meta-analysis [38—41]; these trials all found that exercise
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Table 6 Results for high intensity exercise vs low intensity exercise
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Mean (SD) Total Mean (SD)

Total

Std Mean Difference Outcome

Broman-Fulks,2004 [43] 25.03 (9.71) 29 28.56 (6.01)

Sexton, 1989 [44] 412 (11.3) 17 46.2 (12.0)

Steptoe, 1989 [45] 423 (11.5) 17 46.5 (9.1)

Gaudlitz, 2015 [46] 119 (7.1) 24 143 (94)

Martinsen et al 1989 [42] 36

25

23

23

43

-042(-0.96,0.12) High intensity exercise led
to more rapid reductions in
anxiety sensitivity than low

intensity exercise

—042(-1.05,0.22) Both jogging and walking
led to a reduction in anxiety.
Jogging led to a greater
reduction than walking but
this was not statistically

significant.

The moderate exercise led to
greater reductions in anxiety
than the low intensity attention
placebo group.

—0.39 [-1.08, 0.30]

—0.29 [-0.86, 0.29] Higher Intensity Exercise and
Low Intensity exercise both

led to a reduction in anxiety
scores. There was further
improvement of anxiety over
time with a medium-sized effect
in the endurance training group,
but not in the control group.

At the end of the study both groups
had achieved significant reductions

in scores compared with admission
values The differences between groups
were small and not statistically
significant P> 0.1

led to an improvement in anxiety symptoms compared
to the untreated control group and the results were sta-
tistically significant in three of them. There was only one
study excluded from the meta-analysis of results from
trials comparing High Intensity versus Low Intensity ex-
ercise; the trial by Martinsen et al. [42] compared jog-
gers with walkers and found the reduction in symptoms
was almost identical in both high intensity and low in-
tensity groups. This result is in contrast with that of the
four studies included in the meta-analysis which found
that higher intensity exercise was more effective than
lower intensity exercise [43—46].

The large variability in the type of exercise undertaken
in the intervention and control groups makes comparison
between trials difficult, especially when comparing high
intensity to low intensity exercise. In the exercise vs wait-
ing list control group, the exercise intervention was simi-
lar in most of the studies (jogging or treadmill exercise).

Table 7 Results of long term follow up scores

Lack of time matching with a supervisor could be a source
of bias in these trials as the social encouragement from a
supervisor could be therapeutic in itself. In the exercise vs
waiting list control group, only one trial matched the time
spent with a supervisor in the control group. In the high
intensity vs low intensity exercise group, all the trials
matched the supervision times between intervention and
control groups. The review by Bartley et al. found that
time matched studies had lower effect sizes than those
which were not time matched [19].

Lack of blinding of participants to the interventions
used was an issue in the majority of these studies. Only
three trials made attempts to blind the subjects as to the
interventions used in the different groups [33, 39, 46]
and two trials used assessors which were blinded [39,
46]. If patients are aware of the group to which they are
assigned this could lead to reporting bias. While gener-
ally recognised as being important to minimise bias,

Length of follow up

High Intensity exercise Mean (SD)

Low Intensity exercise Mean (SD) St Mean difference

Sexton, 1989 [44] 6 months 43 (10.1)
Steptoe, 1989 [45] 3 months 399 (10.5)
Gaudlitz, 2015 [46] 7 months 85 (7.3)

42 (16.8) 0.07 (=0.55,0.70)
46.6 (10.8) —0.60 (-1.56,0.36)
142 (98) —-0.66 (—1.31,0.00)

—0.30 (= 0.72,0.12)
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Raised Anxiety Levels

Herring 2012 (a)

Broman-Fulks 2004 » -0.42 (-0.96, 0.12)
Steptoe 1989 - -0.39 (-1.08, 0.30)

Smits 2008 = -0.92 (-1.62, -0.22)

Mailey 2010 » -0.22 (-0.77, 0.33)
Broman-Fulks 2008 = -0.60 (-1.42, 0.22)

-0.46 (-0.74, -0.17)

0.79 (-1.71, 0.13)

Herring 2012 (b)
Jazaieri 2012

Sexton 1989

-0.44 (-1.53, 0.65)

-0.16 (-0.69, 0.38)

Gaudlitz 2015

= -0.42 (-1.05, 0.22)

Anxiety Disorders

| -0.29 (-0.86, 0.69)

-0.32 (-0.62, -0.01)

2 -1

Fig. 5 Results from Studies of patients with Raised Anxiety Levels and Studies of Patients with Anxiety Disorders
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blinding of therapist- rated outcomes may be less import-
ant in trials where the outcomes are reliably measured by
subjects using evidence based self-rating questionnaires,
which was the case in most of these studies.

A limitation of this review is that we were unable to in-
volve two independent reviewers across the full study selec-
tion process. The use of two investigators may reduce the
possibility of rejecting relevant reports where the selection
or rejection of an article requires difficult judgments. In this
review, the study selection process was continued by one
reviewer after establishing an excellent inter-rater agree-
ment between two reviewers across a significant proportion
(10%) of the studies identified by the searches. For the data
extraction, two reviewers checked the data from all fifteen
studies which were identified in the review.

A limitation in the review methodology was the poten-
tial for bias in study selection from the exclusion of
non-English language papers and also from the risk of
publication bias.

The exclusion of non-English language papers could,
in theory, lead to a reporting bias. However, inclusion of
non-English language papers in the Medline search only
yielded a further 27 articles. Of these, only one study
was relevant; this was a Hungarian review, which found
a small to moderate effect for the use of exercise in the
prevention and treatment of anxiety. There were no fur-
ther randomised trials identified [48]. A further limita-
tion in study selection is the risk of Publication Bias,
where there is a chance that only trials with positive re-
sults will be published, this can invalidate the results of
a meta-analysis and is a particular risk in reviews where
the number of studies is small [49] We sought to limit

publication bias by searching grey literature using the
TRIP database, but this did not yield any further suitable
randomised trials for inclusion in the review.

Statistical analysis of the results in this study was
based on the method recommended in the Cochrane
Handbook [50] and utilized in the software program
Revman 5.3 [22], comparing post-test scores from inter-
vention and control groups in each trial. Such methods
assume comparability of baseline scores on outcome
measures. All participants were randomised, so any dif-
ferences in baseline scores within trials would be limited,
although baseline imbalance is possible, especially when
the number of patients included is small. An alternative
method of analysis is to use gain scores where the
change in anxiety score in each study is pooled together
to get the overall effect size. However, there is no clear
evidence to suggest that one method has any advantage
over the other, and the use of gain scores may require
additional assumptions when data on change are not
presented (https://effectivehealthcare.ahrq.gov/sites/de-
fault/files/pdf/choice-of-mean_white-paper.pdf)

Implications for general practice

The principal findings from this updated review confirm
those from previous studies which found that exercise is a
useful and realistic option for treatment of raised anxiety
levels in General Practice. Given that anxiety is such a wide-
spread condition, the availability of a treatment option
which is both relatively free of side-effects and also has the
potential to be continued by patients is a welcome addition
to the options available to General Practitioners and their
patients. However, the implementation of exercise needs to
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be evaluated carefully. The TREAD study, in which patients
were offered training as a treatment for depression found
that the strategy offered was not effective, although in this
trial participants in the both intervention and control
groups were referred to exercise schemes [51]. Given that
high intensity exercise was found to be more effective in the
current review, the level of supervision required to imple-
ment exercise to the optimal intensity needs further study.

The utility of widespread exercise on prescription
schemes on the NHS depends on the cost-effectiveness
of such programmes. An economic evaluation was car-
ried out in the Wales National Exercise Referral Scheme
comparing the cost of a lifestyle intervention which in-
cluded exercise with improvements in quality of life.
The authors calculated that the cost effectiveness ratio
was £12,111 per QALY, falling to £9741 if patients con-
tributed £2 per session. This easily meets the threshold
of £30,000 per QALY used as a benchmark by NICE in
determining affordability of treatments [30].

Future studies should focus on the questions that need
to be answered in order to translate the finding that ex-
ercise is effective for anxiety into the optimum design
and delivery of exercise on prescription schemes. Al-
though this study provides evidence that higher intensity
exercise is more effective than lower intensity exercise,
this needs further clarification; more well designed clin-
ical trials are needed where the intensity and type of ex-
ercise is clearly defined in both intervention and control
groups. In addition more research is needed on the
benefit of exercise in different levels of anxiety disorders
as some studies have shown that this varies according to
the specific diagnosis. For example Merom found that
improvement was greatest in patients with social phobia
[23]. The optimum length of exercise schemes also
needs further evaluation and economic assessment. In
addition, the benefit of exercise as a stand-alone therapy
could be further evaluated against treatment with psy-
chotherapy and pharmacotherapy in primary care pa-
tients with raised anxiety levels [39].

Conclusion

This study adds to existing evidence that aerobic exer-
cise is effective in the treatment of patients with clinic-
ally raised anxiety such as those seen in primary care.
Higher intensity exercise may have an advantage over
lower intensity exercise in bringing about an improve-
ment in anxiety scores but the conclusions are limited in
view of the small number of studies and varying exercise
regimens that were tested. The increased efficacy of
higher intensity regimens should be considered when
tailoring exercise programmes to individual patients. Pa-
tients with raised anxiety levels benefit as much from ex-
ercise than those who have received a formal anxiety
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diagnosis. These findings confirm that exercise repre-
sents an effective treatment and should be more avail-
able for referral from General Practice. Future trials
could address the use of exercise in specific anxiety dis-
orders and evaluate the optimum intensity of exercise to
promote completion of the exercise programme.

Additional files

Additional file 1: Full search strategy. (DOCX 12 kb)
Additional file 2: Table of Exclusions. (DOCX 12 kb)

Acknowledgements
Dr. Maria Panagioti for her methodology advice and expertise.

Funding

The paper was supported in part by the UK National Institute of Health
Research (NIHR) School for Primary Care Research capacity funding. The
views expressed in this publication are those of the authors and not
necessarily those of the NHS, NIHR, or Department of Health.

Availability of data and materials
All data generated or analysed during this study are included in this
published article [and its supplementary information files.

Information about the authors
Elizabeth Aylett is a practicing GP with an interest in mental health in
primary care.

Authors’ contributions

EA (correspondence author) conducted the searches, data extraction and
analysis and drafted the paper; NS supervised the search process, reviewed
articles, extracted the data and contributed to draft revisions; PB supervised
the masters project, and substantially contributed to draft revisions and also
consulted regarding inclusion and exclusion of papers. All authors approved
and read the final manuscript.

Ethics approval and consent to participate
Not Applicable.

Consent for publication
Not Applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

Thaxted Surgery, Margaret Street, Thaxted, Dunmow, Essex CM6 2QN,
England. >NIHR School for Primary Care Research, Division of Population
Health, Health Services Research and Primary Care, School of Health
Sciences, the University of Manchester, Williamson Building, Oxford Road,
Manchester, UK.

Received: 22 April 2018 Accepted: 19 June 2018
Published online: 16 July 2018

References

1. Mart'n-Merinoa E, Ruigomeza A, Wallander M, Johansson S, Alberto Garc'ia-
Rodri'gueza L. Prevalence, incidence, morbidity and treatment patterns in a
cohort of patients diagnosed with anxiety in UK primary care. Fam Pract.
2010;27:9-16.


https://doi.org/10.1186/s12913-018-3313-5
https://doi.org/10.1186/s12913-018-3313-5

Aylett et al. BVIC Health Services Research (2018) 18:559

20.

21.

22.

23.

24.

25.

26.

DeBoer LB, Powers MB, Utschig AC, Otto MW, Smits JA. Exploring exercise
as an avenue for the treatment of anxiety disorders. Expert Rev Neurother.
2012;12(8):1011-22.

Broocks A, Schweiger U, Pirke KM. The influence of semi-starvation-induced
hyperactivity on hypothalamic serotonin metabolism. Physiology &
Behaviour. 1991,50:385-8.

Broocks A, Meyer T, George A, Hillmer-Vogel U, Meyer D, Bandelow B, Hajak
G, Bartmann U, Gleiter CH, Ruther E. Decreased neuroendocrine reponses to
meta-chlorophenylpiperazine (m-CPP) but normal responses to ipsapirone
in marathon runners. Neuropsychopharmacology. 1999,20:150-61.

Strohle A, Feller C, Strasburger C, Heinz A, Dimeo F. Anxiety modulation by
the heart? Aerobic exercise and atrial natriuretic peptide.
Psychoneuroendocrinology. 2006;31:1127-30.

Meyer T, Broocks A, Bandelow B, Hillmer-Vogel B, Ruther E. Endurance
training in panic patients: Spiroergometric and clinical effects. Int J Sports
Med. 1998;19:496-502.

Anderson E, Shivakumar G. Effects of exercise and physical activity on
anxiety. Frontiers in Psychiatry. 2013;4:1-4.

Barlow DH, Allen LB, Choate ML. Toward a unified treatment for emotional
disorders. Behav Ther. 2004;35:205-30.

Schlicht W. Does physical exercise reduce anxious emotions? A meta-
analysis. Anxiety, Stress & Coping: An international Journal. 1994;,6(4):
275-88.

Long BC, Stavel R. Effects of exercise training on anxiety: a meta-analysis.
Journal of Applied Sport Psychology. 2008;7(2):167-89.

Conn VS. Anxiety outcomes after Physcial activity interventions: meta-
analysis findings. Nurs Res. 2010;59(3):224-31.

Herring MP, O'Connor PJ, Dishman RK. The effect of exercise training on
anxiety symptoms among patients a systematic review. Arch Intern Med.
2010;170(4):321-31.

Petruzzello SJ, Landers DM, Hatfield BD, Kubitz KA, Salazar W. A meta-
analysis on the anxiety reducing effects of acute and chronic exercise;
outcomes and mechanisms. Sports Med. 1991,3:143-82.

Wipfli BM, Rethorst CD, Landers DM. The anxiolytic effects of exercise: a
meta-analysis of randomized trials and dose-response analysis. Journal of
Sport & Exercise Psychology. 2008;30:392-410.

Stathopoulou G, Powers M, Berry M, Smits J, Otto M. Exercise interventions
for mental health; a quantitative and qualitative review. Clinical Psychology
Science and Practice. 2006;13:179-93.

Dunn A, Trivedi M, O'Neal H. Physical activity dose response effects on
outcomes of depression and anxiety. Med Sci Sports Exerc. 2001;33(Suppl
6):587-97.

Jayakody K, Gunadasa S, Hosker C. Exercise for anxiety disorders: systematic
review. Br J Sports Med. 2013;00:1-11.

Bartley B, Hay M, Bloch M. Meta-analysis: aerobic exercise for the
treatment of anxiety disorders. Prog Neuro-Psychopharmacol Biol
Psychiatry. 2013;45:34-9.

Stonerock G, Hoffman B, Smith P, Blumenthal J. Exercise as treatment for
anxiety: systematic review and analysis. Ann Behav Med. 2015/49(4):542-56.
Asmundson G, Fetzner M, DeBoer L, Otto M, Smits J. Lets get physical; a
contemporary review of the anxiolytic effects of exercise for anxiety and its
disorders. Depression and Anxiety. 2013;30(4):362-73.

American Psychiatric Association. Diagnostic and statistical manual of
mental disorders: DSM- IV. 4th ed. Washington, DC: American Psychiatric
Association; 1994.

Royle P, Waugh N. A simplified search strategy for identifying
randomised controlledtrials for systematic reviews of health care
interventions: a comparison with more exhaustive strategies. BMC Med
Res Methodol. 2005;5:23.

Merom DP, Wagner R, Chey T, Marnane C, Steel Z, Silove D, Bauman A.
Promoting walking as an adjunct intervention to group cognitive
behavioral therapy for anxiety disorders-a pilot group randomized trial.
Journal of Anxiety Disorders. 2008,22:959-68.

Review Manager (RevMan) [Computer program]. Version 5.3. Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collaboration, 2014.

Guyatt G, Oxman AD, Akl E, Kunz R, Vist G, Brozek J, Norris S, Falk-Ytter Y,
Glasziou P, Debeer H, Jaeschke R, Rind D, Meerpohl J, Dahm P,
Schunemann HJ. GRADE guidelines 1. Introduction — GRADE evidence
profiles and summary of findings tables. J Clin Epidemiol. 2011;64:383-94.
StatsDirect Ltd. StatsDirect statistical software. http://www.statsdirect.com.
London: StatsDirect Ltd; 2013.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

Page 17 of 18

Brown S, Welsh M, Labbe E, Vitulli W, Kulkarni P. Aerobic exercise in the
psychological treatment of adolescents. Perceptual and Motor Skills. 1992;
74:555-60.

Lambert R, Harvey |, Poland F. A pragmatic, unblended randomised
controlled trial comparing an occupational therapy-led lifestyle approach
and routine GP care for panic disorder treatment in primary care. J Affect
Disord. 2007,99:63-71.

Knapen J, Van de Vliet P, Van Coppenolle H, David A, Peuskens J, Pieters G,
Knapen K. Comparison of changes in physical self-concept, global self-
esteem, depression and anxiety following two different psychomotor
therapy programs in nonpsychotic psychiatric inpatients. Psychother
Psychosom. 2005;74:353-36.

Murphy S, Tudor Edwards R, Williams N, Raisanen L, Moore G, Linck P,
Hounsome M, Ud Din N, Moore L. An evaluation of the effectiveness and
cost effectiveness of the National Exercise Referral Scheme in Wales, UK: a
randomised controlled trial of a public health policy initiative. J Epidemiol
Community Health. 2012,66:745-573.

Hovland A, Hilde |, Sjebg T, Gjestad B, Birknes B, Martinsen E. Comparing
physical exercise in groups to group cognitive behaviour therapy for the
treatment of panic disorder in a randomized controlled trial. Behav Cogn
Psychother. 2013;41:408-32.

Oeland A, Laessoe U, Olesen A, Munk-Jorgensen P. Impact of exercise on
patients with depression and anxiety. Nord J Psychiatry. 2010,64:210-7.
Broman-Fulks JJ, Storey KM. Evaluation of a brief aerobic exercise intervention
for high anxiety sensitivity. Anxiety Stress Coping. 2008,21(2):117-28.

Jazaieri H, Goldin PR, Werner K, Ziv M, GrossJ. A Randomized trial of MBSR
versus aerobic exercise for social anxiety disorder. J Clin Psychol. 2012;68(7):
715-31.

Herring MP, Marni L, Jacob ML, Suveg C, Dishman RK, O'Connor P.
Feasibility of exercise training for the short-term treatment of generalized
anxiety disorder: a randomized controlled trial. Psychother Psychosom.
2012;81:21-8.

Smits JJ, Angela CMA, Rosenfield D, Powers MB, Behar E, Otto MW.
Reducing anxiety sensitivity with exercise. Depress Anxiety. 2008;25:689-99.
Mailey E., Wojcicki Y., Motl R, Hu L, Strauser D. A.a, Collins K, McAuley E.
Internet-delivered physical activity intervention for college students with
mental health disorders: a randomized pilot trial. Psychology, Health &
Medicine 2010;15(6): 646-659.

Wedekind D, Brooks A, Weiss N, Engel K, Neubert K, Bandelow B. A
randomized, controlled trial of aerobic exercise in combination with
paroxetine in the treatment of panic disorder. The World Journal of
Biological Psychiatry. 2010;11:904-13.

Broocks A, M.D,, Bandelow B, M.D.Pekrun G, M.A, George A, M.D., Meyer T,
M.D., Bartmann U, MA, Hillmer-Vogel U, M.D,, and Ruther E, Comparison of
aerobic exercise, clomipramine, and placebo in the treatment of panic
disorder. Am J Psychiatr 1998; 155:603-609.

Villaverde C, Gutierrez, Torres Luqueca G, Medina MA b G, Argente del
Castillo M, Guisado | M, Guisado Barrilao R, Ramirez Rodrigo J. Influence of
exercise on mood in postmenopausal women. J Clin Nurs. 2012,21:923-8.
Medina JL, DeBoer LB, Davis ML, Rosenfeld D, Powers MB, Otto MW, Smits
JA. Gender moderates the effect of exercise on anxiety sensitivity. Mental
Health and Physical Activity. 2014;7(3):147-51.

Martinsen E, Hoffart A, Solberg Y. Aerobic and non aerobic forms of exercise
in the treatment of anxiety disorders. Stress Medicine. 1989;5:115-20.
Broman-Fulks JJ, Berman ME, Rabian BA, Webster MJ. Effects of aerobic
exercise on anxiety sensitivity. Behav Res Ther. 2004;42:125-36.

Sexton H, Maere A, Dahl NH. Exercise intensity and reduction in neurotic
symptoms; A controlled follow-up study. Acta Psychiatrica Scandinavia37.
1989;80:231-5.

Steptoe A, Edwards S, Moses J, Mathews A. The effects of exercise training
on mood and perceived coping ability in anxious adults from the general
population. J Psychosom Res. 1989;33(5):537-47.

Gaudlitz K, Plag J, Dimeo F, Strohle A. Aerobic Exercise Training facilitates
the effectiveness of cognitive behavioural therapy in panic disorder.
Depression and Anxiety. 2015;32:221-8.

Esquivel G, Diaz-Galvis J, Schruers K, Berlanga C, Lara-Manoz C, Griez E.
Acute exercise reduces the effects of a 35% CO, challenge in patients with
panic disorder. J Affect Disord. 2008;107:217-20.

Takdcs J, Stauder A. The role of regular physical activity in the prevention
and intervention of symptoms of anxiety and anxiety disorders. Psychiatria
Hungarica. 2016;31(4):327-37.


http://www.statsdirect.com/

Aylett et al. BVIC Health Services Research (2018) 18:559

49.

50.

loannidis JPA. Why most published research findings are false. PLoS
Med. 2005;2(8):e124. https://doi.org/10.1371/journal.pmed.0020124.
Higgins JPT, Green S (editors). Cochrane handbook for systematic reviews of
interventions version 5.1.0 [updated march 2011]. The Cochrane
Collaboration, 2011.(2.4.1).

Chalder M, Wilessenior N, Campbell J, Hollinghurst S, Haasesenior A, Taylor
A, Fox K, Costello C, Searle A, Baxter H, Winder R, Wright Turner K, Calnan M,
Lawlor D, Peters T, Sharp D, Montgomery A, Lewis G. Facilitated physical
activity as a treatment for depressed adults: randomised controlled trial.
BMJ. 2012;344 https;//doi.org/10.1136/bmj.e2758

Page 18 of 18

Ready to submit your research? Choose BMC and benefit from:

o fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

o gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1371/journal.pmed.0020124
https://doi.org/10.1136/bmj.e2758

	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Methods
	Literature search strategy
	Study selection
	Inclusion and exclusion criteria
	Data extraction
	Risk of Bias
	Analysis

	Results
	Characteristics of studies comparing exercise vs waiting list control groups
	Characteristics of studies of high intensity vs low intensity exercise
	Risk of Bias in studies
	Analysis
	Exercise vs waiting list control group

	High intensity vs low intensity exercise
	Results from long term follow up scores
	Subgroup analysis of results from patients with raised anxiety levels and those with diagnosed anxiety disorders

	Discussion
	Principal findings
	Subgroup analysis
	Comparison with other reviews
	Strengths and weaknesses
	Implications for general practice

	Conclusion
	Additional files
	Acknowledgements
	Funding
	Availability of data and materials
	Information about the authors
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

