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The Effect of Exercise Training on Anxiety
Symptoms Among Patients

A Systematic Review

Matthew P. Herring, MS, MEd; Patrick J. O’Connor, PhD; Rodney K. Dishman, PhD

Background: Anxiety often remains unrecognized or
untreated among patients with a chronic illness. Exer-
cise training may help improve anxiety symptoms among
patients. We estimated the population effect size for ex-
ercise training effects on anxiety and determined whether
selected variables of theoretical or practical importance
moderate the effect.

Methods: Articles published from January 1995 to Au-
gust 2007 were located using the Physical Activity Guide-
lines for Americans Scientific Database, supplemented by
additional searches through December 2008 of the fol-
lowing databases: Google Scholar, MEDLINE, PsycINFO,
PubMed, and Web of Science. Forty English-language ar-
ticles in scholarly journals involving sedentary adults with
a chronic illness were selected. They included both an
anxiety outcome measured at baseline and after exer-
cise training and random assignment to either an exer-
cise intervention of 3 or more weeks or a comparison con-
dition that lacked exercise. Two co-authors independently

calculated the Hedges d effect sizes from studies of 2914
patients and extracted information regarding potential
moderator variables. Random effects models were used
to estimate sampling error and population variance for
all analyses.

Results: Compared with no treatment conditions,
exercise training significantly reduced anxiety symp-
toms by a mean effect A of 0.29 (95% confidence inter-
val, 0.23-0.36). Exercise training programs lasting no
more than 12 weeks, using session durations of at least
30 minutes, and an anxiety report time frame greater
than the past week resulted in the largest anxiety
improvements.

Conclusion: Exercise training reduces anxiety symptoms
among sedentary patients who have a chronic illness.
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NXIETY, AN UNPLEASANT
mood characterized by
thoughts of worry, is an
adaptive response to per-
ceived threats that can de-

While pharmacological and cognitive be-
havioral therapies are both efficacious in
reducing anxiety,"'® there continues to be
interest in alternative therapies such as re-
laxation and exercise.'”"
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velop into a maladaptive anxiety disor-
der if it becomes severe and chronic.!
Anxiety symptoms and disorders are com-
mon among individuals with a chronic ill-
ness,”® yet health care providers often fail
to recognize or treat anxiety and may con-
sider it to be an unimportant response to
a chronic illness.’

Anxiety symptoms can have a nega-
tive impact on treatment outcomes in part
because anxious patients can be less likely
to adhere to prescribed medical treat-
ments.'!! Personal costs of anxiety among
patients include reduced health-related
quality of life'> and increased disability, role
impairment," and health care visits."*

Adequate evidence is available to jus-
tify screening for anxiety problems in pri-
mary care settings and prescribing effec-
tive treatments for those likely to benefit.*!*

Exercise training is a healthful behav-
ior with a minimal risk of adverse events
that could be an effective and practical tool
for reducing anxiety among patients.?***
Meta-analytic reviews have summarized
the association between exercise and anxi-
ety symptoms both in samples of primar-
ily healthy adults**° and exercise train-
ing studies of patients with fibromyalgia
and cardiovascular disease, but these analy-
ses did not focus on the best available
evidence.”*

We used the results from randomized
controlled trials to evaluate the effects of
exercise training on anxiety. One goal was
to estimate the population effect size for
anxiety outcomes. A second goal was to
learn whether variables of theoretical or
practical importance, such as features of
the exercise stimulus and the method for
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135 Potential studies identified

40 Studies of patients with a chronic

56 Excluded for not using a randomized

controlled trial design

16 Excluded because patients with a chronic

medical iliness were not tested

11 Excluded for confounding exercise

training with another treatment

7 Excluded for comparing exercise only to

another active treatment

3 Excluded for focus on exercise promotion

medical illness included

4{ 2 Excluded for anxiety measure used

but no report that activity levels increased

Figure 1. Flowchart for selection of studies

measuring anxiety, account for varia-
tion in the estimated population
effect.

- BTN

This systematic review and meta-
regression analysis was conducted in a
manner consistent with guidelines set
forth in the QUOROM statement.*

DATA SOURCES AND
SEARCHES

Articles published from January 1995 to
August 10, 2007, were located using the
Physical Activity Guidelines for Ameri-
cans Scientific Database, developed and
maintained by the Division of Nutri-
tion, Physical Activity, and Obesity at the
Centers for Disease Control and Pre-
vention’s National Center for Chronic
Disease Prevention and Health Promo-
tion.” That search was supplemented by
additional searches through December
2008 of the following databases: Google
Scholar, MEDLINE, PsycINFO, PubMed,
and Web of Science. We used the key-
words “exercise,” “physical activity,”
“anxiety,” “tension, “randomized trial,”
and “randomized controlled trial.”
Supplemental searches of the articles re-
trieved and those supplied by col-
leagues were performed manually.

STUDY SELECTION

Inclusion criteria included (1) English-
language articles, (2) sedentary adult
participants with a chronic illness, (3)
random assignment to either an exer-
cise intervention of at least 3 weeks or

a comparison condition that lacked ex-
ercise training, and (4) an anxiety out-
come measured at baseline and after ex-
ercise training.

Investigations were excluded that (1)
included exercise as one part of a mul-
ticomponent intervention but did not in-
clude the additional component (eg,
stress management) in a comparison
condition, (2) compared exercise only
with an active treatment (eg, cognitive
behavioral therapy, medication, an-
other mode of exercise), (3) focused on
education promotion interventions
aimed at increasing physical activity but
failed to show that physical activity lev-
els were increased, and (4) used anxi-
ety outcome measures focused on a spe-
cific phobia. Figure 1 provides a
flowchart of study selection.

DATA EXTRACTION AND
QUALITY ASSESSMENTS

Study Characteristics

Seventy-five effects were derived from 40
studies®": 21 from patients with cardio-
vascular disease, 15 from patients with
fibromyalgia, 10 from patients with mul-
tiple sclerosis (MS), 9 from patients with
psychological disorders, 8 from patients
with cancer, 4 from patients with chronic
obstructive pulmonary disease (COPD),
4 from patients with chronic pain (eg,
knee osteoarthritis, back pain), and 4
from patients categorized as having “other
medical illnesses” (ie, obesity, lupus, and
epilepsy). The mean (SD) age was 50 (10)
years. The mean percentage of women
was 59% (33%). Exercise training aver-
aged 3 (1) sessions per week, 42 (22)
minutes per session, and was of 16 (10)

weeks’ duration. The exercise training ad-
herence rate averaged 78% (14%). Ad-
herence was reported for 51 of 75 (68%)
of the effects.

Study Quality Assessment

Two of us (M.P.H. and P.J.O.) indepen-
dently assessed study quality accord-
ing to randomization methods, base-
line differences between treatment
groups, the quality of the anxiety out-
come measure, adherence, and exer-
cise program descriptions.

Effect Size Calculation

Effect sizes were calculated by subtract-
ing the mean change in the comparison
condition from the mean change in the
experimental condition and dividing the
difference by the pooled standard de-
viation of baseline scores.” Effect sizes
were adjusted for small sample size bias
and calculated such that a decrease in
anxiety resulted in a positive effect size.”
When exact means and standard devia-
tions were not provided (n=3), effect
sizes were estimated’ from exact P val-
ues®? and from a figure shown in the
study.”” When a standard deviation was
not reported (n=1"), it was estimated
from the largest other study that used
the same anxiety measure.*

Data Synthesis and Analysis

Random effects models were used to ag-
gregate mean effect size delta (A) and to
test variation in effects according to se-
lected moderator variables.” > The num-
ber of unpublished or unretrieved stud-
ies of null effect that would diminish the
significance of observed effects to P >.05
was estimated as fail-safe N+.7* A 2-way
(effects X raters) intraclass correlation
coefficient (ICC) for absolute agree-
ment was calculated to examine inter-
rater reliability for the calculation of
effect sizes. The initial ICC was 0.93, and
discrepancies were resolved.

Primary Moderators

To provide focused research hypotheses
about variation in effect size,” 6 pri-
mary moderator variables were selected
(Table 1): exercise program length, ses-
sion duration, and change in physical fit-
ness’; type of comparison group and
type of intervention used (single [exer-
cise alone vs nonexercise comparison] 'S
multiple [eg, exercise + medication vs
medication] interventions)”’; and the time
frame of anxiety report (eg, right now vs
past week).?>™
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Table 1. Definitions for Levels of Primary Moderators

Effect Moderator

Levels

Exercise session duration, min

Program length, wk

Fitness change

Intervention type

10-20

21-30

31-45

>45

Not reported

3-12

13-26

>26

No change: The confidence interval corresponding to the Hedges d effect size for fitness change encompassed zero

Increased fitness: The confidence interval corresponding to the Hedges d effect size for fitness change did not
encompass zero

Not reported: Not enough information was reported to estimate whether the confidence interval corresponding to the
Hedges d effect size for fitness change did or did not encompass zero

Exercise alone: The intervention compared exercise training with a no treatment, usual care, or wait list comparison
condition

Multicomponent intervention: The intervention compared exercise training plus a placebo (eg, placebo pill, stretching)

with the same placebo, or exercise training plus a second treatment (eg, medication, diet, stress management) was

compared with the same second treatment

Comparison type

No treatment: The comparison condition involved no treatment
Usual care: The comparison condition involved usual medical care

Wait list: The comparison condition involved waiting to participate in the intervention

Placebo or second treatment: The comparison condition involved a placebo or a second treatment that was added to

the exercise condition

Time frame of anxiety report

Right now: Reported anxiety symptoms at the moment of testing
Past week including today: Reported anxiety symptoms recalled from the past week including the day of testing
More than past week: Reported anxiety symptoms recalled across a time frame longer than the past week

Not reported: Time frame not reported

Primary Moderator Analysis

Each primary moderator level was coded
according to planned contrasts™ (P = .05)
among its levels when the number of ef-
fects (k) per level was at least 3. A two-
way (effects X raters) mixed-effects model
ICC with absolute agreement was calcu-
lated to assess interrater reliability for cod-
ing of moderator variables. The initial
ICCs were at 0.92 or higher, and discrep-
ancies were resolved. The 6 primary mod-
erator variables and 2 interaction terms
(program length X session duration and
comparison group X intervention type)
were included in mixed-effects multiple
linear regression analysis with maximum-
likelihood estimation,”™ " adjusting for
nonindependence of multiple effects con-
tributed by single studies.** Tests of the
regression model (Qg) and its residual er-
ror (Qg) are reported.

Secondary Moderators

Secondary moderator variables were se-
lected for descriptive, univariate analy-
ses based on a logical, theoretical, or
prior empirical relation with anxiety.
They were organized into general cat-
egories of patient characteristics (eg, age,
sex, and illness), characteristics of the
exercise intervention (eg, adherence, ex-
ercise mode, frequency, and relative in-
tensity), and the specific anxiety mea-
sure used (Table 2).

Secondary Moderator Analysis

Mean effect sizes (A) and 95% confi-
dence intervals (Cls) were computed for
continuous and categorical variables using
a random effects model to account for
heterogeneity of moderator effects.”

- BT

Sixty-six of 75 effects were greater
than zero. The distribution of the un-
weighted effects shown in Figure 2
was positively skewed and leptokur-
tic. The mean effect size A was 0.29
(k=751[95% CI,0.23-0.36]; 2=9.06;
P<.001). The fail-safe number of ef-
fects was 1525, and a funnel plot
(not shown) revealed a lack of pub-
lication bias.

PRIMARY MODERATOR
ANALYSES

The overall multiple regression model
was significantly related to effect size
(Qr=20.89; P=.01; R*=0.27; Qr(es)
=56.29; P=.77). Exercise program
length (B=0.33;2=2.55;P=.01), ses-
sion duration (B=0.27; z=2.14;
P=.03), and time frame of anxiety re-
port (=0.25;2=2.01; P=.04) were
independently related to effect size.

In a follow-up regression model,
2-way interactions among these vari-
ables were statistically nonsignificant
(exercise program length X session
duration: P=.71, exercise program
length X anxiety report time frame:
P=.43,and session duration X anxiety
report time frame: P=.95). Planned
contrasts showed a larger effect in
studies in which (1) exercise train-
ing duration was 3 to 12 weeks
(A=0.39[95% CI,0.28-0.49]) com-
pared with longer durations (A=0.23
[95% CI, 0.15-0.31]; z=2.38;
P=.02), (2) the exercise session du-
ration exceeded 30 minutes (A=0.36
[95% CI, 0.27-0.44]) compared with
a combination of the shorter and un-
specified session durations (A=0.22
[95% CI, 0.13-0.31]; 2=2.09;
P=.04), and (3) the time frame of
anxiety report was greater than 1
week (A=0.44 [95% CI, 0.29-
0.59]) compared with shorter time
frames (A=0.26 [95% CI, 0.19-
0.33]; 2=2.78; P=.005).

SECONDARY MODERATOR
ANALYSES

The number of effects (k), mean A
effect size, 95% CI, and P value for
planned contrasts of each level of pri-
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Table 2. Definitions for Levels of Secondary Moderators

Effect Moderator

Levels

Sample age, mean, y

Sex data

lliness

25-54

>b4

Female only

Male only

Mixed (samples that combined females and males)

Patients with cancer and survivors

Patients with cardiovascular disease (eg, CHD, hypertension)
Patients with COPD

Exercise intensity

Exercise mode

Frequency, training sessions/wk, No. 1
2
3
4
5
Author reported fitness significance

Physical activity recommendations

Anxiety measure

Patients with fibromyalgia
Patients with multiple sclerosis
Patients with psychological disorders (eg, major depression disorder, panic disorder)

Patients not in categories above with chronic pain conditions (eg, osteoarthritis, back pain)

Patients with chronic ilinesses not categorized above (miscellaneous)

Low: Low relative intensity: <40% HRR, <64% MHR, <12 perceived exertion RPE, or <46% V0, max
Moderate: Moderate relative intensity: 40%-59% HRR, 64%-76% MHR, 12-13 RPE, or 46%-63% Vo, max
Vigorous: High relative intensity: =60% HRR, =77% MHR, =14 RPE, or =64% V0, max

Not reported: Exercise intensity was inadequately reported
Aerobic: Used exercise modes commonly described as aerobic (eg, walking, jogging, cycling)
Resistance: Used weight lifting only
Aerobic+ resistance: Used both aerobic and weight lifting modes

Aerobic+: Used traditional aerobic exercise mode and a second type of physical activity (eg, flexibility, games)
Resistance+: Used weight lifting and a second type of physical activity (eg, flexibility, games)

Mixed.: Used aerobic and weight lifting and another type of physical activity (eg, games)

Other: Used a single type of exercise not categorized above (eg, tai chi chuan)

No: Authors reported that fitness was not significantly changed
Yes: Authors reported that fitness was significantly changed
Not reported: Significance of fitness change not reported
Moderate: Intervention met ACSM/CDC recommendation for moderate physical activity (moderate intensity
exercise, =30 min/d, =5 d/wk)
Vigorous: Intervention met ACSM/CDC recommendation for vigorous physical activity (vigorous intensity
exercise, =20 min/d, =3 d/wk)
Not meeting either: Intervention did not meet moderate or vigorous ACSM/CDC physical activity recommendation
Not reported: Physical activity data were not obtained or were inadequately reported to determine whether
ACSM/CDC recommendations were met
STAI-State: Used state scale of the State-Trait Anxiety Inventory
POMS: Used tension scale of the Profile of Mood States
HADS-A: Used anxiety scale of the Hospital Anxiety and Depression Scale
SCL-90: Used anxiety scale of the Symptom Checklist-90
STAI-Trait: Used trait scale of the State-Trait Anxiety Inventory
Other: Used anxiety measure not categorized above and not commonly used

Abbreviations: ACSM/CDC, American College of Sports Medicine/Centers for Disease Control and Prevention; CHD, coronary heart disease; COPD, chronic
obstructive pulmonary disease; HRR, heart rate reserve; MHR, maximal heart rate; RPE, rating of perceived exertion; Vo, max, maximal oxygen uptake.

mary and secondary moderators are
presented in Table 3. Descriptive re-
sults for the remaining primary mod-
erators from the overall regression
model and for secondary modera-
tors are reported as standardized re-
gression coefficients in Table 4.

L conext I

The analysis revealed that exercise
training significantly decreased anxi-
ety scores among patients with a
chronic illness. The magnitude of the
overall mean effect (A=0.29) is simi-
lar to the effect of exercise training on

fatigue symptoms among patients
(A=0.37)"" and on cognitive func-
tion among older adults (g=0.30).%!

PRIMARY MODERATORS
OF THE EFFECT

Exercise Program Length

Given the importance for health care
providers of knowing the mini-
mum exercise stimulus needed to
improve mental health outcomes
among patients,’ it is noteworthy
that exercise programs of 3 to 12
weeks resulted in significantly larger

decreases in anxiety (A=0.39; k=35)
than programs lasting more than 12
weeks (A=0.23; P=.02; k=39).
These results are generally consis-
tent with meta-analytic reviews of
the effect of exercise training on de-
pression,® cognitive function in
older adults,® and quality of life
among patients with MS.® These re-
sults also are comparable with the
generally expected response time of
pharmacological treatments of 4 to
12 weeks for individuals with
anxiety.®*

It is uncertain why studies with
shorter program lengths had larger

(REPRINTED) ARCH INTERN MED/VOL 170 (NO. 4), FEB 22,2010

324

WWW.ARCHINTERNMED.COM

Downloaded from www.archinternmed.com on March 30, 2010
©2010 American Medical Association. All rights reserved.


http://www.archinternmed.com

Source

Hedges d (95% Cl)

Source

Hedges d (95% ClI)

Thorsen et al,85 2005 —o— -0.11 (-0.48 t0 0.27) Schachter et al,58 2003 —— 0.18 (-0.24 to 0.59)
Jones et al,45 2008 —e— —0.10 (-0.56 to 0.35) Oken et al,%5 2004 — 0.20 (-0.47 t0 0.87)
Skrinar et al,60 2005 — -0.10 (-0.98 t0 0.78) Dugmore et al,40 1999 —— 0.21 (-0.25 to 0.68)
Stanton and Arroll,62 1996 - —0.08 (-0.38 to 0.21) Oken et al,%5 2004 — 0.21 (-0.45t0 0.89)
Oken et al,55 2004 —— -0.07 (-0.74 to 0.60) Gowans et al,43 2001 — 0.22 (-0.49 0 0.92)
Oken et al,%5 2004 — —0.05 (-0.65 to 0.56) Blumenthal et al,31 1999 —— 0.23 (-0.20 to 0.65)
Brown et al,33 2001 —o— —0.02 (-0.41 t0 0.36) Petajan et al,57 1996 —— 0.23 (-0.35t0 0.81)
Gowans et al,421999 —— 0(-0.61t00.61) Schachter et al, 58 2003 —— 0.23 (-0.20 to 0.66)
Oken et al,%5 2004 —— 0(-0.61t00.61) Tench et al,84 2003 — 0.24 (-0.26 to 0.74)
Jones et al,45 2008 —— 0.01 (-0.4410 0.47) Seki et al,5 2003 — e 0.24 (-0.40 t0 0.88)
Clark et al,36 2000 — 0.03 (-0.57 to 0.64) Dugmore et al,40 1999 — 0.26 (—0.29 to 0.80)
Courneya et al,37 2003 —— 0.04 (-0.39t0 0.47) Kulcu et al, 47 2007 — 0.26 (-0.33 to 0.86)
Dugmore et al,40 1999 —— 0.06 (—0.39 to 0.53) Emery et al,41 1998 —e— 0.26 (—0.28 to 0.80)
Courneya et al,38 2007 - 0.08 (-0.23 t0 0.38) Gowans et al,43 2001 ——— 0.27 (-0.43 to 0.98)
Seki et al,%9 2003 — 0.10 (-0.54 t0 0.73) Serensen et al,61 1999 —o— 0.31 (-0.05 to 0.67)
Courneya et al,38 2007 -0 0.10 (-0.21t0 0.41) Serensen et al,811999 L o— 0.31 (-0.05 to 0.67)
Gowans et al,432001 —— 0.12 (-0.58 to 0.83) Brown et al,33 2001 i e— 0.32 (-0.07 to 0.70)
Sarensen et al,61 1999 —o— 0.13 (-0.27 to 0.53) Gowans et al,43 2001 — — 0.34 (-0.37 to 1.05)
Serensen et al,61 1999 —o— 0.13 (-0.27 to 0.53) Yu et al,”02004 —o— 0.34 (0.09 to 0.60)
Dugmore et al,40 1999 —o— 0.13 (-0.41t0 0.68) Clark et al,36 2000 — 0.35 (-0.28 to 0.99)
Oken et al, %5 2004 —e— 0.14 (-0.47 to 0.74) Dugmore et al,40 1999 e 0.36 (—0.10 to 0.83)
Morem et al, 50 2007 —0— 0.15 (-0.29 t0 0.58) Mannerkorpi et al,48 2000 - — 0.37 (-0.15 to 0.90)
Paz-Diaz et al,5 2007 ——— 0.17 (-0.64 to 0.98) Petajan et al,57 1996 — 0.38 (-0.20 to 0.97)
O'Reilly et al,54 1999 R 0.17 (-0.13 10 0.47) Petajan et al,>” 1996 — 0.41(=0.17 to 1.00)
van den Berg-Emons et al,58 2004 —e— 0.17 (-0.50 to 0.85) Blumenthal et al,32 2005 —e— 0.42 (0t0 0.84)
T T T | T T
-2 -1 0 1 2 -1 0 1
d d
Source Hedges d (95% ClI)

Moug et al,52 2003 —— 0.42 (-0.55 t0 1.40)

Blumenthal et al,32 2005 -o- 0.46 (0.05 t0 0.88)

Nieman et al,53 2000 - 0.47 (-0.10 to 1.05)

Gusi et al,#4 2008 -e- 0.50 (0.11 to 0.88)

Emery et al,41 1998 —o— 0.51 (-0.03 to 1.06)

Burnham and Wilcox,34 2002 — e 0.52 (-0.47 to 1.51)

Dugmore et al,40 1999 —o— 0.53 (-0.02 to 1.09)

Gusi et al, 442008 -~ 0.56 (0.17 t0 0.95)

Mock et al,51 1997 —o— 0.57 (-0.02t0 1.16)

Sutherland et al,83 2001 e 0.59 (-0.27 to 1.44)

Kulcu et al, 47 2007 —o— 0.60 (-0.01 to 1.20)

Gowans et al,43 2001 —o— 0.60 (-0.12t0 1.32)

Mannerkorpi et al,48 2000 —o— 0.60 (0.07 t0 1.13)

Gowans et al,43 2001 —o— 0.60 (-0.12t0 1.32)

Wand et al,62 2004 -0 0.64 (0.22 to 1.05)

McAuley et al,49 2001 e 0.67 (-0.31 to 1.64)

Paz-Diaz et al,56 2007 e 0.68 (-0.15t0 1.52)

Nieman et al,53 2000 —o— 0.71(0.09 to 1.33)

Dimeo et al,3% 1999 —o— 0.75(0.22 to 1.28)

Chang et al,352008 e— 0.84 (-0.03t0 1.71)

Tomas-Carus et al 66 2008 —— 1.01(0.25t0 1.77)

Tsai et al,67 2003 - 1.02 (0.57 to 1.47)

Tomas-Carus et al 66 2008 —— 1.09 (0.32 to 1.86)

Tsai et al,67 2003 - 1.31(0.84t0 1.77)

Koukouvou et al,46 2004 —— 1.37 (0.50 t0 2.25)

T T ]
-2 0 2 4
d

Figure 2. The distribution of the unweighted effects. Panels A-C represent a continuous forest plot. Cl indicates confidence interval.

improvements in anxiety symp-
toms. One possibility is that the
larger effect resulted from better ad-
herence. A moderate inverse asso-
ciation was found between adher-
ence and program length (p=-0.42;

P=.002; k=50). The mean (SD) ad-
herence values for program lengths
of 3to 12 weeks (83% [11%]; k=23)
were significantly better (t4s)
=2.67; P=.01) than values for pro-
gram with lengths greater than 12

weeks (73% [15%]; k=27). A limi-
tation, however, is that approxi-
mately one-third of the overall ef-
fects were derived from studies that
did not provide information about
adherence.
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Table 3. Summary of Univariate Moderator Analysis
Contrast
Effect Moderator? Weights Effects, k A 95% CI P Value
Fitness change
No change -1 26 0.25 0.14 to 0.36 <.001
Increased fitness 14 0.34 0.191t0 0.49 <.001
Not reported 0 35 0.31 0.22 to 0.40 <.001
Program length, wk
3-12 1 35 0.39 0.28 t0 0.49 <.001
13-26 -1/2 29 0.20 0.10t0 0.29 <.001
>26 -1/2 10 0.32 0.16t0 0.48 <.001
Exercise session duration, min
10-20 -1/3 8 0.20 -0.01to 0.41 .06
21-30 -1/3 15 0.20 0.06 to 0.35 .006
31-45 1/2 15 0.33 0.19t0 0.47 <.001
>46 1/2 25 0.37 0.26t0 0.48 <.001
Not reported -1/3 12 0.25 0.10t0 0.40 .001
Comparison type
No treatment 1 31 0.32 0.22 t0 0.43 <.001
Usual care -1/3 22 0.36 0.24t0 0.47 <.001
Wait list -1/3 10 0.15 -0.051t00.35 13
Placebo or second treatment -1/3 12 0.21 0.07 to 0.36 .003
Intervention type
Exercise alone 63 0.31 0.24 t0 0.39 <.001
Multicomponent intervention -1 12 0.21 0.07 to 0.36 .003
Time frame of anxiety report
Right now -1/2 19 0.33 0.20 to 0.46 <.001
Past week including today -1/2 34 0.25 0.1510 0.34 <.001
More than past week 1 15 0.44 0.29 to 0.59 <.001
Not reported 0 7 0.17 -0.03 t0 0.36 .09
Age, y
25-54 58 0.29 0.22 t0 0.37 <.001
>54 -1 22 0.29 0.18t0 0.40 <.001
Sex
Female -1 16 0.33 0.21to 0.46 <.001
Male 6 0.35 0.09 to 0.62 .01
Mixed 0 53 0.27 0.20t0 0.35 <.001
lliness
cv NA 21 0.32 0.21t00.44 <.001
Fibromyalgia NA 15 0.29 0.1310 0.45 <.001
MS NA 10 0.19 -0.02t0 0.40 .07
Psychological NA 9 0.32 0.16 to 0.47 <.001
Cancer NA 8 0.19 0.011t0 0.37 .03
COPD NA 4 0.40 0.06 to 0.74 .02
Pain NA 4 0.30 0.06 to 0.55 .02
Miscellaneous NA 4 0.47 0.1410 0.79 .005
Exercise intensity
Low -1 11 0.19 0.01t0 0.36 .04
Moderate 1/3 31 0.28 0.18t00.38 <.001
Vigorous 1/3 10 0.28 0.13100.43 <.001
Not reported 1/3 23 0.36 0.2510 0.48 <.001
Exercise mode
Aerobic 1 21 0.30 0.18t0 0.42 <.001
Resistance 0 1
Aerobic + resistance -1/4 7 0.32 0.12t0 0.53 .002
Aerobic+ -1/4 26 0.24 0.13t00.35 <.001
Resistance + -1/4 3 0.12 -0.17 t0 0.41 42
Mixed -1/4 11 0.31 0.14t0 0.49 <.001
Other 0 6 0.59 0.351t00.82 <.001
(continued)

Exercise Session Duration

Exercise session durations greater
than 30 minutes showed larger ef-
fects (A=0.36; k=40) than dura-
tions of 10 to 30 minutes (A=0.22;

k=35). Better mental health out-
comes with longer exercise session
durations also have been found in
studies of exercise training effects on
cognitive function in older adults
and claudication pain reduction

among patients with peripheral ar-
tery disease.®

As more data are generated, com-
pelling evidence may emerge show-
ing that the moderating effect of ses-
sion duration is in part a function of
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Table 3. Summary of Univariate Moderator Analysis (continued)
Contrast
Effect Moderator? Weights Effects, k A 95% CI P Value
Frequency
1 NA 10 0.19 -0.01t0 0.40 .06
2 NA 6 0.16 -0.04 t0 0.37 12
3 NA 45 0.33 0.251t0 0.42 <.001
4 NA 4 0.13 -0.13t0 0.39 .34
5 NA 7 0.33 0.14 t0 0.52 <.001
Physical activity recommendations
Moderate 1/2 8 0.28 0.01t0 0.56 .04
Vigorous 1/2 34 0.28 0.1910 0.37 <.001
Not meeting either -1/2 34 0.29 0.20 to 0.39 <.001
Not reported -1/2 4 0.42 0.16 t0 0.68 .001
Author reported fitness significance
Not significant 0 7 0.11 -0.09 t0 0.31 .29
Yes, significant 1 33 0.32 0.22 to 0.42 <.001
Not reported -1 35 0.31 0.22 to 0.40 .001
Anxiety measure
STAI-State NA 18 0.31 0.1810 0.44 <.001
POMS NA 16 0.24 0.09t0 0.38 .001
HADS-A NA 8 0.19 -0.01 t0 0.39 .06
SCL-90 NA 6 0.34 0.11t00.58 .005
STAI-Trait NA 7 0.56 0.331t00.79 <.001
Other NA 21 0.27 0.16t0 0.39 <.001

Abbreviations: Cl, confidence interval; COPD, chronic obstructive pulmonary disease; CV, cardiovascular disease; HADS-A, Hospital Anxiety and Depression
Scale; MS, multiple sclerosis; other, other anxiety measure not categorized herein and not commonly used; NA, not applicable; POMS, Profile of Mood States;
SCL-90, Symptom Checklist-90; STAI-State, State-Trait Anxiety Inventory (state scale); STAI-Trait, State-Trait Anxiety Inventory (trait scale).

2See definitions in Table 2.

its interactions with other relevant
variables. We found that mean ad-
herence for session durations of 10
to 30 minutes (74% [14%]; k=24)
was worse than for those lasting
longer than 30 minutes (81% [13%];
k=27), but the difference was not
statistically significant (t40)=-1.85;
P=.07). There also is a potential in-
teraction between session duration
and the anxiety report time frame.
While only 1 effect in the shorter ses-
sion duration category used an anxi-
ety measure with a report time frame
of greater than 1 week, a report time
frame of greater than 1 week was
used in 23% of effects in the longer
session duration category. The mean
effect A for those studies was 0.62
(95% CI, 0.42-0.82).

Time Frame of Anxiety Report

The magnitude of the anxiolytic ef-
fects of exercise training was larger
for investigations using measures
with anxiety report time frames that
exceeded the past week compared
with investigations using measures
with time frames of “past week in-
cluding today” and “right now.” The
present analysis may have underes-
timated the true effect of exercise

training on anxiety because of the
measurement methods used by most
investigators. Although a larger
mean effect was found in those stud-
ies that asked participants to report
anxiety over a time frame that ex-
ceeded the prior week, approxi-
mately 80% used a shorter report
time frame.

Although it is uncertain why most
investigators did not use an anxiety
report time frame of longer than 1
week, it may have stemmed from a
misinterpretation that trait anxiety
scores would be insensitive to change
in response to an exercise training in-
tervention of a few months. Trait
anxiety is conceptualized as a rela-
tively stable measure of individual dif-
ferences in anxiety proneness,87 yet
there is substantial evidence that trait
anxiety scores are sensitive to change.
Short-term interventions (up to sev-
eral months) designed to reduce anxi-
ety, including cognitive and behav-
ioral therapies, long-term massage,
and relaxation training, produce
moderate-to-large reductions in trait
anxiety scores.®*”! These changes are
consistent with data showing that
genetic factors explain only 30% to
50% of the variability in trait anxi-
ety.?? Trait anxiety also discrimi-

nates better than state anxiety among
patients and samples of people with-
out an illness, particularly among
older adults.”

State anxiety responses to an in-
tervention theoretically depend in
part on individual differences in trait
anxiety.® Only 5 studies*>2%¢7 re-
ported data from both state and trait
subscales of the same psychomet-
ric instrument. The mean effect A for
trait measures was 0.56 (95% ClI,
0.30-0.83) compared with 0.31 (95%
CI, 0.04-0.58) for state measures in
these studies. Thus, a limitation to
research on the effect of exercise
training on anxiety outcomes con-
ducted with people with a chronic
illness is the atheoretical nature of
the anxiety measurement.

In addition, a randomized con-
trolled trial assumes a lack of sys-
tematic error across the premeasure-
ment to postmeasurement trials.
There seems to be a greater poten-
tial for systematic error associated
with the use of a “right now” time
frame in exercise training studies be-
cause of the greater number of vari-
ables that could change state anxi-
ety scores on only 1 day of testing,
including psychosocial stressors, cir-
cadian timing,’**> and physical fac-
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Table 4. Standardized Regression Coefficients for Remaining Primary
and Secondary Moderators
Standardized

Effect Moderator Regression Coefficient () P Value

Remaining primary
Comparison type X intervention type 0.27 13
Design type 0.18 14
Fitness change 0.16 .22
Comparison type -0.22 .69
Program length X session duration -0.01 91

Secondary
Adherence 0.28 .08
Relative exercise intensity 0.15 .20
Exercise mode 0.05 .67
Exercise frequency 0.04 .73
Age, y 0.002 .99
Sex -0.05 .66

tors such as caffeine®® or light
exposure.”’

Theory, evidence from our analy-
sis, and findings from related inves-
tigations support the idea that fu-
ture exercise training investigations
would benefit from including anxi-
ety outcome measures with a time
frame of anxiety report greater than
1 week.

SECONDARY MODERATORS

Secondary moderators were in-
cluded to provide descriptive data
about variables that plausibly could
moderate the influence of exercise
training on anxiety. There was little
difference in the effect size across
categories for age or sex. The effect
sizes also were similar whether the
exercise training did or did not meet
contemporary recommendations for
moderate or vigorous physical ac-
tivity.”® Secondary moderator vari-
ables of special interest, type of ill-
ness and adherence, are discussed in
more detail in the following 2 sub-
sections.

Types of Illness

Exercise training reliably reduced
anxiety among subsets of patients
with an illness categorized as car-
diovascular, cancer, chronic pain, fi-
bromyalgia, psychological, and pul-
monary. These results are generally
consistent with meta-analytic re-
views of the effect of exercise train-
ing on anxiety symptoms among pa-
tients with fibromyalgia,*” coronary
heart disease,?® and cardiac rehabili-

tation.* It is important to note that
the present analysis and conclu-
sions assume that effects attributed
to exercise training among patients
were not biased by confounding
from unmeasured or unreported fac-
tors such as acute exercise bouts per-
formed within a few hours of the
preintervention or postinterven-
tion testing sessions.

Exercise training results in large
symptom reductions among pa-
tients with panic® and depressive
disorders (ie, mean effects of 0.85 to
1.1 for patients with depres-
sion®'%). Seven of the 9 effects in
the psychological category were from
studies of patients with depressive
disorders.’'#3# Because 5 of these 7
effects were derived from investiga-
tions using a short time frame of
anxiety report, the aggregated mean
for these 7 effects (A=0.35) may
have underestimated the true effect.

The present analysis showed that
exercise training reduces anxiety
among patients with cancer. This ob-
servation differs from that of oth-
ers who concluded that there was
weak evidence for a consistent posi-
tive effect of increased physical ac-
tivity on anxiety among cancer sur-
vivors.'® Our analysis differed in that
it included both patients with can-
cer, who exercised during treat-
ment, and survivors who exercised
following treatment.

Although anxiety is a common
problem among patients with MS, it
is often overlooked and poorly
treated.™* Multiple sclerosis was the
only illness for which the mean effect
of exercise training was not statis-

tically significant. Although the
mean effect size of 0.19 for studies
of patients with MS was compa-
rable with the mean effect of stud-
ies of patients with cancer, the as-
sociated 95% CI for patients with MS
encompassed zero. Of the 10 avail-
able effects for patients with MS, 1
study”® accounted for 6 effects. The
mean for those 6 effects was small
(A=0.07) compared with the mean
for the remaining 4 effects (A=0.38).

Adherence

Exercise adherence is integral to the
efficacy of exercise training. The abil-
ity to meaningfully assess the ef-
fects of the intervention decreases as
dropout increases. Adherence to an
exercise training program may be
particularly difficult for patients dur-
ing treatment.'® Exercise may be un-
acceptable to some patients (eg, pa-
tients with cancer) as indicated by
poor adherence.'®* The present find-
ings indicated that adherence was
also not a significant moderator
(z=1.75; P=.08) of the anxiolytic
effect of exercise training. This find-
ing may be due in part to a larger
number of effects for which no cor-
responding adherence data were pro-
vided (k=24).

FUTURE RESEARCH

Several research needs are sug-
gested by the present findings.
Needed are well-designed investi-
gations into the effects of exercise
training on anxiety that focus on in-
dividuals with an understudied ill-
ness, including those with an anxi-
ety disorder, COPD, cancer, chronic
pain, epilepsy, lupus, and MS. Also
needed is better reporting of study
features, especially clear and com-
plete information about medica-
tion use and the exercise stimulus.
Exercise training dose is a complex
stimulus involving actual minutes of
exercise in each session accumu-
lated over all exercise sessions. Most
investigators reported planned ses-
sion duration as a proxy for actual
time spent exercising, and only 1
study® reported the degree to which
patients complied with the pre-
scribed exercise training during ex-
ercise sessions. Consequently, the
true effect of exercise training on
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anxiety may be underestimated be-
cause of underexposure to the ac-
tive feature of the intervention.

A better understanding of the role
of exercise stimulus variables in
maximizing positive mental health
outcomes could be realized through
investigations that (1) examine use-
ful types of exercise that have been
understudied, including resistance
exercises; (2) compare different ex-
ercise training intensities and dura-
tions while controlling total energy
expenditure to better understand the
minimal and optimal dose neces-
sary to elicit mental health ben-
efits; and (3) select characteristics of
the exercise stimulus to optimize
program adherence and compli-
ance with intensity and duration pre-
scription. Findings also under-
score the importance of including a
valid measure of persistent anxiety
to better quantify and understand the
chronic effects of exercise training
on anxiety symptoms.

L coxciusions [

Increasingly, efforts are being made
to provide mental health treat-
ments consistent with the available
scientific evidence in primary care
settings.'® The present results pro-
vide clinicians with solid evidence
to recommend exercise training to
patients as a means for reducing
anxiety symptoms with minimal risk
of adverse events. Exercise training
may be especially useful for pa-
tients who prefer nonpharmaco-
logic treatments'®® because such
preferences may influence the mag-
nitude of the treatment out-
comes.'?” Perhaps most impor-
tantly, the results show that anxiety
reduction is a favorable, adventi-
tious outcome of exercise interven-
tions that were designed as a pri-
mary treatment or adjuvant for
medical conditions other than
anxiety.
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