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ABSTRACT

Background/Purpose: Given conflicting findings, the purpose of this study was to use

the meta-analytic approach to examine the effects of exercise (aerobic, strength training

or both) on anxiety in adults with arthritis and other rheumatic diseases (AORD).
Methods: Randomized controlled exercise intervention trials > 4 weeks in adults > 18

years of age with osteoarthritis, rheumatoid arthritis or fibromyalgia were included.

Studies were located by searching 8 electronic databases, cross-referencing and expert

review. Dual selection and data abstraction of studies were performed. Hedge's
standardized effect size (ES) was calculated for each result and pooled using the
recently developed inverse-heterogeneity (IVhet) model. Two-tailed z-alpha values <
0.05 and non-overlapping 95% confidence intervals (Cl) were considered statistically
significant. Heterogeneity was estimated using Q and /* with alpha values < 0.10 for Q
considered statistically significant. Small-study effects were examined using funnel
plots and Egger’s regression test. In addition, the number-needed-to-treat (NNT),
percentile improvement and meta-regression were conducted. Results: Of the 639
citations screened, 14 studies representing 926 initially enrolled participants (539
exercise, 387 control) met the criteria for inclusion. Length of training averaged 15.8 +
6.7 weeks, frequency 3.3 + 1.3 times per week and duration 28.8 + 14.3 minutes per
session. Overall, statistically significant exercise minus control reductions in anxiety
were found (ES = -0.40, 95% ClI, -0.65, -0.15, tau® = 0.14; Q = 40.3, p = 0.0004; /* =
62.8%). The NNT was 6 with a percentile improvement of 15.5% and an estimated 5.3
million inactive US adults with AORD improving their anxiety if they started exercising

regularly. Statistically significant small-study effects were observed (p < 0.0001).
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Conclusions: Exercise is associated with reductions in anxiety among adults with
selected types of AORD. However, a need exists for additional, well-designed,
randomized controlled trials on this topic. Trial registration number: PROSPERO

(CRD42016048728)
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STRENGTHS AND LIMITATIONS OF THIS STUDY

- To the best of the investigative team’s knowledge, this is the first systematic review
with meta-analysis to examine the effects of exercise on anxiety as a primary outcome
in adults with AORD.

- The use of the recently developed IVhet model appears to provide more robust
estimates than those derived from other models.

- Common to all aggregate data meta-analyses, the possibility of ecological fallacy
exists and the meta-regression analyses conducted do not allow for causal inferences.
- Given that no adjustments for multiple testing were made because of concerns about
missing possibly important findings that could be tested in original trials, the possibility

of chance findings exist.
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INTRODUCTION
Rationale
Arthritis and other rheumatic diseases (AORD) are major public health problems in the
United States (US). Based on combined 2013-2015 data from the National Health
Interview Survey, the annual prevalence of doctor-diagnosed arthritis in the civilian,
non-institutionalized US population aged 18 years or older was 22.7% (54.4 million),
with prevalence higher among women (23.5%) than men (18.1%).1 By 2040, it is
estimated that 78.4 million (25.9%) US adults 18 years of age and older will have
doctor-diagnosed arthritis.”> Compared to combined 2013-2015 data,’ this represents an
increase of approximately 24 million adults. Not surprisingly, the financial costs
associated with AORD in the United States are high. In 2003, the total costs
attributable to AORD were estimated to be approximately $128 billion, $80.8 billion in
direct costs (medical expenditures) and $47 billion in indirect costs (lost earnings).’
This represents an increase of 24% between 1997 and 2003 and was primarily the
result of an increase in the number of people with AORD.>

Elevated and sustained levels of anxiety can result in a number of deleterious
consequences. These include, but are not limited to, (1) an increased risk for coronary
heart disease as a result of heightened arousal leading to an increased risk for
hypertension and a pro-inflammatory state,*® (2) an increased risk for cardiac death,’
and (3) poorer health-related quality—of—life.7 While it is well-recognized that depression
is a common comorbidity among adults with AORD, recent research suggests that the
prevalence of anxiety among US adults with arthritis is approximately twice as high as

depression.? Using data from the Arthritis Conditions Health Effects Survey, the
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prevalence of anxiety and depression among US adults with doctor-diagnosed arthritis
was estimated to be almost twice as high for anxiety (30.5%) versus depression
(17.5%), with US population estimates of 11.5 million for anxiety and 6.6 million for
depression.® Given the prevalence of anxiety, it was recommended that health care
providers screen people with arthritis for anxiety.8

Exercise is an intervention that is generally safe and appropriate for most persons with
various types of AORD.? '® Recent meta-analytic work has shown that community-
deliverable exercise interventions reduce depressive symptoms in adults, with an
estimated 3.1 million inactive US adults with AORD improving their depressive
symptoms if they began and maintained a regular exercise program.11 However, the
effects of community-deliverable exercise on anxiety as a primary outcome are not
known given a plethora of conflicting randomized controlled trials on this topic as well as
a lack of studies that assess both depression and anxiety within the same study (only
44 .8% based on a previous meta-analysis)."’ Most importantly, a recent systematic
review of previous meta-analyses, not to be confused with an original systematic review
with meta-analyses, found that no meta-analysis of randomized controlled trials has
examined the effects of community-deliverable exercise on anxiety as a primary
outcome in adults with AORD.'? Clearly, it is critically important to develop a better
understanding of the overall magnitude of effect, as well as factors associated with,
exercise for improving anxiety in adults with AORD.
Objective
The primary objective of this study was to conduct a systematic review with an

aggregate data meta-analysis of randomized controlled trials to determine the effects of
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community-deliverable exercise interventions on anxiety in adults with AORD.
METHODS
Overview
This study followed the guidelines from the Preferred Reporting ltems for Systematic
Reviews and Meta-Analysis (PRISMA) statement for meta-analyses of health care
interventions." The protocol for this study is registered in PROSPERO (trial registration
number CRD42016048728) and has been previously published in BMJ Open.**
Eligibility criteria

Studies that met the following criteria were included: (1) randomized controlled trials
with the unit of assignment at the participant level, (2) community-deliverable
exercise-only intervention group (aerobic, strength training, or both), (3) interventions
> 4 weeks, (4) comparative control group (non-intervention, wait-list control, usual
care, attention control), (5) adults > 18 years of age with doctor-diagnosed
osteoarthritis, rheumatoid arthritis or fibromyalgia, (6) studies (published and
unpublished in the form of Master’s theses and dissertations) in any language,
assuming an English-language abstract was available, from January 1, 1981 forward,
and (7) data for anxiety, as defined by the authors of the original studies. Studies were
limited to those with osteoarthritis, rheumatoid arthritis or fibromyalgia based on
previous meta-analytic research showing a lack of exercise intervention studies for
other types of AORD."" Studies were limited to randomized trials because it is the
only way to control for confounders that are not known or measured as well as the
observation that nonrandomized controlled trials tend to overestimate the effects of

healthcare interventions." '® Aerobic and progressive resistance (strength training)
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exercise were defined according to section C2 of the 2008 Physical Activity
Guidelines Advisory Committee Report." Specifically, aerobic exercise is defined as
any ‘exercise that primarily uses the aerobic energy-producing systems, can improve
the capacity and efficiency of these systems, and is effective for improving
cardiorespiratory endurance,’ while strength training is defined as ‘exercise training
primarily designed to increase skeletal muscle strength, power, endurance, and
mass’."’

For this proposed project, community-deliverable exercise interventions were
considered to be those that could be performed, or have the potential to be adapted
and performed, by persons in a community setting (recreation or senior centers, in the
home or neighborhood, etc.) and meet the implementation guidelines for physical
activity interventions recently recommended by the Arthritis Program at the Centers
for Disease Control and Prevention: (1) no academic degree required for a
leader/implementer but leader training available, if needed, (2) no special facilities
beyond a community room (except a warm pool for aquatic exercise), (3) inexpensive
equipment, (4) cost to participants less than $50.00, (5) implementation guide
available, (6) supporting structures judged to be adequate to support widespread
implementation.’ An exercise duration of at least 4 weeks was chosen based on
previous research in which statistically significant improvements in anxiety occurred
as a result of as little as 4 weeks of exercise training.' There was no maximum limit
on the length of any interventions for the studies included in our proposed project. We
limited our studies to adults ages 18 and older because the inclusion of children and

adolescents pose additional confounding problems congruent with the many
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developmental changes that occur during this period. In addition, the prevalence of
AORD is more common in adults than children and adolescents. We restricted our
studies to published articles, dissertations and master’s theses and examined for
potential small-study effects such as publication bias when limited to published
articles in peer-reviewed journals. The year 1981 was chosen as the starting point for
eligibility based on a preliminary PubMed search in which it was found that this was
the first year that a randomized controlled trial on exercise and arthritis was
published.? Studies from both English and non-English-language sources were
included with the latter translated into English by the second author using the freely
available web-based Babelfish and Bing translators. Finally, while acknowledging that
the mechanisms for changes in anxiety may differ for different types of AORD, for
example fibromyalgia versus osteoarthritis and rheumatoid arthritis, the purpose of the
current systematic review with meta-analysis was to determine whether exercise
reduces anxiety in adults with AORD, not why it reduces anxiety.

Information sources

Eight electronic databases were searched for potentially eligible studies in any language
published from January 1, 1981 forward. The last searches were conducted on January
6, 2017. Databases searched included (1) PubMed, (2) SPORTDiscus, (3) Cochrane
Central Register of Controlled Clinical Trials (CENTRAL), (4) Cumulative Index to
Nursing and Allied Health Literature (CINAHL), (5) PsycINFO, (6) Web of Science, (7)
Scopus and (8) ProQuest (Master’s theses and dissertations). In addition, cross-
referencing from retrieved studies was conducted. Furthermore, the third author, an

expert on physical activity and AORD, reviewed the reference list for completeness.
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Search strategy

Search strategies were developed using text words as well as medical subject headings
(MeSH) associated with the effects of exercise on anxiety in adults with AORD. The
second author conducted all electronic database searches. A copy of the search
strategy for one of the databases searched (PubMed) is shown in Supplementary file 1.
Study records

Study selection

All studies to potentially be screened were imported into EndNote (EndNote, Version
X8. New York, NY: Thomson Reuters, 2016). Duplicates were then removed both
electronically and manually by the second author. A copy of the database was then
provided to the first author for duplicate screening. The first two authors selected all
studies, independent of each other. The full report for each article was obtained for all
titles and abstracts that appeared to meet the inclusion criteria or where there was any
uncertainty. Multiple reports of the same study were handled by including the most
recently published article as well as drawing from previous reports, assuming similar
methods and sample sizes. Neither of the screeners were blinded to the journal titles or
to the study authors or institutions. Reasons for exclusion were coded as one or more of
the following: (1) inappropriate population, (2) inappropriate intervention, (3)
inappropriate comparison(s), (4) inappropriate outcome(s), (5) inappropriate study
design, (6) other. Upon completion, the first two authors met and reviewed their
selections. Discrepancies were resolved by consensus. If consensus could not be
reached, the third author provided a recommendation. Using Cohen’s kappa statistic

(K),21 the overall agreement rate prior to correcting disagreements was 0.90. After
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identifying the final number of studies to be included, the overall precision of the
searches was calculated by dividing the number of studies included by the total number
of studies screened after removing duplicates.? The number needed-to-read (NNR)
was then calculated as the inverse of the precision.?

Data abstraction

Prior to the abstraction of data, a codebook that could hold more than 200 items per
study was developed using Microsoft Excel (Microsoft Excel, Version 2010, Redmond,
WA). The codebook was developed by the first two authors with input from the third
author. The major categories of variables coded included (1) study characteristics
(author, journal, year, etc.), (2) participant characteristics (age, height, body weight,
etc.), (3) intervention characteristics (type, length, frequency, intensity, duration,
compliance, etc.), and (4) outcome characteristics for anxiety (sample sizes, baseline
and post-exercise means and standard deviations, etc.). The first two authors
abstracted data from all studies, independent of each other, using separate codebooks
in Microsoft Excel. Upon completion of coding, the codebooks were merged into one
primary codebook for review. Both authors then met and reviewed every item for
agreement. Discrepancies were resolved by consensus. If consensus could not be
reached, the third author provided a recommendation. Using Cohen’s kappa statistic
(k),%" the overall agreement rate prior to correcting disagreements was 0.95.
Outcomes and prioritization

The primary outcome in this study was changes in anxiety. Secondary outcomes

included changes in physical function, pain, depression, quality of life, body mass index
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(BMI in kg'm™), maximum oxygen consumption (VO2max in mikg'min™), and muscular
strength.
Risk of bias assessment in individual studies

Risk of bias was assessed at the study level using the Cochrane Risk of Bias

instrument, >

with a focus on the primary outcome of interest, changes in anxiety. Bias
was evaluated across six domains: (1) random sequence generation, (2) allocation
concealment, (3) blinding of participants and personnel, (4) blinding of outcome
assessment, (5) incomplete outcome data, (6) selective reporting and (7) whether
participants were exercising regularly, as defined by the original study authors, prior to
taking part in the study. Each item was classified as having either a high, low, or unclear
risk of bias. Because it’s virtually impossible to blind participants to group assignment in
exercise intervention protocols, all studies were classified as high risk with respect to
the category “blinding of participants and personnel”’. Based on previous research, no
study was excluded based on the results of the risk of bias assessment.?* The first two
authors conducted all assessments, independent of each other. Both authors then met
and reviewed all selections for agreement. Discrepancies were resolved by consensus,
and if necessary, consultation with the third author. Using Cohen’s kappa statistic (k),%’
the overall agreement rate for risk of bias assessment prior to correcting disagreements
was 0.71.

Data Synthesis

Calculation of effect sizes

The primary outcome for this proposed project was changes in anxiety, calculated as

Hedge’s standardized mean difference effect size (ES), adjusted for small-sample
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bias.?® This was calculated by subtracting the change outcome difference in the
exercise group minus the change outcome difference in the control group, and then
dividing by the pooled standard deviation of the change outcome for the exercise and
control groups. If change score standard deviations were not available, they were
calculated from reported change outcomes, treatment effect 95% confidence intervals
(Cl), or pre and post standard deviation values according to procedures developed by
Follmann et al.?*® Secondary outcomes (physical function, pain, quality of life,
depression, muscular strength) were calculated using the same procedures as for the
primary outcome while BMI and VO2,,x were calculated using the original metric. For
studies in which outcomes were assessed at multiple time points, differences between
baseline values and the final time point closest to cessation of the exercise intervention
were used.

Pooled estimates for changes in outcomes

Effect size changes in anxiety and all secondary outcomes were pooled using the
recently developed inverse heterogeneity (IVhet) model.?’ The IVhet model is a quasi-
likelihood model that is computed by (1) calculating weights that sum to 1 from each
study, (2) pooling effects from all the studies, and (3) calculating the variance of the
pooled ES. The IVhet model has been shown to be superior to the original random-
effects, method-of-moments model of Dersimonian and Laird,?® the most common
random-effects model used to pool aggregate data meta-analytic results.?
Specifically, simulation studies have shown that the IVhet model retains correct

coverage probabilities as well as a lower observed variance than the random-effects
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model, regardless of heterogeneity.”” Two-tailed z-alpha values < 0.05 and non-
overlapping 95% confidence intervals were considered statistically significant.
Heterogeneity and inconsistency for each pooled outcome were estimated using the
Q% and P statistic,! respectively. An alpha level of < 0.10 for Q was considered to
represent statistically significant heterogeneity while inconsistency was categorized as
very low (<25%), low (25% to <50%), moderate (50% to <75%) or large (> 75%).>' To
improve practical relevance with respect to potential improvements in anxiety and all
secondary outcomes, percentile gain in the exercise groups was calculated using
Cohen’s Uz index®? In addition, the number-needed-to treat (NNT) was estimated using
the approach suggested by the Cochrane Collaboration®® and a control group risk of
30% based on previous research on anxiolytics.>® This was accomplished by converting
the standardized mean differences into a log odds ratio, odds ratio, assumed control
risk (30%) and then NNT. Extending the NNT, estimates of the number of US adults
with AORD who could improve their anxiety levels but were not currently meeting
physical activity recommendations were calculated. These were based on the reciprocal
of the NNT multiplied by the number of adults in the United States with doctor-
diagnosed arthritis who were not currently meeting exercise guidelines, currently
approximately 31.6 million." ** Influence analysis was conducted with each study
deleted from the model once while cumulative meta-analysis, ranked by year, was used
to examine the accumulation of results over time.
The primary pooling of results was based on group level findings. However, findings
were also examined by collapsing results so that only one ES represented each study.

In addition, for those outcomes that were assessed using multiple instruments, results
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from these instruments were pooled into one ES. The rationale for this was based on
the lack of consensus regarding the most valid and reliable instrument for the outcome
and population of interest as well as the need to maintain as much independence as
possible. For those studies that reported both per protocol and intention-to-treat
analyses, results were also pooled into one ES.

Exploratory meta-regression based on the [Vhet model was used to examine the
relationship between changes in our primary outcome (anxiety) and selected
covariates.?” This was accomplished by (1) conducting simple meta-regression for
statistically significant associations between selected covariates and changes in
anxiety, (2) examining for multicollinearity between covariates (r > 0.80), and (3)
building a multiple meta-regression model. These models used a multiplicative versus
additive component for residual heterogeneity. To achieve matching error variances,
robust Huber-Ecker-White-sandwich error variances were used to account for the
underestimated dispersion. Such errors were expected to calculate the correct
standard errors for heterogeneous data that are traditionally heteroskedastic. Because
of the small sample size, a post hoc decision was made to include the three potential
predictors with the largest R? values as a result of simple regression analyses.
However, since the investigative team felt that total minutes of training per week was
more appropriate than total minutes of training over the entire duration of the study, the
former was included in the regression. Multiple imputation was used to impute missing
values for minutes of training per week so that the maximum sample size could be

achieved.
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Based on the recommendations of Rothman,®

no adjustments for multiple testing
were made because of concerns about missing possibly important findings that could be
pursued in future randomized controlled trials. While this could be viewed as a ‘fishing
expedition’, such analyses are important for providing investigators with potential
direction for future randomized controlled trials, one of the very reasons for conducting a
systematic review with meta-analysis.36 This approach is especially appropriate for
meta-analysis since covariates are not randomly assigned in meta-analysis and thus,
such analyses are considered to be observational in nature.>” As a result, causal
inferences cannot be derived from meta-regression. However, any observed
associations can provide direction for future research.

Meta-biases

Small-study-effects (publication bias, etc.) for primary and secondary outcomes were
assessed following current guidelines.® This included qualitative analysis using funnel
plots as well as quantitative analysis using Egger’s regression-intercept test for
continuous data.*® An alpha level < 0.05 and 95% ClI that did not include zero (0) was
considered to represent statistically significant small-study effects.

Confidence in cumulative evidence

Strength of findings for our primary outcome (anxiety) was evaluated using the Grading
of Recommendations Assessment, Development and Evaluation (GRADE) for meta-
analysis.*® The quality of evidence was assessed across the domains of risk of bias,
consistency, directness, precision and publication bias. Quality was judged as high
(further research is very unlikely to change our confidence in the estimate of effect),

moderate (further research is likely to have an important impact on our confidence in the
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estimate of effect and may change the estimate), low (further research is very likely to
have an important impact on our confidence in the estimate of effect and is likely to
change the estimate), or very low (very uncertain about the estimate of effect).
Software used for data synthesis

All data was analyzed using Stata (V.14.1; Stata/SE for Windows (Version 14.1).
College Station, Texas: Stata Corporation LP, 2015), Microsoft Excel 2010 (Microsoft
Excel (Version 2010)), and three add-ins for Excel, Meta XL (V.5.3; Meta XL (Version
5.3). 2016), SSC-Stat (V.2.18; SSC-Stat (Version 2.18). University of Reading, UK:
Statistical Services Center, 2007), and EZ-Analyze (V.3.0; EZ Analyze (Version 3.0).
Boston, MA: Tim Poynton, 2007).

RESULTS

Study Characteristics

A flow diagram that depicts the search process for study selection is shown in Figure 1.
After initially identifying 639 citations and removing 240 duplicates both electronically
and manually, 399 citations were screened. Of these, 14 studies representing 30 groups
(16 exercise, 14 control) and 926 initially enrolled participants (539 exercise, 387
control) met the criteria for inclusion.*®*® Two studies included more than one
intervention group.*®®! One included a pool and walking group®® while the other
included a long and short bout exercise group.®’ The major reasons for exclusion were
(1) inappropriate intervention (47.8%), (2) inappropriate study design (32.2%), (3)
inappropriate population (11.9%), (4) inappropriate comparison group (4.7%), and (5)

inappropriate outcome (3.4%). The precision of the search, excluding duplicates, was
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3.5% while the NNR was 29. A list of excluded studies, including the reasons for
exclusion, can be found in Supplementary File 2.

With respect to source, 1 study (7.1%) was published as a dissertation*' while the
remaining 13 (92.9%) were published in peer-reviewed journals.*® > For the 12
studies (85.7%) in which data were available, the 5-year impact factor of the journals in
which studies were published ranged from 1.7 to 7.9 (X + SD, 4.1 + 2.4, median = 2.9).
Five studies (35.7%) were published in the United States,*' *> %8 2 each in either

49 50

Canada,*®" Portugal®®* or Spain,***® and 1 each in either Australia,*® Brazil,** or

Ireland.** Thirteen of the 14 studies (92.9%) were published in English-language

40-52

journals while 1 (7.1%) was published in Spanish.> With respect to types of control

404143 44

groups, 4 studies used either a wait-list contro or what appeared to be some

42 46 48 51

type of attention control group, while three each used either a non-intervention*

4752 or usual care group.*®*°*® Three studies (21.4%) reported using matching
procedures according to either sex,*® age, sex and BMI,*° or type of arthritis
(rheumatoid or osteoarthritis).*® None of the studies reported using any type of
crossover design.*®® For data analysis, 7 studies (50.0%) reported using the per-
protocol approach,*' 4648505253 4 (28 6%) used intention-to-treat,*® *>** while the
remaining 3 (21.4%) used both.***°°! Eight studies (57.1%) provided sample size
estimates.*0 424446505153 \jith respect to funding, 12 studies (85.7%), reported receiving
funding from government, university, or private sources for their work.*? 42->2
Participant Characteristics

A description of the physical characteristics of participants for those studies that

reported data is shown in Tables 1 and 2. On average, participants were overweight
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and had low cardiorespiratory fithess. The majority of participants were women,
although 7 studies (50.0%) also included a small number of men.***® Nine studies
(64.3%) were limited to participants with fibromyalgia,*® 4! 4> 46 493 3 (21 4%) with
osteoarthritis,**** 1 with rheumatoid arthritis*” and 1 with either rheumatoid arthritis or
osteoarthritis.*® For those studies in which data were available, the number of years in
which rheumatic symptoms were present ranged from 3 to 24 (X + SD, 13.1 + 7.0,

n= 12‘0)’44-46 49 51-53

media while years since diagnosis ranged from 3 to 7 (X + SD, 4.1

+ 2.0, median = 3).**"3 Nine of the 14 studies (64.3%) reported that one or more
participants were taking some type of medication for their condition.*' 43-4° 47-495253
These included, but were not necessarily limited to, non-steroidal anti-inflammatory
drugs (NSAIDS), analgesics, narcotics and non-narcotics for pain, muscle relaxants,
antidepressants, and anxiolytics. One study reported cigarette smoking in some of the
participants.51 Participant withdrawals or removal in the exercise groups ranged from
0% to 50% (X + SD, 17.4 + 13.4, median = 17.0) while withdrawals or removal in the
control groups ranged from 0% to 41% (X + SD, 11.5 + 12.7, median = 6.3). Reasons
for withdrawals or removal included such things as family issues, pain from exercising,
injuries, personal issues, time, unhappiness with group assignment, transportation
issues, moving, employment commitments, boredom with exercise routine, not enough
room or privacy to perform exercise, failure to complete lab assessments, not attending
a specific percentage of the exercise sessions, or changing medications that could

affect mood.

Exercise Intervention Characteristics
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Exercise intervention characteristics for each group from each study are shown in
Tables 1 and 3. Intensity of training, categorized according to American College of
Sports Medicine® and limited to aerobic exercise only, included very light, light,
moderate and vigorous exercise for the 9 (64.3%) studies that reported such
information.*! 4° %6 4853 For mode of training, 6 studies (42.9%) focused on aerobic types
of exercise,*® 4142483051 1 (7 1%) on weight training,*” and 7 (50.0%) on both.*?*4 464952
%3 Specific types of aerobic activities included such things as aquatic exercise, walking,
jogging, exercising to music and cycling. For the few studies that provided detailed
information on resistance training, the number of sets ranged from 1 to 3,*” *° the

5,44 and the number of exercises from 2 to 10 or

number of repetitions from 8 to 1
more.***"* One study reported a rest period for 30 seconds between sets.*’ For those
studies that reported data, the equipment used for resistance training included free
weights and elastic bands.*? ¢ 47 %253 Seven studies (50.0%) reported supervised
exercise,** 404805253 5 (35 79, reported both supervised and unsupervised exercise,**
** while the remaining 2 (14.3%) reported unsupervised exercise.*’ > Three of the 14
studies (21.4%) reported some type of adverse event.*! ¥*°' Reasons included 1
participant dropping out due to pain after the first exercise session,* 2 participants
because of a history of a herniated disk and low back and leg pain,*? and 1 participant
because of a metatarsal fracture.®’ Another study reported that 1 participant withdrew
because of the exacerbation of back pain*® while a final study reported the exclusion of
2 participants because of severe coronary artery disease.*” None of the studies

40-53

provided data on the costs associated with conducting the intervention.

Risk of Bias Assessment
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Results for risk of bias assessment using the Cochrane Risk of Bias Assessment
Instrument are shown in Figure 2 and Supplementary file 3. As can be seen, greater
than 50% of the studies were at an unclear or high risk of bias with respect to (1)
incomplete outcome reporting (78.6%), (2) allocation concealment (78.6%), and (3)
blinding of outcome assessors (57.1%). Given the inability to truly blind participants in
exercise intervention trials, all studies (100%) were considered to be at a high risk of
bias for the category ‘blinding of participants and personnel’.

Data Synthesis

Overall results for primary outcome (anxiety). Overall results for changes in anxiety

for the 14 included studies*®®?

are shown in Table 4 and Figure 3. As can be seen,
statistically significant (p = 0.002) reductions in anxiety were observed. In addition,
statistically significant heterogeneity was observed while overall inconsistency was
categorized as moderate, (range = low to large). The NNT was 6 with a percentile
improvement of 15.5% and an estimated 5.3 million inactive US adults with AORD
improving their anxiety if they started exercising regularly. Statistically significant small-
study effects were observed (p < 0.0001) (Figure 4). With each result deleted from the
model once, results remained statistically significant across all deletions, ranging from -
0.44 (95% CI, -0.71 t0 -0.18) to -0.35 (-0.57 to -0.12). Cumulative meta-analysis, ranked
by year, demonstrated that results have been statistically significant since the first study
was conducted in 1989, but with a trend towards smaller improvements in anxiety with
each accumulating year (Figure 5). Reductions in anxiety were similar to group-level

results when collapsed so that only one ES represented each study (ES, -0.40, 95% Cl,

-0.67 t0 -0.13, p = 0.004; Q = 39.6, p = 0.0002; /* = 67.2%, 95% Cl, 42.6% to 81.3%,
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tau? = 0.15). With six outliers deleted from the model, overall reductions in anxiety were
similar but heterogeneity was no longer statistically significant and overall inconsistency
was reduced to a level categorized as small (ES, -0.40, 95% ClI, -0.62 10 -0.18, p =
0.0004; Q = 11.8, p =0.22; I* = 24.0%, 95% Cl, 0% to 63.1%, tau2 = 0.03).
Meta-regression results for anxiety. Simple meta-regression results are shown in
Supplementary File 4. For study characteristics, greater reductions in anxiety were
associated with (1) earlier publication year, (2) studies at an unclear versus low risk of
bias, (3) studies in which sample size estimates were not provided, (4) trials in which a
larger percentage of participants initially agreed to participate in, and (5) studies that
were not funded versus funded. For participant characteristics, greater improvements
were associated with a larger percent dropout in the exercise groups as well as younger
age. For exercise intervention characteristics, greater reductions were associated with
(1) aerobic/strength training versus aerobic and strength training combined, (2) fewer
minutes of exercise per session, (3) minutes of exercise per week, and (4) total minutes
of exercise for the entire intervention period. Greater reductions were also associated
with (1) supervised and unsupervised exercise versus both, (2) facility and home-based
exercise versus both and (3) group and self-exercise versus both.

Results for the final multiple regression model are shown in Table 5. The overall model
was statistically significant (F = 17.2, p = 0.0005). Earlier year of publication and studies
at an unclear versus low risk of bias for incomplete outcome data were statistically
significant predictors for greater reductions in anxiety. However, minutes of exercise per

week was no longer statistically significant.
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GRADE findings for changes in anxiety. An evidence profile for changes in anxiety is
shown in Supplementary file 5. As can be seen, the outcome (anxiety) was considered
critical and the overall strength of the finding was considered high, with future additional
studies unlikely to have an effect on the overall direction of findings.

Results for secondary outcomes. Overall results for changes in secondary outcomes

are shown in Table 4. Physical function was assessed in 10 studies*® 424047485153

using
the 10 meter walk test, 50 foot walk, 6 minute walk, Arthritis Impact and Measurement
Scale (AIMS), Fibromyalgia Impact Questionnaire (FIQ), Short Physical Performance
Battery, sit-to-stand test, stairclimbing test, up and go test, and the Western Ontario and
McMaster Osteoarthritis Index (WOMAC). As can be seen, statistically significant (p <
0.001) improvements in physical function were observed. Statistically significant
heterogeneity was observed while inconsistency was categorized as moderate, (range =
low to large). The NNT was 4 with a percentile improvement of 24.5% and an estimated
9 million inactive US adults with AORD improving their physical function if they started
exercising regularly. No statistically significant small-study effects were observed (p =
0.17). With each result deleted from the model once, results remained statistically
significant across all deletions, ranging from 0.54 (95% CI, 0.30 to 0.78) to 0.73 (95%
Cl, 0.39 to 1.06). Cumulative meta-analysis, ranked by year, demonstrated that results
have been statistically significant since the first study was conducted in 1989,* but with
a trend towards smaller improvements in physical function with each accumulating year
(from 0.86 in 1989 to 0.66 in 2016). Improvements in physical function were similar to

group-level results when collapsed so that only one ES represented each study (ES,

0.66, 95% Cl, 0.31 to 1.01, p = 0.0002; Q = 35.6, p <0.001; /* = 74.7%, 95% Cl, 52.8%
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to 86.5%, tau® = 0.21). With four outliers deleted from the model, overall improvements
in physical function were statistically significant but slightly smaller, heterogeneity was
no longer statistically significant, and overall inconsistency was reduced to a level
categorized as very low (ES, 0.57, 95% Cl, 0.36 to 0.78, p <0.001; Q = 7.2, p =0.41; [* =
2.7%, 95% Cl, 0% to 68.5%, tau® = 0.003).

For pain, assessment was conducted in 13 studies*®** 4¢3 using the AIMS, FIQ,
numerical rating scale, tender point count, visual analog scale and the WOMAC. As can
be seen in Table 4, statistically significant (p = 0.017) decreases in pain were found.
Statistically significant heterogeneity was observed while inconsistency was categorized
as large, including both Cls. The NNT was 6 with a percentile improvement of 23.1%
and an estimated 5.6 million inactive US adults with AORD decreasing their pain if they
started exercising regularly. No statistically significant small-study effects were
observed (p = 0.34). With each result deleted from the model once, results remained
statistically significant across all deletions, ranging from -0.70 (95% ClI, -1.21 to -0.19) to
-0.47 (95% CI, -0.80 to -0.15). Cumulative meta-analysis, ranked by year, demonstrated
that results have been statistically significant, and remained statistically significant,
since only 2013. Decreases in pain were similar to group-level results when collapsed
so that only one ES represented each study (ES, -0.62, 95% ClI, -1.16 to -0.07, p = 0.03;
=123.7, p <0.001; /* = 90.3%, 95% Cl, 85.3% to 93.6%, tau® = 0.75). With ten outliers
deleted from the model, decreases in pain remained statistically significant but smaller,
heterogeneity was no longer statistically significant, and overall inconsistency was
reduced to a level categorized as very low (ES, -0.44, 95% CI, -0.70 to -0.18, p = 0.001;

Q=1.5,p =0.68; I = 0%, 95% Cl, 0% to 69.5%, tau® = 0).
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Depression was assessed in 13 studies*?48 %053

using the AIMS, Beck Depression
Inventory (BDI), Center for Epidemiologic Studies Depression Scale (CES-D),
Depression, Anxiety and Stress Scale (DASS21), FIQ, HADS, MHI, and VAS. As can
be seen in Table 4, statistically significant (p = 0.009) decreases in depression were
found. Statistically significant heterogeneity was observed while inconsistency was
categorized as moderate (95% CI = low to large). The NNT was 6 with a percentile
improvement of 15% and an estimated 5.1 million inactive US adults with AORD
reducing their depression if they started exercising regularly. Small-study effects were
not statistically significant (p = 0.08). With each result deleted from the model once,
results remained statistically significant across all deletions, ranging from -0.52 (95% ClI,
-0.68 to -0.37) to -0.32 (95% Cl, -0.61 to -0.0.3). Cumulative meta-analysis, ranked by
year, demonstrated that improvements have been statistically significant and remained
stable since 2013. Decreases in depression were similar to group-level results when
collapsed so that only one ES represented each study (ES, -0.38, 95% CI, -0.70 to -
0.07,p =0.02; Q =45.6, p < 0.001; > = 73.7%, 95% Cl, 54.3% to 84.8%, tau® = 0.21).
With three outliers deleted from the model, improvements in depression remained
statistically significant, slightly larger, but with non-significant heterogeneity and overall
inconsistency categorized as very low (ES, -0.43, 95% CI, -0.60 to -0.26, p < 0.001; Q =
5.7, p =0.89; I* = 0%, 95% CI, 0% to 19.3%, tau® = 0).

Quality-of-life was assessed in 12 studies*®*’ 495153

using the FIQ, Health Assessment
Questionnaire (HAQ), Quality of Life Scale (QOLS), SF-12, and SF-36. As shown in
Table 4, statistically significant (p < 0.0001) improvements in quality-of-life were found.

Statistically significant heterogeneity was observed while inconsistency was categorized
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as large (95% CI = low to large). The NNT was 4 with a percentile improvement of
23.1% and an estimated 8.6 million inactive US adults with AORD improving their
quality-of-life if they started exercising regularly. Statistically significant small-study
effects were observed (p < 0.001). With each result deleted from the model once,
results remained statistically significant across all deletions, ranging from 0.58 (95% ClI,
0.35t0 0.81) to 0.70 (95% ClI, 0.41 to 0.99). Cumulative meta-analysis, ranked by year,
demonstrated that improvements have been statistically significant since 2001, but with
a trend towards a decrease in the magnitude of effect. Increases in quality-of-life were
similar to group-level results when collapsed so that only one ES represented each
study (ES, 0.63, 95% Cl, 0.34 to 0.92, p < 0.001; Q = 30.9, p = 0.001; /* = 64.3%, 95%
Cl, 33.9% to 80.8%, tau® = 0.14). With four outliers deleted from the model,
improvements in quality-of-life remained statistically significant, similar in magnitude, but
with non-significant heterogeneity and overall inconsistency categorized as low (ES,
0.64, 95% Cl, 0.39 t0 0.90, p < 0.001; Q = 11.4, p =0.18; I* = 29.8%, 95% Cl, 0% to
67.5%, tau? = 0.04).

Maximum oxygen consumption (VO2max in mIkg™'min”') was assessed in 5 studies*®*®

®152 ysing various maximal treadmill tests while one study used a submaximal step test
(Canadian Aerobic Fitness Test). As can be seen in Table 4, statistically significant (p =
0.001) improvements in VO2,,x were observed. Statistically significant heterogeneity
was observed while inconsistency was categorized as moderate (95% CI = low to
large). The NNT was 3 with a percentile improvement of 25.7% and an estimated 9.5

million inactive US adults with AORD improving their relative VO2. if they started

exercising regularly. No statistically significant small-study effects were observed (p =
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0.18). With each result deleted from the model once, results remained statistically
significant across all deletions, ranging from 1.80 ml'kg™"'min™ (95% CI, 0.58 to 3.01) to
2.47 mlkg"min™ (95% ClI, 1.25 to 3.69). Cumulative meta-analysis, ranked by year,
demonstrated that improvements have been statistically significant since 2003, but with
a trend towards a decrease in the magnitude of effect over time. Increases in VO2,a«
were similar to group-level results when collapsed so that only one ES represented
each study (ES, 2.01 mlkg™'min™, 95% CI, 0.59 to 3.44, p = 0.01; Q = 19.4, p = 0.001;
I = 79.4%, 95% Cl, 51.2% to 91.3%, tau® = 1.7). With outliers deleted from the model,
improvements in VO2,,.x were smaller, with non-significant heterogeneity and overall
inconsistency categorized as low (ES, 1.93 ml'’kg ™ 'min™, 95% CI, 0.83 to 3.02, p =
0.001; Q = 0.03, p =0.86; I* = 0%, 95% Cl, 0% to 0%, tau® = 0).

Upper and lower body muscular strength was assessed in five studies*® 47492

using
free weights, grip strength, isokinetic strength and the sit-to-stand test with free weights.
As shown in Table 4, statistically significant (p < 0.001) improvements in strength were
observed. No statistically significant heterogeneity or mean inconsistency was observed
(95% CI = none to moderate). The NNT was 4 with a percentile improvement of 22.2%
and an estimated 8 million inactive US adults with AORD improving their strength if they
started exercising regularly. No statistically significant small-study effects were
observed (p = 0.65). With each result deleted from the model once, results remained
statistically significant across all deletions, ranging from 0.50 (95% CI, 0.21 t0 0.79) to
0.68 (95% ClI, 0.39 to 0.96). Cumulative meta-analysis, ranked by year, demonstrated

that improvements in strength have been statistically significant since the first included

study in 1989.*® Changes in strength were similar to group-level results when collapsed
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so that only one ES represented each study (ES, 0.59, 95% CI, 0.33 to 0.85, p < 0.001;
Q =3.5,p =0.48; I = 0%, 95% Cl, 0% to 76.2%, tau® = 0). There were no outliers.
Insufficient data were available to analyze BMI. The one study that did provide change
outcome results for BMI reported no statistically significant changes.*®
DISCUSSION
Overall Findings
The primary purpose of the current systematic review with meta-analysis was to
examine the effects of exercise (aerobic, strength training, or both) on anxiety in adults

with AORD. The overall findings, a primary purpose of meta-analysis,®

suggest that
exercise results in both statistically significant and practically important reductions in
anxiety among adults with selected types of AORD. These findings are supported by (1)
a magnitude of effect comparable to or greater than anxiolytics,*® (2) a large percentile
improvement (15.5), (3) low NNT (6), large number of physically inactive US adults with
AORD who could benefit from exercising regularly (5.3 million), (4) similar findings when
examined at the study versus group level, (5) continued existence of a statistically
significant effect when each result was deleted from the analysis once, (6) similar
findings when outliers were deleted and statistical heterogeneity was reduced to a non-
significant effect and overall inconsistency to zero, and (7) a consistent finding of
improvements in anxiety since the first included study was reported in 1989.*® Based on
GRADE, it was concluded that anxiety was a critical outcome and that further research
would unlikely change the direction of effect.

While the current findings are encouraging, it is interesting to note that cumulative

meta-analysis revealed a distinct trend for a reduction in the pooled ES over time (from -
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1.47 in 1989 to -0.40 in 2016) and based on meta-regression, a statistically significant
association between greater reductions in anxiety with older versus more recent
studies. While the specific reasons for this could not be determined, it may be that the
experimental design and conduct of studies have improved over time. However, from
the investigative team’s perspective, it is highly unlikely that the results will become non-
significant in future years. The former notwithstanding, the general conclusion that
exercise reduces anxiety in adults with selected types of AORD may need to be viewed
with some caution given that the majority of included studies consisted of participants

with fibromyalgia®® 4" 4 46 49-53

while the remaining studies included those with
osteoarthritis and/or rheumatoid arthritis.**** 4’ ® While meta-regression revealed no
statistically significant association between type of AORD and changes in anxiety, such
analyses may have been underpowered to detect such an association. In addition, since
other types of AORD such as systemic lupus erythematosus were not included,
generalizing to populations with other types of AORD may not be appropriate.

The final meta-regression model resulted in two statistically significant variables being
included with earlier year of publication and studies at an unclear versus low risk of bias
for incomplete outcome data associated with greater reductions in anxiety. These
findings further reinforce the influence of year of publication on changes in anxiety in the
current systematic review with meta-analysis, a potential reason for such having been
previously mentioned. The greater reductions observed for studies at an unclear versus

low risk of bias suggests that more poorly reported, and possibly conducted, studies

may have led to inflated findings.
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In addition to statistically significant and practically important improvements in anxiety,
similar improvements were also observed for all secondary outcomes assessed
(physical function, pain, depression, quality of life, VO2,ax in mI'kg'1'min'1, muscular
strength). These findings are important because unlike pharmacologic interventions that
are usually targeted to address one condition, exercise has the potential to improve
multiple physiological and psychological outcomes. Given the former, it would seem
plausible to suggest that continued efforts be made to increase the exercise and
physical activity levels of adults with AORD.

Implications for Research

There are at least four implications for the conduct and reporting of future research on
exercise and anxiety in adults with AORD. First, since only five of the studies included
participants with osteoarthritis and/or rheumatoid arthritis, future randomized controlled
trials on exercise and anxiety in these populations appear warranted. Second, exercise
was performed indoors in the majority of included studies. Given that previous research
has suggested the exercise performed outdoors may have better mood-enhancing
effects than indoor exercise,”” *® future research examining this phenomenon with
respect to anxiety as well as other outcomes in adults with AORD seems appropriate.
Third, future studies should focus on examining the dose-response effects of exercise
on anxiety in adults with AORD and report complete information on the characteristics
of the intervention, including intervention fidelity.>® Such information is critical for the
development of evidence-based recommendations aimed at practitioners. Fourth, since
more than half of the studies were considered to be at high or unclear risk of bias with

respect to allocation concealment, blinding of outcome assessors, and incomplete
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outcome reporting, future studies should address these issues in their experimental
design and report such information. Notably, while all included studies were considered
to be at a high risk of bias with respect to blinding of participants, this is difficult for
researchers to address since unlike pharmacologic studies, it is almost impossible to
blind intervention participants to group assignment in exercise intervention studies.
Implications for Practice

The results of this study appear to have important implications for practice. First, since
changes in both anxiety and secondary outcomes resulted in statistically significant and
practically important improvements, exercise may be more vital than any other
intervention given the apparent multiple benefits of such. While the current systematic
review with meta-analysis was unable to establish with any degree of certainty the
dose-response effects of exercise on anxiety in adults with AORD, it would appear
prudent to adhere to the Active Adult or Active Older Adult Guidelines from the Physical
Activity Guidelines for Americans Physical Activity Guidelines'’ as recommended by the
Centers for Disease Control and Prevention.® Broadly, this includes aerobic activities
on most, if not all, days of the week, muscle strengthening activities at least 2 days per
week, balance exercises at least 3 days per week, and flexibility exercises on a daily
basis.
Strengths and Limitations

There are at least four apparent strengths of the current study. First, to the best of our
knowledge, this is the first systematic review with meta-analysis to examine, as a
primary outcome, the effects of exercise on anxiety in adults with AORD. This is

important given (1) the prevalence of AORD," (2) the expected future increase in the
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prevalence of AORD,? (3) the financial costs associated with AORD,® and (4) the
previously reported finding that the prevalence of anxiety is almost twice that of
depression.® Second, a novel and recently developed approach, the IVhet model, was
used to pool findings.?” This resulted in more robust estimates than those derived from

the traditional random-effects model.?®

This is noteworthy given the need to provide the
most accurate results possible when examining the effects of an intervention on
selected outcome(s). Third, the statistically significant and practically relevant
improvements in anxiety as well as selected secondary outcomes observed in the
current systematic review with meta-analysis should be useful to practitioners and
policy-makers for making informed decisions about the role of exercise in the treatment
of anxiety among adults with selected types of AORD. Fourth, the current findings as
well as gaps in the reviewed literature provide researchers with direction for the conduct
and reporting of future research on this topic.

While there are several strengths to this study, there are also at least four potential
limitations. First, similar to any aggregate data meta-analysis, the potential for
ecological fallacy exists. Thus, it may be that the observed findings in the current study
would not apply at the individual participant level. Second, and also common to any type
of aggregate data meta-analysis, meta-regression results do not support causal
inferences because the included studies are not randomly assigned to covariates.*”
Therefore, the associations observed in the current investigation would need to be
assessed in appropriately powered randomized trials. Third, while a large number of
statistical tests were conducted, no adjustments were made for such. Thus, some

findings could have been nothing more than the play of chance. However, common to
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most aggregate data meta-analyses, no adjustments for multiple testing were made
because of concerns about missing possibly important findings that could be tested in
original trials.>® Fourth, since anxiety was assessed using self-report instruments,**>®
the possibility of reporting bias in the original studies existed.
CONCLUSIONS

Exercise is associated with reductions in anxiety among adults with selected types of
AORD. However, a need exists for additional, well-designed, randomized controlled
trials on this topic.
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Study and Year Country

oNOYTULT D WN =

Participants

Exercise

Intervention

Anxiety

Assessment

9 Baptista et al., Brazil

11 2012

15 Beltran, 2003’ United

17 States

23 Cheung et al., United

2017 # States

Fransen et al., Australia

32 2007%

38 French et al., Ireland

40 2013*

Women (N = 80) 18-65 yrs of age with FM assigned
to exercise (n = 40, age, X = 49.5 yrs) or control (n
=40, age, X =49.1 yrs) group

Women (N = 21) 22-65 yrs of age with FM assigned
exercise (n =11, age, X £+ SD =50.1 + 12.6 yrs) or
control (n =10, age, X + SD =53.7 +6.9 yrs)
group

Men and women (N=51) > 65 yrs of age with knee
OA assigned to exercise (n = 28, age, X + SD =
74.4 + 7.5 yrs), or control (n = 23, age, X £+ SD =
71.8 + 8.0 yrs) group

Men and women (N=96) 59-85 yrs of age with hip or
knee OA assigned to hydrotherapy (n = 55, age, X
1+ SD =70 % 6.3 yrs), or wait-list control (n = 41,
age, X + SD =69.6 £ 6.1 yrs) group

Men and women (N = 88) 40-80 yrs of age with hip

OA assigned to exercise (n =45, age, X + SD =

Dance exercise 2 x/wk, 60 min/session,

for 12 wks

Aerobic aquatic exercise, 3 x/wk, 25

min/session, 60-85% MHR, for 10 wks

Aerobic exercise, 5 x/wk, 20-30
min/session for 8 wks, and strength
exercise 3 x/wk, 30 min/session for 8 wks
(10+ exercises)

Hydrotherapy exercises in warm water, 2

x/wk, 60 min/session, for 12 wks

Aerobic & strength training, 30

min/session, for 8 wks, up to 5 strength
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Gowans et al.,

20014

Jones et al.,

2008%

Komatireddy et

al’

Minor et al.,

1989*

Munguia-
Izquieerdo &

Legaz-Arrese,

Canada

United

States

United

States

United

States

Spain

BMJ Open

61.8 £ 9.7 yrs), or control (n = 43, age, X+ SD =
60.8 + 9.7 yrs) group

Men and women (N = 57) with FM assigned to an
exercise (n = 30, age, X + SD =44.6 £ 8.7 yrs), or
control (n = 27, age, X + SD =49.8 £ 7.3 yrs) group
Men and women (N = 101) 18-65 yrs of age with
FM assigned to an exercise (n =47, age, X + SD =
49.6 £ 7.7 yrs), or control (n = 54, age, X £+ SD =
49.8 £ 7.9 yrs) group

Men and women (n = 49), 35-76 yrs of age with RA
assigned to exercise (n =25, X £+ SD =57.7 £ 9.8
yrs of age, range 40-72 yrs) or control (n =24, X +

SD =60.5 + 11 yrs of age, range 35—76 yrs) group

Men and women (N = 115) 21-83 yrs of age with
RA or OA assigned to a pool (n = 47), walking (n =
36) or control group (n = 32)

Men and women (N = 60) 18-60 yrs of age with FM
assigned to exercise (n =35, X £+ SD=50.0+7.0

yrs) or control (n =25 X £ SD =46.0 + 8.0 yrs)

exercises

Aerobic exercise (2 walking/jogging
classes in a gym, 1 pool class), 3 x/wk,
30 min/session, 60-75% MHR, for 23 wks
Aerobic exercise 3 x/wk, 30 min/session,
40-50% MHR & strength exercise, 3

x/wk, 10 min/session, for 24 wks

Circuit weight training with light loads and
high repetitions, 7 exercises, 2-3
circuits/session, 12—-15 reps, 30-second
rest between sets, 20-27 min/session,

> 3 x/wk, RPE of 3—4, for 12 wks

Aerobic aquatics or walking group, 3
x/wk, 60 min/session (30 min of this was
aerobic), 60-80% MHR, for 12 wks
Aerobic aquatic exercise, 3 x/wk, 20-30
min/session, 50-80% MHR, & strength

exercise 3 x/wk, 8-20 min/session, 1-3
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1
2
3 2008*° group sets, 8-15 reps, for 16 wks
4
5 Sanudo et al., Spain Women (N = 32) with FM assigned to exercise (n =  Aerobic/interval training, 2 x/wk, 30-35 VAS
6
7 2015%° 16, X + SD = 55.0 + 8.0 yrs of age), or control (n =  min/session, 60-80% MHR, for 24 weeks
8
9 16, X + SD =58.0 £ 6.9 yrs of age) group
10
11 Schachter et al., Canada Women (N = 143) 20-55 yrs of age with FM Low impact, videotape-based, aerobic FIQ (Anxiety)
12
13 2003" assigned to a short bout (n =56, X + SD =419 + exercise to music. Short bout, 2 x/d, 7.1
14
15 8.6 yrs of age), long bout (n =51, X+ SD =413+ x/wk, 12.3 min/session, 60% HRR; Long-
16
17 8.7 yrs of age), or control group (n =36, X + SD = bout group: 1 x/d, 3.6 x/wk, 24.5
18
19 42.5 + 6.7 yrs of age) min/session, 60% HRR, for 16 wks
20
2 Tomas-Carus et Portugal Women with FM (N = 33) assigned to aquatic Pool exercises performed in warm water,  FIQ (Anxiety),
;g al., 2008 exercise (n =17, X + SD = 50.7 + 10.6 yrs of age) 3 x/wk, 20 min, aerobic phase, 60-65% STAI
;;' or control group (n =16, X+ SD =50.9+6.7 yrs of  MHR, strength exercise, 20 min, 4 sets,
;? age) 10 reps, for 32 wks
;g Tomas-Carus et Portugal Women with FM (N = 34) assigned to aquatic Pool exercises performed in warm water,  FIQ (Anxiety)
2(1) al., 2007 exercise (Nn=17, X +SD=51+10.0 yrs ofage)or 3 x/wk, 20 min, aerobic phase, 60-65%
32 control group (n =17, X + SD =51+ 9.0 yrs ofage) MHR, strength exercises, 20 min, 4 sets,
33
34 10 reps, for 12 wks
35
36 Notes: Description of groups from each study limited to those that met the criteria for inclusion; X £ SD, mean + standard deviation; AIMS, Arthritis
37
38 Measurement Impact Scale; DASS21, Depression, Anxiety and Stress Scale; FIQ, Fibromyalgia Impact Questionnaire; FM, fibromyalgia; HADS,
39
40 Hospital Anxiety & Depression Scale; HRR, heart rate reserve; MHI, Mental Health Inventory; min, minutes; MHR, maximum heart rate; STAI,
41
42
43
44
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
46



oNOYTULT D WN =

BMJ Open

State-Trait Anxiety Inventory; MHR, maximum heart rate; OA, osteoarthritis; RA, rheumatoid arthritis; reps, repetitions; RPE, rating of perceived

exertion; VAS, Visual Analog Scale; wk(s), week(s); yrs, years;
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Table 2. Baseline characteristics of participants.

Exercise Control
Variable Groups/Participants X +SD Median Range Groups/Participants X+SD  Median Range
Age (years) 14/458 53.4 +9.7 50 41 -74 13/349 549 + 8.8 50 43 -72
BMI (kgm?) 7/204 29.0+15 29 27 - 31 7/170 284 +1.7 28 27 - 31
VOsmax (MIkg™"'min™) 7/245 21.3+23 21 19— 24 5/101 207+27 21 17 — 24

Notes: Groups represents number of exercise and control groups reporting data; X+ SD, mean * standard deviation; BMI,

body mass index; VO,max, maximum oxygen consumption.
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Table 3. Exercise program characteristics.

Variable Groups/Participants X + 8D Median Range
Length (weeks) 16/514 16 +7 14 8-32
Frequency (times/week) 14/469 3.3+1.3 3 2-7
Duration (min/session) 14/450 28.8 +14.3 30 10-60
Minutes per week 11/407 85.5+21.2 88 60 — 120
Minutes per week (ad)) 71277 61.3 +22.7 58 33 -99
Compliance (%) 8/312 74.3 +19 80 38 -97

Notes: Groups represents number of exercise groups reporting data; X + SD,

mean + standard deviation; min, minutes; adj, adjusted for compliance.
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Table 4. Results for primary and secondary outcomes (data reported as standardized effect size unless otherwise noted).
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Variable

ES (#)

Participants (#)

 (95% Cl)

Q (p)

I? (95% CI)

T

oNOYTULT D WN =

Primary outcome

- Anxiety

Secondary outcomes

- Physical function

- Pain
-QOL

- Depression

- VO2max (mlkg " 'min™")

- Muscular strength

16

12

15

13

15

7

6

883

677

803

730

813

346

261

-0.40 (-0.65, -0.15)*

0.66 (0.34, 0.97)*

-0.62 (-1.12, -0.11)*

0.63 (0.35, 0.91)*

-0.38 (-0.67, -0.10)*

2.01(0.85, 3.2)*

0.59 (0.33, 0.85)*

40.3 (<0.001)**

36.0 (0.0002)**
128.6 (<0.001)**
32.4 (0.001)**
46.3 (<0.001)**
20.2 (0.003)**

3.9 (0.6)

62.8 (36.2, 78.3

69.4 (44.5, 83.1)
89.1 (83.7, 92.7)
63.0 (32.7, 79.7)
69.7 (48.6, 82.2)
70.3 (35.0, 86.4)

0(0, 67.1)

0.14

0.19

0.75

0.15

0.20

1.40

0

Notes: ES, effect size; #, number; X (95% Cl), mean effect size and 95% confidence interval; Q (p), Cochran Q statistic and alpha value for Q; I*

(95% CI), I-squared and 95% confidence interval; T2, tau-squared; *, statistically significant (two-tailed alpha value < 0.05 and non-overlapping

95% confidence intervals); **, statistically significant (alpha value < 0.10);
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Table 5. Final multiple regression model for changes in anxiety (N = 16).
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Variable Coefficient + SE t(p) 95% CI
Year of publication 0.031 + 0.009 3.58 (0.01) 0.010 to 0.051
Incomplete data -0.448 + 0.139 -3.23 (0.01) -0.763 to -.0134
Minutes of training per week 0.007 + 0.004 1.71 (0.13) -0.002 to 0.016
Intercept -61.940 + 17.152 -3.61 (0.01) -103.17 to -20.71

Notes: SE, standard error; t, t-value; p, alpha value for t; Cl, confidence interval.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 51 of 100 BMJ Open

FIGURE LEGEND

Figure 1. Flow diagram depicting the search process.

oNOYTULT D WN =

Figure 2. Risk of bias results using the Cochrane Risk of Bias Assessment Instrument.
10 Figure 3. Forest plot for changes in anxiety.
12 Figure 4. Funnel plot for changes in anxiety.

14 Figure 5. Cumulative meta-analysis for changes in anxiety.
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Details - PubMed - NCBI

Search Details

Query Translation:

(("exercise" [MeSH Terms] OR "exercise"[21ll Fields]) OR
("exercise" [MeSH Terms] OR "exercise"[All Fields] OR
("physical" [All Fields] AND "activity"[21l1l Fields])

OR "physical activity" [All Fields]) OR ("phvsical
fitness" [MeSH Terms] OR ("physical"[All Fields]

AND "fictness"[Rll Fields]) OR "physical fitness" [All
Fields]) CR ("physical therapy modalities" [MeSH Terms] OR
("physical" [All Fields] AND "therapy"[All Fields]

AND "modalities" [All Fields]) OR "physical therapy
modalities" [A1l Fields] OR ("physical™[21l1l Fields]

Result:
167

Translations:

exercise "exercise"[MeSH Terms] OR "exercise"[All Fields]
physical "exercise"[MeSH Terms] OR "exercise"[All Fields] OR ("physical"[All Fields] AND
activity "activity"[All Fields]) OR "physical activity"[All Fields]
physical “physical fitness"[MeSH Temms] OR ("physical"[All Fields] AND "fitness"[All Fields])
fitness OR "physical fitness"[All Fields]
“physical therapy modalities"[MeSH Terms] OR ("ohysical"[All Fields] AND
physical “therapy”[All Fields] AND "modalities"[All Fields]) OR "physical therapy modalities"[All
therapy Fields] OR ("physical"[All Fields] AND "therapy"[All Fields]) OR "physical therapyTAll
Fields]

osteoarthritis  "osteoarthritis"TMeSH Terms] OR "osteoarthritis"[All Fields]
"arthritis, rheumatoid"MeSH Terms] OR (Tarthritis"[All Fields] AND "rheumatoid™[All

o . Fields]) OR "rheumatoid arthritis"All Fields] OR ("rheumatoid™[All Fields] AND
"arthritis"[All Fields])
arthritis "arthritisTMeSH Terms] OR "arthritis"[All Fields]

fibromyalgia “fibromyalgia"[MeSH Terms] OR "fibromyalgia[All Fields]
anxiety "anxiety"[MeSH Terms] OR "anxiety"[All Fields]
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Supplementary File 2. Excluded Studies, including reasons for exclusion.

1. 12th Commonwealth International Sport conference, 19-23 July 2002, Manchester,
United Kingdom: abstract book. London;: Association of Commonwealth
Universities 2002. inappropriate study design

2. ABSTRACTS. Journal of Orthopaedic & Sports Physical Therapy 2005;35(6):389-
96. inappropriate study design

3. Fibromyalgia: poorly understood; treatments are disappointing. Prescrire
international 2009;18(102):169-73. [published Online First: 2009/09/15]
inappropriate study design

4. A Controlled Examination of Medical and Psychosocial Factors Associated With
Low Back Pain in Combination With Widespread Musculoskeletal Pain. Physical
therapy 2009;89(8):786-803. inappropriate study design

5. Acupuncture. Focus on Alternative and Complementary Therapies 2010;15(2):163-
69. doi: 10.1211/fact.15.2.0065 inappropriate intervention

6. 2013 SYR Accepted Poster Abstracts. International journal of yoga therapy 2013;23
Suppl:32-53. [published Online First: 2013/01/01] inappropriate study design

7. Abbott R, Whear R, Nikolaou V, et al. Tumour necrosis factor-alpha inhibitor
therapy in chronic physical iliness: A systematic review and meta-analysis of the
effect on depression and anxiety. Journal of psychosomatic research
2015;79(3):175-84. doi: 10.1016/j.jpsychores.2015.04.008 [published Online First:
2015/05/04] inappropriate study design

8. Adachi T, Nakae A, Maruo T, et al. Validation of the Japanese Version of the Pain
Self-Efficacy Questionnaire in Japanese Patients with Chronic Pain. Pain Medicine
2014;15(8):1405-17. doi: 10.1111/pme.12446 inappropriate study design

9. Akhavan J. The effect of a dyadic intervention on self-efficacy, physical functioning,
and anxiety/depression in older adults post joint replacement surgery [Ph.D.].
University of California, Los Angeles, 2008. inappropriate study design

10. Akman-Demir G, Saip S, Siva A. Behcet's disease. Current Treatment Options in

Neurology 2011;13(3):290-310. doi: 10.1007/s11940-011-0120-2 inappropriate
study design

11. Alamo MM, Moral RR, de Torres LAP. Evaluation of a patient-centred approach in

generalized musculoskeletal chronic pain/fibromyalgia patients in primary care.
Patient education and counseling 2002;48(1):23-31. doi: 10.1016/S0738-
3991(02)00095-2 inappropriate intervention
12. Alayli G, Kuru O, Bilgici A. The effects of aerobic exercise and home exercise on
pain and disability in patients with knee osteoarthritis. [Turkish]. Journal of
Rheumatology and Medical Rehabilitation 2007; 18(2).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/761/CN-
00707761 /frame.html. inappropriate comparison group

13. Alipour B, Homayouni-Rad A, Vaghef-Mehrabany E, et al. Effects of Lactobacillus
casei supplementation on disease activity and inflammatory cytokines in
rheumatoid arthritis patients: a randomized double-blind clinical trial. International
journal of rheumatic diseases 2014;17(5):519-27. doi: 10.1111/1756-185X.12333
inappropriate intervention
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

BMJ Open

Ambrose KR, Golightly YM. Physical exercise as non-pharmacological treatment
of chronic pain: Why and when. Best Practice & Research in Clinical
Rheumatology 2015;29(1):120-30. doi: 10.1016/j.berh.2015.04.022 inappropriate
study design

Andrews NE, Strong J, Meredith PJ. Activity Pacing, Avoidance, Endurance, and
Associations With Patient Functioning in Chronic Pain: A Systematic Review and
Meta-Analysis. Archives of physical medicine and rehabilitation 2012;93(11):2109-
21. doi: 10.1016/j.apmr.2012.05.029 inappropriate study design

Ang D, Jensen M, Steiner J, et al. Combining cognitive-behavioral therapy and
milnacipran for fibromyalgia: a feasibility randomized-controlled trial. The Clinical
journal of pain 2013; 29(9).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/880/CN-
00918880/frame.html. inappropriate study design

Appelbaum KA, Blanchard EB, Hickling EJ, et al. Cognitive behavioral treatment of
a veteran population with moderate to severe rheumatoid arthritis. Behavior
Therapy 1988;19(4):489-502. doi: 10.1016/S0005-7894(88)80019-4 inappropriate
intervention

Archer T, Josefsson T, Lindwall M. Effects of Physical Exercise on Depressive
Symptoms and Biomarkers in Depression. Cns & Neurological Disorders-Drug
Targets 2014;13(10):1640-53. inappropriate study design

Arcos-Carmona IM, Castro-Sanchez AM, Mataran-Penarrocha GA, et al. [Effects
of aerobic exercise program and relaxation techniques on anxiety, quality of
sleep, depression, and quality of life in patients with fibromyalgia: a randomized
controlled trial]. Medicina clinica 2011;137(9):398-401. doi:
10.1016/j.medcli.2010.09.045 [published Online First: 2011/02/25] inappropriate
intervention

Arends RY, Bode C, Taal E, et al. A goal management intervention for polyarthritis
patients: rationale and design of a randomized controlled trial. BMC
musculoskeletal disorders 2013;14:239. doi: 10.1186/1471-2474-14-239
[published Online First: 2013/08/15] inappropriate intervention

Arme M, Janson C, Janson S, et al. Physical activity and quality of life in subjects
with chronic disease: chronic obstructive pulmonary disease compared with
rheumatoid arthritis and diabetes mellitus. Scandinavian journal of primary health
care 2009;27(3):141-7. doi: 10.1080/02813430902808643 [published Online First:
2009/03/24] inappropriate study design

Arnold L, Wang F, Ahl J, et al. Improvement in multiple dimensions of fatigue in
patients with fibromyalgia treated with duloxetine: secondary analysis of a
randomized, placebo-controlled trial. Arthritis research & therapy 2011; 13(3).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/474/CN-

008434 74/frame.html. inappropriate intervention

Arnold L, Zlateva G, Sadosky A, et al. Correlations between Fibromyalgia
Symptom and Function Domains and Patient Global Impression of Change: A
Pooled Analysis of Three Randomized, Placebo-Controlled Trials of Pregabalin.
Pain medicine (Malden, Mass) 2011; 12(2).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/608/CN-
01016608/frame.html. inappropriate study design
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26.

27.

28.

29.

30.

31.

32.

33.

34.
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Arnold LM. Strategies for managing fibromyalgia. The American journal of
medicine 2009;122(12 Suppl):S31-43. doi: 10.1016/j.amjmed.2009.09.009
[published Online First: 2010/01/09] inappropriate study design

Arnold LM, Arsenault P, Huffman C, et al. Once daily controlled-release pregabalin
in the treatment of patients with fibromyalgia: A phase Ill, double-blind,
randomized withdrawal, placebo-controlled study. Current Medical Research and
Opinion 2014;30(10):2069-83. doi: 10.1185/03007995.2014.928275 inappropriate
intervention

Arnold LM, Clauw D, Wang F, et al. Flexible dosed duloxetine in the treatment of
fibromyalgia: a randomized, double-blind, placebo-controlled trial. The Journal of
rheumatology 2010;37(12):2578-86. doi: 10.3899/jrheum.100365 [published
Online First: 2010/09/17] inappropriate intervention

Arnold LM, Crofford LJ, Martin SA, et al. The effect of anxiety and depression on
improvements in pain in a randomized, controlled trial of pregabalin for treatment
of fibromyalgia. Pain Medicine 2007;8(8):633-38. doi: 10.1111/j.1526-
4637.2007.00332.x inappropriate intervention

Arnold LM, Russell IJ, Diri EW, et al. A 14-week, randomized, double-blinded,
placebo-controlled monotherapy trial of pregabalin in patients with fibromyalgia.
The Journal of Pain 2008;9(9):792-805. doi: 10.1016/j.jpain.2008.03.013
inappropriate intervention

Arnold LM, Wang F, Ahl J, et al. Improvement in multiple dimensions of fatigue in
patients with fibromyalgia treated with duloxetine: secondary analysis of a
randomized, placebo-controlled trial. Arthritis research & therapy 2011;13(3):R86.
doi: 10.1186/ar3359 [published Online First: 2011/06/15] inappropriate
intervention

Arnold LM, Williams DA, Hudson JI, et al. Development of responder definitions for
fibromyalgia clinical trials. Arthritis and rheumatism 2012;64(3):885-94. doi:
10.1002/art.33360 [published Online First: 2011/09/29] inappropriate outcomes
Arnold LM, Zhang S, Pangallo BA. Efficacy and safety of duloxetine 30 mg/d in
patients with fibromyalgia: A randomized, double-blind, placebo-controlled study.
The Clinical journal of pain 2012;28(9):775-81. doi:
10.1097/AJP.0b013e3182510295 inappropriate outcomes

Arnold LM, Zlateva G, Sadosky A, et al. Correlations between fibromyalgia
symptom and function domains and patient global impression of change: a pooled
analysis of three randomized, placebo-controlled trials of pregabalin. Pain
medicine (Malden, Mass) 2011;12(2):260-7. doi: 10.1111/.1526-
4637.2010.01047.x [published Online First: 2011/01/27] inappropriate study
design

Assis MR, Silva LE, Alves AM, et al. A randomized controlled trial of deep water
running: clinical effectiveness of aquatic exercise to treat fibromyalgia. Arthritis
and rheumatism 2006;55(1):57-65. doi: 10.1002/art.21693 inappropriate
comparison group

Ayral X, Gicquere C, Duhalde A, et al. Effects of video information on preoperative
anxiety level and tolerability of joint lavage in knee osteoarthritis. Arthritis and
rheumatism 2002;47(4):380-2. doi: 10.1002/art.10559 [published Online First:
2002/09/05] inappropriate intervention
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1
2

3 35.Bae S, Gun S, Mok C, et al. Improved health outcomes with etanercept versus

g usual DMARD therapy in an Asian population with established rheumatoid

6 arthritis. BMC musculoskeletal disorders 2013; 14.

7 http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/280/CN-

8 00864280/frame.html. inappropriate intervention

9 36. Bagdath AO, Donmez A, Eroksuz R, et al. Does addition of 'mud-pack and hot

10 pool treatment' to patient education make a difference in fibromyalgia patients? A
:; randomized controlled single blind study. International journal of biometeorology
13 2015;59(12):1905-11. doi: 10.1007/s00484-015-0997-7 inappropriate intervention
14 37. Barlow J, Turner A, Wright C. A randomized controlled study of the Arthritis Self-
15 Management Programme in the UK. Health education research 2000; 15(6).

16 http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/444/CN-

17 00330444/frame.html. inappropriate intervention

18 38. Barlow JH, Powell LA, Gilchrist M, et al. The effectiveness of the Training and

;g Support Program for parents of children with disabilities: a randomized controlled
51 trial. Journal of psychosomatic research 2008;64(1):55-62. doi:

22 10.1016/j.jpsychores.2007.06.006 [published Online First: 2007/12/26]

23 inappropriate intervention

24 39. Barsky AJ, Ahern DK, Orav EJ, et al. A Randomized Trial of Three Psychosocial
25 Treatments for the Symptoms of Rheumatoid Arthritis. Seminars in arthritis and
26 rheumatism 2010;40(3):222-32. doi: 10.1016/j.semarthrit.2010.04.001

;; inappropriate intervention

29 40. Basler HD. Group treatment for pain and discomfort. Patient education and

30 counseling 1993;20(2-3):167-75. [published Online First: 1993/05/01]

31 inappropriate intervention

32 41. Bassey EJ. Longitudinal changes in selected physical capabilities: muscle

33 strength, flexibility and body size. Age and Ageing 1998;27:12-16. inappropriate
2‘5‘ study design

36 42. Bateman L, Sarzi-Puttini P, Burbridge CL, et al. Burden of iliness in fibromyalgia
37 patients with comorbid depression. Clinical and experimental rheumatology

38 2016;34(2 Suppl 96):S106-13. [published Online First: 2016/04/09] inappropriate
39 study design

40 43. Baudic S, Attal N, Mhalla A, et al. Unilateral repetitive transcranial magnetic

41 stimulation of the motor cortex does not affect cognition in patients with

fé fibromyalgia. Journal of Psychiatric Research 2013;47(1):72-77. doi:

44 10.1016/j.jpsychires.2012.09.003 inappropriate intervention

45 44. Bearne L, Walsh N, Jessep S, et al. Feasibility of an exercise-based rehabilitation
46 programme for chronic hip pain. Musculoskeletal care 2011; 9(3).

47 http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/898/CN-

48 01124898/frame.html. inappropriate intervention

42 45. Bement MKH, Weyer A, Hartley S, et al. Pain Perception After Isometric Exercise
g? in Women With Fibromyalgia. Archives of physical medicine and rehabilitation

52 2011;92(1):89-95. doi: 10.1016/j.apmr.2010.10.006 inappropriate study design
53 46. Bennell K, Ahamed Y, Jull G, et al. Physical Therapist-Delivered Pain Coping

54 Skills Training and Exercise for Knee Osteoarthritis: Randomized Controlled Trial.
55 Arthritis care & research 2016; 68(5).

56

57

58

59
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http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/882/CN-
01153882/frame.html. inappropriate comparison group

Bennell KL, Rini C, Keefe F, et al. Effects of Adding an Internet-Based Pain
Coping Skills Training Protocol to a Standardized Education and Exercise
Program for People With Persistent Hip Pain (HOPE Trial): Randomized
Controlled Trial Protocol. Physical therapy 2015;95(10):1408-22. doi:
10.2522/ptj.20150119 [published Online First: 2015/05/30] inappropriate study
design

Bennett R, Russell |, Choy E, et al. Evaluation of Patient-Rated Stiffness
Associated With Fibromyalgia: A Post-Hoc Analysis of 4 Pooled, Randomized
Clinical Trials of Duloxetine. Clinical therapeutics 2012; 34(4).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/551/CN-
00896551/frame.html. inappropriate intervention

Bialosky JE, Bishop MD, Robinson ME, et al. Spinal Manipulative Therapy Has an
Immediate Effect on Thermal Pain Sensitivity in People With Low Back Pain: A
Randomized Controlled Trial. Physical therapy 2009;89(12):1292-303. doi:
10.2522/ptj.20090058 inappropriate population

Birbara C, Ruoff G, Sheldon E, et al. Efficacy and safety of rofecoxib 12.5 mg and
celecoxib 200 mg in two similarly designed osteoarthritis studies. Current medical
research and opinion 2006; 22(1).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/019/CN-
00554019/frame.html. inappropriate intervention

Bircan C, Karasel SA, Akgun B, et al. Effects of muscle strengthening versus
aerobic exercise program in fibromyalgia. Rheumatology international
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Reference Random Allocation Blinding (Participants  Blinding (Outcome Incomplete Selective Inactive
Sequence Concealment & Personnel) Assessors) Outcome Data Reporting

Baptista et al., 2012% low low high low low low unclear
Beltran, 2003*' low unclear high unclear low unclear low
Cheung et al., 2017 * low high high unclear low low unclear
Fransen et al., 20074 low unclear high low low low low
French et al., 2013* low low high high low unclear unclear
Gowans et al., 2001% low unclear high low low unclear unclear
Jones et al., 2008 low unclear high unclear low unclear low
Komatireddy et al.*’ low unclear high low low unclear unclear
Minor et al., 1989* low unclear high unclear unclear unclear low
Munguia-lzquieerdo & low unclear high low low unclear low
Legaz-Arrese, 2008*°

Sanudo et al., 2015%° low unclear high unclear unclear unclear unclear
Schachter et al., 2003°' high high high unclear low unclear low
Tomas-Carus et al., 2008 low low high low low unclear low
Tomas-Carus et al., 2007% low unclear high unclear unclear unclear low

Notes: low, low risk of bias; high, high risk of bias; unclear, unclear risk of bias.
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2 Supplementary file 4. Simple meta-regression results with changes in anxiety as the outcome.

Z Comparison ES# R R° F(p)

7 Study Characteristics

g - Journal impact factor 16 22 .05 0.4(0.52)
1(1) - Year of publication 16 .75 .56  51.5(<0.001)*
:g - Country study conducted (USA vs. other) 16 A3 .02 0.2(0.69)
1: - Type of control (exposure vs. no exposure)® 16 .08 .02 0.01(0.76)
1? - Matching (yes vs. no) 16 39 15 1.2(0.29)
B - Random sequencing (high/unclear vs. low) 16 .05 .0003 0.17(0.69)
;? - Allocation concealment (high/unclear vs. low) 16 22 .05 0.87(0.37)
;; - Blinding of participants & personnel (high/unclear vs. low)” NA NA NA NA

;2’ - Blinding of outcome assessors (high/unclear vs low) 16 .08 .007 0.43(0.66)
;? - Incomplete outcome data (high/unclear vs low) 16 .67 .45 14.4(0.002)*
;g - Selective reporting (Unclear vs low) 16 .39 .15 4.1(0.06)
30 - Participants physically inactive (high/unclear vs low) 16 .21 .04 0.75(0.40)
g% - Sample size estimates provided (no versus yes) 16 .56 .32 4.6(0.05)*
gi - Agreed to participate in study (%) 12 47 .22 4.9(0.05)*
22 - Study funded (no versus yes) 16 34 12 15.9(0.001)*
2573 - Type of analysis (abp vs itt)° 19 .21 .05 0.89(0.36)
zg - Test used (STAI and FIQ vs. AIMS)** 19 41 7 2.3(0.14)
j; Participant Characteristics

ji - Exercise dropouts (%) 15 34 12 8.2(0.01)*
jg - Control dropouts (%) 13 31 10  13(0.27)
173 - Age (years) 14 53 .28  11.9(.005)*
‘5‘3 - Gender (mixed vs. females) 16 14 .02 .38(0.54)
g; - AORD (rheumatoid/osteoarthritis vs. fibromyalgia) 16 10 .01 .15(0.71)
52 - Rheumatic symptoms (years) 8 37 14 1.45(0.27)
gS - Years since diagnosis 4 23 .05 .33(0.62)
56

57

58

59
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Exercise Intervention Characteristics

Exercise modality (aerobic/weight training vs. both)
Land vs. water-based exercise

Length of training (weeks)

Frequency of training (times/week)

Duration of training (min/session)

Compliance (% of exercise sessions attended)
Minutes of training per week

Minutes of training per week (adjusted for compliance)
Total minutes of training

Total minutes of training (adjusted for compliance)

Supervision status (unsupervised or supervised vs. both)

Location of exercise (facility or home vs both)
Participation (group or self vs. both)

Adverse events (yes vs. no)

16

16

16

14

12

8

11

7

11

7

16

16

16

5

57

.30

.16

.02

43

.04

.61

A7

.63

.22

.49

.49

.49

.23

.32

.09

.51

.0004

18

.001

37

.03

.40

0.05

0.24

0.24

0.24

.05

8.19(0.01)*
1.03(0.33)
44(0.52)
.01(0.92)
7.7(0.02)*
.02(0.90)
33.1(.0003)*
119(0.68)
15.0(0.004)*
0.32(0.60)
4.20(0.04)*
4.20(0.04)*
4.20(0.04)*

17(0.71)

Notes: abp, analysis-by-protocol; itt, intention-to-treat; STAI, State-Trait Anxiety Inventory; FIQ,

Fibromyalgia Impact Questionnaire; AIMS, Arthritis Impact Measurement Scale; * Exposure, includes
attention control, usual care and other types of exposure while no exposure, includes nonintervention

and wait-list controls; °, NA, not applicable because all studies considered at high risk of bias given the

inability to blind participants to exercise interventions;”number of groups exceed 16 because two

studies reported results for both abp and itt analysis; % insufficient number of outcomes to include the

DASS, HADS, MHI and VAS; ® number of groups exceed 16 because three studies reported anxiety

results using two different instruments.
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ABSTRACT

Background/Purpose: Given conflicting findings, the purpose of this study was to use
the meta-analytic approach to examine the effects of exercise (aerobic, strength training
or both) on anxiety in adults with arthritis and other rheumatic diseases (AORD).
Methods: Randomized controlled exercise intervention trials > 4 weeks in adults > 18
years of age with osteoarthritis, rheumatoid arthritis or fibromyalgia were included.
Studies were located by searching 8 electronic databases, cross-referencing and expert
review. Dual selection and data abstraction of studies were performed. Hedge's
standardized effect size (ES) was calculated for each result and pooled using the
recently developed inverse-heterogeneity (IVhet) model. Two-tailed z-alpha values <
0.05 and non-overlapping 95% confidence intervals (Cl) were considered statistically
significant. Heterogeneity was estimated using Q and /* with alpha values < 0.10 for Q
considered statistically significant. Small-study effects were examined using funnel
plots and Egger’s regression test. In addition, the number-needed-to-treat (NNT),
percentile improvement and meta-regression were conducted. Results: Of the 639
citations screened, 14 studies representing 926 initially enrolled participants (539
exercise, 387 control) met the criteria for inclusion. Length of training averaged 15.8 +
6.7 weeks, frequency 3.3 + 1.3 times per week and duration 28.8 + 14.3 minutes per
session. Overall, statistically significant in reductions in anxiety were found (exercise
minus control changes ES = -0.40, 95% Cl, -0.65, -0.15, tau®? = 0.14; Q = 40.3, p =
0.0004; /? = 62.8%). The NNT was 6 with a percentile improvement of 15.5% and an
estimated 5.3 million inactive US adults with AORD improving their anxiety if they

started exercising regularly. Statistically significant small-study effects were observed (p
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< 0.0001). Conclusions: Exercise is associated with reductions in anxiety among
adults with selected types of AORD. However, a need exists for additional, well-
designed, randomized controlled trials on this topic. Trial registration number:

PROSPERO (CRD42016048728)
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STRENGTHS AND LIMITATIONS OF THIS STUDY

- To the best of the investigative team’s knowledge, this is the first systematic review
with meta-analysis to examine the effects of exercise on anxiety as a primary outcome
in adults with AORD.

- The use of the recently developed IVhet model appears to provide more robust
estimates than those derived from other models.

- Common to all aggregate data meta-analyses, the possibility of ecological fallacy
exists and the meta-regression analyses conducted do not allow for causal inferences.
- Given that no adjustments for multiple testing were made because of concerns about
missing possibly important findings that could be tested in original trials, the possibility

of chance findings exist.
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INTRODUCTION
Rationale
Arthritis and other rheumatic diseases (AORD) are major public health problems in the
United States (US). Based on combined 2013-2015 data from the National Health
Interview Survey, the annual prevalence of doctor-diagnosed arthritis in the civilian,
non-institutionalized US population aged 18 years or older was 22.7% (54.4 million),
with prevalence higher among women (23.5%) than men (18.1%).1 By 2040, it is
estimated that 78.4 million (25.9%) US adults 18 years of age and older will have
doctor-diagnosed arthritis.”> Compared to combined 2013-2015 data,’ this represents an
increase of approximately 24 million adults. Not surprisingly, the financial costs
associated with AORD in the United States are high. In 2003, the total costs
attributable to AORD were estimated to be approximately $128 billion, $80.8 billion in
direct costs (medical expenditures) and $47 billion in indirect costs (lost earnings).’
This represents an increase of 24% between 1997 and 2003 and was primarily the
result of an increase in the number of people with AORD.>

Elevated and sustained levels of anxiety can result in a number of deleterious
consequences. These include, but are not limited to, (1) an increased risk for coronary
heart disease as a result of heightened arousal leading to an increased risk for
hypertension and a pro-inflammatory state,*® (2) an increased risk for cardiac death,’
and (3) poorer health-related quality—of—life.7 While it is well-recognized that depression
is a common comorbidity among adults with AORD, recent research suggests that the
prevalence of anxiety among US adults with arthritis is approximately twice as high as

depression.? Using data from the Arthritis Conditions Health Effects Survey, the
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prevalence of anxiety and depression among US adults with doctor-diagnosed arthritis
was estimated to be almost twice as high for anxiety (30.5%) versus depression
(17.5%), with US population estimates of 11.5 million for anxiety and 6.6 million for
depression.® In addition, an 18-country study found the prevalence of anxiety to be
greater in adults with AORD versus those without AORD. This included, separately,
generalized anxiety disorder, social phobia, agoraphobia/panic disorder, and post-
traumatic stress disorder.® Given the prevalence of anxiety, it has been recommended
that health care providers screen people with AORD for anxiety.8

Exercise is an intervention that is generally safe and appropriate for most persons with
various types of AORD." " While there is no firm consensus regarding the
mechanisms associated with the anxiolytic effects of exercise in adults with AORD as
well as other chronic diseases, a recent review on this topic has reported several
potential mechanisms, exclusive of specific chronic disease status, that may be
responsible for such.' These include physiological (decrease in sympathetic nervous
system and hypothalamic-pituitary-adrenal axis reactivity) as well as psychological
(improvements in anxiety sensitivity, self-efficacy, and distraction) processes.?

Recent meta-analytic work has shown that community-deliverable exercise
interventions reduce depressive symptoms in adults, with an estimated 3.1 million
inactive US adults with AORD improving their depressive symptoms if they began and
maintained a regular exercise program.13 However, the effects of community-
deliverable exercise on anxiety as a primary outcome are not known given a plethora of
conflicting randomized controlled trials on this topic as well as a lack of studies that

assess both depression and anxiety within the same study (only 44.8% based on a
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previous meta—analysis).13 Most importantly, a recent systematic review of previous
meta-analyses, not to be confused with an original systematic review with meta-
analyses, found that no meta-analysis of randomized controlled trials has examined the
effects of community-deliverable exercise on anxiety as a primary outcome in adults
with AORD." Community-deliverable exercise may be especially important given its
potential convenience, ability to reach a large amount of people, and cost.'>® In
addition, a systematic review found that greater levels of anxiety were a barrier to
exercise adherence in those with AORD."® Thus, reductions in anxiety may increase
adherence to exercise in adults with AORD, a population in which meeting current
exercise guidelines is significantly lower than in those without AORD, approximately
40% versus 50%.%° Clearly, it is critically important to develop a better understanding of
the overall magnitude of effect, as well as factors associated with, exercise for
improving anxiety in adults with AORD.

Objective

The primary objective of this study was to conduct a systematic review with an
aggregate data meta-analysis of randomized controlled trials to determine the effects of
community-deliverable exercise interventions on anxiety in adults with AORD.
METHODS

Overview

This study followed the guidelines from the Preferred Reporting ltems for Systematic
Reviews and Meta-Analysis (PRISMA) statement for meta-analyses of health care
interventions.?! The protocol for this study is registered in PROSPERQO (trial registration

number CRD42016048728) and has been previously published in BMJ Open.??
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Eligibility criteria

Studies that met the following criteria were included: (1) randomized controlled trials
with the unit of assignment at the participant level, (2) community-deliverable
exercise-only intervention group (aerobic, strength training, or both), (3) interventions
> 4 weeks, (4) comparative control group (non-intervention, wait-list control, usual
care, attention control), (5) adults > 18 years of age with doctor-diagnosed
osteoarthritis, rheumatoid arthritis or fibromyalgia, (6) studies (published and
unpublished in the form of Master’s theses and dissertations) in any language,
assuming an English-language abstract was available, from January 1, 1981 forward,
and (7) data for anxiety, as defined by the authors of the original studies. Studies were
limited to those with osteoarthritis, rheumatoid arthritis or fibromyalgia based on
previous meta-analytic research showing a lack of exercise intervention studies for
other types of AORD." Studies were limited to randomized trials because it is the
only way to control for confounders that are not known or measured as well as the
observation that nonrandomized controlled trials tend to overestimate the effects of
healthcare interventions.? ?* Aerobic and progressive resistance (strength training)
exercise were defined according to section C2 of the 2008 Physical Activity
Guidelines Advisory Committee Report.?® Specifically, aerobic exercise is defined as
any ‘exercise that primarily uses the aerobic energy-producing systems, can improve
the capacity and efficiency of these systems, and is effective for improving
cardiorespiratory endurance,’ while strength training is defined as ‘exercise training
primarily designed to increase skeletal muscle strength, power, endurance, and

mass’.?®
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For this proposed project, community-deliverable exercise interventions were
considered to be those that could be performed, or have the potential to be adapted
and performed, by persons in a community setting (recreation or senior centers, in the
home or neighborhood, etc.) and meet the implementation guidelines for physical
activity interventions recently recommended by the Arthritis Program at the Centers
for Disease Control and Prevention: (1) no academic degree required for a
leader/implementer but leader training available, if needed, (2) no special facilities
beyond a community room (except a warm pool for aquatic exercise), (3) inexpensive
equipment, (4) cost to participants less than $50.00, (5) implementation guide
available, (6) supporting structures judged to be adequate to support widespread
implementation.?® An exercise duration of at least 4 weeks was chosen based on
previous research in which statistically significant improvements in anxiety occurred
as a result of as little as 4 weeks of exercise training.?” There was no maximum limit
on the length of any interventions for the studies included in our proposed project. We
limited our studies to adults ages 18 and older because the inclusion of children and
adolescents pose additional confounding problems congruent with the many
developmental changes that occur during this period. In addition, the prevalence of
AORD is more common in adults than children and adolescents. We restricted our
studies to published articles, dissertations and master’s theses and examined for
potential small-study effects such as publication bias when limited to published
articles in peer-reviewed journals. The year 1981 was chosen as the starting point for
eligibility based on a preliminary PubMed search in which it was found that this was

the first year that a randomized controlled trial on exercise and arthritis was
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10

published.? Studies from both English and non-English-language sources were
included with the latter translated into English by the second author using the freely
available web-based Babelfish and Bing translators. Finally, while acknowledging that
the mechanisms for changes in anxiety may differ for different types of AORD, for
example fibromyalgia versus osteoarthritis and rheumatoid arthritis, all three were
included in the current systematic review with meta-analysis because the focus was
on determining whether exercise reduces anxiety in adults with AORD, not why it
reduces anxiety. In addition, community-deliverable exercise programs, and exercise
programs in general, are not traditionally focused on one type of AORD, but rather,
across all types of AORD."” Furthermore, meta-regression (see Data Synthesis) was
conducted to examine for any potential associations between type of AORD and
changes in anxiety. Finally, there has been recent criticism by others regarding the
publication of systematic reviews with meta-analysis using the “least publishable unit”
approach.?

Information sources

Eight electronic databases were searched for potentially eligible studies in any language
published from January 1, 1981 forward. The last searches were conducted on January
6, 2017. Databases searched included (1) PubMed, (2) SPORTDiscus, (3) Cochrane
Central Register of Controlled Clinical Trials (CENTRAL), (4) Cumulative Index to
Nursing and Allied Health Literature (CINAHL), (5) PsycINFO, (6) Web of Science, (7)
Scopus and (8) ProQuest (Master’s theses and dissertations). In addition, cross-
referencing from retrieved studies was conducted. Furthermore, the third author, an

expert on physical activity and AORD, reviewed the reference list for completeness.
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Search strategy

Search strategies were developed using text words as well as medical subject headings
(MeSH) associated with the effects of exercise on anxiety in adults with AORD. The
second author conducted all electronic database searches. A copy of the search
strategy for one of the databases searched (PubMed) is shown in Supplementary file 1.
Study records

Study selection

All studies to potentially be screened were imported into EndNote (EndNote, Version
X8. New York, NY: Thomson Reuters, 2016). Duplicates were then removed both
electronically and manually by the second author. A copy of the database was then
provided to the first author for duplicate screening. The first two authors selected all
studies, independent of each other. The full report for each article was obtained for all
titles and abstracts that appeared to meet the inclusion criteria or where there was any
uncertainty. Multiple reports of the same study were handled by including the most
recently published article as well as drawing from previous reports, assuming similar
methods and sample sizes. Neither of the screeners were blinded to the journal titles or
to the study authors or institutions. Reasons for exclusion were coded as one or more of
the following: (1) inappropriate population, (2) inappropriate intervention, (3)
inappropriate comparison(s), (4) inappropriate outcome(s), (5) inappropriate study
design, (6) other. Upon completion, the first two authors met and reviewed their
selections. Discrepancies were resolved by consensus. If consensus could not be
reached, the third author provided a recommendation. Using Cohen’s kappa statistic

(K),30 the overall agreement rate prior to correcting disagreements was 0.90. After
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identifying the final number of studies to be included, the overall precision of the
searches was calculated by dividing the number of studies included by the total number
of studies screened after removing duplicates.®” The number needed-to-read (NNR)
was then calculated as the inverse of the precision.®'

Data abstraction

Prior to the abstraction of data, a codebook that could hold more than 200 items per
study was developed using Microsoft Excel (Microsoft Excel, Version 2010, Redmond,
WA). The codebook was developed by the first two authors with input from the third
author. The major categories of variables coded included (1) study characteristics
(author, journal, year, etc.), (2) participant characteristics (age, height, body weight,
etc.), (3) intervention characteristics (type, length, frequency, intensity, duration,
compliance, etc.), and (4) outcome characteristics for anxiety (sample sizes, baseline
and post-exercise means and standard deviations, etc.). The first two authors
abstracted data from all studies, independent of each other, using separate codebooks
in Microsoft Excel. Upon completion of coding, the codebooks were merged into one
primary codebook for review. Both authors then met and reviewed every item for
agreement. Discrepancies were resolved by consensus. If consensus could not be
reached, the third author provided a recommendation. Using Cohen’s kappa statistic
(k),%° the overall agreement rate prior to correcting disagreements was 0.95.
Outcomes and prioritization

The primary outcome in this study was changes in anxiety. Secondary outcomes

included changes in physical function, pain, depression, quality of life, body mass index
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(BMI in kg'm™), maximum oxygen consumption (VO2max in mikg'min™), and muscular
strength.
Risk of bias assessment in individual studies

Risk of bias was assessed at the study level using the Cochrane Risk of Bias

instrument, 2

with a focus on the primary outcome of interest, changes in anxiety. Bias
was evaluated across six domains: (1) random sequence generation, (2) allocation
concealment, (3) blinding of participants and personnel, (4) blinding of outcome
assessment, (5) incomplete outcome data, (6) selective reporting and (7) whether
participants were exercising regularly, as defined by the original study authors, prior to
taking part in the study. Each item was classified as having either a high, low, or unclear
risk of bias. Because it’s virtually impossible to blind participants to group assignment in
exercise intervention protocols, all studies were classified as high risk with respect to
the category “blinding of participants and personnel”’. Based on previous research, no
study was excluded based on the results of the risk of bias assessment.*®* The first two
authors conducted all assessments, independent of each other. Both authors then met
and reviewed all selections for agreement. Discrepancies were resolved by consensus,
and if necessary, consultation with the third author. Using Cohen’s kappa statistic (k),*
the overall agreement rate for risk of bias assessment prior to correcting disagreements
was 0.71.

Data Synthesis

Calculation of effect sizes

The primary outcome for this proposed project was changes in anxiety, calculated as

Hedge’s standardized mean difference effect size (ES), adjusted for small-sample
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bias. This was calculated by subtracting the change outcome difference in the
exercise group minus the change outcome difference in the control group, and then
dividing by the pooled standard deviation of the change outcome for the exercise and
control groups. If change score standard deviations were not available, they were
calculated from reported change outcomes, treatment effect 95% confidence intervals
(Cl), or pre and post standard deviation values according to procedures developed by
Follmann et al.*® Secondary outcomes (physical function, pain, quality of life,
depression, muscular strength) were calculated using the same procedures as for the
primary outcome while BMI and VO2,,x were calculated using the original metric. For
studies in which outcomes were assessed at multiple time points, differences between
baseline values and the final time point closest to cessation of the exercise intervention
were used.

Pooled estimates for changes in outcomes

Effect size changes in anxiety and all secondary outcomes were pooled using the
recently developed inverse heterogeneity (IVhet) model.*® The IVhet model is a quasi-
likelihood model that is computed by (1) calculating weights that sum to 1 from each
study, (2) pooling effects from all the studies, and (3) calculating the variance of the
pooled ES. The IVhet model has been shown to be superior to the original random-
effects, method-of-moments model of Dersimonian and Laird,*” the most common
random-effects model used to pool aggregate data meta-analytic results.*®
Specifically, simulation studies have shown that the IVhet model retains correct

coverage probabilities as well as a lower observed variance than the random-effects
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model, regardless of heterogeneity.*® Two-tailed z-alpha values < 0.05 and non-
overlapping 95% confidence intervals were considered statistically significant.
Heterogeneity and inconsistency for each pooled outcome were estimated using the
Q% and F statistic,* respectively. An alpha level of < 0.10 for Q was considered to
represent statistically significant heterogeneity while inconsistency was categorized as
very low (<25%), low (25% to <50%), moderate (50% to <75%) or large (> 75%).*° To
improve practical relevance with respect to potential improvements in anxiety and all
secondary outcomes, percentile gain in the exercise groups was calculated using
Cohen’s Uz index*" In addition, the number-needed-to treat (NNT) was estimated using
the approach suggested by the Cochrane Collaboration® and a control group risk of
30% based on previous research on anxiolytics.*? This was accomplished by converting
the standardized mean differences into a log odds ratio, odds ratio, assumed control
risk (30%) and then NNT. Extending the NNT, estimates of the number of US adults
with AORD who could improve their anxiety levels but were not currently meeting
physical activity recommendations were calculated. These were based on the reciprocal
of the NNT multiplied by the number of adults in the United States with doctor-
diagnosed arthritis who were not currently meeting exercise guidelines, currently
approximately 31.6 million." *® Influence analysis was conducted with each study
deleted from the model once while cumulative meta-analysis, ranked by year, was used
to examine the accumulation of results over time.
The primary pooling of results was based on group level findings. However, findings
were also examined by collapsing results so that only one ES represented each study.

In addition, for those outcomes that were assessed using multiple instruments, results
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from these instruments were pooled into one ES. The rationale for this was based on
the lack of consensus regarding the most valid and reliable instrument for the outcome
and population of interest as well as the need to maintain as much independence as
possible. For those studies that reported both per protocol and intention-to-treat
analyses, results were also pooled into one ES.

Exploratory meta-regression based on the [Vhet model was used to examine the
relationship between changes in our primary outcome (anxiety) and selected
covariates.®® This was accomplished by (1) conducting simple meta-regression for
statistically significant associations between selected covariates and changes in
anxiety, (2) examining for multicollinearity between covariates (r > 0.80), and (3)
building a multiple meta-regression model. These models used a multiplicative versus
additive component for residual heterogeneity. To achieve matching error variances,
robust Huber-Ecker-White-sandwich error variances were used to account for the
underestimated dispersion. Such errors were expected to calculate the correct
standard errors for heterogeneous data that are traditionally heteroskedastic. Because
of the small sample size, a post hoc decision was made to include no more than three
potential predictors based on simple regression analyses. Multivariate imputation using
chained equations (MICE)** was used to impute missing values for minutes of training
per week (5 imputations) and changes in depression (1 imputation) so that the
maximum sample size could be achieved. Because of the small sample size, a post
hoc decision was made to conduct meta-regression with results for osteoarthritis and

rheumatoid arthritis combined.
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Based on the recommendations of Rothman,*°

no adjustments for multiple testing
were made because of concerns about missing possibly important findings that could be
pursued in future randomized controlled trials. While this could be viewed as a ‘fishing
expedition’, such analyses are important for providing investigators with potential
direction for future randomized controlled trials, one of the very reasons for conducting a
systematic review with meta-analysis.46 This approach is especially appropriate for
meta-analysis since covariates are not randomly assigned in meta-analysis and thus,
such analyses are considered to be observational in nature.*” As a result, causal
inferences cannot be derived from meta-regression. However, any observed
associations can provide direction for future research.

Meta-biases

Small-study-effects (publication bias, etc.) for primary and secondary outcomes were
assessed following current guidelines.*® This included qualitative analysis using funnel
plots as well as quantitative analysis using Egger’s regression-intercept test for
continuous data.*® An alpha level < 0.05 and 95% ClI that did not include zero (0) was
considered to represent statistically significant small-study effects.

Confidence in cumulative evidence

Strength of findings for our primary outcome (anxiety) was evaluated using the Grading
of Recommendations Assessment, Development and Evaluation (GRADE) for meta-
analysis.*® The quality of evidence was assessed across the domains of risk of bias,
consistency, directness, precision and publication bias. Quality was judged as high
(further research is very unlikely to change our confidence in the estimate of effect),

moderate (further research is likely to have an important impact on our confidence in the
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estimate of effect and may change the estimate), low (further research is very likely to
have an important impact on our confidence in the estimate of effect and is likely to
change the estimate), or very low (very uncertain about the estimate of effect).
Software used for data synthesis

All data were analyzed using Stata (V.14.1; Stata/SE for Windows (Version 14.1).
College Station, Texas: Stata Corporation LP, 2015), Microsoft Excel 2010 (Microsoft
Excel (Version 2010)), and three add-ins for Excel, Meta XL (V.5.3; Meta XL (Version
5.3). 2016), SSC-Stat (V.2.18; SSC-Stat (Version 2.18). University of Reading, UK:
Statistical Services Center, 2007), and EZ-Analyze (V.3.0; EZ Analyze (Version 3.0).
Boston, MA: Tim Poynton, 2007).

RESULTS

Study Characteristics

A flow diagram that depicts the search process for study selection is shown in Figure 1.
After initially identifying 639 citations and removing 240 duplicates both electronically
and manually, 399 citations were screened. Of these, 14 studies representing 30 groups
(16 exercise, 14 control) and 926 initially enrolled participants (539 exercise, 387
control) met the criteria for inclusion.**®® Two studies included more than one
intervention group.®®®! One included a pool and walking group®® while the other
included a long and short bout exercise group.®’ The major reasons for exclusion were
(1) inappropriate intervention (47.8%), (2) inappropriate study design (32.2%), (3)
inappropriate population (11.9%), (4) inappropriate comparison group (4.7%), and (5)

inappropriate outcome (3.4%). The precision of the search, excluding duplicates, was
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3.5% while the NNR was 29. A list of excluded studies, including the reasons for
exclusion, can be found in Supplementary File 2.

With respect to source, 1 study (7.1%) was published as a dissertation®! while the
remaining 13 (92.9%) were published in peer-reviewed journals.*® °>®* For the 12
studies (85.7%) in which data were available, the 5-year impact factor of the journals in
which studies were published ranged from 1.7 to 7.9 (X + SD, 4.1 + 2.4, median = 2.9).
Five studies (35.7%) were published in the United States,*" °2°%°8 2 each in either

59 60

Canada,>®" Portugal®?® or Spain,®*®® and 1 each in either Australia,*® Brazil,*® or

Ireland.>® Thirteen of the 14 studies (92.9%) were published in English-language

50-62

journals while 1 (7.1%) was published in Spanish.® With respect to types of control

|50 5153 54

groups, 4 studies used either a wait-list contro or what appeared to be some

52 56 58 61

type of attention control group, while three each used either a non-intervention®

%782 or usual care group.®® ®°®® Three studies (21.4%) reported using matching
procedures according to either sex,>® age, sex and BMI,*° or type of arthritis
(rheumatoid or osteoarthritis).>® None of the studies reported using any type of
crossover design.’*®® For data analysis, 7 studies (50.0%) reported using the per-
protocol approach,®' *6-°8606263 4 (28 6% used intention-to-treat,*® °>>* while the
remaining 3 (21.4%) used both.>®*°°! Eight studies (57.1%) provided sample size
estimates.>? %254 %6 606163 \jith respect to funding, 12 studies (85.7%), reported receiving
funding from government, university, or private sources for their work.>® °262
Participant Characteristics

A description of the physical characteristics of participants for those studies that

reported data is shown in Tables 1 and 2. On average, participants were overweight
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and had low cardiorespiratory fithess. The majority of participants were women,
although 7 studies (50.0%) also included a small number of men.*>*® Nine studies
(64.3%) were limited to participants with fibromyalgia,® °* °° %6 5963 3 (21 4% with
osteoarthritis,*>** 1 with rheumatoid arthritis®” and 1 with either rheumatoid arthritis or
osteoarthritis.*® For those studies in which data were available, the number of years in
which rheumatic symptoms were present ranged from 3 to 24 (X + SD, 13.1 + 7.0,
median = 12.0),5+%%°%163 whjle years since diagnosis ranged from 3 to 7 (X + SD, 4.1
+ 2.0, median = 3).°°%"% Nine of the 14 studies (64.3%) reported that one or more
participants were taking some type of medication for their condition.®' 535 57-596263
These included, but were not necessarily limited to, non-steroidal anti-inflammatory
drugs (NSAIDS), analgesics, narcotics and non-narcotics for pain, muscle relaxants,
antidepressants, and anxiolytics. However, a lack of specific data was available on
exposure to medications both before and during the study, including any changes
during the intervention period. In addition, a lack of data was available on
pharmacologic equivalence between study arms both before and during the study. For
cigarette smoking, one study reported cigarette smoking in some of the participants.®’
Participant withdrawals or removal in the exercise groups ranged from 0% to 50% (X +
SD, 17.4 + 13.4, median = 17.0) while withdrawals or removal in the control groups
ranged from 0% to 41% (X + SD, 11.5 + 12.7, median = 6.3). Reasons for withdrawals
or removal included such things as family issues, pain from exercising, injuries,
personal issues, time, unhappiness with group assignment, transportation issues,
moving, employment commitments, boredom with exercise routine, not enough room or

privacy to perform exercise, failure to complete lab assessments, not attending a
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1
2
z 425  specific percentage of the exercise sessions, or changing medications that could affect
5
6 426  mood.
7
8 427  Exercise Intervention Characteristics
9

10 428 Exercise intervention characteristics for each group from each study are shown in

429 Tables 1 and 3. Intensity of training, categorized according to American College of

15 430 Sports Medicine® and limited to aerobic exercise only, included very light, light,

17 431 moderate and vigorous exercise for the 9 (64.3%) studies that reported such

432 information.®" *° % %863 For mode of training, 6 studies (42.9%) focused on aerobic types
2, 433 of exercise,?® > %°°808061 1 (7 19,) on weight training,>” and 7 (50.0%) on both,%%54 65962
24 434 © Specific types of aerobic activities included such things as aquatic exercise, walking,
26 435  jogging, exercising to music and cycling. For the few studies that provided detailed

5 436  information on resistance training, the number of sets ranged from 1 to 3, * the

5,5 % and the number of exercises from 2 to 10 or

31 437  number of repetitions from 8 to 1
33 438  more.®®*"*° One study reported a rest period for 30 seconds between sets.*’ For those
439  studies that reported data, the equipment used for resistance training included free

38 440 weights and elastic bands.®?°® %23 geven studies (50.0%) reported supervised

40 441  exercise,® %0 °8006263 5 (35 794 reported both supervised and unsupervised exercise,*”
442 ** while the remaining 2 (14.3%) reported unsupervised exercise.’” ®' Three of the 14
45 443 studies (21.4%) reported some type of adverse event.”' °2°! Reasons included 1

47 444  participant dropping out due to pain after the first exercise session,” 2 participants

49 445  because of a history of a herniated disk and low back and leg pain,®® and 1 participant

., 446 because of a metatarsal fracture.®’ Another study reported that 1 participant withdrew

54 447 because of the exacerbation of back pain® while a final study reported the exclusion of
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2 participants because of severe coronary artery disease.®” None of the studies
provided data on the costs associated with conducting the intervention.*¢

Risk of Bias Assessment

Results for risk of bias assessment using the Cochrane Risk of Bias Assessment
Instrument are shown in Figure 2 and Supplementary file 3. As can be seen, greater
than 50% of the studies were at an unclear or high risk of bias with respect to (1)
incomplete outcome reporting (78.6%), (2) allocation concealment (78.6%), and (3)
blinding of outcome assessors (57.1%). Given the inability to truly blind participants in
exercise intervention trials, all studies (100%) were considered to be at a high risk of
bias for the category ‘blinding of participants and personnel’.

Data Synthesis

Overall results for primary outcome (anxiety). Overall results for changes in anxiety

for the 14 included studies®®®?

are shown in Table 4 and Figure 3. As can be seen,
statistically significant (p = 0.002) reductions in anxiety were observed. In addition,
statistically significant heterogeneity was observed while overall inconsistency was
categorized as moderate, (range = low to large). The NNT was 6 with a percentile
improvement of 15.5% and an estimated 5.3 million inactive US adults with AORD
improving their anxiety if they started exercising regularly. Statistically significant small-
study effects were observed (p < 0.0001) (Figure 4). With each result deleted from the
model once, results remained statistically significant across all deletions, ranging from -
0.44 (95% CI, -0.71 t0 -0.18) to -0.35 (-0.57 to -0.12). Cumulative meta-analysis, ranked

by year, demonstrated that results have been statistically significant since the first study

was conducted in 1989, but with a trend towards smaller improvements in anxiety with

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 23 of 106

oNOYTULT D WN =

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

BMJ Open

23

each accumulating year (Figure 5). Reductions in anxiety were similar to group-level
results when collapsed so that only one ES represented each study (ES, -0.40, 95% Cl,
-0.67 to -0.13, p = 0.004; Q = 39.6, p = 0.0002; /* = 67.2%, 95% Cl, 42.6% to 81.3%,
tau? = 0.15). With six outliers deleted from the model, overall reductions in anxiety were
similar but heterogeneity was no longer statistically significant and overall inconsistency
was reduced to a level categorized as small (ES, -0.40, 95% ClI, -0.62 10 -0.18, p =
0.0004; Q = 11.8, p =0.22; I’ = 24.0%, 95% Cl, 0% to 63.1%, tau® = 0.03).
Meta-regression results for anxiety. Simple meta-regression results are shown in
Supplementary File 4. For study characteristics, greater reductions in anxiety were
associated with (1) earlier publication year, (2) studies at an unclear versus low risk of
bias, (3) studies in which sample size estimates were not provided, (4) trials in which a
larger percentage of participants initially agreed to participate in, and (5) studies that
were not funded versus funded. For participant characteristics, greater improvements
were associated with a larger percent dropout in the exercise groups as well as younger
age. For exercise intervention characteristics, greater reductions were associated with
(1) aerobic/strength training versus aerobic and strength training combined, (2) fewer
minutes of exercise per session, (3) minutes of exercise per week, and (4) total minutes
of exercise for the entire intervention period. Greater reductions were also associated
with (1) supervised and unsupervised exercise versus both, (2) facility and home-based
exercise versus both and (3) group and self-exercise versus both. No statistically
significant association (p = 0.71) was observed between rheumatoid/osteoarthritis (ES =

-0.35) and fibromyalgia (ES = -0.44) while the overall ES for those studies in which the
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participants had rheumatoid arthritis was -0.54 and the overall ES for those in which the
majority had osteoarthritis was -0.32.

Results for the final multiple regression model are shown in Table 5. The overall model
was statistically significant (F = 13.4, p = 0.004). Earlier year of publication and
decreases in depression were statistically significant predictors for greater reductions in
anxiety. However, minutes of exercise per week was no longer statistically significant.
GRADE findings for changes in anxiety. An evidence profile for changes in anxiety is
shown in Supplementary file 5. As can be seen, the outcome (anxiety) was considered
critical and the overall strength of the finding was considered high, with future additional
studies unlikely to have an effect on the overall direction of findings.

Results for secondary outcomes. Overall results for changes in secondary outcomes

are shown in Table 4. Physical function was assessed in 10 studies> 32%° 57 58 6163

using
the 10 meter walk test, 50 foot walk, 6 minute walk, Arthritis Impact and Measurement
Scale (AIMS), Fibromyalgia Impact Questionnaire (FIQ), Short Physical Performance
Battery, sit-to-stand test, stairclimbing test, up and go test, and the Western Ontario and
McMaster Osteoarthritis Index (WOMAC). As can be seen, statistically significant (p <
0.001) improvements in physical function were observed. Statistically significant
heterogeneity was observed while inconsistency was categorized as moderate, (range =
low to large). The NNT was 4 with a percentile improvement of 24.5% and an estimated
9 million inactive US adults with AORD improving their physical function if they started
exercising regularly. No statistically significant small-study effects were observed (p =

0.17). With each result deleted from the model once, results remained statistically

significant across all deletions, ranging from 0.54 (95% CI, 0.30 to 0.78) to 0.73 (95%
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Cl, 0.39 to 1.06). Cumulative meta-analysis, ranked by year, demonstrated that results
have been statistically significant since the first study was conducted in 1989,%® but with
a trend towards smaller improvements in physical function with each accumulating year
(from 0.86 in 1989 to 0.66 in 2016). Improvements in physical function were similar to
group-level results when collapsed so that only one ES represented each study (ES,
0.66, 95% Cl, 0.31 to 1.01, p = 0.0002; Q = 35.6, p <0.001; I* = 74.7%, 95% Cl, 52.8%
to 86.5%, tau® = 0.21). With four outliers deleted from the model, overall improvements
in physical function were statistically significant but slightly smaller, heterogeneity was
no longer statistically significant, and overall inconsistency was reduced to a level
categorized as very low (ES, 0.57, 95% Cl, 0.36 to 0.78, p <0.001; Q = 7.2, p =0.41; [* =
2.7%, 95% Cl, 0% to 68.5%, tau® = 0.003).

For pain, assessment was conducted in 13 studies®*>* %3 using the AIMS, FIQ,
numerical rating scale, tender point count, visual analog scale and the WOMAC. As can
be seen in Table 4, statistically significant (p = 0.017) decreases in pain were found.
Statistically significant heterogeneity was observed while inconsistency was categorized
as large, including both Cls. The NNT was 6 with a percentile improvement of 23.1%
and an estimated 5.6 million inactive US adults with AORD decreasing their pain if they
started exercising regularly. No statistically significant small-study effects were
observed (p = 0.34). With each result deleted from the model once, results remained
statistically significant across all deletions, ranging from -0.70 (95% ClI, -1.21 to -0.19) to
-0.47 (95% CI, -0.80 to -0.15). Cumulative meta-analysis, ranked by year, demonstrated
that results have been statistically significant, and remained statistically significant,

since only 2013. Decreases in pain were similar to group-level results when collapsed
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so that only one ES represented each study (ES, -0.62, 95% ClI, -1.16 to -0.07, p = 0.03;
=123.7, p <0.001; /* = 90.3%, 95% Cl, 85.3% to 93.6%, tau® = 0.75). With ten outliers
deleted from the model, decreases in pain remained statistically significant but smaller,
heterogeneity was no longer statistically significant, and overall inconsistency was
reduced to a level categorized as very low (ES, -0.44, 95% CI, -0.70 to -0.18, p = 0.001;
Q=1.5,p =0.68; I = 0%, 95% Cl, 0% to 69.5%, tau® = 0).

Depression was assessed in 13 studies®° %%

using the AIMS, Beck Depression
Inventory (BDI), Center for Epidemiologic Studies Depression Scale (CES-D),
Depression, Anxiety and Stress Scale (DASS21), FIQ, HADS, MHI, and VAS. As can
be seen in Table 4, statistically significant (p = 0.009) decreases in depression were
found. Statistically significant heterogeneity was observed while inconsistency was
categorized as moderate (95% CI = low to large). The NNT was 6 with a percentile
improvement of 15% and an estimated 5.1 million inactive US adults with AORD
reducing their depression if they started exercising regularly. Small-study effects were
not statistically significant (p = 0.08). With each result deleted from the model once,
results remained statistically significant across all deletions, ranging from -0.52 (95% ClI,
-0.68 to -0.37) to -0.32 (95% Cl, -0.61 to -0.0.3). Cumulative meta-analysis, ranked by
year, demonstrated that improvements have been statistically significant and remained
stable since 2013. Decreases in depression were similar to group-level results when
collapsed so that only one ES represented each study (ES, -0.38, 95% CI, -0.70 to -
0.07,p =0.02; Q =45.6, p < 0.001; > = 73.7%, 95% Cl, 54.3% to 84.8%, tau® = 0.21).
With three outliers deleted from the model, improvements in depression remained

statistically significant, slightly larger, but with non-significant heterogeneity and overall
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inconsistency categorized as very low (ES, -0.43, 95% ClI, -0.60 to -0.26, p < 0.001; Q =
5.7, p =0.89; I* = 0%, 95% CI, 0% to 19.3%, tau® = 0).

Quality-of-life was assessed in 12 studies®®>’ >°61-63

using the FIQ, Health Assessment
Questionnaire (HAQ), Quality of Life Scale (QOLS), SF-12, and SF-36. As shown in
Table 4, statistically significant (p < 0.0001) improvements in quality-of-life were found.
Statistically significant heterogeneity was observed while inconsistency was categorized
as large (95% CI = low to large). The NNT was 4 with a percentile improvement of
23.1% and an estimated 8.6 million inactive US adults with AORD improving their
quality-of-life if they started exercising regularly. Statistically significant small-study
effects were observed (p < 0.001). With each result deleted from the model once,
results remained statistically significant across all deletions, ranging from 0.58 (95% ClI,
0.35t0 0.81) to 0.70 (95% ClI, 0.41 to 0.99). Cumulative meta-analysis, ranked by year,
demonstrated that improvements have been statistically significant since 2001, but with
a trend towards a decrease in the magnitude of effect. Increases in quality-of-life were
similar to group-level results when collapsed so that only one ES represented each
study (ES, 0.63, 95% Cl, 0.34 to 0.92, p < 0.001; Q = 30.9, p = 0.001; /* = 64.3%, 95%
Cl, 33.9% to 80.8%, tau® = 0.14). With four outliers deleted from the model,
improvements in quality-of-life remained statistically significant, similar in magnitude, but
with non-significant heterogeneity and overall inconsistency categorized as low (ES,
0.64, 95% Cl, 0.39 t0 0.90, p < 0.001; Q = 11.4, p =0.18; I* = 29.8%, 95% Cl, 0% to
67.5%, tau? = 0.04).

Maximum oxygen consumption (VO2max in mIkg™'min”') was assessed in 5 studies®*°®

6162 ysing various maximal treadmill tests while one study used a submaximal step test
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(Canadian Aerobic Fitness Test). As can be seen in Table 4, statistically significant (p =
0.001) improvements in VO2,,x were observed. Statistically significant heterogeneity
was observed while inconsistency was categorized as moderate (95% CI = low to
large). The NNT was 3 with a percentile improvement of 25.7% and an estimated 9.5
million inactive US adults with AORD improving their relative VO2a if they started
exercising regularly. No statistically significant small-study effects were observed (p =
0.18). With each result deleted from the model once, results remained statistically
significant across all deletions, ranging from 1.80 ml'kg™'min™ (95% CI, 0.58 to 3.01) to
2.47 mlkg"min™ (95% ClI, 1.25 to 3.69). Cumulative meta-analysis, ranked by year,
demonstrated that improvements have been statistically significant since 2003, but with
a trend towards a decrease in the magnitude of effect over time. Increases in VO2,a«
were similar to group-level results when collapsed so that only one ES represented
each study (ES, 2.01 mlkg™'min™, 95% CI, 0.59 to 3.44, p = 0.01; Q = 19.4, p = 0.001;
I = 79.4%, 95% Cl, 51.2% to 91.3%, tau® = 1.7). With outliers deleted from the model,
improvements in VO2,,.x were smaller, with non-significant heterogeneity and overall
inconsistency categorized as low (ES, 1.93 ml'’kg ™ 'min™, 95% CI, 0.83 to 3.02, p =
0.001; Q = 0.03, p =0.86; I* = 0%, 95% Cl, 0% to 0%, tau® = 0).

Upper and lower body muscular strength was assessed in five studies® °-°¢2

using
free weights, grip strength, isokinetic strength and the sit-to-stand test with free weights.
As shown in Table 4, statistically significant (p < 0.001) improvements in strength were
observed. No statistically significant heterogeneity or mean inconsistency was observed

(95% CI = none to moderate). The NNT was 4 with a percentile improvement of 22.2%

and an estimated 8 million inactive US adults with AORD improving their strength if they
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started exercising regularly. No statistically significant small-study effects were
observed (p = 0.65). With each result deleted from the model once, results remained
statistically significant across all deletions, ranging from 0.50 (95% CI, 0.21 t0 0.79) to
0.68 (95% ClI, 0.39 to 0.96). Cumulative meta-analysis, ranked by year, demonstrated
that improvements in strength have been statistically significant since the first included
study in 1989.°® Changes in strength were similar to group-level results when collapsed
so that only one ES represented each study (ES, 0.59, 95% CI, 0.33 to 0.85, p < 0.001;
Q =3.5,p=0.48; I*= 0%, 95% Cl, 0% to 76.2%, tau® = 0). There were no outliers.
Insufficient data were available to analyze BMI. The one study that did provide change
outcome results for BMI reported no statistically significant changes.*®
DISCUSSION
Overall Findings
The primary purpose of the current systematic review with meta-analysis was to
examine the effects of exercise (aerobic, strength training, or both) on anxiety in adults

with AORD. The overall findings, a primary purpose of meta-analysis,®

suggest that
exercise is associated with both statistically significant and practically important
reductions in anxiety among adults with selected types of AORD. These findings are
supported by (1) a magnitude of effect comparable to or greater than anxiolytics,?® (2) a
large percentile improvement of 15.5, (3) a NNT of only 6, (4) a large number of
physically inactive US adults with AORD who could benefit from exercising regularly
(5.3 million), (5) similar findings when examined at the study versus group level, (6)

continued existence of a statistically significant effect when each result was deleted

from the analysis once, (7) similar findings when outliers were deleted and statistical
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heterogeneity was reduced to a non-significant effect and overall inconsistency to zero,
and (8) a consistent finding of improvements in anxiety since the first included study
was reported in 1989.°® Based on GRADE, it was concluded that anxiety was a critical
outcome and that further research would unlikely change the direction of effect.

While the current findings are encouraging, it is interesting to note that cumulative
meta-analysis revealed a distinct trend for a reduction in the pooled ES over time (from -
1.47 in 1989 to -0.40 in 2016) and based on meta-regression, a statistically significant
association between greater reductions in anxiety with older versus more recent
studies. While the specific reasons for this could not be determined, it may be that the
experimental design and conduct of studies have improved over time. However, from
the investigative team’s perspective, it is highly unlikely that the results will become non-
significant in future years. The former notwithstanding, the general conclusion that
exercise is associated with reductions in anxiety among adults with selected types of
AORD may need to be viewed with some caution given that the majority of included

studies consisted of participants with fibromyalgia®® *' > %6 5963

while the remaining
studies included those with osteoarthritis and/or rheumatoid arthritis.**>* " °® However,
meta-regression revealed no statistically significant association between type of AORD
and changes in anxiety, thus allowing for the pooling of findings and a resultant increase
in statistical power.

The final meta-regression model resulted in two statistically significant variables being
included with earlier year of publication and changes in depression associated with

greater reductions in anxiety. These findings further reinforce the influence of year of

publication on changes in anxiety in the current systematic review with meta-analysis, a
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potential reason for such having been previously mentioned. The greater reductions in
anxiety associated with reductions in depression and quality-of-life based on simple
meta-regression as well as depression in the multiple regression model illustrates the
potential interaction between these factors and the difficulty in identifying such,
especially in a systematic review with meta-analysis. Finally, for those studies in which

data were available, 5063

it is worthy to note that while the focus was on community
deliverable exercise or exercise delivered in other settings in which the exercise
intervention could be adapted for delivery in the community, two were delivered in either

%05 or hospital®® *° and one each in either a hospital and home,* university

a university
and home,*” YMCA,*" or home only.®’

In addition to statistically significant and practically important improvements in anxiety,
similar improvements were also observed for all secondary outcomes assessed
(physical function, pain, depression, quality of life, VO2,ax in mI'kg'1'min'1, muscular
strength). These findings are important because unlike pharmacologic interventions that
are usually targeted to address one condition, exercise has the potential to improve
multiple physiological and psychological outcomes. Given the former, it would seem
plausible to suggest that continued efforts be made to increase the exercise and
physical activity levels of adults with AORD.

Implications for Research

There are at least eight implications for the conduct and reporting of future research on

exercise and anxiety in adults with AORD. First, since only five of the studies included

participants with osteoarthritis and/or rheumatoid arthritis, future randomized controlled

trials on exercise and anxiety in these populations appear warranted. Second, exercise
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was performed indoors in the majority of included studies. Given that previous research
has suggested the exercise performed outdoors may have better mood-enhancing
effects than indoor exercise,®”  future research examining this phenomenon with
respect to anxiety as well as other outcomes in adults with AORD seems appropriate.
Third, future studies should focus on examining the dose-response effects of exercise
on anxiety in adults with AORD and report complete information on the characteristics
of the intervention, including intervention fidelity.%® Such information is critical for the
development of evidence-based recommendations aimed at practitioners. Fourth, since
more than half of the studies were considered to be at high or unclear risk of bias with
respect to allocation concealment, blinding of outcome assessors, and incomplete
outcome reporting, future studies should address these issues in their experimental
design and report such information. Notably, while all included studies were considered
to be at a high risk of bias with respect to blinding of participants, this is difficult for
researchers to address since unlike pharmacologic studies, it is almost impossible to
blind intervention participants to group assignment in exercise intervention studies.
Fifth, given the lack of data on exposure to psychotropic and analgesic medications
before and during the studies, including any changes in medication during the study, it
is suggested that future trials track and report this information, including pharmacologic
equivalence between the intervention and control groups. Sixth, while a lack of data was
reported on how and what level anxiety was assessed, all the studies used instruments
apparently focused on generalized anxiety. However, anxiety is a heterogeneous
construct that includes generalized anxiety disorder, separation anxiety disorder,

selective mutism, specific phobia, social phobia, panic disorder and agoraphobia.70
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Given the former, it is suggested that future studies report detailed information on the
specific types of anxiety they are assessing so as to better identify what exact type(s)
might be affected. Seventh, given previous meta-analytic research by others,”" a focus
on group versus individualized exercise may be preferable because of increased
contact and social support. This may be especially true for ethnic and racial minorities.”
Finally, and collectively, a study in which one might have clinical confidence in the
results of might consist of a randomized controlled trial that (1) uses random sequence
generation, for example, computer random generator, to assign to participants to an
exercise intervention and attention-control group, (2) conceals allocation to group
assignment using an approach such as sequentially numbered, sealed, opaque
envelopes, (3) blinds personnel and outcome assessors to group assignment while
noting the inherent risk that all exercise studies are traditionally unable to blind
participants to group assignment, (4) accounts for incomplete data (dropouts, etc.) by
conducting intention-to-treat analyses, (5) avoids selective reporting of data by providing
results for both statistically significant and non-significant results, (6) includes sedentary
participants with a selected type or types of arthritis and elevated baseline levels of
anxiety, (7) includes valid and reliable instruments for the assessment of the different
types of anxiety based on the most recent version of the Diagnostic and Statistical
Manual of Mental Disorders,® (8) accounts for potential confounders (age, gender,
race, ethnicity, education, income, pain, physical function, depression, co-morbidities,
baseline levels of anxiety, sleep, medication use before and during the study, other non-
exercise and non-medication uptake before and during the study), (9) based on a

theoretical model, conducts group exercise intervention sessions (aerobic, strength
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training, or both), based on the recent Consensus on Exercise Reporting Template,”
(10) examines the mechanisms for changes in anxiety, and (11) conducts cost-
effectiveness analysis of the intervention. While these recommendations are focused on
exercise, alternative treatments exist. Thus, the most clinically useful study might
consist of a mega-randomized controlled trial that addresses all currently available
treatments. However, this is probably not realistic. Therefore, an alternative approach
might be to conduct a network meta-analysis that includes both direct and indirect
evidence from randomized trials of all available interventions (exercise, pharmacologic,
etc.).” To the best of the authors’ knowledge, no such study currently exists.
Implications for Practice

The results of this study appear to have important implications for practice. First, since
changes in both anxiety and secondary outcomes resulted in statistically significant and
practically important improvements, exercise may be more vital than any other
intervention given the apparent multiple benefits of such. In addition, the magnitude of
effect (-0.40), NNT (6) and percentile improvement (15.5) observed in the current study
were equivalent to a previous meta-analysis on the pharmacological treatment of
generalized anxiety disorder in which the overall SMD effect size was -0.39, the
calculated NNT was 6, and the percentile improvement was15.2.°¢ While the current
systematic review with meta-analysis was unable to establish with any degree of
certainty the dose-response effects of exercise on anxiety in adults with AORD, it would
appear plausible, given the numerous other benefits that can be derived as well as the
minimal adverse events associated with exercise, to adhere to the Active Adult or Active

Older Adult Guidelines from the Physical Activity Guidelines for Americans Physical
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Activity Guidelines® as recommended by the Centers for Disease Control and
Prevention.”® Broadly, this includes aerobic activities on most, if not all, days of the
week, muscle strengthening activities at least 2 days per week, balance exercises at
least 3 days per week, and flexibility exercises on a daily basis. However, these
recommendations as applied to exercise and anxiety should be considered with respect
to factors such as the lack of transparency with respect to risk of bias in the included
studies.
Strengths and Limitations

There are at least three apparent strengths of the current study. First, to the best of our
knowledge, this is the first systematic review with meta-analysis to examine, as a
primary outcome, the effects of exercise on anxiety in adults with AORD. This is
important given (1) the prevalence of AORD," (2) the expected future increase in the
prevalence of AORD,? (3) the financial costs associated with AORD,® and (4) the
previously reported finding that the prevalence of anxiety is almost twice that of
depression.® Second, a novel and recently developed approach, the IVhet model, was
used to pool findings.*® This resulted in more robust estimates than those derived from

the traditional random-effects model.®’

This is noteworthy given the need to provide the
most accurate results possible when examining the effects of an intervention on
selected outcome(s).

While there are several strengths to this study, there are also at least four potential
limitations. First, similar to any aggregate data meta-analysis, the potential for

ecological fallacy exists. Thus, it may be that the observed findings in the current study

would not apply at the individual participant level. Second, and also common to any type
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of aggregate data meta-analysis, meta-regression results do not support causal
inferences because the included studies are not randomly assigned to covariates.*’
Therefore, the associations observed in the current investigation would need to be
assessed in appropriately powered randomized trials. Third, while a large number of
statistical tests were conducted, no adjustments were made for such. Thus, some
findings could have been nothing more than the play of chance. However, common to
most aggregate data meta-analyses, no adjustments for multiple testing were made
because of concerns about missing possibly important findings that could be tested in
original trials.*® Fourth, since anxiety was assessed using self-report instruments,**
the possibility of reporting bias in the original studies existed.
CONCLUSIONS

Exercise is associated with reductions in anxiety among adults with selected types of
AORD. However, a need exists for additional, well-designed, randomized controlled
trials on this topic.
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Study and Year Country

oNOYTULT D WN =

Participants

Exercise

Intervention

Anxiety

Assessment

9 Baptista et al., Brazil

11 2012%°

15 Beltran, 2003°’ United

17 States

23 Cheung et al., United

2017 %2 States

Fransen et al., Australia

32 2007

38 French et al., Ireland

40 2013%

Women (N = 80) 18-65 yrs of age with FM assigned
to exercise (n = 40, age, X = 49.5 yrs) or control (n
=40, age, X =49.1 yrs) group

Women (N = 21) 22-65 yrs of age with FM assigned
exercise (n =11, age, X £+ SD =50.1 + 12.6 yrs) or
control (n =10, age, X + SD =53.7 +6.9 yrs)
group

Men and women (N=51) > 65 yrs of age with knee
OA assigned to exercise (n = 28, age, X + SD =
74.4 + 7.5 yrs), or control (n = 23, age, X £+ SD =
71.8 + 8.0 yrs) group

Men and women (N=96) 59-85 yrs of age with hip or
knee OA assigned to hydrotherapy (n = 55, age, X
1+ SD =70 % 6.3 yrs), or wait-list control (n = 41,
age, X + SD =69.6 £ 6.1 yrs) group

Men and women (N = 88) 40-80 yrs of age with hip

OA assigned to exercise (n =45, age, X + SD =

Dance exercise 2 x/wk, 60 min/session,

for 12 wks

Aerobic aquatic exercise, 3 x/wk, 25

min/session, 60-85% MHR, for 10 wks

Aerobic exercise, 5 x/wk, 20-30
min/session for 8 wks, and strength
exercise 3 x/wk, 30 min/session for 8 wks
(10+ exercises)

Hydrotherapy exercises in warm water, 2

x/wk, 60 min/session, for 12 wks

Aerobic & strength training, 30

min/session, for 8 wks, up to 5 strength
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HADS
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HADS



oNOYTULT D WN =

Gowans et al.,

2001

Jones et al.,

2008

Komatireddy et

al®”

Minor et al.,

1989°®

Munguia-
Izquieerdo &

Legaz-Arrese,

Canada

United

States

United

States

United

States

Spain

BMJ Open

61.8 £ 9.7 yrs), or control (n = 43, age, X+ SD =
60.8 + 9.7 yrs) group

Men and women (N = 57) with FM assigned to an
exercise (n = 30, age, X + SD =44.6 £ 8.7 yrs), or
control (n = 27, age, X + SD =49.8 £ 7.3 yrs) group
Men and women (N = 101) 18-65 yrs of age with
FM assigned to an exercise (n =47, age, X + SD =
49.6 £ 7.7 yrs), or control (n = 54, age, X £+ SD =
49.8 £ 7.9 yrs) group

Men and women (n = 49), 35-76 yrs of age with RA
assigned to exercise (n =25, X £+ SD =57.7 £ 9.8
yrs of age, range 40-72 yrs) or control (n =24, X +

SD =60.5 + 11 yrs of age, range 35—76 yrs) group

Men and women (N = 115) 21-83 yrs of age with
RA or OA assigned to a pool (n = 47), walking (n =
36) or control group (n = 32)

Men and women (N = 60) 18-60 yrs of age with FM
assigned to exercise (n =35, X £+ SD=50.0+7.0

yrs) or control (n =25 X £ SD =46.0 + 8.0 yrs)

exercises

Aerobic exercise (2 walking/jogging
classes in a gym, 1 pool class), 3 x/wk,
30 min/session, 60-75% MHR, for 23 wks
Aerobic exercise 3 x/wk, 30 min/session,
40-50% MHR & strength exercise, 3

x/wk, 10 min/session, for 24 wks

Circuit weight training with light loads and
high repetitions, 7 exercises, 2-3
circuits/session, 12—-15 reps, 30-second
rest between sets, 20-27 min/session,

> 3 x/wk, RPE of 3—4, for 12 wks

Aerobic aquatics or walking group, 3
x/wk, 60 min/session (30 min of this was
aerobic), 60-80% MHR, for 12 wks
Aerobic aquatic exercise, 3 x/wk, 20-30
min/session, 50-80% MHR, & strength

exercise 3 x/wk, 8-20 min/session, 1-3
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MHI, STAI

FIQ (Anxiety)

AIMS

AIMS

STAI
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1
2
3 2008%° group sets, 8-15 reps, for 16 wks
4
5 Sanudo et al., Spain Women (N = 32) with FM assigned to exercise (n =  Aerobic/interval training, 2 x/wk, 30-35 VAS
6
7 2015% 16, X + SD = 55.0 + 8.0 yrs of age), or control (n =  min/session, 60-80% MHR, for 24 weeks
8
9 16, X + SD =58.0 £ 6.9 yrs of age) group
10
11 Schachter et al., Canada Women (N = 143) 20-55 yrs of age with FM Low impact, videotape-based, aerobic FIQ (Anxiety)
12
13 2003° assigned to a short bout (n =56, X + SD =419 + exercise to music. Short bout, 2 x/d, 7.1
14
15 8.6 yrs of age), long bout (n =51, X+ SD =413+ x/wk, 12.3 min/session, 60% HRR; Long-
16
17 8.7 yrs of age), or control group (n =36, X + SD = bout group: 1 x/d, 3.6 x/wk, 24.5
18
19 42.5 + 6.7 yrs of age) min/session, 60% HRR, for 16 wks
20
2 Tomas-Carus et Portugal Women with FM (N = 33) assigned to aquatic Pool exercises performed in warm water,  FIQ (Anxiety),
;g al., 2008 exercise (n =17, X + SD = 50.7 + 10.6 yrs of age) 3 x/wk, 20 min, aerobic phase, 60-65% STAI
;;' or control group (n =16, X+ SD =50.9+6.7 yrs of  MHR, strength exercise, 20 min, 4 sets,
;? age) 10 reps, for 32 wks
;g Tomas-Carus et Portugal Women with FM (N = 34) assigned to aquatic Pool exercises performed in warm water,  FIQ (Anxiety)
2(1) al., 2007 exercise (Nn=17, X +SD=51+10.0 yrs ofage)or 3 x/wk, 20 min, aerobic phase, 60-65%
32 control group (n =17, X + SD =51+ 9.0 yrs ofage) MHR, strength exercises, 20 min, 4 sets,
33
34 10 reps, for 12 wks
35
36 Notes: Description of groups from each study limited to those that met the criteria for inclusion; X £ SD, mean + standard deviation; AIMS, Arthritis
37
38 Measurement Impact Scale; DASS21, Depression, Anxiety and Stress Scale; FIQ, Fibromyalgia Impact Questionnaire; FM, fibromyalgia; HADS,
39
40 Hospital Anxiety & Depression Scale; HRR, heart rate reserve; MHI, Mental Health Inventory; min, minutes; MHR, maximum heart rate; STAI,
41
42
43
44
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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State-Trait Anxiety Inventory; MHR, maximum heart rate; OA, osteoarthritis; RA, rheumatoid arthritis; reps, repetitions; RPE, rating of perceived

exertion; VAS, Visual Analog Scale; wk(s), week(s); yrs, years;
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Table 2. Baseline characteristics of participants.

Exercise Control
Variable Groups/Participants X +SD Median Range Groups/Participants X+SD  Median Range
Age (years) 14/458 53.4 +9.7 50 41 -74 13/349 549 + 8.8 50 43 -72
BMI (kgm?) 7/204 29.0+15 29 27 - 31 7/170 284 +1.7 28 27 - 31
VOsmax (MIkg™"'min™) 7/245 21.3+23 21 19— 24 5/101 207+27 21 17 — 24

Notes: Groups represents number of exercise and control groups reporting data; X+ SD, mean * standard deviation; BMI,

body mass index; VO,max, maximum oxygen consumption.
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Table 3. Exercise program characteristics.

Variable Groups/Participants X + 8D Median Range
Length (weeks) 16/514 16 +7 14 8-32
Frequency (times/week) 14/469 3.3+1.3 3 2-7
Duration (min/session) 14/450 28.8 +14.3 30 10-60
Minutes per week 11/407 85.5+21.2 88 60 — 120
Minutes per week (ad)) 71277 61.3 +22.7 58 33 -99
Compliance (%) 8/312 74.3 +19 80 38 -97

Notes: Groups represents number of exercise groups reporting data; X + SD,

mean + standard deviation; min, minutes; adj, adjusted for compliance.
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Table 4. Results for primary and secondary outcomes (data reported as standardized effect size unless otherwise noted).
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Variable

ES (#)

Participants (#)

 (95% Cl)

Q (p)

I? (95% CI)

T

oNOYTULT D WN =

Primary outcome

- Anxiety

Secondary outcomes

- Physical function

- Pain
-QOL

- Depression

- VO2max (mlkg " 'min™")

- Muscular strength

16

12

15

13

15

7

6

883

677

803

730

813

346

261

-0.40 (-0.65, -0.15)*

0.66 (0.34, 0.97)*

-0.62 (-1.12, -0.11)*

0.63 (0.35, 0.91)*

-0.38 (-0.67, -0.10)*

2.01(0.85, 3.2)*

0.59 (0.33, 0.85)*

40.3 (<0.001)**

36.0 (0.0002)**
128.6 (<0.001)**
32.4 (0.001)**
46.3 (<0.001)**
20.2 (0.003)**

3.9 (0.6)

62.8 (36.2, 78.3

69.4 (44.5, 83.1)
89.1 (83.7, 92.7)
63.0 (32.7, 79.7)
69.7 (48.6, 82.2)
70.3 (35.0, 86.4)

0(0, 67.1)

0.14

0.19

0.75

0.15

0.20

1.40

0

Notes: ES, effect size; #, number; X (95% Cl), mean effect size and 95% confidence interval; Q (p), Cochran Q statistic and alpha value for Q; I*

(95% CI), I-squared and 95% confidence interval; T2, tau-squared; *, statistically significant (two-tailed alpha value < 0.05 and non-overlapping

95% confidence intervals); **, statistically significant (alpha value < 0.10);
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Table 5. Final multiple regression model for changes in anxiety (N = 16).
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Variable Coefficient + SE t(p) 95% CI
Year of publication 0.035+0.010 3.50 (0.006)* 0.012 to 0.057
Changes in depression 0.316 + 0.758 4.16 (0.01) 0.110 to 0.521
Minutes of training per week 0.007 + 0.003 2.40 (0.06) -0.0002 to 0.016
Intercept -70.718 + 19.74 -3.58 (0.006)* -115.19to -26.24

Notes: SE, standard error; t, t-value; p, alpha value for t; Cl, confidence interval.
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FIGURE LEGEND

Figure 1. Flow diagram depicting the search process.

Figure 2. Risk of bias results using the Cochrane Risk of Bias Assessment Instrument.
Figure 3. Forest plot for changes in anxiety.

Figure 4. Funnel plot for changes in anxiety.

Figure 5. Cumulative meta-analysis for changes in anxiety.
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Figure 1. Flow diagram depicting the search process.
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Figure 3. Forest plot for changes in anxiety.
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2
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6 ("exercise" [MeSH Terms] OR "exercise"[AlLl Fields] OR
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OR "physical actiwvity" [All Fields]) OR ("physical
8 fitness" [MeSH Terms] OR ("physical" [&ll Fields]
9 AND "fitness"[All Fields]) OR "physical fitness"[All
10 Fields]) CR ("physical therapy modalities" [MeSH Terms] OR
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AND "modalities"[Zll Fields]) OR "physical therapy o
12 modalities”" [Z#11 Fields] OR ("physical"([1ll Fields]
13 =
Search URL
14
Resuit:
15
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16 =
17 Translations:
18
19 exeftise "exercise"[MeSH Terms] OR "exerciseTAll Fields]
20 physical “exercise"[MeSH Tems] OR “exerciseTAll Fields] OR ("physical TAll Fields] AND
21 activity "activity”[All Fields]) OR “physical activity"[All Fields]
22 physical “physical fitness”[MeSH Terms] OR ("physicalTAll Fields] AND "fitness®[All Fields])
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24 ‘physical therapy modalities"[MeSH Terms]) OR ("ohysical TAll Fields] AND
physical ‘therapy"[All Fields] AND "modalities"[All Fields]) OR "physical therapy modalities"[All
25
therapy Fields] OR ("physicalTAll Fields] AND "therapy"[Al Fields]) OR "physical therapyTAll
26 Fields]
27 osteoarthritis  ‘osteoarthritisTMeSH Terms] OR "osteoarthritisTAll Fields)
28 . _ “arthritis, rheumatoid"MeSH Terms] OR (“arthritis'[All Fields] AND "rheumatoidTAI
29 ar:lriﬁs Fields]) OR “rheumatoid arthritisTTAIl Fields] OR (theumatoid™[All Fielkds] AND
30 “arthritisTAll FieldsD
31 arthritis rarthritisTTMeSH Terms)] OR "arthritis"[All Fields)
32 fibromyalgia  “fibromyalgiaTMeSH Tesms] OR "fibromyalgiaTAl Fields)
33 anxiety *anxiety"[MeSH Terms] OR "anxiety"[All Fields)
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1. 12th Commonwealth International Sport conference, 19-23 July 2002, Manchester,
United Kingdom: abstract book. London;: Association of Commonwealth
Universities 2002. inappropriate study design

2. ABSTRACTS. Journal of Orthopaedic & Sports Physical Therapy 2005;35(6):389-
96. inappropriate study design

3. Fibromyalgia: poorly understood; treatments are disappointing. Prescrire
international 2009;18(102):169-73. [published Online First: 2009/09/15]
inappropriate study design

4. A Controlled Examination of Medical and Psychosocial Factors Associated With
Low Back Pain in Combination With Widespread Musculoskeletal Pain. Physical
therapy 2009;89(8):786-803. inappropriate study design

5. Acupuncture. Focus on Alternative and Complementary Therapies 2010;15(2):163-
69. doi: 10.1211/fact.15.2.0065 inappropriate intervention

6. 2013 SYR Accepted Poster Abstracts. International journal of yoga therapy 2013;23
Suppl:32-53. [published Online First: 2013/01/01] inappropriate study design

7. Abbott R, Whear R, Nikolaou V, et al. Tumour necrosis factor-alpha inhibitor
therapy in chronic physical illness: A systematic review and meta-analysis of the
effect on depression and anxiety. Journal of psychosomatic research
2015;79(3):175-84. doi: 10.1016/j.jpsychores.2015.04.008 [published Online First:
2015/05/04] inappropriate study design

8. Adachi T, Nakae A, Maruo T, et al. Validation of the Japanese Version of the Pain
Self-Efficacy Questionnaire in Japanese Patients with Chronic Pain. Pain Medicine
2014;15(8):1405-17. doi: 10.1111/pme.12446 inappropriate study design

9. Akhavan J. The effect of a dyadic intervention on self-efficacy, physical functioning,
and anxiety/depression in older adults post joint replacement surgery [Ph.D.].
University of California, Los Angeles, 2008. inappropriate study design

10. Akman-Demir G, Saip S, Siva A. Behcget's disease. Current Treatment Options in

Neurology 2011;13(3):290-310. doi: 10.1007/s11940-011-0120-2 inappropriate
study design

11. Alamo MM, Moral RR, de Torres LAP. Evaluation of a patient-centred approach in

generalized musculoskeletal chronic pain/fibromyalgia patients in primary care.
Patient education and counseling 2002;48(1):23-31. doi: 10.1016/S0738-
3991(02)00095-2 inappropriate intervention

12. Alayli G, Kuru O, Bilgici A. The effects of aerobic exercise and home exercise on

pain and disability in patients with knee osteoarthritis. [Turkish]. Journal of
Rheumatology and Medical Rehabilitation 2007; 18(2).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/761/CN-
00707761/frame.html. inappropriate comparison group

13. Alipour B, Homayouni-Rad A, Vaghef-Mehrabany E, et al. Effects of Lactobacillus

casei supplementation on disease activity and inflammatory cytokines in
rheumatoid arthritis patients: a randomized double-blind clinical trial. International
Journal of rheumatic diseases 2014;17(5):519-27. doi: 10.1111/1756-185X.12333
inappropriate intervention
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17.

18.

19

20.

21.

22.

23.

BMJ Open

Ambrose KR, Golightly YM. Physical exercise as non-pharmacological treatment
of chronic pain: Why and when. Best Practice & Research in Clinical
Rheumatology 2015;29(1):120-30. doi: 10.1016/j.berh.2015.04.022 inappropriate
study design

Andrews NE, Strong J, Meredith PJ. Activity Pacing, Avoidance, Endurance, and
Associations With Patient Functioning in Chronic Pain: A Systematic Review and
Meta-Analysis. Archives of physical medicine and rehabilitation 2012;93(11):2109-
21. doi: 10.1016/j.apmr.2012.05.029 inappropriate study design

Ang D, Jensen M, Steiner J, et al. Combining cognitive-behavioral therapy and
milnacipran for fibromyalgia: a feasibility randomized-controlled trial. The Clinical
Journal of pain 2013; 29(9).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/880/CN-
00918880/frame.html. inappropriate study design

Appelbaum KA, Blanchard EB, Hickling EJ, et al. Cognitive behavioral treatment of
a veteran population with moderate to severe rheumatoid arthritis. Behavior
Therapy 1988;19(4):489-502. doi: 10.1016/S0005-7894(88)80019-4 inappropriate
intervention

Archer T, Josefsson T, Lindwall M. Effects of Physical Exercise on Depressive
Symptoms and Biomarkers in Depression. Cns & Neurological Disorders-Drug
Targets 2014;13(10):1640-53. inappropriate study design

. Arcos-Carmona IM, Castro-Sanchez AM, Mataran-Penarrocha GA, et al. [Effects

of aerobic exercise program and relaxation techniques on anxiety, quality of
sleep, depression, and quality of life in patients with fiboromyalgia: a randomized
controlled trial]. Medicina clinica 2011;137(9):398-401. doi:
10.1016/j.medcli.2010.09.045 [published Online First: 2011/02/25] inappropriate
intervention

Arends RY, Bode C, Taal E, et al. A goal management intervention for polyarthritis
patients: rationale and design of a randomized controlled trial. BMC
musculoskeletal disorders 2013;14:239. doi: 10.1186/1471-2474-14-239
[published Online First: 2013/08/15] inappropriate intervention

Arne M, Janson C, Janson S, et al. Physical activity and quality of life in subjects
with chronic disease: chronic obstructive pulmonary disease compared with
rheumatoid arthritis and diabetes mellitus. Scandinavian journal of primary health
care 2009;27(3):141-7. doi: 10.1080/02813430902808643 [published Online First:
2009/03/24] inappropriate study design

Arnold L, Wang F, Ahl J, et al. Improvement in multiple dimensions of fatigue in
patients with fibromyalgia treated with duloxetine: secondary analysis of a
randomized, placebo-controlled trial. Arthritis research & therapy 2011; 13(3).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/474/CN-
00843474/frame.html. inappropriate intervention

Arnold L, Zlateva G, Sadosky A, et al. Correlations between Fibromyalgia
Symptom and Function Domains and Patient Global Impression of Change: A
Pooled Analysis of Three Randomized, Placebo-Controlled Trials of Pregabalin.
Pain medicine (Malden, Mass) 2011; 12(2).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/608/CN-
01016608/frame.html. inappropriate study design
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Arnold LM. Strategies for managing fibromyalgia. The American journal of
medicine 2009;122(12 Suppl):S31-43. doi: 10.1016/j.amjmed.2009.09.009
[published Online First: 2010/01/09] inappropriate study design

Arnold LM, Arsenault P, Huffman C, et al. Once daily controlled-release pregabalin
in the treatment of patients with fibromyalgia: A phase lll, double-blind,
randomized withdrawal, placebo-controlled study. Current Medical Research and
Opinion 2014;30(10):2069-83. doi: 10.1185/03007995.2014.928275 inappropriate
intervention

Arnold LM, Clauw D, Wang F, et al. Flexible dosed duloxetine in the treatment of
fibromyalgia: a randomized, double-blind, placebo-controlled trial. The Journal of
rheumatology 2010;37(12):2578-86. doi: 10.3899/jrheum.100365 [published
Online First: 2010/09/17] inappropriate intervention

Arnold LM, Crofford LJ, Martin SA, et al. The effect of anxiety and depression on
improvements in pain in a randomized, controlled trial of pregabalin for treatment
of fibromyalgia. Pain Medicine 2007;8(8):633-38. doi: 10.1111/j.1526-
4637.2007.00332.x inappropriate intervention

Arnold LM, Russell I1J, Diri EW, et al. A 14-week, randomized, double-blinded,
placebo-controlled monotherapy trial of pregabalin in patients with fibromyalgia.
The Journal of Pain 2008;9(9):792-805. doi: 10.1016/j.jpain.2008.03.013
inappropriate intervention

Arnold LM, Wang F, Ahl J, et al. Improvement in multiple dimensions of fatigue in
patients with fibromyalgia treated with duloxetine: secondary analysis of a
randomized, placebo-controlled trial. Arthritis research & therapy 2011;13(3):R86.
doi: 10.1186/ar3359 [published Online First: 2011/06/15] inappropriate
intervention

Arnold LM, Williams DA, Hudson JI, et al. Development of responder definitions for
fibromyalgia clinical trials. Arthritis and rheumatism 2012;64(3):885-94. doi:
10.1002/art.33360 [published Online First: 2011/09/29] inappropriate outcomes
Arnold LM, Zhang S, Pangallo BA. Efficacy and safety of duloxetine 30 mg/d in
patients with fibromyalgia: A randomized, double-blind, placebo-controlled study.
The Clinical journal of pain 2012;28(9):775-81. doi:
10.1097/AJP.0b013e3182510295 inappropriate outcomes

Arnold LM, Zlateva G, Sadosky A, et al. Correlations between fibromyalgia
symptom and function domains and patient global impression of change: a pooled
analysis of three randomized, placebo-controlled trials of pregabalin. Pain
medicine (Malden, Mass) 2011;12(2):260-7. doi: 10.1111/j.1526-
4637.2010.01047 .x [published Online First: 2011/01/27] inappropriate study
design

Assis MR, Silva LE, Alves AM, et al. A randomized controlled trial of deep water
running: clinical effectiveness of aquatic exercise to treat fibromyalgia. Arthritis
and rheumatism 2006;55(1):57-65. doi: 10.1002/art.21693 inappropriate
comparison group

Ayral X, Gicquere C, Duhalde A, et al. Effects of video information on preoperative
anxiety level and tolerability of joint lavage in knee osteoarthritis. Arthritis and
rheumatism 2002;47(4):380-2. doi: 10.1002/art.10559 [published Online First:
2002/09/05] inappropriate intervention
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44.
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BMJ Open

Bae S, Gun S, Mok C, et al. Improved health outcomes with etanercept versus
usual DMARD therapy in an Asian population with established rheumatoid
arthritis. BMC musculoskeletal disorders 2013; 14.
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/280/CN-
00864280/frame.html. inappropriate intervention

Bagdath AO, Donmez A, Eroksuz R, et al. Does addition of 'mud-pack and hot
pool treatment' to patient education make a difference in fibromyalgia patients? A
randomized controlled single blind study. International journal of biometeorology
2015;59(12):1905-11. doi: 10.1007/s00484-015-0997-7 inappropriate intervention
Barlow J, Turner A, Wright C. A randomized controlled study of the Arthritis Self-
Management Programme in the UK. Health education research 2000; 15(6).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/444/CN-
00330444/frame.html. inappropriate intervention

Barlow JH, Powell LA, Gilchrist M, et al. The effectiveness of the Training and
Support Program for parents of children with disabilities: a randomized controlled
trial. Journal of psychosomatic research 2008;64(1):55-62. doi:
10.1016/j.jpsychores.2007.06.006 [published Online First: 2007/12/26]
inappropriate intervention

Barsky AJ, Ahern DK, Orav EJ, et al. A Randomized Trial of Three Psychosocial
Treatments for the Symptoms of Rheumatoid Arthritis. Seminars in arthritis and
rheumatism 2010;40(3):222-32. doi: 10.1016/j.semarthrit.2010.04.001
inappropriate intervention

Basler HD. Group treatment for pain and discomfort. Patient education and
counseling 1993;20(2-3):167-75. [published Online First: 1993/05/01]
inappropriate intervention

Bassey EJ. Longitudinal changes in selected physical capabilities: muscle
strength, flexibility and body size. Age and Ageing 1998;27:12-16. inappropriate
study design

Bateman L, Sarzi-Puttini P, Burbridge CL, et al. Burden of illness in fibromyalgia
patients with comorbid depression. Clinical and experimental rheumatology
2016;34(2 Suppl 96):S106-13. [published Online First: 2016/04/09] inappropriate
study design

Baudic S, Attal N, Mhalla A, et al. Unilateral repetitive transcranial magnetic
stimulation of the motor cortex does not affect cognition in patients with
fibromyalgia. Journal of Psychiatric Research 2013;47(1):72-77. doi:
10.1016/j.jpsychires.2012.09.003 inappropriate intervention

Bearne L, Walsh N, Jessep S, et al. Feasibility of an exercise-based rehabilitation
programme for chronic hip pain. Musculoskeletal care 2011; 9(3).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/898/CN-
01124898/frame.html. inappropriate intervention

Bement MKH, Weyer A, Hartley S, et al. Pain Perception After Isometric Exercise
in Women With Fibromyalgia. Archives of physical medicine and rehabilitation
2011;92(1):89-95. doi: 10.1016/j.apmr.2010.10.006 inappropriate study design
Bennell K, Ahamed Y, Jull G, et al. Physical Therapist-Delivered Pain Coping
Skills Training and Exercise for Knee Osteoarthritis: Randomized Controlled Trial.
Arthritis care & research 2016; 68(5).
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http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/882/CN-
01153882/frame.html. inappropriate comparison group

Bennell KL, Rini C, Keefe F, et al. Effects of Adding an Internet-Based Pain
Coping Skills Training Protocol to a Standardized Education and Exercise
Program for People With Persistent Hip Pain (HOPE Trial): Randomized
Controlled Trial Protocol. Physical therapy 2015;95(10):1408-22. doi:
10.2522/ptj.20150119 [published Online First: 2015/05/30] inappropriate study
design

Bennett R, Russell |, Choy E, et al. Evaluation of Patient-Rated Stiffness
Associated With Fibromyalgia: A Post-Hoc Analysis of 4 Pooled, Randomized
Clinical Trials of Duloxetine. Clinical therapeutics 2012; 34(4).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/551/CN-
00896551/frame.html. inappropriate intervention

Bialosky JE, Bishop MD, Robinson ME, et al. Spinal Manipulative Therapy Has an
Immediate Effect on Thermal Pain Sensitivity in People With Low Back Pain: A
Randomized Controlled Trial. Physical therapy 2009;89(12):1292-303. doi:
10.2522/ptj.20090058 inappropriate population

Birbara C, Ruoff G, Sheldon E, et al. Efficacy and safety of rofecoxib 12.5 mg and
celecoxib 200 mg in two similarly designed osteoarthritis studies. Current medical
research and opinion 2006; 22(1).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/019/CN-
00554019/frame.html. inappropriate intervention

Bircan C, Karasel SA, Akgun B, et al. Effects of muscle strengthening versus
aerobic exercise program in fibromyalgia. Rheumatology international
2008;28(6):527-32. doi: 10.1007/s00296-007-0484-5 [published Online First:
2007/11/06] inappropriate comparison group

Bishop MD, Beneciuk JM, George SZ. Immediate reduction in temporal sensory
summation after thoracic spinal manipulation. Spine Journal 2011;11(5):440-46.
doi: 10.1016/j.spinee.2011.03.001 inappropriate intervention

Blikman T, Rienstra W, van Raaij TM, et al. Duloxetine in OsteoArthritis (DOA)
study: study protocol of a pragmatic open-label randomised controlled trial
assessing the effect of preoperative pain treatment on postoperative outcome
after total hip or knee arthroplasty. BMJ open 2016;6(3):e010343. doi:
10.1136/bmjopen-2015-010343 [published Online First: 2016/03/05]
inappropriate study design

Blumenthal JA, Babyak MA, Moore KA, et al. Effects of exercise training on older
patients with major depression. Archives of Internal Medicine 1999;159(19):2349-
56. doi: 10.1001/archinte.159.19.2349 inappropriate population

Bojner Horwitz E, Kowalski J, Theorell T, et al. Dance/movement therapy in
fibromyalgia patients: Changes in self-figure drawings and their relation to verbal
self-rating scales. The Arts in Psychotherapy 2006;33(1):11-25. doi:
http://dx.doi.org/10.1016/j.aip.2005.05.004 inappropriate intervention
Bojner-Horwitz E, Theorell T, Anderberg UM. Dance/movement therapy and
changes in stress-related hormones: A study of fibromyalgia patients with video-
interpretation. The Arts in Psychotherapy 2003;30(5):255-64. doi:
10.1016/j.aip.2003.07.001 inappropriate outcomes
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Bojner-Horwitz E, Theorell T, Maria Anderberg U. Dance/movement therapy and
changes in stress-related hormones: a study of fiboromyalgia patients with video-
interpretation. The Arts in Psychotherapy 2003;30(5):255-64. doi:
http://dx.doi.org/10.1016/].aip.2003.07.001 inappropriate intervention

Bongi SM, Del Rosso A, Di Felice C, et al. Resseguier method and Qi Gong
sequentially integrated in patients with fiboromyalgia syndrome. Clinical and
experimental rheumatology 2012;30(6):S51-S58. inappropriate comparison group
Bongi SM, Paoletti G, Cala M, et al. Efficacy of rehabilitation with Tai Ji Quan in an
Italian cohort of patients with Fibromyalgia Syndrome. Complementary therapies
in clinical practice 2016;24:109-15. doi: 10.1016/j.ctcp.2016.05.010 inappropriate
intervention

Booth FW, Roberts CK, Laye MJ. Lack of Exercise Is a Major Cause of Chronic
Diseases. Comprehensive Physiology 2012;2(2):1143-211. doi:
10.1002/cphy.c110025 inappropriate study design

Boschen KA, Robinson E, Campbell KA, et al. Results from 10 Years of a CBT
Pain Self-Management Outpatient Program for Complex Chronic Conditions. Pain
Research & Management 2016 doi: 10.1155/2016/4678083 inappropriate study
design

Bossen D, Buskermolen M, Veenhof C, et al. Adherence to a web-based physical
activity intervention for patients with knee and/or hip Osteoarthritis: A mixed
method study. Journal of medical Internet research 2013;15(10):55-66. doi:
10.2196/jmir.2742 inappropriate comparison group

Bossen D, Veenhof C, Kloek C, et al. The association between psychological
factors and physical activity levels in patients with knee and hip osteoarthritis.
Physiotherapy (United Kingdom) 2015; 101.
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/535/CN-
01126535/frame.html. inappropriate study design

Bossen D, Veenhof C, Van Beek KEC, et al. Effectiveness of a Web-Based
Physical Activity Intervention in Patients With Knee and/or Hip Osteoarthritis:
Randomized Controlled Trial. Journal of medical Internet research 2013;15(11)
doi: 10.2196/jmir.2662 inappropriate intervention

Boyer L, Dousset A, Roussel P, et al. rTMS in fibromyalgia: a randomized trial
evaluating QoL and its brain metabolic substrate. Neurology 2014;82(14):1231-8.
doi: 10.1212/wnl.0000000000000280 [published Online First: 2014/03/29]
inappropriate intervention

Bradt J, Norris M, Shim M, et al. Vocal Music Therapy for Chronic Pain
Management in Inner-City African Americans: A Mixed Methods Feasibility Study.
Journal of Music Therapy 2016;53(2):178-206. doi: 10.1093/jmt/thw004
inappropriate intervention

Braz AS, Morais LCS, Paula AP, et al. Effects of Panax ginseng extract in patients
with fibromyalgia: A 12-week, randomized, double-blind, placebo-controlled trial.
Revista Brasileira de Psiquiatria 2013;35(1):21-28. doi: 10.1016/j.rbp.2013.01.004
inappropriate intervention

Broderick J, Junghaenel D, Schwartz J. Written emotional expression produces
health benefits in fibromyalgia patients. Psychosomatic medicine 2005; 67(2).
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http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/627/CN-
00560627/frame.html. inappropriate intervention

Brus H, Taal E, Laar M, et al. Patient education and disease activity: a study
among rheumatoid arthritis patients. Arthritis care and research : the official
Journal of the Arthritis Health Professions Association 1997; 10(5).
http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/155/CN-
00145155/frame.html. inappropriate study design

Busch A. Hydrotherapy improves pain, knee strength, and quality of life in women
with fibromyalgia. Australian Journal of Physiotherapy 2007;53(1):64-64.
inappropriate study design

Buskila D, Abu-Shakra M, Neumann L, et al. Balneotherapy for fibromyalgia at the
Dead Sea. Rheumatology international 2001;20(3):105-8. doi:
10.1007/s002960000085 [published Online First: 2001/05/17] inappropriate
intervention

Buszewicz M, Rait G, Griffin M, et al. Self management of arthritis in primary care:
randomised controlled trial. BMJ (Clinical research ed) 2006;333(7574):879. doi:
10.1136/bmj.38965.375718.80 [published Online First: 2006/10/17] inappropriate
intervention

Buttagat V, Eungpinichpong W, Kaber D, et al. Acute effects of traditional Thai
massage on electroencephalogram in patients with scapulocostal syndrome.
Complementary Therapies in Medicine 2012;20(4):167-74. doi:
10.1016/j.ctim.2012.02.002 inappropriate intervention

Blayukyillmaz F, Asti T. The effect of relaxation techniques and back massage on
pain and anxiety in Turkish total hip or knee arthroplasty patients. Pain
Management Nursing 2013;14(3):143-54. doi: 10.1016/j.pmn.2010.11.001
inappropriate intervention

Calandre EP, Rico-Villademoros F. The role of antipsychotics in the management
of fibromyalgia. CNS drugs 2012;26(2):135-53. doi: 10.2165/11597130-
000000000-00000 [published Online First: 2012/02/03] inappropriate study
design

Calandre EP, Rodriguez-Claro ML, Rico-Villademoros F, et al. Effects of pool-
based exercise in fibromyalgia symptomatology and sleep quality: a prospective
randomised comparison between stretching and Ai Chi. Clinical and experimental
rheumatology 2009;27(5 Suppl 56):S21-8. [published Online First: 2010/03/12]
inappropriate intervention

Campbell CM, McCauley L, Bounds SC, et al. Changes in pain catastrophizing
predict later changes in fibromyalgia clinical and experimental pain report: cross-
lagged panel analyses of dispositional and situational catastrophizing. Arthritis
research & therapy 2012;14(5):R231. doi: 10.1186/ar4073 [published Online First:
2012/10/27] inappropriate outcomes

Cancelliere C. Are workplace health promotion/wellness programs effective at
improving presenteeism (on-the-job productivity) in workers? A systematic review
and best evidence synthesis of the literature [M.P.H.]. Lakehead University
(Canada), 2011. inappropriate study design
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Carbonell-Baeza A, Aparicio VA, Chillon P, et al. Effectiveness of multidisciplinary
therapy on symptomatology and quality of life in women with fibromyalgia. Clinical
and experimental rheumatology 2011;29(6):S97-S103. inappropriate study design
Carbonell-Baeza A, Aparicio VA, Martins-Pereira CM, et al. Efficacy of Biodanza
for Treating Women with Fibromyalgia. Journal of Alternative and Complementary
Medicine 2010;16(11):1191-200. doi: 10.1089/acm.2010-0039 inappropriate study
design

Carbonell-Baeza A, Romero A, Aparicio VA, et al. Preliminary Findings of a 4-
Month Tai Chi Intervention on Tenderness, Functional Capacity, Symptomatology,
and Quality of Life in Men With Fibromyalgia. American Journal of Mens Health
2011;5(5):421-29. doi: 10.1177/1557988311400063 inappropriate intervention
Carbonell-Baeza A, Ruizz JR, Aparicio VA, et al. Multidisciplinary and biodanza
intervention for the management of fiboromyalgia. Acta Reumatologica Portuguesa
2012;37(3):240-50. inappropriate comparison group

Carleton RN, Richter AA, Asmundson GJG. Attention modification in persons with
fibromyalgia: A double blind, randomized clinical trial. Cognitive Behaviour
Therapy 2011;40(4):279-90. doi: 10.1080/16506073.2011.616218 inappropriate
intervention

Carmichael NME, Katz J, Clarke H, et al. An intensive perioperative regimen of
pregabalin and celecoxib reduces pain and improves physical function scores six
weeks after total hip arthroplasty: A prospective randomized controlled trial. Pain
Research & Management 2013;18(3):127-32. doi: 10.1155/2013/258714
inappropriate intervention

Carson JW, Carson KM, Jones KD, et al. A pilot randomized controlled trial of the
Yoga of Awareness program in the management of fibromyalgia. Pain
2010;151(2):530-9. doi: 10.1016/j.pain.2010.08.020 [published Online First:
2010/10/16] inappropriate intervention

Carson JW, Carson KM, Jones KD, et al. Follow-up of yoga of awareness for
fibromyalgia: results at 3 months and replication in the wait-list group. The Clinical
Journal of pain 2012;28(9):804-13. doi: 10.1097/AJP.0b013e31824549b5
[published Online First: 2012/07/04] inappropriate study design

Carta MG, Cardia C, Mannu F, et al. The high frequency of manic symptoms in
fibromyalgia does influence the choice of treatment? Clinical Practice and
Epidemiology in Mental Health 2006;2 inappropriate study design
Casanueva-Fernandez B, Llorca J, Rubio JBI, et al. Efficacy of a multidisciplinary
treatment program in patients with severe fibromyalgia. Rheumatology
international 2012;32(8):2497-502. doi: 10.1007/s00296-011-2045-1 inappropriate
intervention

Castel A, Castro S, Fontova R, et al. Body mass index and response to a
multidisciplinary treatment of fibromyalgia. Rheumatology international
2015;35(2):303-14. doi: 10.1007/s00296-014-3096-x [published Online First:
2014/08/02] inappropriate intervention

Castel A, Fontova R, Montull S, et al. Efficacy of a Multidisciplinary Fibromyalgia
Treatment Adapted for Women With Low Educational Levels: A Randomized
Controlled Trial. Arthritis care & research 2013;65(3):421-31. doi:
10.1002/acr.21818 inappropriate intervention
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Reference Random Allocation Blinding Blinding Incomplete Selective Inactive

Sequence Concealment (Participants & (Outcome Outcome Data Reporting

Personnel) Assessors)

Baptista et al., 20124° low low high low low low unclear
Beltran, 2003* low unclear high unclear low unclear low
Cheung et al., 2017 42 low high high unclear low low unclear
Fransen et al., 200743 low unclear high low low low low
French et al., 2013 low low high high low unclear unclear
Gowans et al., 20014° low unclear high low low unclear unclear
Jones et al., 20086 low unclear high unclear low unclear low
Komatireddy et al.*’ low unclear high low low unclear unclear
Minor et al., 19898 low unclear high unclear unclear unclear low
Munguia-lzquieerdo & low unclear high low low unclear low
Legaz-Arrese, 2008*°
Sanudo et al., 2015% low unclear high unclear unclear unclear unclear
Schachter et al., 2003 high high high unclear low unclear low
Tomas-Carus et al., low low high low low unclear low
200852
Tomas-Carus et al., low unclear high unclear unclear unclear low

2007°°
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Notes: low, low risk of bias; high, high risk of bias; unclear, unclear risk of bias.
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Supplementary file 4. Simple meta-regression results with changes in anxiety as the outcome.

Comparison ES# R R? F(p)
Study Characteristics

- Journal impact factor 16 22 .05 0.4(0.52)

- Year of publication 16 .75 .56  51.5(<0.001)*
- Country study conducted (USA vs. other) 16 A3 .02 0.2(0.69)

- Type of control (exposure vs. no exposure)? 16 .08 .02 0.01(0.76)
- Matching (yes vs. no) 16 .39 15 1.2(0.29)

- Random sequencing (high/unclear vs. low) 16 .05 .0003 0.17(0.69)
- Allocation concealment (high/unclear vs. low) 16 22 .05 0.87(0.37)
- Blinding of participants & personnel (high/unclear vs. low)P NA NA NA NA

- Blinding of outcome assessors (high/unclear vs low) 16 .08 .007 0.43(0.66)
- Incomplete outcome data (high/unclear vs low) 16 .67 .45 14.4(0.002)*
- Selective reporting (Unclear vs low) 16 .39 15 4.1(0.06)

- Participants physically inactive (hig4h/unclear vs low) 16 21 .04 0.75(0.40)
- Sample size estimates provided (no versus yes) 16 .56 .32 4.6(0.05)*
- Agreed to participate in study (%) 12 47 .22 4.9(0.05)*
- Study funded (no versus yes) 16 .34 A2 15.9(0.001)*
- Type of analysis (abp vs itt)° 19 .21 .05 0.89(0.36)
- Test used (STAI and FIQ vs. AIMS)%e 19 41 A7 2.3(0.14)
Participant Characteristics

- Exercise dropouts (%) 15 .34 12 8.2(0.01)*
- Control dropouts (%) 13 31 .10 1.3(0.27)

- Age (years) 14 .53 .28 11.9(.005)*
- Gender (mixed vs. females) 16 14 .02 .38(0.54)

- AORD (rheumatoid/osteoarthritis vs. fibromyalgia) 16 10 .01 .15(0.71)

- Rheumatic symptoms (years) 8 37 14 1.45(0.27)
- Years since diagnosis 4 .23 .05 .33(0.62)
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1

2

z Exercise Intervention Characteristics

5 Exercise modality (aerobic/weight training vs. both) 16 .57 .32 8.19(0.01)*
? Land vs. water-based exercise 16 .30 .09 1.03(0.33)
g Length of training (weeks) 16 .16 .51 .44(0.52)
1(1) Frequency of training (times/week) 14 .02 .0004 .01(0.92)
g Duration of training (min/session) 12 43 18 7.7(0.02)*
1: Compliance (% of exercise sessions attended) 8 .04  .001 .02(0.90)
1? Minutes of training per week 1 .61 37 33.1(.0003)*
12 Minutes of training per week (adjusted for compliance) 7 A7 .03 .19(0.68)
;‘1) Total minutes of training 11 63 .40  15.0(0.004)*
;; Total minutes of training (adjusted for compliance) 7 22 .05 0.32(0.60)
;g Supervision status (unsupervised or supervised vs. both) 16 .49 .24 4.20(0.04)*
;? Location of exercise (facility or home vs both) 16 49 .24 4.20(0.04)*
28 Participation (group or self vs. both) 16 .49 .24 4.20(0.04)*
gg Adverse events (yes vs. no) 5 .23 .05 17(0.71)
2; Changes in Secondary Outcomes

;2 Physical function 12 .26 .07 0.87(0.37)
22 Pain 15 .09 .008 0.32(0.58)
;; Depression 13 .35 12 7.49(0.01)*
23 Quality of life 13 .79 .63  45.8(<0.001)*
ph \/Ozmax (mitkg-min-1) 7 62 38  227(0.19)
22 Muscular strength 6 0.30 .09 .30(0.61)
22 Notes: abp, analysis-by-protocol; itt, intention-to-treat; STAI, State-Trait Anxiety Inventory; FIQ,

2; Fibromyalgia Impact Questionnaire; AIMS, Arthritis Impact Measurement Scale; ® Exposure, includes

:g attention control, usual care and other types of exposure while no exposure, includes nonintervention and
g; wait-list controls; ®, NA, not applicable because all studies considered at high risk of bias given the inability
53 to blind participants to exercise interventions;>number of groups exceed 16 because two studies reported
gg results for both abp and itt analysis; ¢ insufficient number of outcomes to include the DASS, HADS, MHI
s

58

59
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and VAS; © number of groups exceed 16 because three studies reported anxiety results using two different

instruments;
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Author(s). What are the effects of exercise (aerobic, strength training, or bath) on anxiety in adulls with arthritis and other rheumatic diseases? Date July 3, 2017
1 Question: Exercise compared to control fer reducing anxiety in adults with arthritis and other rheumatic diseases

2 Setting.Home, Fecility, Both

3
4 Quality assessment Ne of patients Effect
3 Quality Importance
6 Ne of Study Riskof | _‘ Indirect [——— Other SRt . Relative | Absolute
7 | studies | design bias " = P considerations 95%Cl) | (95%Cl)
8
9 Anxiety (follow up: mean 15.8 weels; assessed with: Varieus selfreport instruments)
1(
1 14 randemized | not not serious not serious notserious | publication bias 514 368 not SMD 0.4 @ @ @ ® CRITICAL
13 rials serious strongly eslimable - | SD lower
13 suspected 0865 HGH
T all plausible lower to
14 resiaal 015
14 cenfeunding lower)
14 would reduce the
] demonstrated
1 effect 2
14
19
2@ Corfidence interval; SMD: Standerdized mean difference
21
2Fxplanations
23

. Statistically significant small:study effects, suggesting the possibjlity of piblication bias, possible confoundjng b r of publicatian, with the magnifude, of effect over time smaller
2 5vith more regentgstudies_ I-So?ypeer revie on'iy - h%tppﬁ mJopéﬂ.%mj.com/s?téysaboﬁt)gu|de ines.xntml
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1
2
3
4 Reported on
4 Section/topic Checklist item .
line #

6
7| TITLE
2 Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1-3
10 ABSTRACT
1_ Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility 23-49

] criteria, participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions
1: and implications of key findings; systematic review registration number.
13 INTRODUCTION
:_ Rationale 3 | Describe the rationale for the review in the context of what is already known. 62-119
18 Objectives Provide an explicit statement of questions being addressed with reference to participants, interventions, 120-123
19 comparisons, outcomes, and study design (PICOS).
; METHODS
22 Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide | 48-49; 128-
23 registration information including registration number. 129; 792-795
24 Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 130-189
2] language, publication status) used as criteria for eligibility, giving rationale.
26
>3 Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 190-198
24 additional studies) in the search and date last searched.
29 Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be 199-203;
3( repeated. Supplementary
31 file 1
: Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 205-225
3; included in the meta-analysis).
35 Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 226-240
34 processes for obtaining and confirming data from investigators.
37 Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 227-234; 241-
gf simplifications made. 245
4& Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was | 246-262
41 studies done at the study or outcome level), and how this information is to be used in any data synthesis.
45 Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 264-278
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PRISMA Checklist

1

2

3

4| Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of 279-316

5 consistency (e.g., I2) for each meta-analysis.

6

; Page 1 of 2

i Section/topic Checklist item I_Reported on

1 line #

1_ Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 334-349

1 reporting within studies).

14 Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 317-343; 350-

15 indicating which were pre-specified. 360

1] RESULTS

18 Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions | 369-373;

19 at each stage, ideally with a flow diagram. Figure 1;

2 Supplementary

21 file 2

22 Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) 371-449;

23 and provide the citations. Tables 1-3

2

2 Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). Supplementary
] file 3

2

27 Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each Figure 3

24 intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

29 Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. Table 4; 459-

g< 477;503-617

33 Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). 450-457;

3 Figure 2

34 Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). | 478-502; Table

33 5, Figures 4 &

34 5;

37 Supplementary

34 files4 & 5

39 DISCUSSION

4(

41 Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance 619-764

4]

to key groups (e.g., healthcare providers, users, and policy makers).

43
44
45
46
47
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Limitations

25

Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of
identified research, reporting bias).

765-778

Conclusions

26

Provide a general interpretation of the results in the context of other evidence, and implications for future research.

779-782
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FUNDING

e}

1(
11

Funding

27

Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for
the systematic review.

799-801

12
13

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ltems for Systematic Reviews and Meta-Analyses: The PRISMA
14 Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097
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