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Abstract
Background: Cognitive behavioural therapy (CBT) is currently the treatment of choice for most anxiety
disorders. Yet, with recovery rates of approximately 50%, many patients fail to achieve complete remission.
This has led to increased efforts to enhance treatment efficacy. Physical exercise (PE) has in recent years
been advocated as means to augment the effects of CBT for anxiety disorders. PE appears to reduce anxiety
through other mechanisms than CBT, some of which might also have the potential to augment the effects
of psychological treatment.
Aims: The current review aimed to summarize and discuss the current research status on CBT augmented
with PE for anxiety.
Method: A systematic literature search was conducted in the databases PsychInfo, Medline and Web of
Science to evaluate the potential augmentative effect of combining PE with CBT for anxiety disorders.
These effects were intended to be evaluated in a meta-analysis, but findings from the few and diverse
studies were better summarized in a systematic review.
Results: Eight articles were included in this review, of which two had no control group, while six had from
two to four experimental arms. Six of the studies concluded in favour of benefits of add-on PE, while two
studies found no added benefits of the combined interventions.
Conclusions: The combination of PE and CBT appears feasible. Add-on PE seems to be more beneficial for
clinical populations, when administered regularly several times per week, across several weeks. Future
studies should investigate further how and for whom to best combine PE and CBT.
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Introduction
Anxiety disorders

Anxiety disorders are the most frequent of all mental disorders, with an estimated global current
prevalence of 7.3% (Baxter et al., 2013), and 12-month prevalence estimates ranging from 14%
(Wittchen et al., 2011) to 22.2% (Kessler et al., 2012), indicating that anxiety disorders affect a
large proportion of the population across the lifetime, and are a large societal burden. If left
untreated, most anxiety disorders have a chronic course (Craske et al., 2017), and often lead
to a high degree of impairment for the individual and a great economic burden for society
(Bandelow and Michaelis, 2015).
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Cognitive behavioural therapy (CBT) and pharmacological treatments are the treatments of
choice for anxiety disorders (National Institute for Health and Clinical Excellence, 2011, 2013),
with both yielding significant symptom reduction for all anxiety disorders compared with
control conditions (Bandelow et al., 2015; Mayo-Wilson et al., 2014). In this review, we will
focus on the psychological treatment for anxiety disorders with the highest level of evidence,
namely CBT (Bandelow et al., 2017; Kaczkurkin and Foa, 2015; Mayo-Wilson et al., 2014).

The effects of CBT treatment on anxiety disorders are widely studied and documented in several
meta-analyses. CBT for anxiety disorders yield large effect sizes (Bandelow et al., 2015), ranging from
small to large on CBT for different anxiety diagnoses compared with placebo for the different disorders
(Carpenter et al., 2018; Wolitzky-Taylor et al., 2008), and with remission rates of 48% at post-
treatment and 54% at follow-up assessments for intent to treat samples (Springer et al., 2018).
Although the effectiveness of CBT for anxiety disorders is well documented, the reported findings
indicate that half of patients do not achieve full remission, meaning that half of patients still
qualify for an anxiety disorder or have anxiety symptoms above clinical cut-off at the end of
treatment. In a review of non-adherence and non-response in the treatment of anxiety disorders,
Taylor et al. (2012) report drop-out rates ranging from 9 to 21%, and concluded that many
patients fail to achieve clinically significant improvements. They suggest augmenting CBT with
other interventions as an option for overcoming non-response (Taylor et al., 2012).

During the last decade, there has been increasing interest in how to optimize the efficacy of CBT.
Studies have investigated add-on pharmacological interventions, such as using NMDA-partial
agonist D-cycloserine to increase learning (Mataix-Cols et al., 2017; Pittig et al., 2016), and
cognitive interventions such as executive skills training for late-life generalized anxiety disorder
(Mohlman, 2008; Mohlman et al., 2003). The current review focuses on studies investigating the
potential effects of physical exercise (PE) as an add-on intervention to CBT for anxiety disorders.

Physical exercise

PE has been thoroughly documented to be an efficacious treatment for depression (Kvam et al.,
2016; Schuch et al., 2016), and in a recent meta-review, PE was found to be overall beneficial for a
number of mental health problems (Czosnek et al., 2019). PE consists of both aerobic and
resistance training, and can be performed in a variety of modalities such as running, walking
and strength exercise training (American College of Sports Medicine, 2000). Rosenbaum et al.
(2015) argue that PE is still widely under-utilized for mental health problems, while cross-
sectional studies indicate an association between low physical activity and increased anxiety
levels (Goodwin, 2003; Stubbs et al., 2017). Several reviews and meta-analyses have summarized
the effects of PE in treatment of anxiety disorders (see e.g. Asmundson et al., 2013; Aylett et al.,
2018; Bartley et al., 2013; Kandola et al., 2018; Stonerock et al., 2015). These articles highlight
different aspects of PE, and generally point to an anxiolytic effect of PE. In their review from
2013, Asmundson and colleagues identified that a wide variety of exercise modalities (walking,
running, resistance training, yoga and tai chi) were related to anxiety reduction. Kandola and
colleagues (2018) summarize that PE seems to be a beneficial and cost-effective intervention
with anxiolytic effects, in addition to the beneficial physiological effects of PE.

The effect of exercise on anxiety reduction seems to be dependent on several factors. Previous
literature suggests that exercise is best administered after exposure sessions (Roquet and Monfils,
2018; Tanner et al., 2018), that exercise needs to exceed 10 weeks in order for anxiety reductions to
occur (Petruzzello et al., 1991), with a duration of at least 30 minutes (Herring et al., 2010), and
that the optimal exercise frequency for anxiety reduction is three or four times per week (Wipfli
et al., 2008). A recent meta-analysis also suggests that high intensity PE is more effective than low
intensity for anxiety reduction (Aylett et al., 2018).

While it has been demonstrated that PE can effectively reduce levels of anxiety, it has been
recommended as an add-on intervention to evidence-based treatments rather than a stand-
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alone treatment for anxiety disorders (Bartley et al., 2013; Stonerock et al., 2015). Several of the
proposed mechanisms related to anxiety reduction from PE appear to differ from the mechanisms
behind the effects of CBT and pharmacotherapies. Asmundson and colleagues (2013) and
Kandola and colleagues (2018) summarize the proposed mechanisms for anxiety reduction for
exercise. The physiological mechanisms include regulation of stress through the hypothalamic–
pituitary–adrenal axis, improving hippocampal plasticity and function, reducing the levels of
inflammatory proteins, and regulation of neurotransmitters and neuropeptides such as brain
derived neurotrophic factor (BDNF). The psychological mechanisms suggested are improved
cognitive functioning, self-efficacy and mastery, improved sleep, improvements in positive
affect and reduction in negative affect, exposure to bodily symptoms, reduced anxiety
sensitivity and habituation. BDNF reliably increases from PE (Szuhany et al., 2015), and has
specifically been highlighted as a potential mechanism for improving the effects of other
exposure-based therapies, such as CBT (Kobayashi et al., 2005). The positive effects of PE on
cognition and executive functions have also been related to the potential augmentative effects
PE on CBT (Stavestrand et al., 2019), as effective executive functioning appears an important
pre-requisite for effective cognitive restructuring (Mohlman, 2008; Yochim et al., 2013). As
such, PE could potentially be a potent and beneficial add-on intervention to augment the
effect of CBT or pharmacotherapies.

Few previous studies have investigated the combined effects of CBT and PE for anxiety and
related disorders. A meta-analysis by Bernard and colleagues (2018) investigated the combined
effects of CBT and PE for adults with chronic disease and concluded that their findings did
not support an additive effect of CBT and PE for anxiety, depression, fatigue or pain.
However, anxiety was not the primary target in this sample.

This review aims to summarize and discuss the current research status on CBT augmented with
PE for anxiety. Although several reviews and meta-analyses have touched upon the issues we
wanted to investigate, it seems to us that the specific strategy of combining PE with CBT for
anxiety has not been the main focus in any of these articles. As such, we wanted to review
existing literature to answer two separate research questions:

(1) By assessing both controlled and uncontrolled studies, is PE feasible as an add-on
intervention to CBT for patients with anxiety in terms of treatment adherence and
dropout rates?

(2) In patients suffering from anxiety, is adding PE to CBT more efficacious in reducing
anxiety than either CBT alone or CBT combined with a control condition?

Method
We have applied the Population, Intervention, Comparison and Outcome Study (PICOS)
(Tacconelli, 2010) framework to form the research questions and inform the literature search
and selection of studies for this review.

Identification of studies

We conducted a systematic search using the databases PsycINFO, Medline and Web of Science.
An overview of all the search terms, subject headings and mesh terms can be found in Appendix A
(see Supplementary material). The search consisted of two search stems: ‘anxiety disorders’ and
‘physical exercise’. All alternative search terms within the two search stems were combined with
the Boolean operator ‘OR’. We then combined the two search stems using the Boolean operator
‘AND’. The final search was done on 10 August 2018 in the listed databases. We were also
informed of subsequent publications based on the search strategy through email alerts from
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each of the databases. Email alerts were disabled on 19 November 2018. Where necessary
information regarding study design or results was not provided in the article, the first author
was contacted by email. The systematic search identified 13 reviews of PE and anxiety
(Asmundson et al., 2013; Cavarretta et al., 2018; da Silva et al., 2009; DeBoer et al., 2012;
de Souza Moura et al., 2015; Hales and Travis, 1987; Herring et al., 2010; Jayakody et al.,
2014; Kandola et al., 2018; Kerr and Vlaswinkel, 1990; Martinsen, 2003; Powers et al., 2015;
Stonerock et al., 2015). These reviews were assessed to identify additional relevant papers.
Two articles (Lambert et al., 2007; Oldridge et al., 1991) were identified as potentially
relevant, and these were evaluated according to the same criteria as articles identified through
our own systematic search.

Selection of studies

Following duplicate removal, the first and third authors independently reviewed the titles and
abstracts from the initial search and excluded the studies that did not fulfil the inclusion
criteria. Any disagreements regarding inclusion were discussed and consensus was reached.
Both authors then read the full text of the included studies. Studies assessed to meet inclusion
criteria after reading the full text were included for the review. In cases of doubt, the second
author was consulted for a third opinion regarding if the study met inclusion criteria.

Inclusion criteria
Only peer-reviewed articles published in English, Norwegian, Danish or Swedish language were
included, due to the nationality of the authors. Studies were included in the review if they met the
following criteria according to the PICOS framework (Tacconelli, 2010).

(1) Population: adults with anxiety disorders (specific phobia, panic disorder, social anxiety
disorder, agoraphobia, generalized anxiety disorder) determined by either clinician
assessment or questionnaire, or sub-clinical anxiety symptoms, i.e. elevated levels of
anxiety below the clinical cut-off scores on the respective self-report measures.

(2) Intervention: PE as add-on intervention to CBT. PE interventions were operationalized
according to the definition of PE as physical activity consisting of planned, structured
and repetitive movements, aimed at improving and/or maintaining physical fitness
(Caspersen et al., 1985). The specific content of PE included, but was not limited to,
running, sports, resistance training and walking programmes. Interventions could be
supervised or home-based. We made no restrictions regarding format, frequency,
intensity or duration of the intervention.

(3) Comparison: the PE�CBT intervention group was compared with CBT�control
intervention, CBT alone, or no comparison.

(4) Outcome: change in anxiety levels as measured by change in score on self-report
questionnaires or as determined through clinical interviews.

(5) Study: randomized and non-randomized clinical studies with multiple participants.

Exclusion criteria
Studies were excluded if anxiety was not the primary target for the intervention. Studies with
several confounding interventions were excluded. Studies that described the PE intervention as
mainly relaxation exercises (such as deep breathing exercises, progressive relaxation, meditation,
mindfulness or low impact yoga) were excluded. Single case studies were excluded.
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Quality assessment

We assessed study quality using the Jadad scale for reporting randomized controlled trials (Jadad
et al., 1996). The Jadad scale is intended to measure the quality of randomized controlled trials by
focusing on random assignment, double blinding and the flow of patients. A thorough description
of the Jadad scale, and assessment of each included study, can be found in Appendix B (see
Supplementary material).

Results
Characteristics of included studies

We included eight studies with a total of 431 subjects for the planned meta-analysis (Bischoff et al.,
2018; Cromarty et al., 2004; Gaudlitz et al., 2015; Hovland et al., 2015; Jacquart et al., 2017;
McEntee and Halgin, 1999; Merom et al., 2008; Schwartz and Kaloupek, 1987). Figure 1
displays the selection of studies from a total of 11,437 articles identified through systematic search.

Table 1 displays characteristics of the included studies. The studies varied greatly regarding
study design, sample size, diagnoses, clinical vs non-clinical population, pharmacological
treatment, duration of intervention, type of CBT intervention, type of PE intervention,
administration of PE intervention and study quality. The studies were considered too few and
diverse to be meaningfully assessed in a meta-analysis and were instead evaluated in a
systematic review.

Design
Two studies were pilot studies without a control group (Cromarty et al., 2004; Hovland et al.,
2015). One ‘pilot RCT’ had two experimental arms comparing add-on PE to add-on
educational group (Merom et al., 2008). Three RCTs had two experimental arms comparing
either add-on PE with add-on sedentary intervention (Jacquart et al., 2017), or add-on
moderate intensity PE to add-on low intensity PE (Bischoff et al., 2018; Gaudlitz et al., 2015).
Two RCTs had four experimental arms, comparing CBT�PE to CBT alone, PE alone, or
placebo (McEntee and Halgin, 1999; Schwartz and Kaloupek, 1987).

Sample
Three studies had mainly non-clinical samples recruited from universities and surrounding
communities (Jacquart et al., 2017; McEntee and Halgin, 1999; Schwartz and Kaloupek, 1987).
Five studies had clinical samples recruited from specialized outpatient clinics (Bischoff et al.,
2018; Cromarty et al., 2004; Gaudlitz et al., 2015; Hovland et al., 2015; Merom et al., 2008).
The specific diagnoses are listed in Table 1.

Psychological interventions
The included studies varied regarding the psychological interventions employed. Four studies
used a group-based CBT format (Cromarty et al., 2004; Gaudlitz et al., 2015; McEntee and
Halgin, 1999; Merom et al., 2008), and four studies used individual CBT (Bischoff et al., 2018;
Hovland et al., 2015; Jacquart et al., 2017; Schwartz and Kaloupek, 1987). The individually
administered CBT interventions included exposure-based CBT (Bischoff et al., 2018), internet-
based CBT (Hovland et al., 2015), virtual reality exposure therapy (Jacquart et al., 2017) and
imaginal exposure therapy (Schwartz and Kaloupek, 1987).
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PE interventions
The included studies varied in terms of both the content and administration of the exercise
interventions.

Content. Three studies described the intervention as moderate intensity aerobic exercise (Bischoff
et al., 2018; Gaudlitz et al., 2015; McEntee and Halgin, 1999), one as an hour in the gym with
experiments to test catastrophic beliefs (Cromarty et al., 2004), one as endurance and interval
training with high intensity (Hovland et al., 2015), one as walking (Merom et al., 2008), one
as vigorous aerobic exercise (Jacquart et al., 2017), and one study describes the exercise
intervention as ergometer cycling with gradually increasing workload (Schwartz and Kaloupek,
1987). Four studies (Bischoff et al., 2018; Gaudlitz et al., 2015; Hovland et al., 2015; McEntee
and Halgin, 1999) based their training programmes on recommendations by the American
College of Sports Medicine (ACSM) (2000), and one study (Merom et al., 2008) based the
training programme on the Australian physical activity recommendations (Commonwealth
Department of Health and Ageing, 1999).

Administration. Four studies administered PE as an add-on intervention in parallel to the CBT
intervention, during the full treatment period (Gaudlitz et al., 2015; Hovland et al., 2015;
McEntee and Halgin, 1999; Merom et al., 2008). In these studies, the participants exercised
between three and five times per week, and the add-on PE can as such be labelled as ‘regular
PE’. One of these studies also specifically instructed participants to keep exercising one month
after end of treatment (Gaudlitz et al., 2015).

11437 citations identified in PsycInfo 
(n = 2720), Medline (n = 4541) and Web of
Science (n = 4176)

3404 duplicates removed with EndNote
duplicate check (n = 2588) and manually
(n = 816)

8033 citations screened by title and abstract 8023 citations excluded

15 articles included for full-text reading

8 articles included in review

No psychological intervention (n = 1)

Dissertation of included study (n = 1)

Outcome measure not anxiety (n = 1)

Excluded due to content of exercise
intervention (n = 2)

7 articles excluded according to inclusion
criteria:

Missing descriptions of treatment and/or
exercise (n = 2)

Figure 1. Flow chart of selection process.
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Table 1. Overview of included studies, characteristics and conclusions

Study Nation n Age Diagnosis
CBT
intervention PE experimental condition Control condition

Anxiety
outcome
measures Assessment

%
Drop-out Conclusions

Jadad
quality
score

Bischoff et al.
(2018)

Ger 77 22–64
M = 36.7

PD, AG Individual CBT
12 sessions
7 weeks

30 min moderate intensity PE prior
to 5 separate exposure sessions

30 min low intensity PE
prior to 5 separate exposure
sessions

Ham-A*
MI*; PAS**
ACQ**;
BSQ**

Pre
Post
6 months

33.8 Acute exercise prior to exposure
for AG/PD might accelerate the
effect

3

Cromarty et al.
(2004)

UK 16 19–76
M = 47

PD±AG Group CBT
6 sessions
6 weeks

60 min behavioral experiments in a
gym after each treatment session

No control condition ACQ*; BAI*
BSQ*

Pre
Post
3 months

46.6 Exercise can be successfully
incorporated into CBT for PD

1

Gaudlitz et al.
(2015)

Ger 58 19–68
M = 35.8

PD±AG Group CBT
8 sessions
4 weeks

30 min moderate intensity PE
3 times per week for 8 weeks

30 min low intensity
movement 3 times per week
for 8 weeks

Ham-A*
PAS**
BAI**

Pre
Post
1 month
6 months

19 Moderate intensity exercise
facilitates the effectiveness of
CBT for PD

4

Hovland et al.
(2015)

Nor 4 38–49
M = 41.5

PD�AG Internet-based
CBT 9 modules

20–45 min moderate intensity PE
3 times per week for 12 weeks

No control condition BSQ*
ACQ*; MI*
PASc*
BAI**

Pre
Post

0 Combined therapies seems to
be feasible and beneficial

1

Jacquart et al.
(2017)

US 59 18–30,
M = 20.4

Acrophobia,
subclinical
acrophobia

VR exposure
1 session

30 min high intensity PE prior to
exposure

30 min rest prior to
exposure

AQ*
ATHI**
CGI**

Baseline
1 week
2 weeks

0 No additional effect of acute
exercise prior to VR exposure

3

McEntee and
Halgin (1999)

US 80 — Anxiety
symptoms

Group CBT
6 sessions
6 weeks

20 min moderate intensity PE
3 times per week for 6 weeks

(1) Stand-alone group CBT
(2) Stand-alone PE
(3) No intervention

STAI-S*
STAI-T*

Pre
Post
2 months

12.5 No additional effect of combin-
ing exercise and CBT

2

Merom et al.
(2008)

Aus 85 M = 39 PD
GAD
SAD

Group CBT
8 sessions
(PD�GAD)
10 sessions (SAD)
8/10 weeks

150 min moderate intensity PE
(walking) per week for 8/10 weeks

Three educational
meetings in connection
group CBT sessions

DASS-21* Pre
Post

45 Combined effects for some
patients – SAD especially

3

Schwartz and
Kaloupek (1987)

Can 52 M = 26.4 Public
speaking
anxiety

Imaginary
exposure
2 sessions

15 min moderate intensity PE
during exposure. 5 minutes rest.
Repeated ×3

(1) Stand-alone exposure
(2) Stand-alone PE
(3) Placebo

PRCS*; S-RI*
FSS-II*
Anxiety ther-
mometer*

Pre
Post

— Acute exercise may be of value
as an adjunct to exposure

1

*Primary outcome measure; **secondary outcome measure; —, not reported. Abbreviations: Ger, Germany; UK, United Kingdom; Nor, Norway; US, United States; Aus, Australia; Can, Canada; M, mean; PD, panic disorder;
AG, agoraphobia; GAD, generalized anxiety disorder; SAD, social anxiety disorder; VR, virtual reality; Ham-A, Hamilton Anxiety Rating Scale; MI, Mobility Inventory; PAS, Panic and Agoraphobia Scale; ACQ, Agoraphobic
Cognitions Questionnaire; BSQ, Bodily Sensations Questionnaire; BAI, Beck Anxiety Inventory; PASc, Panic Attack Scale; AQ, Acrophobia Questionnaire; ATHI, Attitudes Towards Heights Inventory; CGI, Clinical Global
Impression Scale; STAI-S, State Trait Anxiety Inventory State; STAI-T, State Trait Anxiety Inventory Trait; DASS-21, Depression, Anxiety and Stress Scale-21 Items; PRCS, Personal Report of Confidence as a Speaker
questionnaire; S-RI, S-R Inventory of Anxiousness; FSS-II, Fear Survey Schedule II.



Three studies administered PE in connection with exposure sessions. In two studies,
participants exercised prior to the exposure session (Bischoff et al., 2018; Jacquart et al.,
2017), and in the third of these studies participants exercised during the exposure session
(Schwartz and Kaloupek, 1987). The add-on PE in these studies targeted enhancing the effects
of exposure therapy by using the beneficial effects of acute PE and can therefore be labelled
‘acute PE’.

In one study, patients with panic disorder went to the gym directly after CBT sessions, to test
catastrophic beliefs regarding their bodily anxiety symptoms (Cromarty et al., 2004). Thus, this
use of PE can be labelled ‘behavioural experiment’.

Control conditions
Two of the included studies were pilot or feasibility studies without a control condition (Cromarty
et al., 2004; Hovland et al., 2015).

Six of the included studies had control conditions. As with the PE interventions, the control
conditions vary regarding content and administration.

Content. Two studies (Bischoff et al., 2018; Gaudlitz et al., 2015) had low-intensity PE as control
condition. One study had educational group meetings focused on healthy eating (Merom et al.,
2008). One study had a weekly discussion group unrelated to the treatment (McEntee and Halgin,
1999). In one study, the control group sat still on the ergometer bike, while listening to the neutral
imagery (Schwartz and Kaloupek, 1987). In the study by Jacquart and colleagues (2017),
participants in the control condition watched a comedy television show of their choosing,
prior to treatment.

Administration. Four studies administered the control condition as an add-on to the therapeutic
intervention (Bischoff et al., 2018; Jacquart et al., 2017; Merom et al., 2008). Two studies
administered the control condition without any therapeutic intervention (McEntee and
Halgin, 1999; Schwartz and Kaloupek, 1987). All the studies with a control condition
administered it with the same frequency as the supervised PE intervention, with the exception
of Merom and colleagues (2008), who had three educational meetings as control for weekly
PE. The unsupervised PE was not controlled for in any of the studies.

Feasibility and drop-out

Among the included studies, four studies (Gaudlitz et al., 2015; Hovland et al., 2015; Jacquart
et al., 2017; McEntee and Halgin, 1999) reported overall drop-out rates within or below the
expected drop-out range for anxiety disorders of 9–21% identified in the review by Taylor and
colleagues (2012). One study did not mention drop-out rates (Schwartz and Kaloupek, 1987),
while three studies had high post-measure drop-out rates of 33.8% (Bischoff et al., 2018),
46.6% (Cromarty et al., 2004) and 45% (Merom et al., 2008). Six of the eight studies (Bischoff
et al., 2018; Gaudlitz et al., 2015; Hovland et al., 2015; Jacquart et al., 2017; McEntee and
Halgin, 1999; Schwartz and Kaloupek, 1987) indicated that the combination was feasible for
the patients and that the combination did not affect treatment compliance.

Efficacy of PE as an add-on intervention to CBT

Studies without a control group
Hovland and colleagues (2015) have published preliminary results of a feasibility study on
combining internet-based CBT with PE for panic disorder. Cromarty and colleagues (2004)
conducted a pilot study on group CBT combined with PE for participants with panic disorder
with or without agoraphobia. Both studies concluded that the combination of PE and CBT is
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meaningful and potentially beneficial. However, they are careful not to draw firm conclusions due
to the nature of the study designs.

Studies with a control group
Two studies clearly concluded with no beneficial add-on effects of PE to CBT for anxiety (Jacquart
et al., 2017; McEntee and Halgin, 1999). Two studies had ambiguous results and argued that PE
potentially has beneficial add-on effects (Bischoff et al., 2018; Schwartz and Kaloupek, 1987).
Bischoff and colleagues (2018) identified a trend towards significance on general anxiety
measures in favour of the addition of moderate intensity compared with the addition of low
intensity exercise. The difference faded at follow-up. Schwartz and Kaloupek (1987) found
additional effects of exercise on imaginal exposure limited to subjective units of distress
(Wolpe, 1969). Two studies clearly conclude with beneficial add-on effects of PE to CBT for
anxiety disorders (Gaudlitz et al., 2015; Merom et al., 2008), with add-on effects on general,
but not disorder-specific, anxiety self-report measures.

Discussion
This systematic review is the first study to summarize the feasibility and efficacy of combining PE
with CBT for participants primarily suffering from anxiety or elevated levels of anxiety. Overall,
the reviewed studies suggest that the combination of PE and CBT is feasible for patients, and that
PE might be beneficial as an add-on intervention to CBT. However, several factors might influence
whether PE has an augmentative effect on CBT, and the following sections discuss the feasibility of
this combination, and under which circumstances PE might yield a beneficial add-on effect.

The included studies in the present review suggest that the combination of PE and CBT is
feasible, and generally with acceptable adherence and attrition rates. None of the studies
reported adverse effects of PE. The studies with drop-out rates above the expected rate of
9–21% (Taylor et al., 2012) were all studies on clinical populations (Bischoff et al., 2018;
Cromarty et al., 2004; Merom et al., 2008), which could question the feasibility of this
combination for clinical populations. Although the study by Bischoff and colleagues (2018)
reported high drop-out, only two participants dropped out due to PE-related reasons.
However, both Cromarty and colleagues (2004) and Merom and colleagues (2008) suggested
that the relatively high drop-out rates reported in their studies might be related to the
addition of PE in combination with CBT. Merom and colleagues (2008) suggested that people
who were more active at baseline were more likely to complete treatment. The two other
studies with clinical populations (Gaudlitz et al., 2015; Hovland et al., 2015) reported
acceptable drop-out rates. Gaudlitz and colleagues (2015) reported decreasing response rates
to follow-up measures in the follow-up assessments compared with post-treatment assessment,
but the adherence to follow-up was better for the CBT�PE group than for the control group.
This might indicate that drop-out was related to other factors than PE. The large variation in
drop-out rates, and heterogeneity of studies, makes it difficult to draw firm conclusions
regarding the feasibility of PE as an add-on intervention to CBT for patients with anxiety.
Future studies should continue to report and investigate drop-out and adverse effects, to
further establish the feasibility of the combined interventions.

The efficacy of adding PE interventions to CBT seem to depend on a number of potential
moderating variables. We will discuss potential factors related to the design of the PE
interventions, namely the administration of add-on PE, the duration of PE sessions and PE
intensity, and factors related to the design of the included studies, such as sample, diagnoses,
follow-up data and study quality. The few and diverse studies included in this review makes it
hard to draw conclusions regarding a number of potentially relevant factors, including age,
gender, format (individual or group-based PE), anxiety outcome measures and culture.
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Regarding the administration of add-on PE, four studies administered the PE intervention
several times per week, across six or more weeks (Gaudlitz et al., 2015; Hovland et al., 2015;
McEntee and Halgin, 1999; Merom et al., 2008). Of these four studies, only one (McEntee and
Halgin, 1999) concluded with no beneficial effects of PE. This might indicate that PE
administered regularly across several weeks could be a beneficial add-on intervention. The
studies also indicated that longer duration of PE interventions yielded more of an additive
effect of PE (Gaudlitz et al., 2015; Merom et al., 2008). This is in line with previous literature
suggesting that PE frequency of three or four times per week (Wipfli et al., 2008) and across
at least 10 weeks (Petruzzello et al., 1991) is beneficial for anxiety reduction.

Of the three studies investigating the effects of acutely administered PE in connection to
exposure sessions, one found a trend towards significance favouring add-on PE (Bischoff
et al., 2018), while the two others found no add-on effects (Jacquart et al., 2017; Schwartz and
Kaloupek, 1987). The lack of efficacy could be explained by administering the PE intervention
before or during exposure, rather than after exposure, as PE after exposure has been identified
as beneficial for memory consolidation (Roquet and Monfils, 2018; Tanner et al., 2018).
However, other factors related to study design can also explain these results.

The efficacy of PE as behavioural experiments remains unclear, as the only study
administrating PE as behavioural experiments (Cromarty et al., 2004) had high drop-out, poor
study design, no control group, and found lower effect sizes than estimated effect sizes with
CBT for panic disorder in general (Bandelow et al., 2015).

Future studies should investigate whether PE administered regularly over time has more
benefits for anxiety reduction than other ways of administrating PE, such as PE in relation to
exposure sessions or PE as behavioural experiments. Furthermore, studies investigating the
administration of PE in relation to exposure therapy could test the hypothesis that add-on PE
after exposure sessions could enhance treatment effects.

All studies except McEntee and Halgin (1999) administered bouts of PE with a duration of at
least 30 minutes, which corresponds to both ACSM recommendations (2000) and the findings of
Herring and colleagues (2010). As such, all the studies that found beneficial effects of add-on PE
adhered to ACSM recommendations. However, differences in PE session duration do not seem to
explain differences in add-on PE efficacy between the included studies in this review.

Regarding the role of intensity, only two studies compared two specified intensities of PE.
Gaudlitz and colleagues (2015) found the addition of moderate PE to be superior to the
addition of low intensity PE, while Bischoff and colleagues (2018) found no difference. Aylett
and colleagues (2018) have identified PE intensity as a predictor for anxiety reduction when
PE is administered as a stand-alone treatment. As such, future studies should investigate if PE
intensity is a moderating variable in anxiety reduction also when PE is administered as an
add-on intervention.

Due to the few available RCTs, we included studies with anxiety disorders according to DSM-V
(American Psychiatric Association, 2013), as well as studies with CBT treatment for non-clinical
anxiety. In the reviewed studies, three studies had non-clinical or sub-clinical samples (Jacquart
et al., 2017; McEntee and Halgin, 1999; Schwartz and Kaloupek, 1987). All these studies indicated
no or limited effects of PE as an add-on intervention to CBT. The lack of findings for non-clinical
samples could be explained by lower levels of anxiety symptoms and thereby difficulties in
detecting effects of add-on interventions. There could also be a ceiling effect, in which
participants with sub-clinical symptoms already respond well to the main intervention.

A ceiling effect could also explain some of the differences in the studies with clinical samples.
Remission rates and effect sizes of CBT are largest for generalized anxiety disorder, and smallest
for social anxiety (Carpenter et al., 2018; Springer et al., 2018). Thus, it is noteworthy that the
patients with the greatest anxiety reduction in the study by Merom and colleagues (2008),
were patients with generalized anxiety disorder, who were also the group that exercised the
least. Furthermore, the patients with social anxiety disorder appeared to benefit the most from
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the added PE in this study. The apparent lack of add-on effect of PE for the patients with clinical
acrophobia in the study by Jacquart and colleagues (2017), could be explained by a ceiling effect
for an already effective treatment of specific phobias (Wolitzky-Taylor et al., 2008). As such, we
suggest that future research on add-on interventions, such as PE, focuses on target populations
and disorders where there is significant room for improvement of treatment efficacy.

For the RCT studies consisting of clinical samples, panic disorder with or without agoraphobia
has been most studied, and the most promising add-on effects have been found for this disorder
(Bischoff et al., 2018; Gaudlitz et al., 2015; Merom et al., 2008). For panic disorder, the standard
treatment already involves interoceptive exposure to bodily symptoms (Pompoli et al., 2016),
much like the symptoms experienced through exercise. The addition of exercise could act as
an extension of this exposure. These findings might suggest that PE could be a beneficial add-
on intervention to CBT for patients with panic disorder, but the small number of studies
needs to be taken into consideration. More studies with different anxiety disorders are needed
in order to draw conclusions regarding the role of different anxiety disorders and potential
ceiling effects.

Only two of the reviewed studies presented 6-month follow-up data (Bischoff et al., 2018;
Gaudlitz et al., 2015). In the study by Gaudlitz and colleagues (2015), the differences in
symptom reductions between moderate intensity PE and movements with little strain did not
become apparent immediately after the treatment, and only became significant at 6-month
follow-up. Bischoff and colleagues (2018) found no differences at 6-month follow-up. This
raises the issue that the added beneficial effects of PE, or lack of thereof, might become
evident only over time. Future studies should include long-term follow-up assessments.

Limitations

We conducted a literature search with a broad search strategy, in order to find as many relevant
articles as possible, but we are aware that we might not have included all relevant studies. The
authors’ language proficiencies limit available articles, and could thus have influenced which
articles that were included for the review. We are aware of one Brazilian article regarding
CBT combined with PE that was excluded due to language (Sardinha et al., 2011). Another
limitation to methodology is the lack of measuring inter-rater reliability in the study selection,
as we evaluated the search results manually without review software.

This review is based on eight studies, with heterogeneous design and methodologies. The
included studies are characterized by small samples, variability in the presence and quality of
control groups, lack of information concerning randomization and potential confounding
variables such as psychotropic medication, lack of descriptions of potential underlying
mechanisms of change, as well as mixed samples, making it harder to draw conclusions on a
diagnostic level. Only one study had a Jadad score of 4; the remaining scored 3 or below,
meaning that the general quality of the studies were weak (see Appendix B in the
Supplementary material). Due to the limited number of available studies, we did not exclude
studies based on quality. The results should be interpreted with this in mind. Although we
intended to do a meta-analysis, we found the data material insufficient for this approach. As
such, we cannot draw any quantitative conclusions regarding the augmentative effects of PE,
or adequately assess the impact of the factors discussed here.

We have included studies with measures of anxiety as outcome measures. We have not
included studies that investigate biological mechanisms and changes related to PE, although
hypotheses regarding beneficial effects of PE often have biological underpinnings. As such, we
cannot draw conclusions regarding the relevance of such variables. Future studies should
assess biological variables that could play a role in the augmentative effect of PE, in addition
to investigating the psychological mechanisms of change.
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Conclusions and further directions

The reviewed literature indicates that the combination of PE and CBT treatment is feasible, and
the addition of PE does not appear to affect treatment adherence. The effect of PE may be
dependent on several factors. In the reviewed studies, PE seems to be a beneficial add-on
strategy for clinical populations, rather than non-clinical samples. Regular PE, in which PE is
administered several times per week, across several weeks, appears to be the most promising
strategy. The next steps in research are high quality studies to determine under which
circumstances PE can be applied as a beneficial add-on intervention to CBT; specifically,
whether different administration strategies for combining PE and CBT yield different results,
the effect of PE intensity, and the efficacy of add-on PE for populations and diagnoses with
poorer response to stand-alone CBT. Such steps in research, in combination with research on
when to apply PE as a stand-alone intervention, can ensure effective and strategic use of PE
in mental health care.
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