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A B S T R A C T   

Objective: . Exercise has established efficacy in people with anxiety and stress-related disorders. Dropouts from 
randomized controlled trials (RCT’s) pose a threat to the validity of the evidence, with dropout rates varying 
across studies. We conducted a meta-analysis to investigate the prevalence and predictors of dropout rates among 
adults with anxiety and stress-related disorders participating in exercise RCT’s. 
Methods: . Two authors searched major electronic databases up to 07/2020. We included RCT’s of exercise in
terventions in people with anxiety and stress-related disorders that reported dropout rates. A random effects 
meta-analysis and meta-regression were conducted. 
Results: . Fourteen RCT’s involving 16 exercise interventions (n=369, mean age 20.7 to 67.7years; 38.4% male) 
were included. The trim-and-fill-adjusted prevalence of dropout across all studies was 22.4% (95%CI = 15.0% to 
32.0%). Applying controlled motivation strategies (P<0.001) predicted higher dropout. Supervision during all 
sessions and by an expert in exercise prescription and applying autonomous motivation strategies predicted 
lower dropout (all P<0.001). Dropout was similar in exercise versus control conditions (OR = 0.84, 95%CI =
0.54 to 1.29, p = 0.42, I2 = 0%; N=16). 
Limitations: . Potentially important moderators of dropout, such as the severity of mental health symptoms and 
illness duration were insufficiently available. 
Conclusions: . Exercise is well tolerated by people with anxiety and stress-related disorders and drop out in RCT’s 
is comparable to control conditions. Thus, exercise is a feasible treatment, in particular when autonomous 
motivation strategies are included and when the intervention is delivered by healthcare professionals with 
expertise in exercise prescription.   

1. Introduction 

Although the mental and somatic comorbidity in people with anxiety 
and stress-related disorders is well known (Rosenbaum et al., 2015b; 
Saha et al., 2020; Tang et al., 2017; Vancampfort et al., 2017), there are 
still important health inequalities present in this population (Firth et al., 

2019). A primary reason is that, despite empirical evidence for the 
anxiolytic effects of pharmacotherapy (Jakubovski et al., 2019; Slee 
et al., 2019), psychotherapy (Carpenter et al., 2018) and exercise 
(Kandola et al., 2018; Rosenbaum et al., 2015c; Stubbs et al., 2017), a 
large proportion of people with anxiety and stress-related disorders fail 
to respond to these treatments (Springer et al., 2018). In 
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pharmacological (Pinto-Meza et al., 2011) and psychotherapeutic 
(Carpenter et al., 2018) interventions, it is not uncommon that the 
treatment dropout rate exceeds 20%. Dropout represents an important 
barrier to the achievement of a successful treatment outcome. Patients 
who drop out generally experience worse clinical outcomes (Zieve et al., 
2019). At societal level, dropout from treatment is a major concern as it 
is associated with greater risk of re-hospitalization and greater resource 
utilization (Barrett et al., 2008). In research, patients who fail to com
plete study protocols can affect statistical analyses, study outcomes, and 
interpretation of results. For example, the current research evidence for 
exercise in patients with anxiety and stress-related disorders is mainly 
based on data from participants who completed the intervention (Kan
dola et al., 2018; Stubbs et al., 2017). This may skew results, favoring 
individuals who fully engage with exercise, while ignoring those who 
have been unable or unwilling to take part in the intervention. Some 
features common to randomized controlled trials (RCT’s) investigating 
exercise in people with anxiety and stress-related disorders, such as the 
use of pre-determined manualized protocols (e.g., frequency, intensity, 
time, and type) and participant characteristics (e.g. age, gender), and 
illness related factors (e.g. the presence of physical or mental 
co-morbidity) have the potential to affect dropout rates. This suggests 
the need to consider dropout from RCT’s separately from pragmatic or 
real-world interventions. To date, no meta-analysis has examined the 
prevalence and predictors of dropout data from exercise RCT’s in people 
with anxiety and stress-related disorders. The current evidence on 
adherence to physical activity, and its’ structured form exercise, in 
people with anxiety disorders is mainly based on cross-sectional (Van
campfort et al., 2016a) and qualitative research (Cushing et al., 2018; 
Godfrey et al., 2013; Ley et al., 2018). A barrier that has been consis
tently associated with lower physical activity participation in 
cross-sectional studies is a higher level of arousal (Vancampfort et al., 
2016a), while qualitative research has identified that the most 
frequently cited barriers towards participation in exercise for people 
with people with anxiety and stress-related disorders are a lack of time 
and lack of motivation (Godfrey et al., 2013). Given exercise has 
important anxiolytic effects (Kandola et al., 2018; Rosenbaum et al., 
2015c; Stubbs et al., 2017) and improves physical health outcomes 
(Warburton et al., 2006), understanding the prevalence and predictors 
of dropouts in exercise RCT’s for people with anxiety and stress-related 
disorders is an important research question. Moreover, an empirically 
derived estimate of typical frequency of dropout from exercise RCT’s 
and an exploration of its moderators would inform the design of new 
RCT’s, in addition to informing clinical practice. 

The current meta-analysis had the following aims: (i) to establish the 
prevalence of dropout in exercise RCT’s among people with people with 
anxiety and stress-related disorders. (ii) To compare the prevalence of 
dropout from exercise with the dropout in non-active control conditions. 
(iii) To identify predictors that, based on previous research in people 
with mental health disorders (Stubbs et al., 2016; Vancampfort et al., 
2016b), may influence dropout such as demographic characteristics 
(mean age, % male, baseline body mass index), illness-related factors 
(illness duration, level of mental health symptoms, medication use), 
exercise intervention parameters (e.g. frequency, intensity, time and 
type, use of add-on motivational interventions), professional qualifica
tions of the person delivering the exercise intervention (experts versus 
non-experts) and study variables (low versus high risk of bias). 

2. Method 

This systematic review was conducted in accordance with the Meta- 
Analysis of Observational Studies in Epidemiology (MOOSE) guidelines 
(Stroup et al., 2000) and in line with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement (Moher 
et al., 2015). 

2.1. Inclusion criteria 

RCT’s that included adult participants with a primary diagnosis of an 
anxiety or stress-related disorder according to established criteria, e.g. 
Research Diagnostic Criteria (RDC) (Spitzer et al., 1978), Diagnostic and 
Statistical Manual of Mental Disorders (DSM) (American Psychiatric 
Association, 2013) or International Classification of Diseases (ICD) 
(World Health Organisation, 1993) or those who have received clinical 
treatment for an anxiety or stress-related disorder were included in this 
meta-analysis. For the purposes of this review, eligible disorders 
included generalized anxiety disorder, posttraumatic stress disorder 
(PTSD), panic disorder, obsessive-compulsive disorder and social 
phobia. Exercise interventions were defined as physical activity that is 
planned, structured, repetitive and purposive in the sense that 
improvement or maintenance of physical fitness or health was an 
objective (Caspersen et al., 1985). These interventions could include 
aerobic exercise, strength training, yoga, and Tai Chi. Stretching and 
light physical activity that were included as sham interventions without 
the purpose of improving health outcomes were considered as control 
interventions. RCT’s had to provide information on dropout rates and 
needed to be published in an international peer review journal in English 
language. Multiple exercise conditions within a single RCT were 
included as long as for every exercise arm dropout rates were reported. 
For studies reporting follow-up assessments, data collection focused on 
the active phase of the condition, and as defined by the authors of each 
publication. We excluded RCT’s in patients with subthreshold anxiety 
symptoms and RCT’s exploring acute bouts of exercise (i.e. single 
sessions). 

2.2. Information sources and searches 

Two independent reviewers (DV, BS) searched Embase, CINAHL, 
PsycARTICLES, and Medline without language restrictions from data
base inception until July 1st, 2020, using the following strategy: (Exer
cise [Mesh] OR Yoga [Mesh] OR Tai Ji [Mesh] OR Qigong [Mesh] OR 
Exercise Movement Techniques [Mesh] OR Resistance Training [Mesh] 
OR Physical Activity [title/abstract] OR Tai Chi [title/abstract]) AND 
(Anxiety [Mesh] OR Panic [Mesh] OR Anxiety Disorders [Mesh] OR 
Phobic Disorders [Mesh] OR Obsessive Compulsive Disorder [title/ab
stract] OR OCD [title/abstract] OR Post Traumatic Stress Disorder [title/ 
abstract] OR PTSD [title/abstract] OR Trauma [title/abstract] OR Social 
Anxiety Disorder [title/abstract] OR Phobia [title/abstract] OR SAD 
[title/abstract] OR Generalized Anxiety Disorder [title/abstract] OR 
GAD [title/abstract]) AND (Randomized Controlled Trial [title/ab
stract]). Search terms were selected after reaching consensus between 
both reviewers (DV and BS) and were based on similar meta-analyses 
exploring dropouts in exercise trials in people with a mental disorder 
(Stubbs et al., 2016; Vancampfort et al., 2016b) and meta-analyses 
exploring exercise outcomes in people with anxiety and stress-related 
disorders (Ashdown-Franks et al., 2020; Aylett et al., 2018; Stubbs 
et al., 2017). The reference lists of included articles and recent reviews 
(Ashdown-Franks et al., 2020; Aylett et al., 2018; Stubbs et al., 2017) 
were also considered for potentially eligible articles. 

2.3. Study selection 

After removal of duplicates, two reviewers (DV and TV) indepen
dently screened the titles and abstracts of all potentially eligible articles. 
Both reviewers applied the eligibility criteria, and a list of full text ar
ticles was developed through consensus. Afterwards, the full texts of 
included articles and a final list of included articles was reached through 
consensus. There was no disagreement and no third reviewer was 
needed. 
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2.4. Outcomes 

The primary outcome was the treatment dropout rate in exercise 
interventions in people with anxiety disorders. We adopted a definition 
of dropout consistent with its typical use in RCT’s: unexpected patient 
attrition among individuals who were randomized to a treatment but 
failed to complete it. This definition included any patient who would be 
included in intent-to-treat (ITT) analyses, such as those who refused 
their randomization, never attended a session, stopped attending ses
sions, or withdrew consent before completing the designated treatment. 
Patients who were lost prior to randomization were not considered 
dropouts. Additionally, administrative removals of study patients and 
instances of data loss were not treated as dropouts. For comparison 
purposes, we also collected overall dropout rates in all non-active con
trol conditions (e.g., wait list conditions, treatment as usual). 

2.5. Data extraction 

Two authors (DV, TV) extracted data using a data extraction form. In 
this extraction form, we divided moderators of the extracted dropout 
rates broadly into three domains: provider variables, exerciser/partici
pant variables, and design/implementation variables. For the provider 
variables, expertise was coded as experts on one side or no experts or no 
qualification provided on the other. Providers of exercise interventions 
were considered experts when they had at a minimum a bachelor-level 
degree in physical therapy, exercise physiology or a similar degree that 
included education in exercise prescription and assessment. Providers of 
yoga interventions needed to have also at a minimum a bachelor-level 
degree in physical therapy, exercise physiology or a similar that 
included education in exercise prescription and assessment and should 
be certified by an International accepted agency, for example, Yoga 
Alliance International (http://yogaalliance.in). Exerciser/participant 
variables included mean age, % male, duration of illness, severity of 
mental health symptoms, and baseline body mass index. Design/ 
implementation variables included type, frequency (per week), intensity 
level (low, moderate, moderate to high, as defined by the American 
College of Sports Medicine) (American College of Sports Medicine 
ACSM, 2017) and duration (in minutes) of the last session, supervision 
(yes or no), the addition of motivational elements to the intervention 
(yes or no), and the setting in which the exercise intervention took place 
(inpatient, outpatient or community, mixed). For the motivational in
terventions a distinction was made for controlled motivation (e.g., 
financial compensation) and autonomous motivation (e.g. shared deci
sion making in goal setting, exploring barriers and motives, focusing on 
social interaction) according to the self-determination framework (Deci 
and Ryan, 2008). 

2.6. Meta-analysis 

Due to the anticipated heterogeneity, we conducted a random effects 
meta-analysis with Comprehensive Meta-Analysis software (CMA, 
Version 3). A random-effects meta-analysis model assumes the observed 
estimates of an effect size (in this case dropout rates) can vary across 
studies because of (a) real differences in dropout rates in each study, and 
(b) sampling variability (chance). Under the random effects model, 
studies are weighted to account for this variation (heterogeneity). The 
meta-analysis was conducted in the following steps. First, we calculated 
the prevalence of dropouts together with 95% CIs. We examined the 
funnel plot of the composite outcome searching for extreme outliers and 
when appropriate removed extreme outliers in accordance with best 
practice. Second, we conducted meta-regression and subgroup analyses 
with CMA to investigate the potential moderators. For subgroup ana
lyses, we calculated the z statistic and corresponding p value to illustrate 
between group differences in dropout rates. Heterogeneity was assessed 
with the I2 statistics for each analysis with a value >50% considered as 
substantial heterogeneity (Higgins et al., 2003). Publication bias was 

assessed with the Begg-Mazumdar Kendall’s tau and Egger bias test. 
Moreover, for the main composite analysis we conducted a trim and fill 
adjusted analysis to remove the most extreme small studies from the 
positive side of the funnel plot, and recalculated the pooled drop out 
prevalence at each iteration, until the funnel plot was symmetric about 
the (new) pooled drop out prevalence. 

3. Results 

3.1. Study selection 

Following the removal of duplicates, we identified 713 potentially 
relevant articles from our searches. At the full text review stage, we 
reviewed 64 articles and excluded 50 with reasons (see Supplementary 
Material 1). Details of the study selection process are summarized in 
Fig. 1. Overall, there were 14 unique RCT’s, providing dropout data 
from a total of 16 exercise interventions, included in our review 
(Abrantes et al., 2017; Broocks et al., 1998; Fetzner and Asmundson, 
2015; Gaudlitz et al., 2015; Hall et al., 2019; Herring et al., 2012; 
Hovland et al., 2013; Jazaieri et al., 2012; LeBouthillier and Asmund
son, 2017; Merom et al., 2008; Mitchell et al., 2014; Reinhardt et al., 
2018; Rosenbaum et al., 2015a; Van der Kolk et al., 2014). 

3.2. Study, participants and providers’ characteristics 

Across the 16 exercise interventions (see Table 1), 369 people with 
anxiety disorders were enrolled in the exercise arms of the studies. The 
mean age of the exercise participants in the studies ranged from 20.7 to 
67.7 years) and 38.4% (n = 143) were male. Most studies were executed 
in people with PTSD (N exercise interventions = 6) (Fetzner and 
Asmundson, 2015; Hall et al., 2019; Mitchell et al., 2014; Reinhardt 
et al., 2018; Rosenbaum et al., 2015a; Van der Kolk et al., 2014), fol
lowed by people with panic disorder (N = 3) (Broocks et al., 1998; 
Gaudlitz et al., 2015; Hovland et al., 2013) and mixed anxiety disorders 
(N = 3) (LeBouthillier and Asmundson, 2017; Merom et al., 2008). One 
RCT with two interventions arms (Herring et al., 2012) focused on 
people with generalized anxiety disorder, and one RCT explored exer
cise in people with obsessive-compulsive disorder (Abrantes et al., 2017) 
and one in people with social phobia (Jazaieri et al., 2012). 

Two RCT’s were performed in a veteran population (Hall et al., 2019; 
Reinhardt et al., 2018) and one in a mixed veteran and civilian popu
lation (Mitchell et al., 2014). The other 13 exercise interventions were in 
civilian populations. 

One RCT was performed in an inpatient setting (Rosenbaum et al., 
2015a), one in a mixed setting (Hovland et al., 2013), and the other 
twelve in outpatient or community settings. 

Most of the studies investigated aerobic exercise (N = 8) (Abrantes 
et al., 2017; Broocks et al., 1998; Fetzner and Asmundson, 2015; Gau
dlitz et al., 2015; Herring et al., 2012; Jazaieri et al., 2012; LeBouthillier 
and Asmundson, 2017; Merom et al., 2008), two strength training 
(Herring et al., 2012; LeBouthillier and Asmundson, 2017) and another 
three mixed strength and aerobic training (Hall et al., 2019; Hovland 
et al., 2013; Rosenbaum et al., 2015a). Three RCT’s explored active body 
- mind interventions such as yoga or tai chi (Mitchell et al., 2014; 
Reinhardt et al., 2018; Van der Kolk et al., 2014). 

Four RCT’s used controlled motivation strategies (Abrantes et al., 
2017; Merom et al., 2008; Mitchell et al., 2014; Reinhardt et al., 2018) 
and seven autonomous motivation strategies (Abrantes et al., 2017; 
Gaudlitz et al., 2015; Hall et al., 2019; Hovland et al., 2013; Jazaieri 
et al., 2012; Rosenbaum et al., 2015a; Van der Kolk et al., 2014). One 
RCT use a mixed controlled and autonomous motivation strategy 
(Abrantes et al., 2017). 

Seven exercise interventions were supervised by exercise experts 
(Abrantes et al., 2017; Gaudlitz et al., 2015; Hall et al., 2019; Herring 
et al., 2012; Hovland et al., 2013; Rosenbaum et al., 2015a). Nine in
terventions were supervised during the entire study period (Fetzner and 

D. Vancampfort et al.                                                                                                                                                                                                                          

http://yogaalliance.in


Journal of Affective Disorders 282 (2021) 996–1004

999

Asmundson, 2015; Gaudlitz et al., 2015; Herring et al., 2012; Hovland 
et al., 2013; LeBouthillier and Asmundson, 2017; Mitchell et al., 2014; 
Van der Kolk et al., 2014). The duration of the interventions was on 
average eight weeks (range = 2 to 12 weeks), and most studies (N = 8) 
adopted a frequency of three sessions per week (range = 1 to 5). The 
exercise intensity was low in three studies (Abrantes et al., 2017; 
Reinhardt et al., 2018; Van der Kolk et al., 2014) and in the other in
terventions moderate-to-vigorous. 

3.3. Meta-analysis of dropout rates in exercise RCT’s 

Across the 16 exercise interventions, the pooled dropout rate was 
15.7% (95%CI = 9.9% to 23.9%, I2 = 60.3%). There was evidence of 
publication bias (Egger = -3.3, p < 0.001; Begg = -50.0, p = 0.02) and 
the trim and fill adjusted dropout rate was 22.4% (95%CI = 15.0% to 
32.0%) with five adjusted studies. Full details of all of the subgroup 
analyses are presented in Table 2. Key findings are highlighted below. 

3.4. Exerciser characteristics 

There was no significant difference (P = 0.45) in dropout rates be
tween people with PTSD (13.0%, 95%CI = 6.0% to 26.1%, N = 6), OCD 
(10.7%, 95%CI = 2.0% to 41.0%, N = 1), panic disorder (15.6%, 95%CI 
= 5.7% to 36.4%, N = 3), generalized anxiety disorder (4.5%, 95%CI =
1.0% to 30.5%, N = 2) or social anxiety disorder (8.0%, 95%CI = 1.0% 
to 37.6%, N = 1). Dropout rates in studies focusing on veterans (19.4%, 
95%CI = 5.3% to 50.9%, N = 2) were not significantly (P= 0.59) higher 
than in civilians (14.9%, 95%CI = 9.0% to 28.8%, N = 13). 

3.5. Design and implementation characteristics 

Higher dropout rates were observed in outpatients (17.9%, 95%CI =

11.8% to 26.5%, N = 14) versus inpatients (1.2%, 95%CI = 0.0% to 
21.9%, N = 1) (P < 0.001). When looking at differences in exercise types 
and the exercise intensity, no differences in dropout rates were 
observed. In contrast, a higher frequency of exercise per week was 
associated with a higher dropout (P < 0.001), while drop-out in sessions 
of less than 30min were lower than in 30min or above (P<0.001). When 
all exercise sessions were supervised dropout rates were lower (P <
0.001) (13.3%, 95%CI = 6.8% to 24.5%, N = 9) compared with in
terventions where part of the sessions were unsupervised (18.2%, 95% 
CI=9.6% to 31.9%, N = 7). When looking at the background of the su
pervisor, dropout was lower when interventions were supervised by 
those who had expertise in exercise prescription (7.0%, 95%CI = 3.5% 
to 13.5%, N = 7 versus 25.6%, 95%CI = 18.0% to 34.9%, N = 6, P <
0.001). Higher dropout rates were also observed when controlled 
motivation strategies were used (26.9%, 95%CI = 14.6% to 44.1%, N =
4 versus 15.3%, 95%CI = 10.7% to 21.5%, N = 12, P < 0.001) and lower 
when autonomous motivation strategies were applied (7.2%, 95%CI =
4.2% to 12.3%, N = 7 versus 30.4%, 95%CI = 23.6% to 38.2%, N = 9, P 
< 0.001). 

3.6. Meta-regression of dropout rates 

Full details of all of the meta-regression results across all studies are 
presented in Table 3. No significant participant characteristics were 
identified. The duration of the overall intervention (weeks) did not 
predict dropout. 

3.7. Comparative dropout rates in exercise versus control groups 

A comparative meta-analysis across 16 studies established that 
dropout from exercise interventions was comparable to the dropout 
rates observed in the control conditions (OR = 0.84, 95%CI = 0.54 to 

Fig. 1. Flow diagram for the search strategy.  
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Table 1 
Participants, providers and exercise characteristics and motivational strategies used in the included randomized controlled trials (n=14 involving 16 exercise 
interventions).  

Study Participants in the 
study 

Characteristics 
exercisers 

Providers* Exercise characteristics Motivational strategies Dropout rates in 
exercisers versus 
controls 

Hall 1019 33 (vs. 18 on waitlist) 
PTSD veterans 

67.7±3.2 years; 94% 
male; community 
patients 

Exercise 
physiologist 
(expert) 

12 weeks / 3*week / 60- 
90 min moderate- 
vigorous aerobic +
strength training with 
also independent 
exercising 

Self-monitoring, mastery 
experiences, outcome 
expectations, exploring 
barriers, modelling, social 
support 

3/54 (5.6%) before 
start, EX: 2/33 (6.1%) 
post vs. C: 1/18 (5.6%) 

Reinhardt 
2018 

26 (vs. 25 waitlist 
/control) PTSD 
veterans 

44.1±14.0 years; 92% 
male; community 
patients 

Yoga instructor 
(non-expert) 

10 weeks / 2*week / 90 
min Kripalu yoga + also 
exercising outside classes 

Monetary compensation for 
participation (595 USD) 

23/74 (31.1%) before 
randomization EX: 10/ 
26 (38.5%) vs. C: 4/25 
(16%) 

Abrantes 
2017 

28 (vs. 28 health 
education) with OCD 

38.8±13.0 years; 36% 
male; community 
patients 

Exercise 
physiologist 
(expert) 

12 weeks / 1*week / 60 
min moderate-vigorous 
aerobic exercise +
attaining to 150min of 
physical activity per 
week 

Exploring exercise benefits, 
goal-setting, time 
management, exploring 
barriers AND 5 USD per 
session + additional 
compensation for continued 
attendance (10-50 USD) 

1/56 (1.8%) dropped 
out before 
randomization EX: 3/28 
(10.7%) vs. C: 1/27 
(3.7%) 

LeBouthillier 
2017 

23 aerobic exercise 
and 18 resistance 
training (vs.15 on 
waitlist) with anxiety- 
related disorders 

Aerobic exercise =
33.0±8.8 years; 20% 
male; Resistance 
training = 31.4±9.2 
years; 30% male; 
community patients 

Personal trainer 
(non-expert) 

4 weeks / 3*week / 
60min moderate- 
vigorous 

None reported 1/48 (2.1%) before 
start, aerobic exercise 7/ 
22 (31.8%), resistance 
training 4/18 (22.2%) 
vs. C: 4/15 (26/7%) 

Fetzner 2015 11 (vs. 11 cognitive 
distraction and 11 
interoceptive prompts) 
with PTSD 

36.9±11.2 years; 24% 
male; community 
patients 

Personal trainer 
(non-expert) 

2 weeks / 3*week / 
20min moderate- 
vigorous aerobic exercise 

None reported 0/33 (0%) before start, 
EX: 2/11 (18.2%) post 
vs. C: 4/22 (18.2%) 

Gaudlitz 2015 27 (vs. 31 CBT + very 
low PA / sham 
intervention) with 
panic disorder 

35.4±12.6 years; 50% 
male; community 
patients 

(Sports) MDs 
(expert) 

8 weeks / 3*week / 
30min moderate- 
vigorous aerobic exercise 
on a treadmill in 
combination with CBT 8 
weeks / 2*week / 90min 

Motivational support during 
the intervention 

0/47 (0%) before start, 
EX: 3/27 (11.1%) post 
vs. C: 8/23 (34.8%) 

Rosenbaum 
2015 

39 (vs. 42 usual care) 
with PTSD 

47.1±11.3 years; 92% 
male; inpatients 

Exercise 
physiologist 
(expert) 

12 weeks / 1*week 
supervised and 2*week 
unsupervised / 30min 
moderate-vigorous 
aerobic exercise and 
strength training 

Self-monitoring, goal setting 0/81 (0%) before start, 
EX: 0/39 (0%) post vs. 
C: 0/42 (0%) 

Mitchell 2014 20 (vs. 18 in 
assessment control 
condition) veteran and 
civilian women with 
PTSD 

44.4±12.4 years; 0% 
male; community 
patients 

Yoga instructor 
(non-expert) 

12 weekly or 6 twice 
weekly 75 min Kripalu 
yoga sessions 

Monetary compensation 
(ranging from 20 to 30 USD) 
for the assessments + yoga 
mat + water bottle each 
session 

0/38 (0%) before start, 
EX: 3/17 (17.6%) post 
vs. C: 4/16 (25.0%) 

van der Kolk 
2014 

32 (vs. health 
education) women 
with PTSD 

41.5±12.2 years; 0% 
male; community 
patients 

Yoga 
instructor 
(non-expert) 

10 weekly 60 min 
trauma-informed yoga 
sessions 

Non-controlling language, 
offering choices 

19/83 (22.9%) before 
start, EX: 1/32 (3.1%) 
post vs. C: 3/32 (9.3%) 

Hovland 2013 17 (vs. 19 CBT) with 
panic disorder 

38.1±8.6 years; 12% 
male; community 
patients 

Physiotherapist 
(expert) 

12 weeks / 3*week / 
90min moderate- 
vigorous aerobic exercise 
and strength training 

Barriers (e.g. physical 
sensations) and practical 
issues were discussed, 
individual support. 

0/36 (0%) before start, 
EX: 0/17 (0%) post vs. 
C: 1/19 (5.3%) 

Herring 2012 10 aerobic exercise 
and 10 resistance 
training (vs.10 on 
waitlist) with 
generalized anxiety 
disorder 

Aerobic exercise =
20.7±3.0 years; 0% 
male; Resistance 
training = 26.6±7.1 
years; 0% male; 
community patients 

Exercise 
physiologist 
(expert) 

6 weeks / 2*week / 16 
min moderate-vigorous 

None reported 0/30 (0%) before start, 
aerobic exercise 0/10 
(0%), resistance training 
0/10 (0%) vs. C: 0/10 
(0%) 

Jazaieri 2012 25 (vs. 31 
mindfulness) with 
social anxiety disorder 

32.9±8.0 years; 60% 
male; community 
patients 

None, but gym 
personnel 
available 
(non-expert) 

8 weeks / 3*week self- 
practice in gym 
moderate-vigorous 
aerobic exercise, 2 
individual and 1 group 
session 

Barriers were discussed, 
individual and group 
support. 

0/56 (0%) before start, 
EX: 2/25 (8.0%) post vs. 
C: 5/31 (16.1%) 

Merom 2008 45 (vs. 40 health 
education and CBT) 
with anxiety disorders 

38.7±11.6 years; 29% 
male; community 
patients 

Exercise trainer 
(non-expert) 

10 weeks / 5*week / 30 
min moderate-vigorous 
(brisk) walking with CBT 
8 weeks / 1*week / 90 
min group 

Weekly frequency and 
duration target were set by 
the exercise trainer. 

11/85 (12.9%) before 
start, EX: 15/38 (39.5%) 
post vs. C: 16/36 
(44.4%) 

Broocks 1998 16 (vs. 15 
Clomipramine and 15 
placebo) with panic 
disorder 

31.8±9.5 years; 37.5% 
male; community 
patients 

Exercise trainer 
(non-expert) 

10 weeks / 4*week from 
walking to moderate- 
vigorous running 

None reported 0/31 (0%) before start, 
EX: 5/16 (31.2%) post 
vs. C: 4/15 (26.7%) 
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1.29, p = 0.42, I2 = 0%). 

4. Discussion 

4.1. General findings 

To the best of our knowledge, the current meta-analysis is the first to 
investigate dropout rates and predictors in exercise RCT’s among people 
with anxiety and stress-related disorders. Our results establish that the 
prevalence of dropout from exercise is relatively low among people with 
anxiety and stress-related disorders at 15.7%, adjusted to 22.4% after 
applying a trim and fill analysis (N = 16). Our analyses also suggest that 
there were no statistical differences between the different diagnostic 
subgroups, between men and women, across age groups or between 
civilians and veterans. The current data indicate that there are no 

*Expert if a minimum a bachelor-level degree in physical therapy, exercise physiology or a similar degree that included education in exercise prescription and 
assessment. Providers of yoga interventions needed to have also at a minimum a bachelor-level degree in physical therapy, exercise physiology or a similar that 
included education in exercise prescription and assessment and should be certified by an International accepted agency, for example, Yoga Alliance International (htt 
p://yogaalliance.in). EX = exercise group, C = control group, CBT = cognitive behavioural therapy, MD = medical doctor, OCD = obsessive compulsive disorder, PA =
physical activity, PTSD = posttraumatic stress disorder. 

Table 2 
Overview of pooled drop-out rates in physical activity interventions (n=16) in people with anxiety and stress-related disorders.  

Analysis Number of study estimates Meta-analysis Heterogeneity   
Prevalence drop-out 95% CI Between group P-value I2 

Main analysis all interventions 16 15.7% 9.9% 23.9%  60.3% 
Type of exercise intervention     <0.001  
Aerobic exercise 8 19.7% 11.2% 32.1%  55.4% 
Strength training 2 15.6% 3.8% 46.6%  27.4% 
Mixed 3 3.6% 8.4% 14.1%  0% 
Mind-body interventions 3 26.0% 15.7% 39.8%  75.5% 
Intensity of the intervention     0.10  
Low 3 18.5% 6.4% 43.0%  75.5% 
Moderate to high 13 14.6% 8.4% 24.0%  68.6% 
Frequency of the intervention     <0.001  
1 / week 2 6.8% 1.6% 25.3%  18.6% 
2 / week 3 19.8% 5.9% 49.1%  63.5% 
3 / week 8 12.1% 6.1% 22.7%  48.1% 
4 / week 1 31.1% 6.7% 74.2%  0% 
5 / week 1 39.5% 11.1% 77.1%  0% 
Time of an exercise session     <0.001  
16 min 2 4.5% 4.2% 35.0%  0% 
30 min 4 16.1% 5.4% 39.0%  75.2% 
60min 2 19.8% 5.0% 53.9%  68.4% 
90 min 3 14.0% 3.7% 40.4%  80.8% 
Supervised exercise sessions     <0.001  
Supervised 9 13.3% 6.8% 24.5%  74.2% 
Partially unsupervised 7 18.2% 9.6% 31.9%  30.3% 
Health care professional supervising exercise     <0.001  
Expert (physiotherapist, exercise physiologist, MD) 7 7.0% 3.5% 13.5%  0% 
Non-expert (nurse, psychologist, personal trainer) 9 25.6% 18.1% 34.9%  49.6% 
Autonomous motivational strategies     <0.001  
Autonomous motivation strategies 7 7.2% 4.2% 12.3%  0% 
No autonomous motivation strategies 9 30.4% 23.6% 28.2%  16.0% 
Controlled motivation strategies     <0.001  
Controlled motivation strategies 4 26.5% 13.8% 44.9%  62.3% 
No controlled motivation strategies 12 12.2% 7.1% 20.2%  47.6% 
Setting     0.01  
Inpatients 1 1.2% 0.0% 21.9%  0% 
Outpatients 14 17.9% 11.7% 26.5%  57.2% 
Mixed 1 2.8% 1.3% 39.2%  0% 
Diagnosis of the participants     <0.001  
Posttraumatic stress disorder 6 13.0% 6.0% 26.1%  70.7% 
Obessive compulsive disorder 1 10.7% 1.8% 44.2%  0% 
Panic Disorder 3 15.2% 5.1% 37.5%  57.3% 
Social Anxiety disorder 1 8.0% 1.1% 40.4%  0% 
Generalized anxiety disorder 2 4.5% 0.5% 31.2%  0% 
Any anxiety disorder 3 31.5% 14.6% 55.2%  0% 
Type of participants     <0.001  
Civilians 13 14.1% 7.9% 23.9%  59.3% 
Veterans 2 19.4% 5.3% 50.9%  86.2% 
Mixed 1 17.6% 2.5% 64.6%  0%  

Table 3 
Meta-regression of moderators for the drop-out rates in physical activity in
terventions (n=16) in people with anxiety and stress-related disorders.  

Moderator Number 
exercise groups 

β 95% CI P- 
value 

Demographical 
characteristics      

Age (years) 16 -0.02 -0.08 0.04 0.48 
Gender (% male) 16 0.001 -0.02 0.02 0.91 
Intervention 

characteristics      
Duration of the 

intervention (weeks) 
16 -0.06 -0.21 0.08 0.37  
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specific demographic subgroups which need additional care in order to 
reduce exercise dropout. Dropout rates are however lower in inpatient 
settings. Regarding the delivery of exercise interventions, supervised 
sessions, those supervised by physiotherapists and exercise physiolo
gists, and applying autonomous motivation strategies resulted in 
significantly lower dropout rates. Finally, our comparative meta- 
analysis established that compared to control conditions, exercise re
sults in similar dropout rates. The latter finding is important and sug
gests that exercise is feasible, well-accepted and tolerated by people 
with anxiety disorders. 

Given the fact that exercise has important anxiolytic effects (Aylett 
et al., 2018; Kandola et al., 2018; Rosenbaum et al., 2015c; Stubbs et al., 
2017) and that dropout can result in worse outcomes (Zieve et al., 
2019), our results add further evidence to justify the incorporation of 
exercise as medicine for people with anxiety and stress-related disorders 
(Ashdown-Franks et al., 2020; Vancampfort et al., 2015). The pooled 
dropout prevalence (15.7%) among exercisers with anxiety and 
stress-related disorders is similar to that reported in a recent 
meta-analysis investigating dropout from individual psychotherapy in 
people with anxiety disorders (17.0%) (Gersh et al., 2017). The trim and 
fill adjusted prevalence of dropout from exercise trials in anxiety 
(22.4%) is higher than the trim and fill adjusted prevalence in depres
sion (18.1%) (Stubbs et al., 2016), but lower than the trim and fill 
adjusted dropout rate observed in exercise trials among people with 
schizophrenia (26.7%) (Vancampfort et al., 2016b). 

Specifically, for the first time, we identified moderators that influ
ence dropout rates among people with anxiety and stress-related dis
orders participating in exercise RCT’s. The observation that dropout 
rates were lowest for inpatient settings, is similar to results in a recent 
meta-analysis of dropouts in exercise trials in depression (Stubbs et al., 
2016) and schizophrenia (Vancampfort et al., 2016b). This may reflect 
the added structure that is available for exercise trials that are conducted 
in inpatient settings. Another factor that may contribute to the lower 
dropout for inpatient trials could be the additional burden for out
patients to travel to the treatment facility to participate in the inter
vention. However, the findings should be considered with caution as 
only one inpatient study was included in the dataset. 

In order to reduce the impact of dropouts in those with anxiety and 
stress-related disorders, exercise sessions supervised by physiotherapists 
and exercise physiologists should lead to lower dropout rates. Therefore, 
our findings extend recent calls to ensure that health care professionals 
with expertise in exercise prescription should implement exercise in
terventions within mental health care settings (Deenik et al., 2019). 
Given the physical comorbidity among those with diagnosed with anx
iety and stress-related disorders including cardiometabolic co-morbidity 
(Rosenbaum et al., 2015b; Vancampfort et al., 2016c), physiotherapists 
and exercise physiologists constitute a valuable resource to ensure that 
people with anxiety and stress-related disorders receive the best care 
available. However, it should be noted that although mental health 
training is part of the undergraduate curricula for physiotherapists and 
exercise physiologists in some countries, this is not the case in all parts of 
the world (Andrew et al., 2019; Hooblaul et al., 2020; Kleemann et al., 
2020; Vancampfort et al., 2018). Therefore, theoretical and practical 
mental health training is required to ensure that exercise physiologists 
and physiotherapists are in all parts of the world well equipped to 
motivate people with anxiety and stress-related disorders to an active 
lifestyle. Our data demonstrate that in particular implementation of 
autonomous motivation strategies reduces the drop-out rate. According 
to the self-determination theory framework (Deci and Ryan, 2008), 
autonomous motivation can be stimulated by fulfilling three psycho
logical needs, that is the need for autonomy (i.e., experiencing a sense of 
psychological freedom when engaging in an exercise program), 
competence (i.e., feeling effective to attain desired exercise outcomes) 
and relatedness (i.e., being socially connected within the exercise pro
gram). Health care professionals can achieve this in exercise in
terventions by offering clear choices, supporting own initiatives, 

avoiding the use of external rewards (which is a controlled motivation 
strategy increasing dropout), and using autonomy supportive language 
(e.g. “could” and “choose” rather than “should” and “have to”) (Deci and 
Ryan, 2000). Feelings of competence can also be attained when patients 
experience success while participating in exercise programs. Exercise 
programs therefore need to be tailored to the capabilities of the patient 
and sufficient instructions, practice and positive feedback are needed 
(Deci and Ryan, 2008). Health care professionals need to show enthu
siasm and interest. Offering group exercise sessions could increase the 
feeling of relatedness and decrease the feeling of being isolated (Deci 
and Ryan, 2000). 

4.2. Limitations and future research 

Several limitations should be considered when interpreting the cur
rent findings. Most limitations largely reflect limitations in the primary 
studies included. First, potentially important moderators of dropout, 
such as the level of anxiety and stress-related symptoms, mental and 
physical co-morbidity, illness duration, body mass index were not or 
insufficiently available in the dataset. Previous research in depression 
for example indicated that higher levels of depression were associated 
with higher dropout rates (Stubbs et al., 2016). Future research should 
therefore consider the impact of these important moderators. Second, 
we encountered heterogeneity in some of our analyses. However, our 
sensitivity analyses were able to explain large proportions of the 
between-study heterogeneity. Third, we encountered publication bias, 
but conducted trim and fill analyses to adjust for this. Finally, few of the 
included studies provided sufficient detailed information on character
istics of dropouts versus completers, thus precluding direct comparative 
analyses of predictor variables. Future research should explore impor
tant characteristics between completers and non-completers of exercise 
RCT’s. Nevertheless, allowing for these caveats, our results provide 
important data that can guide health care professionals, researchers and 
policy makers who are seeking to encourage people with anxiety and 
stress-related disorders to engage in exercise. 

In summary, the current systematic review and meta-analysis has 
demonstrated that exercise is well accepted by participants with anxiety 
and stress-related disorders with comparable levels of dropout 
compared to control conditions. Taken together, our results suggest that 
dropout rates in anxiety and stress-related disorders are lower when 
delivered by professionals with qualifications to deliver exercise such as 
physiotherapists and exercise physiologists. Health care professionals 
supervising exercise programs for people with anxiety and stress-related 
disorders should consider that dropout is higher when controlled 
motivation strategies are used but lower when autonomous motivation 
strategies are applied. Given that exercise is effective in the treatment of 
anxiety and stress-related disorders, and has a wide range of other health 
benefits, our results are of interest to health care professionals seeking to 
engage people with anxiety disorders to exercise. Finally, considering 
the lower drop rates when physiotherapists and exercise physiologists 
supervise exercise, these clinicians should be the first choice when 
considering increasing staff resources to facilitate people with anxiety 
and stress-related disorders engaging in regular exercise. 

Funding 

JF is supported by a University of Manchester Presidential Fellow
ship (P123958) and a UK Research and Innovation Future Leaders 
Fellowship (MR/T021780/1). BS is supported by a Clinical Lectureship 
(ICA-CL-2017-03-001) jointly funded by Health Education England 
(HEE) and the National Institute for Health Research (NIHR). Brendon 
Stubbs is part funded by the NIHR Biomedical Research Centre at South 
London and Maudsley NHS Foundation Trust. FS is partially funded by 
the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior - 
Brasil (CAPES) - Finance Code 001. SR is funded by an NHMRC 
Fellowship. The views expressed are those of the author(s) and not 

D. Vancampfort et al.                                                                                                                                                                                                                          



Journal of Affective Disorders 282 (2021) 996–1004

1003

necessarily those of the funding agencies. 

Authors’ contribution 

DV and BS: Conceptualization, Data curation, Formal analysis, 
Writing, original draft. CPRS and TVD: Data curation, Formal analysis, 
Writing - review & editing. MH, FS, JF, SR: Writing - review & editing. 

Declaration of Competing Interest 

None 

Acknowledgement 

None 

Supplementary materials 

Supplementary material associated with this article can be found, in 
the online version, at doi:10.1016/j.jad.2021.01.003. 

References 

Abrantes, A.M., Brown, R.A., Strong, D.R., McLaughlin, N., Garnaat, S.L., Mancebo, M., 
Riebe, D., Desaulniers, J., Yip, A.G., Rasmussen, S., 2017. A pilot randomized 
controlled trial of aerobic exercise as an adjunct to OCD treatment. Gen. Hosp. 
Psychiatry 49, 51–55. 

Andrew, E., Briffa, K., Waters, F., Lee, S., Fary, R., 2019. Physiotherapists’ views about 
providing physiotherapy services to people with severe and persistent mental illness: 
a mixed methods study. J. Physiother. 65, 222–229. 

Ashdown-Franks, G., Firth, J., Carney, R., Carvalho, A.F., Hallgren, M., Koyanagi, A., 
Rosenbaum, S., Schuch, F.B., Smith, L., Solmi, M., 2020. Exercise as medicine for 
mental and substance use disorders: a meta-review of the benefits for 
neuropsychiatric and cognitive outcomes. Sports Med. 50, 151–170. 

American Psychiatric Association, 2013. Diagnostic and Statistical Manual of Mental 
Disorders, Fifth ed, Washington D.C. 

American College of Sports Medicine (ACSM), 2017. ACSM’s guidelines for exercise 
testing and prescription. Lippincott Williams & Wilkins. 

Aylett, E., Small, N., Bower, P., 2018. Exercise in the treatment of clinical anxiety in 
general practice–a systematic review and meta-analysis. BMC Health Serv. Res. 18, 
559. 

Barrett, M.S., Chua, W.-J., Crits-Christoph, P., Gibbons, M.B., Thompson, D., 2008. Early 
withdrawal from mental health treatment: implications for psychotherapy practice. 
Psychotherapy 45, 247. 

Broocks, A., Bandelow, B., Pekrun, G., George, A., Meyer, T., Bartmann, U., Hillmer- 
Vogel, U., Rüther, E., 1998. Comparison of aerobic exercise, clomipramine, and 
placebo in the treatment of panic disorder. Am. J. Psychiatry 155, 603–609. 

Carpenter, J.K., Andrews, L.A., Witcraft, S.M., Powers, M.B., Smits, J.A., Hofmann, S.G., 
2018. Cognitive behavioral therapy for anxiety and related disorders: a meta- 
analysis of randomized placebo-controlled trials. Depress. Anxiety 35, 502–514. 

Caspersen, C.J., Powell, K.E., Christenson, G.M., 1985. Physical activity, exercise, and 
physical fitness: definitions and distinctions for health-related research. Public 
Health Rep. 100, 126–131. 

Cushing, R.E., Braun, K.L., Alden, S., 2018. A qualitative study exploring yoga in veterans 
with PTSD symptoms. Int. J. Yoga Ther. 28, 63–70. 

Deci, E.L., Ryan, R.M., 2000. The" what" and" why" of goal pursuits: human needs and the 
self-determination of behavior. Psycholo. Inquiry 11, 227–268. 

Deci, E.L., Ryan, R.M., 2008. Self-determination theory: a macrotheory of human 
motivation, development, and health. Can. Psychol./Psychol. Can. 49, 182. 

Deenik, J., Czosnek, L., Teasdale, S.B., Stubbs, B., Firth, J., Schuch, F.B., Tenback, D.E., 
van Harten, P.N., Tak, E.C., Lederman, O., 2019. From impact factors to real impact: 
translating evidence on lifestyle interventions into routine mental health care. 
Transl. Behav. Med. 10 (4), 1070–1073. 

Fetzner, M.G., Asmundson, G.J., 2015. Aerobic exercise reduces symptoms of 
posttraumatic stress disorder: a randomized controlled trial. Cogn. Behav. Ther. 44, 
301–313. 

Firth, J., Siddiqi, N., Koyanagi, A., Siskind, D., Rosenbaum, S., Galletly, C., Allan, S., 
Caneo, C., Carney, R., Carvalho, A.F., 2019. The Lancet Psychiatry Commission: a 
blueprint for protecting physical health in people with mental illness. Lancet 
Psychiatry 6, 675–712. 
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