
Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Chong, TWH;Kootar, S;Wilding, H;Berriman, S;Curran, E;Cox, KL;Bahar-Fuchs, A;Peters,
R;Anstey, KJ;Bryant, C;Lautenschlager, NT

Title:
Exercise interventions to reduce anxiety in mid-life and late-life anxiety disorders and
subthreshold anxiety disorder: a systematic review

Date:
--

Citation:
Chong, T. W. H., Kootar, S., Wilding, H., Berriman, S., Curran, E., Cox, K. L., Bahar-Fuchs, A.,
Peters, R., Anstey, K. J., Bryant, C. & Lautenschlager, N. T. (). Exercise interventions
to reduce anxiety in mid-life and late-life anxiety disorders and subthreshold anxiety
disorder: a systematic review. Therapeutic Advances in Psychopharmacology, , https://
doi.org/./.

Persistent Link:
https://hdl.handle.net//

License:
CC BY-NC

CC%20BY-NC


https://doi.org/10.1177/20451253221104958 
https://doi.org/10.1177/20451253221104958

Ther Adv Psychopharmacol

2022, Vol. 12: 1–14

DOI: 10.1177/ 
20451253221104958

© The Author(s), 2022.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

journals.sagepub.com/home/tpp	 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Therapeutic Advances in 
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Exercise interventions to reduce anxiety in 
mid-life and late-life anxiety disorders and 
subthreshold anxiety disorder: a systematic 
review
Terence W.H. Chong , Scherazad Kootar, Helen Wilding, Sarah Berriman, Eleanor Curran, 
Kay L. Cox, Alex Bahar-Fuchs, Ruth Peters, Kaarin J. Anstey, Christina Bryant  
and Nicola T. Lautenschlager

Abstract
Background: Anxiety disorders are highly prevalent and cause significant distress, disability, 
and cost. Medication adverse effects and interactions increase in mid-life and late-life, 
highlighting the need for effective non-pharmacological interventions. 
Objectives: We aimed to evaluate the extent of evidence supporting exercise interventions for 
anxiety and subthreshold anxiety disorders in mid-life and late-life.
Design: Systematic review.
Data Sources and Methods: We searched MEDLINE, PsycINFO, Embase, Emcare, Ovid Nursing, 
CINAHL Plus, Cochrane Library, Health Collection, Humanities & Social Sciences Collection, 
and https://clinicaltrials.gov databases for trials published January 1994–May 2019. Randomised 
controlled trials of exercise interventions involving aerobic exercise or resistance training for adults 
aged 40 years and above with anxiety or subthreshold anxiety disorders in residential or health 
settings were identified. The primary outcome was change in anxiety. We excluded trials including 
participants aged below 40 years, participants with diagnosis of separation anxiety, selective 
mutism, obsessive-compulsive disorder, acute stress disorder and post-traumatic stress disorder, 
and head-to-head comparisons of interventions. Trial quality was assessed using the Cochrane Risk 
of Bias Tool and evidence synthesised in narrative form.
Results: Four trials totalling 132 participants met inclusion criteria, although some had 
methodological limitations. Interventions included a home-based resistance training 
intervention, supervised group-based aerobic intervention, Tai Chi intervention, and 
supervised group-based aerobic and strength intervention. Three trials included late-life 
participants and the fourth mid-life. Three trials demonstrated greater reductions in anxiety in 
the intervention group compared with control. The fourth trial showed pre–post reductions in 
anxiety in both groups, with between-group difference not reaching statistical significance.
Conclusion: There is limited supportive evidence suggesting that exercise interventions have 
potential to be effective, feasible and safe non-pharmacological interventions for anxiety 
and subthreshold anxiety disorders in mid-life and late-life. The heterogeneity, limited 
number and high risk of bias of some trials meant that we were not able to conduct a meta-
analysis. Tailoring of interventions may improve uptake and reduce dropout. The paucity of 
research in this area with only four included trials demonstrates the urgent need for future 
and larger trials to provide proof of concept, data about effective types and doses of exercise 
interventions, and guidance to community, clinical, and public health services.
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Introduction
Anxiety disorders are the most prevalent type of 
mental health condition, with a lifetime prevalence 
of 28.8% in the United States.1 The point preva-
lence of anxiety disorders globally is 10.4% with 
geographical variation: Euro/Anglo 10.4%, Indo/
Asia 5.3%, African 5.3%, Central/Eastern Europe 
7.2%, North Africa/Middle East 8.0% and Ibero/
Latin 7.3%.2 They are also highly prevalent in older 
adults. There have been less prevalence studies in 
late-life anxiety with a review suggesting a reduc-
tion in prevalence in older age.2 However, studies 
which adapted diagnostic tools to the older adult 
population, such as the large MentDis ICF65+ 
study, found a 12-month prevalence of 17.2% for 
anxiety disorders in community dwelling adults 
aged 65–84 years in Europe and Israel.3 Point prev-
alence of anxiety disorders in older adults varied 
geographically, for example, in China 0.1–0.2%, 
India 0.8–3.0% and Peru 2.2–9.6% (rural–urban 
figures, respectively, for each country).4

Subthreshold anxiety disorders are those that do 
not reach the threshold of diagnostic criteria, may 
have comparable burden of disease to the thresh-
old disorder, have increased risk of developing 
threshold disorder, and are even more prevalent 
than anxiety disorders.5,6 There is no consensus 
definition for subthreshold anxiety disorders, 
although usually the definition involves relaxing 
one or more of the diagnostic criteria.6 Despite 
the lack of a consensus definition, the significant 
impact of these conditions means that they war-
rant research attention. The COVID-19 pan-
demic has been associated with a detrimental 
impact on mental health, including high rates of 
anxiety.7 Late-life anxiety disorders have adverse 
effects on quality of life, similar to depression, 
and more than type II diabetes or recent myocar-
dial infarction.8 They are also associated with 
functional impairment, physical disability, excess 
mortality and increased healthcare costs.9–11 A 
systematic review and meta-analysis found that 
direct costs of anxiety disorders accounted for 
2.08% of healthcare costs and 0.22% of GDP, 
while indirect costs accounted for 0.23% of GDP; 
and generalised anxiety disorder was the most 
costly type of anxiety disorder.12 Furthermore, 
there is increasing evidence to suggest that anxi-
ety and subthreshold anxiety disorders may be a 
risk factor for developing dementia, but further 
evidence is required to confirm this link.13–17

Despite the high prevalence of late-life anxiety dis-
orders and their significant consequences, these 

conditions have received much less research atten-
tion when compared with other conditions such as 
late-life depression.13 Clinical practice guidelines 
for anxiety disorders, such as those of the Royal 
Australian and New Zealand College of 
Psychiatrists, discuss the higher likelihood of med-
ication interactions and adverse events of pharma-
cological therapy in older adults compared with 
younger adults.18 Given the safety issues associ-
ated with pharmacological therapies, there should 
also be a focus on non-pharmacological therapies 
for anxiety disorders, particularly in older age 
groups.19 In addition, psychological therapies may 
become more challenging and less effective with 
cognitive impairment, which increases in preva-
lence with age.

Exercise interventions are non-pharmacological 
therapies that have myriad benefits for physical 
and cognitive health, as well as longevity.20 There 
is also emerging evidence for the benefits of exer-
cise for anxiety across the adult lifespan, but less 
so in mid-life and late-life. A systematic review 
and meta-analysis of exercise interventions for 
people across the adult lifespan with anxiety and 
stress-related disorders identified only six ran-
domised controlled trials with 262 participants 
who met criteria for inclusion.21 The review found 
that the included aerobic exercise interventions 
reduced anxiety symptoms relative to control 
conditions with a moderate effect size with stand-
ardised mean difference of −0.582.21 Two of the 
included trials involved participants with Post-
Traumatic Stress Disorder which is no longer 
classified as an anxiety disorder in the Diagnostic 
and Statistical Manual of Mental Disorders, Fifth 
Edition (DSM-5).22 The mean age of participants 
in the included trials ranged from 21 to 47 years. 
Another systematic review and meta-analysis that 
included anxiety disorders as well as those with 
clinically elevated anxiety levels identified 15 ran-
domised controlled trials with 675 participants.23 
This review found that aerobic exercise was effec-
tive in reducing anxiety compared with control 
conditions with a similar effect size with stand-
ardised mean difference of −0.41.23

There is very limited research into exercise inter-
ventions for anxiety in older adults specifically. 
Two reviews addressed this question in relation to 
anxiety symptoms but specifically excluded those 
who had anxiety disorders.24,25 One systematic 
review of exercise interventions for anxiety symp-
toms in older adults identified five randomised 
controlled trials, two cross-sectional studies and 
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one cohort study, but the authors were unable to 
conduct a meta-analysis due to the methodological 
heterogeneity between studies.25 Another system-
atic review included a broader age range of mid-life 
and late-life (defined as 40 years and older) female 
participants, and identified 10 randomised con-
trolled trials with 1463 participants for inclusion in 
meta-analysis.24 The authors found that exercise 
interventions of 12–16 weeks’ duration were effec-
tive in reducing anxiety compared with control 
conditions with a similar effect size of −0.42; how-
ever, they found that interventions of 6–14 months’ 
duration were not effective.24

While reviews have included trials conducted in 
younger adults as well as those conducted with 
older adults with anxiety symptoms, but not dis-
orders, there is a clear gap in the evidence base 
relating to exercise interventions for anxiety and 
subthreshold anxiety disorders in mid-life and 
late-life adults. Given the importance of non-
pharmacological therapies for anxiety and sub-
threshold anxiety disorders in mid-life and 
late-life adults, and the emerging evidence for 
exercise interventions for anxiety, a review of this 
area is needed to guide clinicians and researchers. 
Furthermore, mid-life is increasingly recognised 
as an important time for preventive health inter-
ventions such as dementia risk reduction,26 and 
hence a critical life stage during which to target 
interventions. The aim of this systematic review 
was to evaluate the extent and quality of the avail-
able randomised controlled trial evidence relating 
to exercise interventions for anxiety in mid-life 
and late-life adults with anxiety disorders and 
subthreshold anxiety disorders.

Methods

Search strategy and selection criteria
This systematic review was carried out in accord-
ance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
statement.27 A protocol was registered in the 
International Prospective Register of Systematic 
Reviews, PROSPERO (CRD42019135403).

Publications were identified through a systematic 
search of nine databases: Ovid MEDLINE(R) 
and Epub Ahead of Print, In-Process & Other 
Non-Indexed Citations, Daily and Versions(R) 
1946 to 15 May 2019; PsycINFO 1806 to May 
week 2 2019 (Ovid); Embase 1974 to 15 May 
2019 (Ovid); Ovid Emcare 1995 to 2019 week 19; 

Ovid Nursing Database 1946 to May week 2 
2019; CINAHL Plus with Full Text (EBSCOhost); 
Cochrane Library; Health Collection, Humanities 
& Social Sciences Collection (Informit); and 
https://clinicaltrials.gov.

Search strategies were developed by a medical 
research librarian (HW) in consultation with the 
review team. Strategies combined the general con-
cepts of anxiety AND exercise AND randomised 
controlled trials, using a combination of text 
words and subject headings appropriate to each 
database. Animal and paediatric studies were 
removed. Results were limited to English language 
and publications from 1994 onwards, given that 
DSM-IV28 was published in 1994, and the review 
aimed to focus on relatively contemporary diag-
nostic criteria. An initial strategy was developed 
for Medline (Figure 1) and adapted for other 
databases (see supplementary material). All 
searches were carried out between 16 and 23 May 
2019. We consulted topic experts within our team 
and did not conduct a manual search.

Search results were exported to Endnote biblio-
graphic management software and the duplicates 
removed. Records were screened by publication 
type, and dissertations, conference abstracts, con-
ference papers, letters, notes, comments, and 
book reviews were excluded. All remaining 
records were loaded into Covidence systematic 
review software29 for screening on title and 
abstract, and then full text.

The inclusion and exclusion criteria for the title 
and abstract screen and full-text screen were the 
same. The criteria for inclusion in this review were:

1.	 Adults aged 40 years and above (mid-life 
and late-life).

2.	 Diagnosis of anxiety disorder as defined by 
DSM-5 or DSM-IV or diagnosis of sub-
threshold anxiety disorder. In the absence 
of a consensus definition of subthreshold 
anxiety disorder, this was defined as the 
presence of anxiety symptoms not fulfilling 
diagnostic criteria for an anxiety disorder or 
not scoring above the relevant cut-point on 
a validated anxiety symptom scale.

3.	 Exercise interventions involving aerobic 
exercise or resistance training with defini-
tions below. Exercise is defined as ‘a subset 
of physical activity that is planned, struc-
tured, and repetitive and has as a final or an 
intermediate objective the improvement or 
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maintenance of physical fitness’.30 Aerobic 
exercise ‘refers to exercises in which the 
body’s large muscles move in a rhythmic 
manner for sustained periods’.31 ‘This form 
of activity uses large muscle groups such as 
arms and legs, and increases heart rate and 
breathing. Examples of aerobic activity 
include walking, running, swimming, 
cycling and dancing and many sports’.32 
Progressive resistance training is defined as 
‘applying a load to a movement to increase 
strength and/or power, and regularly adjust-
ing this load as muscle adaptation occurs’.33

4.	 Randomised Controlled Trial with inactive 
control conditions such as a wait-list or 
treatment as usual. Treatment as usual 
could consist of active treatments such as 
cognitive-behavioural therapy or pharma-
cotherapy as long as this was consistent 
across the intervention and control groups. 
This was the case in one included trial.34

5.	 The randomised controlled trial includes 
the measurement of change in anxiety score 
using a validated scale.

Exclusion criteria included:

1.	 Samples with participants aged below 
40 years.

2.	 DSM-5 anxiety diagnoses of Separation 
Anxiety and Selective Mutism as these are 
mainly disorders affecting children.

3.	 DSM-IV anxiety diagnoses of Obsessive-
Compulsive Disorder, Acute Stress Disorder, 
and Post-Traumatic Stress Disorder as these 
conditions are no longer classified as anxiety 
disorders in DSM-5.

4.	 Head-to-head comparison trials with inter-
ventions that have evidence of efficacy, 
such as cognitive-behavioural therapy or 
pharmacotherapy, were excluded. These 
trials were excluded as the aim of the review 
was to investigate the efficacy of exercise 
interventions compared with placebo or 
treatment as usual, as opposed to a com-
parison with established effective interven-
tions. Trials with ‘control’ interventions, 
such as stretching or health education, were 
not excluded.

Each record was independently screened on title 
and abstract by two reviewers (TWHC plus HW 
or SK or SB) in accordance with the inclusion and 
exclusion criteria. Where consensus was not 
reached, an additional reviewer (EC) resolved the 
conflict. The full-text screening was undertaken 
independently by two reviewers (TWHC and SK) 
with an additional reviewer (EC) to resolve any 

1.	 anxiety disorders/ or agoraphobia/ or panic disorder/ or phobic disorders/ or phobia, social/  
2.	 Anxiety/ or fear/ or panic/  
3.	 (anxiety or anxious or panic or phobia* or phobic or agoraphobi* or “fear of falling”).ti,ab.  
4.	 1 or 2 or 3  
5.	 exp Exercise/ or exp Exercise Therapy/ or exp Sports/  
6.	 exercise movement techniques/ or dance therapy/ or tai ji/ or yoga/  
7.	 (exercis* or physical activit* or physically active or aerobics or resistance training or strength training 

or pilates or endurance training or high intensity interval training or running or jogging or swim* or 
walk or walking or fitness or cycling or bicycling or martial art* or tai ji or yoga or bowling or danc* or 
gym* or sport* or athletic*).ti,ab.  

8.	 5 or 6 or 7  
9.	 (randomized controlled trial or controlled clinical trial).pt.  
10.	 (randomized or randomised or randomly or placebo or trial or groups).ti,ab.  
11.	 9 or 10  
12.	 4 and 8 and 11  
13.	 (child* or infant* or paediat* or pediat* or adolescen* or young or youth).ti.  
14.	 exp animals/ not humans/  
15.	 (animal* or rat or rats or mouse or mice or rodent* or monkey*).ti.  
16.	 13 or 14 or 15  
17.	 12 not 16  
18.	 limit 17 to (english language and yr=”1994 -Current”)

Figure 1.  Search strategy for Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed 
Citations, Daily and Versions(R) 1946 to 15 May 2019.
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conflicts where consensus could not be reached. 
Data extraction and risk of bias assessment were 
then performed independently by two reviewers 
(TWHC and SK) who reached consensus.

Data analysis
Data extraction included:

•• Study design details.
•• Sample – number of participants, demo-

graphic and baseline characteristics, anxiety 
medication use.

•• Exercise intervention – length of trial, type, 
duration, intensity, and frequency of exercise.

•• Control conditions – ‘control’ interventions 
such as stretching or health education, 
waiting list or treatment as usual.

•• Methodological factors – including the 
diagnostic criteria and the scales used to 
measure anxiety symptoms, information to 
assess risk of bias.

•• Outcomes – primary (extraction of the 
mean and standard deviation from pre- and 
post-test anxiety symptom rating scales for 
both control and exercise groups) and sec-
ondary measures (such as physical activity/
fitness, quality of life, cognition, depres-
sion, and adverse events if available).

•• Study adherence and discontinuation rates 
in both conditions.

The risk of bias (quality) assessment was under-
taken using the Cochrane Risk of Bias Tool for 
Randomised Controlled Trials Version 1.35 This 
tool collects information on the following domains 
to facilitate the assessment of bias: random sequence 
generation, allocation concealment, blinding of par-
ticipants and personnel, blinding of outcome assess-
ment, incomplete outcome data, selective reporting, 
and other sources of bias. The characteristics of the 
identified studies are described below.

It was decided that a meta-analysis would be con-
ducted if there are sufficient trials without exces-
sive heterogeneity in participant characteristics 
and intervention used, and significant risk of bias. 
The funder of the study had no role in study 
design, data collection, data analysis, data inter-
pretation, or writing of the report.

Results
The initial search yielded 16,988 records which 
was reduced to 8,432 after removal of duplicates. 

This was further reduced to 7010 after removal of 
conference abstracts or papers, dissertations, let-
ters, notes, comments, and book reviews. Of the 
7,010 title and abstracts that were screened, 78 
did not meet exclusion criteria and proceeded to 
full-text review. After full-text review, four trials 
met inclusion criteria. A PRISMA flow diagram is 
included as Figure 2.27

The four included trials have been discussed 
qualitatively and their main characteristics are 
described in Table 1 followed by a summary of 
their results in Table 2.

Home-based DVD-delivered physical activity 
programme for older adults with elevated 
anxiety
Aguinaga et  al.36 conducted a randomised con-
trolled trial of a home-based DVD-delivered 
Physical Activity Intervention for older adults. 
The intervention involved flexibility, toning and 
balance exercises for 6 months with telephone 
support while the control group received a DVD 
about healthy ageing and the same amount of tel-
ephone contact.

Inclusion criteria for the trial included being age 
65 years and above, being ‘inactive’ defined as 
less than 2 days per week of at least 30 minutes of 
physical activity over the past 6 months, English 
speaking, able to safely participate in a physical 
activity programme as determined by a physician 
and a score of 21 or higher on the 13-item modi-
fied Telephone Interview of Cognitive Status 
measure. This study recruited 307 participants 
and then a subgroup analysis was performed 
using results from participants with elevated anxi-
ety defined as a Hospital Anxiety and Depression 
Scale (HADS) anxiety score of 8 or above. There 
were no significant differences between the groups 
at baseline with regard to age, sex, race, educa-
tion and income.36

Repeated measures analysis of variance was 
used to compare the effects of the intervention 
and control conditions on HADS anxiety score 
over time, with Cohen’s d calculated to estimate 
the effect size. Both the intervention and control 
groups demonstrated a reduction in HADS anx-
iety score at 6 months, and there was no statisti-
cally significant difference between the two 
groups. The difference of effect size was larger 
in the intervention group (d = 2.90) compared 
with the control group (d = 0.73), but did not 
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reach statistical significance (p = 0.30). Of note, 
the intervention group (50%) had a higher drop-
out rate than the control group (9%). The rea-
sons for dropping out were not reported by 
group. Overall, three participants dropped out 
due to no longer being interested, two due to 
personal issues and one due to injury unrelated 
to the programme.36 The authors did not postu-
late any reasons for this difference in retention 
and dropout.

Aerobic training for adults with anxiety and mild 
intellectual disability
Carmeli et  al.37 conducted a randomised con-
trolled trial of an aerobic exercise intervention for 
adults with anxiety and mild intellectual disability. 

The intervention group received aerobic training 
involving three supervised group treadmill or 
ergometric bicycle sessions aiming for 20 minutes 
of low to moderate training intensity (50–70% of 
heart rate reserve) each week for 6 months. 
Another group received a leisure intervention 
which included 20- to 40-minute sessions involv-
ing exercises and games that focused on flexibility, 
stability and balance, while the control group 
received vocational activities, such as packing 
candles.37

Inclusion criteria for the trial included having 
dual diagnosis of mild intellectual disability and 
anxiety with their ages ranging from 45 to 55 years. 
Exclusion criteria included use of antidepressant 
medication, use of medication that would 

Figure 2.  PRISMA flow diagram.
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contra-indicate exercise training and medical 
contraindication to exercise.37 The primary out-
come measure was the Hamilton Anxiety Scale 
(HAM-A) which was adjusted to be more appro-
priate for the participant’s intellectual disability 
diagnosis through the removal of four items – 
intellectual, autonomic, visceral and insomnia 
symptoms. The authors describe the use of 
Student’s t test to compare participants’ health 
and lifestyle factors in the intervention and con-
trol groups at baseline; however, the results of this 
analysis are not reported.37

One-way analysis of variance was used to compare 
the effects of the interventions and control condi-
tions on HAM-A scores over time. The exercise 
intervention and leisure intervention groups both 
demonstrated a statistically significant reduction 
in HAM-A score while the control group did not. 
The overall dropout rate was 20%, and the rea-
sons for dropping out were not reported by group. 
Overall, two participants dropped out due to a 
medical condition and three due to being unwill-
ing to continue or no indicated reason. Further to 
this, three participants did not agree to complete 
the HAM-A scale at 6 months, leaving the results 
of 16 participants.37

Tai Chi exercise for older adults with anxiety 
disorder
Song et al.34 conducted a randomised controlled 
trial of Tai Chi exercise for older adults with anxi-
ety disorder. The intervention group received 
Paroxetine 10 mg twice a day and Tai Chi for 
35 minutes morning and evening for 45 days, 

including stretching and postures. The control 
group only received Paroxetine 10 mg twice a day 
for 45 days.34

Inclusion criteria for the trial included partici-
pants aged between 60 and 75 years who met 
diagnostic criteria for anxiety disorder in the 
Chinese Classification and Diagnostic Criteria 
of Mental Disorders (CCMD-3) with HAM-A 
score of 14 or higher. Exclusion criteria included 
other mental disorders, severe organic or somatic 
diseases that were not defined in any further 
detail. Comparison of ‘basic data’ between the 
intervention and control groups at baseline was 
reported to not demonstrate any differences; 
however, the factors that were compared and the 
statistical technique used were not reported.34

T tests were used to compare pre and post inter-
vention HAM-A scores within the intervention 
and control groups as well as comparing between 
the intervention and control groups. Both groups 
had significant improvement in HAM-A scores at 
45 days, and this improvement was significantly 
greater in the intervention group. The study 
results demonstrated a similar improvement in 
quality of life scale scores at 45 days in both 
groups with the intervention significantly greater 
than the control group. Participants who were 
deemed to be ‘cured’ at 45 days ceased Paroxetine, 
but continued Tai Chi if they were in the inter-
vention group for a further 2 months. At this 
2-month follow-up, 43% of the ‘cured’ partici-
pants in the control group had relapsed, com-
pared with 9% of the intervention group.34 The 
authors did not define ‘cure’ or ‘relapse’.

Table 1.  Main characteristics of included trials.

Study (country) Sample size Mean (SD) age (years) Gender (% female) Diagnosis

Intervention Control Intervention Control Intervention Control

Aguinaga et al. 
(USA)36

15 12 69.6 (4.3) 71.3 (4.6) 86.7 91.7 Anxiety defined as HADS-A 
score ⩾ 8

Carmeli et al. 
(Israel)37

8 8 47.8 (8) 51.8 (4) 66.7 50 Anxiety and mild 
Intellectual Disability

Song et al. 
(China)34

16 16 65.3 (7.1) 66.1 (8.3) NS NS Anxiety Disorder in CCMD-3 
with HAM-A score ⩾ 14

Villaverde 
Gutiérrez et al. 
(Spain)38

27 30 64.2 (2.8) 63.5 (3.3) 100 100 Anxiety defined as 
HAM-A ⩾ 6 and depression 
defined by GDS ⩾ 11

CCMD-3, Chinese Classification and Diagnostic Criteria of Mental Disorders; GDS, Geriatric Depression Scale; HADS-A, Hospital Anxiety and 
Depression Scale – Anxiety Subscale; HAM-A, Hamilton Anxiety Scale; NS, not stated; SD, standard deviation.
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Table 2.  Summary of results of included trials.

Study (country) Intervention Outcome time 
point

Group p Retention

Intervention Control Intervention Control

Aguinaga et al. 
(USA)36

Flexibility, Toning and Balance 
DVD versus Healthy Aging DVD

HADS-A 0.30 50% 91%

  Baseline 9.3 11.4  

  6 months 5.3 8.9  

  Change –4 –2.5  

Carmeli et al. 
(Israel)37

Aerobic Training versus Non-
physical Activities

HAM-Aa ⩽0.05 75% 75%

  Baseline 8 8  

  6 months 4 8  

  Change –4 0  

Song et al. (China)34 Tai Chi with Paroxetine versus 
Paroxetine Only

HAM-A <0.05 NS NS

  Baseline 19.4 19.7  

  45 days 10.7 14.5  

  Change –8.7 –5.2  

Villaverde Gutiérrez 
et al. (Spain)38

Aerobic and Strength Training 
versus Inactive Control

HAM-A 90% 100%

  Minor (6–14)  

  Baseline 7.33 7.2  

  6 months 5.27 7.1  

  Change –2.06 –0.08 <0.01  

  HAM-A  

  Major (>14)  

  Baseline 16.8 16.4  

  6 months 15.0 17.0  

  Change –1.74 0.64 <0.05  

  GDS  

  Moderate (11–14)  

  Baseline 12.0 11.9  

  6 months 9.76 11.9  

  Change –2.26 0.06 <0.05  

  GDS  

  Severe (15–30)  

  Baseline 17.3 17.2  

  6 months 13.5 16.9  

  Change –3.85 –0.38 <0.01  

GDS, Geriatric Depression Scale; HADS-A, Hospital Anxiety and Depression Scale – Anxiety Subscale; HAM-A, Hamilton Anxiety Scale; NS, not stated.
aHAM-A scale adapted for participants with Intellectual Disability.
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Aerobic and strength training for 
postmenopausal women with symptoms of 
anxiety and depression
Villaverde Gutiérrez et  al.38 conducted a ran-
domised controlled trial of an aerobic and strength 
training intervention for postmenopausal women 
with anxiety and depression symptoms. The 
intervention group received a 6-month supervised 
aerobic intervention aiming initially for 50–70% 
of maximum heart rate reserve, then increasing to 
60–85% for the second half of the programme. 
This was combined with 4 weeks of muscle train-
ing exercises. The control group did not receive 
any intervention.30,38

The participants were selected consecutively from 
primary healthcare clinics with inclusion criteria 
including aged 60–70 years, postmenopausal sta-
tus, HAM-A score of 6 or above and Geriatric 

Depression Scale score of 11 or above. Exclusion 
criteria included previous history of fractures, 
orthostatic hypotension, dizziness, vertigo, bal-
ance problems or other medical contraindication 
to physical exercise.38

T tests were used to compare between groups. 
The intervention groups had significant improve-
ment in anxiety and depression compared with the 
control groups. This was the case for the minor 
and major anxiety groups as well as the moderate 
and severe depression groups. Adherence was 
high with only three participants not meeting 80% 
adherence to the intervention.38

Methodological quality
All four trials had small sample sizes and none 
reported a power analysis. Overall, aside from one 

Figure 3.  Quality assessment of included trials (Cochrane Risk of Bias Tool).
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trial, the other trials appeared to have many 
domains with unclear or high risk of bias. The 
Cochrane risk of bias quality assessment results 
are summarised in FIGURE3Figure 3.

The home-based DVD physical activity trial 
reported by Aguinaga et al.36 was rated as low risk 
of bias in all domains except three. The trial was 
registered with clincialtrials.gov and the trial pro-
tocol was published, but did not report an inten-
tion to undertake the subgroup analysis for 
participants with elevated anxiety.39 This trial was 
rated as high risk of bias for incomplete outcome 
data due to the high dropout rate of 50% in the 
intervention group. The high dropout rate may 
increase the risk of over-stating benefits of the 
intervention as those who dropped out may have 
been participants who were likely to receive less 
benefit from the intervention. The allocation con-
cealment and blinding of participants and person-
nel domains were rated as unclear as there was 
insufficient information provided for us to accu-
rately assess the risk of bias. In addition, the pub-
lished report of the main trial described the study 
as ‘single-blind’ in design.40 Lack of blinding of 
study participants may influence retention rate as 
well as self-rating of benefit and adverse effects.

The aerobic physical activity trial reported by 
Carmeli et  al.37 was rated as low risk of bias in 
three domains. Four domains were rated as 
unclear risk of bias as there was insufficient infor-
mation provided for us to accurately assess the 
risk of bias. These four domains were adequate 
sequence generation, allocation concealment, 
blinding of participants and personnel and selec-
tive outcome reporting. Trial registration and 
publication of a trial protocol would have been 
helpful with our assessment of risk of bias.

The Tai Chi trial reported by Song et  al.34 was 
assessed as unclear risk of bias in all domains 
except for selective outcome reporting. The 
domains were rated as unclear due to insufficient 
information being provided for us to accurately 
assess the risk of bias. The selective outcome 
domain was reported as high risk of bias due to 
the lack of reporting of the dropout rate and 
adverse event rate, as well as the trial not being 
registered or having a published trial protocol.34 
Overall, this study was assessed as having a high 
risk of bias given the limited information reported.

The aerobic and strength trial reported by 
Villaverde Gutiérrez et  al.38 was assessed as 

unclear risk of bias in all domains except for 
incomplete outcome data addressed and other 
bias. The domains were reported as unclear due 
to insufficient information being provided for us 
to accurately assess the risk of bias. The level of 
bias could have been reduced by more detailed 
reporting of trial methodology and registration of 
the trial or publication of a trial protocol. It was 
also noted that the observations of three partici-
pants in the intervention group were not included 
in the analysis due to their lack of adherence to at 
least 80% of the intervention. This exclusion may 
lead to risk of bias in the outcome analysis.

A meta-analysis was not performed due to the small 
number of included studies, the heterogeneity in 
participant characteristics and intervention types, 
and level of risk of bias in some included studies.

Discussion
This systematic review identified only four ran-
domised controlled trials meeting inclusion crite-
ria, all with relatively small sample sizes, which 
highlights the paucity of research in this area. 
Three of the trials reported that exercise interven-
tions were more effective at reducing anxiety than 
control interventions.34,37,38 The fourth trial 
showed a pre–post reduction in anxiety in both 
the intervention and control groups, but the dif-
ference between groups did not reach statistical 
significance.36

Of note, this fourth trial had the highest rate of 
dropout which was predominantly in the inter-
vention group.36 The evaluation of the effect of 
exercise for participants with anxiety was a sub-
group analysis of a larger trial.40 This may suggest 
that an exercise intervention for participants with 
anxiety may need to be more tailored to their spe-
cific needs given that anxiety is often a barrier 
towards engaging in exercise.41 The overall drop-
out rates and reported adverse events seem to 
suggest that exercise interventions in this group 
may be feasible and safe; however, the level of 
reporting of these parameters varied between tri-
als. Importantly, intervention adherence also 
impacts effectiveness and was not reported in 
three out of four trials. One trial reported 90% of 
participants adhered to the intervention, defined 
as attending at least 80% of exercise sessions.38

The review suggests that the extent of available 
evidence for exercise interventions is quite limited 
for anxiety disorders in mid-life and late-life, and 
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even more so for subthreshold anxiety disorder 
which is more prevalent. In the review, trials 
which examined the effects of exercise on anxiety 
levels in participants with conditions other than 
anxiety disorders, such as cancer, respiratory ill-
ness and chronic pain were identified, but did not 
meet inclusion criteria as the samples were heter-
ogeneous and included participants without anxi-
ety disorders. These trials could provide some 
indirect evidence for the effect of exercise on anx-
iety, but do not provide direct evidence in the 
clinical context of anxiety disorders and sub-
threshold anxiety disorder.

Similarly, two trials of medical yoga interventions 
for ‘stress’ were identified during the review but did 
not meet inclusion criteria as they included partici-
pants without anxiety disorders.42,43 The concept of 
‘stress’ has some overlap with anxiety. Daukantaitė 
et al.42 conducted a trial involving 105 participants 
with a mean age of 54 years and demonstrated that 
a 5-week medical yoga intervention resulted in a 
statistically significant reduction in HADS anxiety 
score (10.3–6.9) compared with an inactive control 
(8.9–7.8) with p = 0.002.42 At baseline, 81% of the 
cohort scored 7 or above on the HADS anxiety 
scale which demonstrates clinically significant anxi-
ety (personal communication from authors). Köhn 
et al.43 conducted a trial involving 37 participants 
with mean age 53 years and demonstrated that a 
12-week medical yoga intervention resulted in a 
statistically significant reduction in HADS anxiety 
score (11.8–6.4) compared with inactive control 
(12.7–10.5) with p = 0.019.43 At baseline, 89% of 
the cohort scored 7 or above on the HADS anxiety 
scale (personal communication from authors). 
These two trials thus provide some further support-
ive evidence of the effectiveness of exercise inter-
ventions for reducing anxiety in two cohorts where 
the majority of participants experience clinically 
significant anxiety.

To our knowledge, this is the first review that has 
examined exercise interventions for anxiety disor-
ders in these age groups. A key strength of this 
review is its broad search strategy to minimise the 
possibility of missing trials. Limitations of this 
review include the inclusion of only trials pub-
lished in English and that the heterogeneity, lim-
ited number, and high risk of bias of some included 
trials meant that we were not able to conduct a 
meta-analysis.

While the identified studies are small in number 
and size, they provide an encouraging signal that 

exercise interventions may be an effective, feasi-
ble and safe treatment option for anxiety and 
subthreshold anxiety disorders in mid-life and 
late-life. While acknowledging that the evidence 
is still limited and some trials had methodologi-
cal limitations, these findings can provide clini-
cians with some encouragement to prescribe 
exercise interventions for mid-life and late-life 
adults with anxiety and subthreshold anxiety 
disorders, as they may provide benefit in reduc-
ing anxiety. This encouragement is supported by 
the existing evidence base that exercise interven-
tions are beneficial to many other aspects of 
health and are likely to be feasible and safe. As 
there is not yet a sizable evidence base relating to 
the types and doses of exercise are effective in 
reducing anxiety, a practical approach for clini-
cians in the meantime would be to recommend 
their relevant national or international physical 
activity guidelines, as these have been prepared 
with consideration given to general health bene-
fits and safety for the population.

Future research could include larger trials with a 
view to providing proof of concept and guidance 
to clinicians, as well as studies to inform the types 
and doses of exercise interventions that are effec-
tive. The concept of stress has some overlap with 
anxiety, and trials in this area may provide another 
productive avenue for future research. Given that 
exercise anxiety is a potential barrier to undertak-
ing exercise interventions, there is a need for 
qualitative research into how best to bridge this 
gap and tailor interventions for individuals who 
have significant anxiety.

Conclusion
The results of this review suggest that exercise 
interventions have the potential to be an effective 
non-pharmacological intervention for anxiety and 
subthreshold anxiety disorders in mid-life and 
late-life, despite the limited extent of the evidence 
base. The paucity of research in this area is another 
example of the relative neglect of anxiety and sub-
threshold anxiety disorders in mid-life and late-life 
despite their high prevalence and resultant signifi-
cant distress, disability and cost. There is a clear 
need to have effective evidence-based non-phar-
macological interventions given that susceptibility 
to medication adverse effects and interactions 
generally increase with age. Furthermore, psycho-
logical therapies may have some limitations in the 
context of cognitive impairment which increases 
in prevalence with age.
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Exercise interventions that are tailored to an 
individual’s function and health have been 
found to be beneficial in many health conditions 
and longevity.20 Examining which types and 
doses of exercise are effective for treating anxi-
ety and subthreshold anxiety disorders is a sig-
nificant opportunity to expand treatment 
options. This could include head-to-head stud-
ies. The increasing use of technology such as 
wearable activity monitors and smart phones 
provides a unique opportunity to research and 
facilitate exercise interventions, while the effects 
of the COVID-19 pandemic on mental health, 
in particular anxiety, make this research all the 
more urgent.
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