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����������23 

�������	��� 	�!�
�� Given conflicting findings, the purpose of this study was to use 24 

the meta�analytic approach to examine the effects of exercise (aerobic, strength training 25 

or both) on anxiety in adults with arthritis and other rheumatic diseases (AORD).  26 

���
��
� Randomized controlled exercise intervention trials > 4 weeks in adults > 18 27 

years of age with osteoarthritis, rheumatoid arthritis or fibromyalgia were included. 28 

Studies were located by searching 8 electronic databases, cross�referencing and expert 29 

review. Dual selection and data abstraction of studies were performed. Hedge’s 30 

standardized effect size (ES) was calculated for each result and pooled using the 31 

recently developed inverse�heterogeneity (IVhet) model. Two�tailed ��alpha values < 32 

0.05 and non�overlapping 95% confidence intervals (CI) were considered statistically 33 

significant. Heterogeneity was estimated using Q and �� with alpha values < 0.10 for Q 34 

considered statistically significant.  Small�study effects were examined using funnel 35 

plots and Egger’s regression test. In addition, the number�needed�to�treat (NNT), 36 

percentile improvement and meta�regression were conducted. ��
	��
� Of the 639 37 

citations screened, 14 studies representing 926 initially enrolled participants (539 38 

exercise, 387 control) met the criteria for inclusion. Length of training averaged 15.8 + 39 

6.7 weeks, frequency 3.3 + 1.3 times per week and duration 28.8 + 14.3 minutes per 40 

session. Overall, statistically significant exercise minus control reductions in anxiety 41 

were found (ES = �0.40, 95% CI, �0.65, �0.15, tau2 = 0.14; Q = 40.3, p = 0.0004; �� = 42 

62.8%).  The NNT was 6 with a percentile improvement of 15.5% and an estimated 5.3 43 

million inactive US adults with AORD improving their anxiety if they started exercising 44 

regularly. Statistically significant small�study effects were observed (p < 0.0001).  45 
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3

�����	
���
� Exercise is associated with reductions in anxiety among adults with 46 

selected types of AORD. However, a need exists for additional, well�designed, 47 

randomized controlled trials on this topic. ����������
���������	"�����PROSPERO 48 

(CRD42016048728)49 
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���#$%�&���$'�(�������)$��)*��&�����+',�50 

� To the best of the investigative team’s knowledge, this is the first systematic review 51 

with meta�analysis to examine the effects of exercise on anxiety as a primary outcome 52 

in adults with AORD.  53 

� The use of the recently developed IVhet model appears to provide more robust 54 

estimates than those derived from other models.   55 

� Common to all aggregate data meta�analyses, the possibility of ecological fallacy 56 

exists and the meta�regression analyses conducted do not allow for causal inferences.  57 

� Given that no adjustments for multiple testing were made because of concerns about 58 

missing possibly important findings that could be tested in original trials, the possibility 59 

of chance findings exist.  60 
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�$��)'+���)$�61 

���������  62 

Arthritis and other rheumatic diseases (AORD) are major public health problems in the 63 

United States (US). Based on combined 2013�2015 data from the National Health 64 

Interview Survey, the annual prevalence of doctor�diagnosed arthritis in the civilian, 65 

non�institutionalized US population aged 18 years or older was 22.7% (54.4 million), 66 

with prevalence higher among women (23.5%) than men (18.1%).1  By 2040, it is 67 

estimated that 78.4 million (25.9%) US adults 18 years of age and older will have 68 

doctor�diagnosed arthritis.2 Compared to combined 2013�2015 data,1 this represents an 69 

increase of approximately 24 million adults. Not surprisingly, the financial costs 70 

associated with AORD in the United States are high.  In 2003, the total costs 71 

attributable to AORD were estimated to be approximately $128 billion, $80.8 billion in 72 

direct costs (medical expenditures) and $47 billion in indirect costs (lost earnings).3    73 

This represents an increase of 24% between 1997 and 2003 and was primarily the 74 

result of an increase in the number of people with AORD.3   75 

  Elevated and sustained levels of anxiety can result in a number of deleterious 76 

consequences. These include, but are not limited to, (1) an increased risk for coronary 77 

heart disease as a result of heightened arousal leading to an increased risk for 78 

hypertension and a pro�inflammatory state,4�6 (2) an increased risk for cardiac death,5  79 

and (3) poorer health�related quality�of�life.7 While it is well�recognized that depression 80 

is a common comorbidity among adults with AORD, recent research suggests that the 81 

prevalence of anxiety among US adults with arthritis is approximately twice as high as 82 

depression.8  Using data from the Arthritis Conditions Health Effects Survey, the 83 
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prevalence of anxiety and depression among US adults with doctor�diagnosed arthritis 84 

was estimated to be almost twice as high for anxiety (30.5%) versus depression 85 

(17.5%), with US population estimates of 11.5 million for anxiety and 6.6 million for 86 

depression.8  Given the prevalence of anxiety, it was recommended that health care 87 

providers screen people with arthritis for anxiety.8   88 

  Exercise is an intervention that is generally safe and appropriate for most persons with 89 

various types of AORD.9 10  Recent meta�analytic work has shown that community�90 

deliverable exercise interventions reduce depressive symptoms in adults, with an 91 

estimated 3.1 million inactive US adults with AORD improving their depressive 92 

symptoms if they began and maintained a regular exercise program.11  However, the 93 

effects of community�deliverable exercise on anxiety as a primary outcome are not 94 

known given a plethora of conflicting randomized controlled trials on this topic as well as 95 

a lack of studies that assess both depression and anxiety within the same study (only 96 

44.8% based on a previous meta�analysis).11   Most importantly, a recent systematic 97 

review of previous meta�analyses, not to be confused with an original systematic review 98 

with meta�analyses, found that no meta�analysis of randomized controlled trials has 99 

examined the effects of community�deliverable exercise on anxiety as a primary 100 

outcome in adults with AORD.12 Clearly, it is critically important to develop a better 101 

understanding of the overall magnitude of effect, as well as factors associated with, 102 

exercise for improving anxiety in adults with AORD.   103 

)�-����.���104 

The primary objective of this study was to conduct a systematic review with an 105 

aggregate data meta�analysis of randomized controlled trials to determine the effects of  106 
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community�deliverable exercise interventions on anxiety in adults with AORD.  107 

�#�&)'��108 

).��.�����109 

This study followed the guidelines from the Preferred Reporting Items for Systematic 110 

Reviews and Meta�Analysis (PRISMA) statement for meta�analyses of health care 111 

interventions.13 The protocol for this study is registered in PROSPERO (trial registration 112 

number CRD42016048728) and has been previously published in BMJ Open.14 113 

#���������������������114 

  Studies that met the following criteria were included: (1) randomized controlled trials 115 

with the unit of assignment at the participant level, (2) community�deliverable 116 

exercise�only intervention group (aerobic, strength training, or both), (3) interventions 117 

> 4 weeks, (4) comparative control group (non�intervention, wait�list control, usual 118 

care, attention control), (5) adults > 18 years of age with doctor�diagnosed 119 

osteoarthritis, rheumatoid arthritis or fibromyalgia, (6) studies (published and 120 

unpublished in the form of Master’s theses and dissertations) in any language, 121 

assuming an English�language abstract was available, from January 1, 1981 forward, 122 

and (7) data for anxiety, as defined by the authors of the original studies. Studies were 123 

limited to those with osteoarthritis, rheumatoid arthritis or fibromyalgia based on  124 

previous meta�analytic research showing a lack of exercise intervention studies for 125 

other types of AORD.11  Studies were limited to randomized trials because it is the 126 

only way to control for confounders that are not known or measured as well as the 127 

observation that nonrandomized controlled trials tend to overestimate the effects of 128 

healthcare interventions.15 16 Aerobic and progressive resistance (strength training) 129 
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exercise were defined according to section C2 of the 2008 Physical Activity 130 

Guidelines Advisory Committee Report.17 Specifically, aerobic exercise is defined as 131 

any ‘exercise that primarily uses the aerobic energy�producing systems, can improve 132 

the capacity and efficiency of these systems, and is effective for improving 133 

cardiorespiratory endurance,’ while strength training is defined as ‘exercise training 134 

primarily designed to increase skeletal muscle strength, power, endurance, and 135 

mass’.17     136 

  For this proposed project, community�deliverable exercise interventions were 137 

considered to be those that could be performed, or have the potential to be adapted 138 

and performed, by persons in a community setting (recreation or senior centers, in the 139 

home or neighborhood, etc.) and meet the implementation guidelines for physical 140 

activity interventions recently recommended by the Arthritis Program at the Centers 141 

for Disease Control and Prevention: (1) no academic degree required for a 142 

leader/implementer but leader training available, if needed, (2) no special facilities 143 

beyond a community room (except a warm pool for aquatic exercise), (3) inexpensive 144 

equipment, (4) cost to participants less than $50.00, (5) implementation guide 145 

available, (6) supporting structures judged to be adequate to support widespread 146 

implementation.18 An exercise duration of at least 4 weeks was chosen based on 147 

previous research in which statistically significant improvements in anxiety occurred 148 

as a result of as little as 4 weeks of exercise training.19 There was no maximum limit 149 

on the length of any interventions for the studies included in our proposed project. We 150 

limited our studies to adults ages 18 and older because the inclusion of children and 151 

adolescents pose additional confounding problems congruent with the many 152 
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9

developmental changes that occur during this period. In addition, the prevalence of 153 

AORD is more common in adults than children and adolescents. We restricted our 154 

studies to published articles, dissertations and master’s theses and examined for 155 

potential small�study effects such as publication bias when limited to published 156 

articles in peer�reviewed journals. The year 1981 was chosen as the starting point for 157 

eligibility based on a preliminary PubMed search in which it was found that this was 158 

the first year that a randomized controlled trial on exercise and arthritis was 159 

published.20 Studies from both English and non�English�language sources were 160 

included with the latter translated into English by the second author using the freely 161 

available web�based Babelfish and Bing translators. Finally, while acknowledging that 162 

the mechanisms for changes in anxiety may differ for different types of AORD, for 163 

example fibromyalgia versus osteoarthritis and rheumatoid arthritis, the purpose of the 164 

current systematic review with meta�analysis was to determine whether exercise 165 

reduces anxiety in adults with AORD, not why it reduces anxiety.    166 

��/��"������
�	���
��167 

Eight electronic databases were searched for potentially eligible studies in any language 168 

published from January 1, 1981 forward. The last searches were conducted on January 169 

6, 2017. Databases searched included (1) PubMed, (2) SPORTDiscus, (3) Cochrane 170 

Central Register of Controlled Clinical Trials (CENTRAL), (4) Cumulative Index to 171 

Nursing and Allied Health Literature (CINAHL), (5) PsycINFO, (6) Web of Science, (7) 172 

Scopus and (8) ProQuest (Master’s theses and dissertations). In addition, cross�173 

referencing from retrieved studies was conducted.  Furthermore, the third author, an 174 

expert on physical activity and AORD, reviewed the reference list for completeness.  175 
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�����
�
���������176 

Search strategies were developed using text words as well as medical subject headings 177 

(MeSH) associated with the effects of exercise on anxiety in adults with AORD. The 178 

second author conducted all electronic database searches. A copy of the search 179 

strategy for one of the databases searched (PubMed) is shown in Supplementary file 1.  180 

��	���������
�181 

Study selection  182 

All studies to potentially be screened were imported into EndNote (EndNote, Version 183 

X8. New York, NY: Thomson Reuters, 2016). Duplicates were then removed both 184 

electronically and manually by the second author. A copy of the database was then 185 

provided to the first author for duplicate screening.  The first two authors selected all 186 

studies, independent of each other. The full report for each article was obtained for all 187 

titles and abstracts that appeared to meet the inclusion criteria or where there was any 188 

uncertainty. Multiple reports of the same study were handled by including the most 189 

recently published article as well as drawing from previous reports, assuming similar 190 

methods and sample sizes. Neither of the screeners were blinded to the journal titles or 191 

to the study authors or institutions. Reasons for exclusion were coded as one or more of 192 

the following: (1) inappropriate population, (2) inappropriate intervention, (3) 193 

inappropriate comparison(s), (4) inappropriate outcome(s), (5) inappropriate study 194 

design, (6) other. Upon completion, the first two authors met and reviewed their 195 

selections. Discrepancies were resolved by consensus. If consensus could not be 196 

reached, the third author provided a recommendation.  Using Cohen’s kappa statistic 197 

(κ),21 the overall agreement rate prior to correcting disagreements was 0.90.  After 198 
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identifying the final number of studies to be included, the overall precision of the 199 

searches was calculated by dividing the number of studies included by the total number 200 

of studies screened after removing duplicates.22  The number needed�to�read (NNR) 201 

was then calculated as the inverse of the precision.22    202 

Data abstraction  203 

Prior to the abstraction of data, a codebook that could hold more than 200 items per 204 

study was developed using Microsoft Excel (Microsoft Excel, Version 2010, Redmond, 205 

WA). The codebook was developed by the first two authors with input from the third 206 

author. The major categories of variables coded included (1) study characteristics 207 

(author, journal, year, etc.), (2) participant characteristics (age, height, body weight, 208 

etc.), (3) intervention characteristics (type, length, frequency, intensity, duration, 209 

compliance, etc.), and (4) outcome characteristics for anxiety (sample sizes, baseline 210 

and post�exercise means and standard deviations, etc.). The first two authors 211 

abstracted data from all studies, independent of each other, using separate codebooks 212 

in Microsoft Excel. Upon completion of coding, the codebooks were merged into one 213 

primary codebook for review.  Both authors then met and reviewed every item for 214 

agreement. Discrepancies were resolved by consensus.  If consensus could not be 215 

reached, the third author provided a recommendation. Using Cohen’s kappa statistic 216 

(κ),21 the overall agreement rate prior to correcting disagreements was 0.95.     �217 

)	���"�
�����!�������0�������218 

The primary outcome in this study was changes in anxiety. Secondary outcomes 219 

included changes in physical function, pain, depression, quality of life, body mass index 220 
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(BMI in kg.m�2), maximum oxygen consumption (VO2max in ml.kg�1.min�1), and muscular 221 

strength. �222 

��
���/����
��

�

"�����������.��	���
�	���
��223 

  Risk of bias was assessed at the study level using the Cochrane Risk of Bias 224 

instrument,23 with a focus on the primary outcome of interest, changes in anxiety.  Bias 225 

was evaluated across six domains: (1) random sequence generation, (2) allocation 226 

concealment, (3) blinding of participants and personnel, (4) blinding of outcome 227 

assessment, (5) incomplete outcome data, (6) selective reporting and (7) whether 228 

participants were exercising regularly, as defined by the original study authors, prior to 229 

taking part in the study. Each item was classified as having either a high, low, or unclear 230 

risk of bias. Because it’s virtually impossible to blind participants to group assignment in 231 

exercise intervention protocols, all studies were classified as high risk with respect to 232 

the category “blinding of participants and personnel”. Based on previous research, no 233 

study was excluded based on the results of the risk of bias assessment.24   The first two 234 

authors conducted all assessments, independent of each other. Both authors then met 235 

and reviewed all selections for agreement. Discrepancies were resolved by consensus, 236 

and if necessary, consultation with the third author. Using Cohen’s kappa statistic (κ),21 237 

the overall agreement rate for risk of bias assessment prior to correcting disagreements 238 

was 0.71.    239 

'��������
�
�
�240 

����	��������/��//����
�0�
��241 

The primary outcome for this proposed project was changes in anxiety, calculated as 242 

Hedge’s standardized mean difference effect size (ES), adjusted for small�sample 243 
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bias.25 This was calculated by subtracting the change outcome difference in the 244 

exercise group minus the change outcome difference in the control group, and then 245 

dividing by the pooled standard deviation of the change outcome for the exercise and 246 

control groups. If change score standard deviations were not available, they were 247 

calculated from reported change outcomes, treatment effect 95% confidence intervals 248 

(CI), or pre and post standard deviation values according to procedures developed by  249 

Follmann et al.26  Secondary outcomes (physical function, pain, quality of life, 250 

depression, muscular strength) were calculated using the same procedures as for the 251 

primary outcome while BMI and VO2max were calculated using the original metric. For 252 

studies in which outcomes were assessed at multiple time points, differences between 253 

baseline values and the final time point closest to cessation of the exercise intervention 254 

were used.   255 

 �������
��"���
�/����
����
�����	���"�
��256 

Effect size changes in anxiety and all secondary outcomes were pooled using the 257 

recently developed inverse heterogeneity (IVhet) model.27  The IVhet model is a quasi�258 

likelihood model that is computed by (1) calculating weights that sum to 1 from each 259 

study, (2) pooling effects from all the studies, and (3) calculating the variance of the 260 

pooled ES.  The IVhet model has been shown to be superior to the original random�261 

effects, method�of�moments model of Dersimonian and Laird,28 the most common 262 

random�effects model used to pool aggregate data meta�analytic results.29    263 

Specifically, simulation studies have shown that the IVhet model retains correct 264 

coverage probabilities as well as a lower observed variance than the random�effects 265 
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model, regardless of heterogeneity.27  Two�tailed z�alpha values < 0.05 and non�266 

overlapping 95% confidence intervals were considered statistically significant.  267 

  ������������� and �����
�
����� for each pooled outcome were estimated using the 268 

Q30 and �� statistic,31 respectively. An alpha level of < 0.10 for Q was considered to 269 

represent statistically significant heterogeneity while inconsistency was categorized as 270 

very low (<25%), low (25% to <50%), moderate (50% to <75%) or large (> 75%).31  To 271 

improve practical relevance with respect to potential improvements in anxiety and all 272 

secondary outcomes, percentile gain in the exercise groups was calculated using 273 

Cohen’s U3 index32  In addition, the number�needed�to treat (NNT) was estimated using 274 

the approach suggested by the Cochrane Collaboration23 and a control group risk of 275 

30% based on previous research on anxiolytics.33 This was accomplished by converting 276 

the standardized mean differences into a log odds ratio, odds ratio, assumed control 277 

risk (30%) and then NNT. Extending the NNT, estimates of the number of US adults 278 

with AORD who could improve their anxiety levels but were not currently meeting 279 

physical activity recommendations were calculated. These were based on the reciprocal 280 

of the NNT multiplied by the number of adults in the United States with doctor�281 

diagnosed arthritis who were not currently meeting exercise guidelines, currently 282 

approximately 31.6 million.1 34 ���
���������
�
�
 was conducted with each study 283 

deleted from the model once while ����
��������������
�
�
, ranked by year, was used 284 

to examine the accumulation of results over time.  285 

 The primary pooling of results was based on group level findings. However, findings 286 

were also examined by collapsing results so that only one ES represented each study. 287 

In addition, for those outcomes that were assessed using multiple instruments, results 288 
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from these instruments were pooled into one ES. The rationale for this was based on 289 

the lack of consensus regarding the most valid and reliable instrument for the outcome 290 

and population of interest as well as the need to maintain as much independence as 291 

possible. For those studies that reported both per protocol and intention�to�treat 292 

analyses, results were also pooled into one ES.  293 

     Exploratory m���������

��� based on the IVhet model was used to examine the 294 

relationship between changes in our primary outcome (anxiety) and selected 295 

covariates.27  This was accomplished by (1) conducting simple meta�regression for 296 

statistically significant associations between selected covariates and changes in 297 

anxiety, (2) examining for multicollinearity between covariates (r > 0.80), and (3) 298 

building a multiple meta�regression model. These models used a multiplicative versus 299 

additive component for residual heterogeneity. To achieve matching error variances, 300 

robust Huber�Ecker�White�sandwich error variances were used to account for the 301 

underestimated dispersion.  Such errors were expected to calculate the correct 302 

standard errors for heterogeneous data that are traditionally heteroskedastic. Because 303 

of the small sample size, a post hoc decision was made to include the three potential 304 

predictors with the largest R2 values as a result of simple regression analyses. 305 

However, since the investigative team felt that total minutes of training per week was 306 

more appropriate than total minutes of training over the entire duration of the study, the 307 

former was included in the regression. Multiple imputation was used to impute missing 308 

values for minutes of training per week so that the maximum sample size could be 309 

achieved.   310 
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  Based on the recommendations of Rothman,35  no adjustments for multiple testing 311 

were made because of concerns about missing possibly important findings that could be 312 

pursued in future randomized controlled trials.  While this could be viewed as a ‘fishing 313 

expedition’, such analyses are important for providing investigators with potential 314 

direction for future randomized controlled trials, one of the very reasons for conducting a 315 

systematic review with meta�analysis.36 This approach is especially appropriate for 316 

meta�analysis since covariates are not randomly assigned in meta�analysis and thus, 317 

such analyses are considered to be observational in nature.37  As a result, causal 318 

inferences cannot be derived from meta�regression. However, any observed 319 

associations can provide direction for future research.  320 

����1���
�
�321 

���

�
�� ��������
�(publication bias, etc.) for primary and secondary outcomes were 322 

assessed following current guidelines.38  This included qualitative analysis using funnel 323 

plots as well as quantitative analysis using Egger’s regression�intercept test for 324 

continuous data.38 An alpha level < 0.05 and 95% CI that did not include zero (0) was 325 

considered to represent statistically significant small�study effects. 326 

���/�����������	"	����.���.������� 327 

Strength of findings�for our primary outcome (anxiety) was evaluated using the Grading 328 

of Recommendations Assessment, Development and Evaluation (GRADE) for meta�329 

analysis.39  The quality of evidence was assessed across the domains of risk of bias, 330 

consistency, directness, precision and publication bias. Quality was judged as high 331 

(further research is very unlikely to change our confidence in the estimate of effect), 332 

moderate (further research is likely to have an important impact on our confidence in the 333 
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estimate of effect and may change the estimate), low (further research is very likely to 334 

have an important impact on our confidence in the estimate of effect and is likely to 335 

change the estimate), or very low (very uncertain about the estimate of effect).  336 

��/������	
���/��������
���
�
�
�337 

All data was analyzed using Stata (V.14.1; Stata/SE for Windows (Version 14.1). 338 

College Station, Texas: Stata Corporation LP, 2015), Microsoft Excel 2010 (Microsoft 339 

Excel (Version 2010)), and three add�ins for Excel, Meta XL (V.5.3; Meta XL (Version 340 

5.3). 2016), SSC�Stat (V.2.18; SSC�Stat (Version 2.18). University of Reading, UK: 341 

Statistical Services Center, 2007), and EZ�Analyze (V.3.0; EZ Analyze (Version 3.0). 342 

Boston, MA: Tim Poynton, 2007). 343 

�#�+(���344 

��	����
��������
���
�345 

A flow diagram that depicts the search process for study selection is shown in Figure 1.  346 

After initially identifying 639 citations and removing 240 duplicates both electronically 347 

and manually, 399 citations were screened. Of these, 14 studies representing 30 groups 348 

(16 exercise, 14 control) and 926 initially enrolled participants (539 exercise, 387 349 

control) met the criteria for inclusion.40�53 Two studies included more than one 350 

intervention group.48 51 One included a pool and walking group48 while the other 351 

included a long and short bout exercise group.51  The major reasons for exclusion were 352 

(1) inappropriate intervention (47.8%), (2) inappropriate study design (32.2%), (3) 353 

inappropriate population (11.9%), (4) inappropriate comparison group (4.7%), and (5) 354 

inappropriate outcome (3.4%). The precision of the search, excluding duplicates, was 355 
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3.5% while the NNR was 29.  A list of excluded studies, including the reasons for 356 

exclusion, can be found in Supplementary File 2.  357 

  With respect to source, 1 study (7.1%) was published as a dissertation41 while the 358 

remaining 13 (92.9%) were published in peer�reviewed journals.40 42�53  For the 12 359 

studies (85.7%) in which data were available, the 5�year impact factor of the journals in 360 

which studies were published ranged from 1.7 to 7.9 (×� + SD, 4.1 + 2.4, median = 2.9).  361 

Five studies (35.7%) were published in the United States,41 42 46�48 2 each in either 362 

Canada,45 51 Portugal52 53 or Spain,49 50 and 1 each in either Australia,43 Brazil,40 or 363 

Ireland.44 Thirteen of the 14 studies (92.9%) were published in English�language 364 

journals40�52 while 1 (7.1%) was published in Spanish.53 With respect to types of control 365 

groups, 4 studies used either a wait�list control40 41 43 44 or what appeared to be some 366 

type of attention control group,42 46 48 51 while three each used either a non�intervention45 
367 

47 52 or usual care group.49 50 53 Three studies (21.4%) reported using matching 368 

procedures according to either sex,45 age, sex and BMI,46 or type of arthritis 369 

(rheumatoid or osteoarthritis).48 None of the studies reported using any type of 370 

crossover design.40�53 For data analysis, 7 studies (50.0%) reported using the per�371 

protocol approach,41 46�48 50 52 53 4 (28.6%) used intention�to�treat,40 42�44 while the 372 

remaining 3 (21.4%) used both.45 49 51 Eight studies (57.1%) provided sample size 373 

estimates.40 42�44 46 50 51 53 With respect to funding, 12 studies (85.7%), reported receiving 374 

funding from government, university, or private sources for their work.40 42�52   375 

 ������!�����
��������
���
��376 

A description of the physical characteristics of participants for those studies that 377 

reported data is shown in Tables 1 and 2. On average, participants were overweight 378 
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and had low cardiorespiratory fitness. The majority of participants were women, 379 

although 7 studies (50.0%) also included a small number of men.42�48 Nine studies 380 

(64.3%) were limited to participants with fibromyalgia,40 41 45 46 49�53 3 (21.4%) with 381 

osteoarthritis,42�44 1 with rheumatoid arthritis47 and 1 with either rheumatoid arthritis or 382 

osteoarthritis.48 For those studies in which data were available, the number of years in 383 

which rheumatic symptoms were present ranged from 3 to 24 (×� + SD, 13.1 + 7.0, 384 

median = 12.0),44�46 49 51�53 while years since diagnosis ranged from 3 to 7 (×� + SD, 4.1 385 

+ 2.0, median = 3).45 51�53 Nine of the 14 studies (64.3%) reported that one or more 386 

participants were taking some type of medication for their condition.41 43�45 47�49 52 53 387 

These included, but were not necessarily limited to, non�steroidal anti�inflammatory 388 

drugs (NSAIDS), analgesics, narcotics and non�narcotics for pain, muscle relaxants, 389 

antidepressants, and anxiolytics. One study reported cigarette smoking in some of the 390 

participants.51  Participant withdrawals or removal in the exercise groups ranged from 391 

0% to 50% (×� + SD, 17.4 + 13.4, median = 17.0) while withdrawals or removal in the 392 

control groups ranged from 0% to 41% (×� + SD, 11.5 + 12.7, median = 6.3). Reasons 393 

for withdrawals or removal included such things as family issues, pain from exercising, 394 

injuries, personal issues, time, unhappiness with group assignment, transportation 395 

issues, moving, employment commitments, boredom with exercise routine, not enough 396 

room or privacy to perform exercise, failure to complete lab assessments, not attending 397 

a specific percentage of the exercise sessions, or changing medications that could 398 

affect mood.   399 

#2����
�������.��������
��������
���
�400 
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Exercise intervention characteristics for each group from each study are shown in 401 

Tables 1 and 3. Intensity of training, categorized according to American College of 402 

Sports Medicine54 and limited to aerobic exercise only,  included very light, light, 403 

moderate and vigorous exercise for the 9 (64.3%) studies that reported such 404 

information.41 45 46 48�53 For mode of training, 6 studies (42.9%) focused on aerobic types 405 

of exercise,40 41 45 48 50 51 1 (7.1%) on weight training,47 and 7 (50.0%) on both.42�44 46 49 52 
406 

53 Specific types of aerobic activities included such things as aquatic exercise, walking, 407 

jogging, exercising to music and cycling. For the few studies that provided detailed 408 

information on resistance training, the number of sets ranged from 1 to 3,47 49 the 409 

number of repetitions from 8 to 15,47 49 and the number of exercises from 2 to 10 or 410 

more.46 47 49  One study reported a rest period for 30 seconds between sets.47 For those 411 

studies that reported data, the equipment used for resistance training included free 412 

weights and elastic bands.42 46 47 52 53 Seven studies (50.0%) reported supervised 413 

exercise,45 46 48�50 52 53 5 (35.7%) reported both supervised and unsupervised exercise,40�
414 

44 while the remaining 2 (14.3%) reported unsupervised exercise.47 51  Three of the 14 415 

studies (21.4%) reported some type of adverse event.41 42 51 Reasons included 1 416 

participant dropping out due to pain after the first exercise session,41 2 participants 417 

because of a history of a herniated disk and low back and leg pain,42 and 1 participant 418 

because of a metatarsal fracture.51 Another study reported that 1 participant withdrew 419 

because of the exacerbation of back pain43 while a final study reported the exclusion of 420 

2 participants because of severe coronary artery disease.47 None of the studies 421 

provided data on the costs associated with conducting the intervention.40�53    422 

��
���/����
��

�

"����423 
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Results for risk of bias assessment using the Cochrane Risk of Bias Assessment 424 

Instrument are shown in Figure 2 and Supplementary file 3. As can be seen, greater 425 

than 50% of the studies were at an unclear or high risk of bias with respect to (1) 426 

incomplete outcome reporting (78.6%), (2) allocation concealment (78.6%), and (3) 427 

blinding of outcome assessors (57.1%). Given the inability to truly blind participants in 428 

exercise intervention trials, all studies (100%) were considered to be at a high risk of 429 

bias for the category ‘blinding of participants and personnel’.  430 

'��������
�
�
�431 

).��������
	��
�/���!��"�����	���"��3��2����45��Overall results for changes in anxiety 432 

for the 14 included studies40�53 are shown in Table 4 and Figure 3. As can be seen, 433 

statistically significant (p = 0.002) reductions in anxiety were observed. In addition, 434 

statistically significant heterogeneity was observed while overall inconsistency was 435 

categorized as moderate, (range = low to large).  The NNT was 6 with a percentile 436 

improvement of 15.5% and an estimated 5.3 million inactive US adults with AORD 437 

improving their anxiety if they started exercising regularly. Statistically significant small�438 

study effects were observed (p < 0.0001) (Figure 4).  With each result deleted from the 439 

model once, results remained statistically significant across all deletions, ranging from �440 

0.44 (95% CI, �0.71 to �0.18) to �0.35 (�0.57 to �0.12). Cumulative meta�analysis, ranked 441 

by year, demonstrated that results have been statistically significant since the first study 442 

was conducted in 1989,48 but with a trend towards smaller improvements in anxiety with 443 

each accumulating year (Figure 5). Reductions in anxiety were similar to group�level 444 

results when collapsed so that only one ES represented each study (ES, �0.40, 95% CI, 445 

�0.67 to �0.13, p = 0.004; Q = 39.6, p = 0.0002; �� = 67.2%, 95% CI, 42.6% to 81.3%, 446 
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tau2 = 0.15). With six outliers deleted from the model, overall reductions in anxiety were 447 

similar but heterogeneity was no longer statistically significant and overall inconsistency 448 

was reduced to a level categorized as small (ES, �0.40, 95% CI, �0.62 to �0.18, p = 449 

0.0004; Q = 11.8, p =0.22; �� = 24.0%, 95% CI, 0% to 63.1%, tau2 = 0.03).   450 

����1�����

������
	��
�/�����2����5�Simple meta�regression results are shown in 451 

Supplementary File 4.  For study characteristics, greater reductions in anxiety were 452 

associated with (1) earlier publication year, (2) studies at an unclear versus low risk of 453 

bias, (3) studies in which sample size estimates were not provided, (4) trials in which a 454 

larger percentage of participants initially agreed to participate in, and (5) studies that 455 

were not funded versus funded. For participant characteristics, greater improvements   456 

were associated with a larger percent dropout in the exercise groups as well as younger 457 

age. For exercise intervention characteristics, greater reductions were associated with 458 

(1) aerobic/strength training versus aerobic and strength training combined, (2) fewer 459 

minutes of exercise per session, (3) minutes of exercise per week, and (4) total minutes 460 

of exercise for the entire intervention period. Greater reductions were also associated 461 

with (1) supervised and unsupervised exercise versus both, (2) facility and home�based 462 

exercise versus both and (3) group and self�exercise versus both.  463 

  Results for the final multiple regression model are shown in Table 5. The overall model 464 

was statistically significant (F = 17.2, p = 0.0005). Earlier year of publication and studies 465 

at an unclear versus low risk of bias for incomplete outcome data were statistically 466 

significant predictors for greater reductions in anxiety. However, minutes of exercise per 467 

week was no longer statistically significant. 468 
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%��'#�/������
�/����
����
������2����5 An evidence profile for changes in anxiety is 469 

shown in Supplementary file 5. As can be seen, the outcome (anxiety) was considered 470 

critical and the overall strength of the finding was considered high, with future additional 471 

studies unlikely to have an effect on the overall direction of findings.  472 

��
	��
�/���
����������	���"�
5��Overall results for changes in secondary outcomes 473 

are shown in Table 4. !��
���
��������� was assessed in 10 studies40 42�45 47 48 51�53 using 474 

the 10 meter walk test, 50 foot walk, 6 minute walk, Arthritis Impact and Measurement 475 

Scale (AIMS), Fibromyalgia Impact Questionnaire (FIQ), Short Physical Performance 476 

Battery, sit�to�stand test, stairclimbing test, up and go test, and the Western Ontario and 477 

McMaster Osteoarthritis Index (WOMAC). As can be seen, statistically significant (p < 478 

0.001) improvements in "��
���
��������� were observed. Statistically significant 479 

heterogeneity was observed while inconsistency was categorized as moderate, (range = 480 

low to large).  The NNT was 4 with a percentile improvement of 24.5% and an estimated 481 

9 million inactive US adults with AORD improving their physical function if they started 482 

exercising regularly. No statistically significant small�study effects were observed (p = 483 

0.17). With each result deleted from the model once, results remained statistically 484 

significant across all deletions, ranging from 0.54 (95% CI, 0.30 to 0.78) to 0.73 (95% 485 

CI, 0.39 to 1.06). Cumulative meta�analysis, ranked by year, demonstrated that results 486 

have been statistically significant since the first study was conducted in 1989,48 but with 487 

a trend towards smaller improvements in physical function with each accumulating year 488 

(from 0.86 in 1989 to 0.66 in 2016). Improvements in physical function were similar to 489 

group�level results when collapsed so that only one ES represented each study (ES, 490 

0.66, 95% CI, 0.31 to 1.01, p = 0.0002; Q = 35.6, p <0.001; �� = 74.7%, 95% CI, 52.8% 491 

Page 23 of 100

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

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

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

48

49

50

51

52

53

54

55

56

57

58

59

60



For peer review
 only

 
 
24

to 86.5%, tau2 = 0.21). With four outliers deleted from the model, overall improvements 492 

in physical function were statistically significant but slightly smaller, heterogeneity was 493 

no longer statistically significant, and overall inconsistency was reduced to a level 494 

categorized as very low (ES, 0.57, 95% CI, 0.36 to 0.78, p <0.001; Q = 7.2, p =0.41; �� = 495 

2.7%, 95% CI, 0% to 68.5%, tau2 = 0.003). 496 

  For "���#�assessment was conducted in 13 studies40�44 46�53 using the AIMS, FIQ, 497 

numerical rating scale, tender point count, visual analog scale and the WOMAC. As can 498 

be seen in Table 4, statistically significant (p = 0.017) decreases in pain were found. 499 

Statistically significant heterogeneity was observed while inconsistency was categorized 500 

as large, including both CIs.  The NNT was 6 with a percentile improvement of 23.1% 501 

and an estimated 5.6 million inactive US adults with AORD decreasing their pain if they 502 

started exercising regularly. No statistically significant small�study effects were 503 

observed (p = 0.34). With each result deleted from the model once, results remained 504 

statistically significant across all deletions, ranging from �0.70 (95% CI, �1.21 to �0.19) to 505 

�0.47 (95% CI, �0.80 to �0.15). Cumulative meta�analysis, ranked by year, demonstrated 506 

that results have been statistically significant, and remained statistically significant, 507 

since only 2013. Decreases in pain were similar to group�level results when collapsed 508 

so that only one ES represented each study (ES, �0.62, 95% CI, �1.16 to �0.07, p = 0.03;  509 

= 123.7, p <0.001; �� = 90.3%, 95% CI, 85.3% to 93.6%, tau2 = 0.75). With ten outliers 510 

deleted from the model, decreases in pain remained statistically significant but smaller, 511 

heterogeneity was no longer statistically significant, and overall inconsistency was 512 

reduced to a level categorized as very low (ES, �0.44, 95% CI, �0.70 to �0.18, p = 0.001; 513 

Q = 1.5, p =0.68; �� = 0%, 95% CI, 0% to 69.5%, tau2 = 0). 514 
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  $�"��

��� was assessed in 13 studies40�48 50�53 using the AIMS, Beck Depression 515 

Inventory (BDI), Center for Epidemiologic Studies Depression Scale (CES�D), 516 

Depression, Anxiety and Stress Scale (DASS21), FIQ, HADS, MHI, and VAS.  As can 517 

be seen in Table 4, statistically significant (p = 0.009) decreases in depression were 518 

found. Statistically significant heterogeneity was observed while inconsistency was 519 

categorized as moderate (95% CI = low to large).  The NNT was 6 with a percentile 520 

improvement of 15% and an estimated 5.1 million inactive US adults with AORD 521 

reducing their depression if they started exercising regularly. Small�study effects were 522 

not statistically significant (p = 0.08). With each result deleted from the model once, 523 

results remained statistically significant across all deletions, ranging from �0.52 (95% CI, 524 

�0.68 to �0.37) to �0.32 (95% CI, �0.61 to �0.0.3). Cumulative meta�analysis, ranked by 525 

year, demonstrated that improvements have been statistically significant and remained 526 

stable since 2013. Decreases in depression were similar to group�level results when 527 

collapsed so that only one ES represented each study (ES, �0.38, 95% CI, �0.70 to �528 

0.07, p = 0.02; Q = 45.6, p < 0.001; �� = 73.7%, 95% CI, 54.3% to 84.8%, tau2 = 0.21). 529 

With three outliers deleted from the model, improvements in depression remained 530 

statistically significant, slightly larger, but with non�significant heterogeneity and overall 531 

inconsistency categorized as very low (ES, �0.43, 95% CI, �0.60 to �0.26, p < 0.001; Q = 532 

5.7, p =0.89; �� = 0%, 95% CI, 0% to 19.3%, tau2 = 0). 533 

  %��
�������
��� was assessed in 12 studies40�47 49 51�53 using the FIQ, Health Assessment 534 

Questionnaire (HAQ), Quality of Life Scale (QOLS), SF�12, and SF�36. As shown in 535 

Table 4, statistically significant (p < 0.0001) improvements in quality�of�life were found. 536 

Statistically significant heterogeneity was observed while inconsistency was categorized 537 
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as large (95% CI = low to large).  The NNT was 4 with a percentile improvement of 538 

23.1% and an estimated 8.6 million inactive US adults with AORD improving their 539 

quality�of�life if they started exercising regularly. Statistically significant small�study 540 

effects were observed (p < 0.001). With each result deleted from the model once, 541 

results remained statistically significant across all deletions, ranging from 0.58 (95% CI, 542 

0.35 to 0.81) to 0.70 (95% CI, 0.41 to 0.99). Cumulative meta�analysis, ranked by year, 543 

demonstrated that improvements have been statistically significant since 2001, but with 544 

a trend towards a decrease in the magnitude of effect. Increases in quality�of�life were 545 

similar to group�level results when collapsed so that only one ES represented each 546 

study (ES, 0.63, 95% CI, 0.34 to 0.92, p < 0.001; Q = 30.9, p = 0.001; �� = 64.3%, 95% 547 

CI, 33.9% to 80.8%, tau2 = 0.14). With four outliers deleted from the model, 548 

improvements in quality�of�life remained statistically significant, similar in magnitude, but 549 

with non�significant heterogeneity and overall inconsistency categorized as low (ES, 550 

0.64, 95% CI, 0.39 to 0.90, p < 0.001; Q = 11.4, p =0.18; �� = 29.8%, 95% CI, 0% to 551 

67.5%, tau2 = 0.04). 552 

  &�'������'��������
��"���� (VO2max in ml.kg�1.min�1) was assessed in 5 studies46�48 
553 

51 52 using various maximal treadmill tests while one study used a submaximal step test 554 

(Canadian Aerobic Fitness Test).  As can be seen in Table 4, statistically significant (p = 555 

0.001) improvements in VO2max were observed. Statistically significant heterogeneity 556 

was observed while inconsistency was categorized as moderate (95% CI = low to 557 

large).  The NNT was 3 with a percentile improvement of 25.7% and an estimated 9.5 558 

million inactive US adults with AORD improving their relative VO2max if they started 559 

exercising regularly. No statistically significant small�study effects were observed (p = 560 
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0.18). With each result deleted from the model once, results remained statistically 561 

significant across all deletions, ranging from 1.80 ml.kg�1.min�1 (95% CI, 0.58 to 3.01) to 562 

2.47 ml.kg�1.min�1 (95% CI, 1.25 to 3.69). Cumulative meta�analysis, ranked by year, 563 

demonstrated that improvements have been statistically significant since 2003, but with 564 

a trend towards a decrease in the magnitude of effect over time. Increases in VO2max 565 

were similar to group�level results when collapsed so that only one ES represented 566 

each study (ES, 2.01 ml.kg�1.min�1, 95% CI, 0.59 to 3.44, p = 0.01; Q = 19.4, p = 0.001; 567 

�� = 79.4%, 95% CI, 51.2% to 91.3%, tau2 = 1.7). With outliers deleted from the model, 568 

improvements in VO2max were smaller, with non�significant heterogeneity and overall 569 

inconsistency categorized as low (ES, 1.93 ml.kg�1.min�1, 95% CI, 0.83 to 3.02, p = 570 

0.001; Q = 0.03, p =0.86; �� = 0%, 95% CI, 0% to 0%, tau2 = 0). 571 

  Upper and lower body ��
��
���
������� was assessed in five studies45 47�49 52 using 572 

free weights, grip strength, isokinetic strength and the sit�to�stand test with free weights. 573 

As shown in Table 4, statistically significant (p < 0.001) improvements in strength were 574 

observed. No statistically significant heterogeneity or mean inconsistency was observed 575 

(95% CI = none to moderate).  The NNT was 4 with a percentile improvement of 22.2% 576 

and an estimated 8 million inactive US adults with AORD improving their strength if they 577 

started exercising regularly. No statistically significant small�study effects were 578 

observed (p = 0.65). With each result deleted from the model once, results remained 579 

statistically significant across all deletions, ranging from 0.50 (95% CI, 0.21 to 0.79) to 580 

0.68 (95% CI, 0.39 to 0.96). Cumulative meta�analysis, ranked by year, demonstrated 581 

that improvements in strength have been statistically significant since the first included 582 

study in 1989.48 Changes in strength were similar to group�level results when collapsed 583 
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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; 584 

Q = 3.5, p = 0.48; �� = 0%, 95% CI, 0% to 76.2%, tau2 = 0). There were no outliers. 585 

  Insufficient data were available to analyze (&�. The one study that did provide change 586 

outcome results for BMI reported no statistically significant changes.46  587 

'���+���)$�588 

).������*������
�589 

  The primary purpose of the current systematic review with meta�analysis was to 590 

examine the effects of exercise (aerobic, strength training, or both) on anxiety in adults 591 

with AORD.  The overall findings, a primary purpose of meta�analysis,55  suggest that 592 

exercise results in both statistically significant and practically important reductions in 593 

anxiety among adults with selected types of AORD. These findings are supported by (1) 594 

a magnitude of effect comparable to or greater than anxiolytics,56 (2) a large percentile 595 

improvement (15.5), (3) low NNT (6), large number of physically inactive US adults with 596 

AORD who could benefit from exercising regularly (5.3 million), (4) similar findings when 597 

examined at the study versus group level, (5) continued existence of a statistically 598 

significant effect when each result was deleted from the analysis once, (6) similar 599 

findings when outliers were deleted and statistical heterogeneity was reduced to a non�600 

significant effect and overall inconsistency to zero, and (7) a consistent finding of 601 

improvements in anxiety since the first included study was reported in 1989.48 Based on 602 

GRADE, it was concluded that anxiety was a critical outcome and that further research 603 

would unlikely change the direction of effect. 604 

  While the current findings are encouraging, it is interesting to note that cumulative 605 

meta�analysis revealed a distinct trend for a reduction in the pooled ES over time (from �606 
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1.47 in 1989 to �0.40 in 2016) and based on meta�regression, a statistically significant 607 

association between greater reductions in anxiety with older versus more recent 608 

studies. While the specific reasons for this could not be determined, it may be that the 609 

experimental design and conduct of studies have improved over time. However, from 610 

the investigative team’s perspective, it is highly unlikely that the results will become non�611 

significant in future years. The former notwithstanding, the general conclusion that 612 

exercise reduces anxiety in adults with selected types of AORD may need to be viewed 613 

with some caution given that the majority of included studies consisted of participants 614 

with fibromyalgia40 41 45 46 49�53 while the remaining studies included those with 615 

osteoarthritis and/or rheumatoid arthritis.42�44 47 48 While meta�regression revealed no 616 

statistically significant association between type of AORD and changes in anxiety, such 617 

analyses may have been underpowered to detect such an association. In addition, since 618 

other types of AORD such as systemic lupus erythematosus were not included, 619 

generalizing to populations with other types of AORD may not be appropriate.  620 

  The final meta�regression model resulted in two statistically significant variables being 621 

included with earlier year of publication and studies at an unclear versus low risk of bias 622 

for incomplete outcome data associated with greater reductions in anxiety. These 623 

findings further reinforce the influence of year of publication on changes in anxiety in the 624 

current systematic review with meta�analysis, a potential reason for such having been 625 

previously mentioned. The greater reductions observed for studies at an unclear versus 626 

low risk of bias suggests that more poorly reported, and possibly conducted, studies 627 

may have led to inflated findings.   628 
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  In addition to statistically significant and practically important improvements in anxiety, 629 

similar improvements were also observed for all secondary outcomes assessed 630 

(physical function, pain, depression, quality of life, VO2max in ml.kg�1.min�1, muscular 631 

strength). These findings are important because unlike pharmacologic interventions that 632 

are usually targeted to address one condition, exercise has the potential to improve 633 

multiple physiological and psychological outcomes. Given the former, it would seem 634 

plausible to suggest that continued efforts be made to increase the exercise and 635 

physical activity levels of adults with AORD. �636 

 �"!��������
�/�����
����
�637 

  There are at least four implications for the conduct and reporting of future research on 638 

exercise and anxiety in adults with AORD. First, since only five of the studies included 639 

participants with osteoarthritis and/or rheumatoid arthritis, future randomized controlled 640 

trials on exercise and anxiety in these populations appear warranted. Second, exercise 641 

was performed indoors in the majority of included studies. Given that previous research 642 

has suggested the exercise performed outdoors may have better mood�enhancing 643 

effects than indoor exercise,57 58 future research examining this phenomenon with 644 

respect to anxiety as well as other outcomes in adults with AORD seems appropriate. 645 

Third, future studies should focus on examining the dose�response effects of exercise 646 

on anxiety in adults with AORD and report complete information on the characteristics 647 

of the intervention, including intervention fidelity.59 Such information is critical for the 648 

development of evidence�based recommendations aimed at practitioners. Fourth, since 649 

more than half of the studies were considered to be at high or unclear risk of bias with 650 

respect to allocation concealment, blinding of outcome assessors, and incomplete 651 
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outcome reporting, future studies should address these issues in their experimental 652 

design and report such information. Notably, while all included studies were considered 653 

to be at a high risk of bias with respect to blinding of participants, this is difficult for 654 

researchers to address since unlike pharmacologic studies, it is almost impossible to 655 

blind intervention participants to group assignment in exercise intervention studies.  656 

�"!��������
�/��� ��������657 

��The results of this study appear to have important implications for practice. First, since 658 

changes in both anxiety and secondary outcomes resulted in statistically significant and 659 

practically important improvements, exercise may be more vital than any other 660 

intervention given the apparent multiple benefits of such. While the current systematic 661 

review with meta�analysis was unable to establish with any degree of certainty the 662 

dose�response effects of exercise on anxiety in adults with AORD, it would appear 663 

prudent to adhere to the Active Adult or Active Older Adult Guidelines from the Physical 664 

Activity Guidelines for Americans Physical Activity Guidelines17 as recommended by the 665 

Centers for Disease Control and Prevention.60 Broadly, this includes aerobic activities 666 

on most, if not all, days of the week, muscle strengthening activities at least 2 days per 667 

week, balance exercises at least 3 days per week, and flexibility exercises on a daily 668 

basis.  669 

�������

�����(�"�������
�670 

  There are at least four apparent 
�������
 of the current study. First, to the best of our 671 

knowledge, this is the first systematic review with meta�analysis to examine, as a 672 

primary outcome, the effects of exercise on anxiety in adults with AORD. This is 673 

important given (1) the prevalence of AORD,1 (2) the expected future increase in the 674 
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prevalence of AORD,2 (3) the financial costs associated with AORD,3 and (4) the 675 

previously reported finding that the prevalence of anxiety is almost twice that of 676 

depression.8  Second, a novel and recently developed approach, the IVhet model, was 677 

used to pool findings.27 This resulted in more robust estimates than those derived from 678 

the traditional random�effects model.28 This is noteworthy given the need to provide the 679 

most accurate results possible when examining the effects of an intervention on 680 

selected outcome(s). Third, the statistically significant and practically relevant 681 

improvements in anxiety as well as selected secondary outcomes observed in the 682 

current systematic review with meta�analysis should be useful to practitioners and 683 

policy�makers for making informed decisions about the role of exercise in the treatment 684 

of anxiety among adults with selected types of AORD. Fourth, the current findings as 685 

well as gaps in the reviewed literature provide researchers with direction for the conduct 686 

and reporting of future research on this topic. 687 

  While there are several strengths to this study, there are also at least four potential 688 


���������
. First, similar to any aggregate data meta�analysis, the potential for 689 

ecological fallacy exists. Thus, it may be that the observed findings in the current study 690 

would not apply at the individual participant level. Second, and also common to any type 691 

of aggregate data meta�analysis, meta�regression results do not support causal 692 

inferences because the included studies are not randomly assigned to covariates.37  693 

Therefore, the associations observed in the current investigation would need to be 694 

assessed in appropriately powered randomized trials. Third, while a large number of 695 

statistical tests were conducted, no adjustments were made for such. Thus, some 696 

findings could have been nothing more than the play of chance. However, common to 697 
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most aggregate data meta�analyses, no adjustments for multiple testing were made 698 

because of concerns about missing possibly important findings that could be tested in 699 

original trials.35 Fourth, since anxiety was assessed using self�report instruments,40�53 700 

the possibility of reporting bias in the original studies existed.  701 

�)$�(+��)$��702 

��Exercise is associated with reductions in anxiety among adults with selected types of 703 

AORD. However, a need exists for additional, well�designed, randomized controlled 704 

trials on this topic.�705 

�)$����+�)���706 
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Table 1. Study characteristics. 

��	�������,���� ��	�����  ������!���
� #2����
��

�����.�������

��2�����

�

�

"����

Baptista et al., 

201240  

Brazil Women (N = 80) 18�65 yrs of age with FM assigned 

to exercise (n = 40, age, ×� = 49.5 yrs) or control (n 

= 40, age, ×� = 49.1 yrs) group 

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

for 12 wks 

STAI 

Beltran, 200341 United 

States 

Women (N = 21) 22�65 yrs of age with FM assigned 

exercise (n = 11, age,	×� ± SD  = 50.1 + 12.6 yrs) or 

control (n = 10, age, ×� ± SD  = 53.7 + 6.9 yrs ) 

group 

Aerobic aquatic exercise, 3 x/wk, 25 

min/session, 60�85% MHR, for 10 wks 

AIMS 

Cheung et al., 

2017 42  

United 

States 

Men and women (N=51) > 65 yrs of age with knee 

OA assigned to exercise (n = 28, age, ×�	± SD = 

74.4 ± 7.5 yrs), or control (n = 23, age, ×� ± SD = 

71.8 ± 8.0 yrs) group 

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) 

HADS 

Fransen et al., 

200743 

Australia Men and women (N=96) 59�85 yrs of age with hip or 

knee OA assigned to hydrotherapy (n = 55, age, ×� 

± SD = 70 ± 6.3 yrs), or wait�list control (n = 41, 

age, ×� ± SD = 69.6 ± 6.1 yrs) group 

Hydrotherapy exercises in warm water, 2 

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

DASS21   

French et al., 

201344 

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

OA assigned to  exercise (n = 45, age,	×� ± SD = 

Aerobic & strength training, 30 

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

HADS 
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61.8 ± 9.7 yrs), or control (n = 43, age, ×	� ± SD = 

60.8 ± 9.7 yrs) group 

exercises 

Gowans et al., 

200145 

Canada Men and women (N = 57) with FM assigned to an 

exercise (n = 30, age,	×� ± SD = 44.6 ± 8.7 yrs), or 

control (n = 27, age, ×� ± SD = 49.8 ± 7.3 yrs) group 

Aerobic exercise (2 walking/jogging 

classes in a gym, 1 pool class), 3 x/wk, 

30 min/session, 60�75% MHR, for 23 wks 

MHI, STAI 

Jones et al., 

200846 

United 

States 

Men and women (N = 101) 18�65 yrs of age with 

FM assigned to an exercise (n = 47, age, ×� ± SD = 

49.6 ± 7.7 yrs), or control (n = 54, age, ×� ± SD = 

49.8 ± 7.9 yrs) group  

Aerobic exercise  3 x/wk, 30 min/session,  

40�50% MHR & strength exercise, 3 

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

FIQ (Anxiety) 

Komatireddy et 

al.47 

United 

States 

Men and women (n = 49), 35�76 yrs of age with RA 

assigned to exercise (n = 25, ×� ± SD = 57.7 ± 9.8 

yrs of age, range 40–72 yrs) or control (n = 24, ×� ± 

SD = 60.5 ± 11 yrs of age, range 35–76 yrs) group 

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 

AIMS 

Minor et al., 

198948 

United 

States 

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) 

Aerobic aquatics or walking group, 3 

x/wk, 60 min/session (30 min of this was 

aerobic), 60�80% MHR, for 12 wks  

AIMS 

Munguia�

Izquieerdo & 

Legaz�Arrese, 

Spain Men and women (N = 60) 18�60 yrs of age with FM 

assigned to exercise (n = 35, ×� ± SD = 50.0 ± 7.0 

yrs) or control (n = 25  ×� ± SD = 46.0 ± 8.0 yrs) 

Aerobic aquatic exercise, 3 x/wk, 20�30 

min/session, 50�80% MHR, & strength 

exercise  3 x/wk, 8�20 min/session, 1�3 

STAI 
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200849 group sets, 8�15 reps, for 16 wks 

Sanudo et al., 

201550 

Spain Women (N = 32) with FM assigned to exercise (n = 

16, ×� ± SD = 55.0 ± 8.0 yrs of age), or control (n = 

16, ×� ± SD = 58.0 ± 6.9 yrs of age) group 

Aerobic/interval training, 2 x/wk, 30�35 

min/session, 60�80% MHR, for 24 weeks 

VAS 

Schachter et al., 

200351 

Canada Women (N = 143) 20–55 yrs of age with FM 

assigned to a short bout (n = 56,  ×� ± SD = 41.9 ± 

8.6 yrs of age), long bout (n = 51, ×�	± SD = 41.3 ± 

8.7 yrs of age), or control group (n = 36, ×� ± SD = 

42.5 ± 6.7 yrs of age) 

Low impact, videotape�based, aerobic 

exercise to music. Short bout, 2 x/d, 7.1 

x/wk, 12.3 min/session, 60% HRR; Long�

bout group: 1 x/d, 3.6 x/wk, 24.5 

min/session, 60% HRR, for 16 wks 

FIQ (Anxiety) 

Tomas�Carus et 

al., 200852 

Portugal Women with FM (N = 33) assigned to aquatic 

exercise (n = 17, ×� ± SD = 50.7 ± 10.6 yrs of age) 

or control group (n = 16, ×�	± SD = 50.9 ± 6.7 yrs of 

age) 

Pool exercises performed in warm water, 

3 x/wk, 20 min, aerobic phase, 60�65% 

MHR, strength exercise, 20 min, 4 sets, 

10 reps, for  32 wks 

FIQ (Anxiety), 

STAI 

Tomas�Carus et 

al., 200753 

Portugal Women with FM (N = 34) assigned to aquatic 

exercise (n = 17, ×� ± SD = 51 ± 10.0 yrs of age) or 

control group (n = 17, ×� ± SD = 51 ± 9.0 yrs of age) 

Pool exercises performed in warm water, 

3 x/wk, 20 min, aerobic phase, 60�65% 

MHR, strength exercises, 20 min, 4 sets, 

10 reps, for 12 wks 

FIQ (Anxiety) 

Notes: Description of groups from each study limited to those that met the criteria for inclusion; ×� ± SD, mean + standard deviation; AIMS, Arthritis 

Measurement Impact Scale; DASS21, Depression, Anxiety and Stress Scale;  FIQ, Fibromyalgia Impact Questionnaire; FM, fibromyalgia; HADS, 

Hospital Anxiety & Depression Scale; HRR, heart rate reserve; MHI, Mental Health Inventory; min, minutes; MHR, maximum heart rate; STAI, 
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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 ×� + SD Median Range Groups/Participants ×� + SD Median Range 

Age (years) 14/458 53.4 + 9.7 50 41 – 74 13/349 54.9 + 8.8 50 43 � 72 

BMI (kg.m2) 7/204 29.0 + 1.5 29 27 � 31 7/170 28.4 + 1.7 28 27 – 31 

VO2max (ml.kg�1.min�1) 7/245 21.3 + 2.3 21 19 – 24 5/101 20.7 + 2.7 21 17 – 24 

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

body mass index; VO2max, maximum oxygen consumption.
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Table 3. Exercise program characteristics. 

Variable Groups/Participants ×� + SD 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 (adj) 7/277 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;		×� + 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). 

Variable  ES (#) Participants (#) ×� (95% CI) Q (p) �
�
 (95% CI) �	 

Primary outcome       

� Anxiety 16 883 �0.40 (�0.65, �0.15)* 40.3 (<0.001)** 62.8 (36.2, 78.3 0.14 

Secondary outcomes       

� Physical function 12 677 0.66 (0.34, 0.97)* 36.0 (0.0002)** 69.4 (44.5, 83.1) 0.19 

� Pain 15 803 �0.62 (�1.12, �0.11)* 128.6 (<0.001)** 89.1 (83.7, 92.7) 0.75 

� QOL 13 730 0.63 (0.35, 0.91)* 32.4 (0.001)** 63.0 (32.7, 79.7) 0.15 

� Depression 15 813 �0.38 (�0.67, �0.10)* 46.3 (<0.001)** 69.7 (48.6, 82.2) 0.20 

� VO2max (ml
.
kg

�1.
min

�1
) 7 346 2.01 (0.85, 3.2)* 20.2 (0.003)** 70.3 (35.0, 86.4) 1.40 

� Muscular strength  6 261 0.59 (0.33, 0.85)* 3.9 (0.6) 0 (0, 67.1) 0 

Notes: ES, effect size; #, number;  ×� (95% CI), mean effect size and 95% confidence interval; Q (p), Cochran Q statistic and alpha value for Q; �
�
 

(95% CI), I�squared and 95% confidence interval; �	, 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). 

Variable Coefficient + SE � (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�value; p, alpha value for �; CI, confidence interval. 
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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. 

�

�+  (#�#$���,�*�(#��

Supplementary File 1. Search strategy for PubMed. 

Supplementary file 2. List of excluded studies, including reasons for exclusion. 

Supplementary file 3. Study�level risk of bias results using the Cochrane Risk of Bias Assessment Instrument.  

Supplementary file 4. Simple meta�regression results with changes in anxiety as the outcome. 

Supplementary file 5. Evidence profile for changes in anxiety based on GRADE. 
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2

����������23 

����������� ��!���	 Given conflicting findings, the purpose of this study was to use 24 

the meta�analytic approach to examine the effects of exercise (aerobic, strength training 25 

or both) on anxiety in adults with arthritis and other rheumatic diseases (AORD).  26 

�������	 Randomized controlled exercise intervention trials > 4 weeks in adults > 18 27 

years of age with osteoarthritis, rheumatoid arthritis or fibromyalgia were included. 28 

Studies were located by searching 8 electronic databases, cross�referencing and expert 29 

review. Dual selection and data abstraction of studies were performed. Hedge’s 30 

standardized effect size (ES) was calculated for each result and pooled using the 31 

recently developed inverse�heterogeneity (IVhet) model. Two�tailed ��alpha values < 32 

0.05 and non�overlapping 95% confidence intervals (CI) were considered statistically 33 

significant. Heterogeneity was estimated using Q and �� with alpha values < 0.10 for Q 34 

considered statistically significant.  Small�study effects were examined using funnel 35 

plots and Egger’s regression test. In addition, the number�needed�to�treat (NNT), 36 

percentile improvement and meta�regression were conducted. �������	 Of the 639 37 

citations screened, 14 studies representing 926 initially enrolled participants (539 38 

exercise, 387 control) met the criteria for inclusion. Length of training averaged 15.8 + 39 

6.7 weeks, frequency 3.3 + 1.3 times per week and duration 28.8 + 14.3 minutes per 40 

session. Overall, statistically significant in reductions in anxiety were found (exercise 41 

minus control changes ES = �0.40, 95% CI, �0.65, �0.15, tau2 = 0.14; Q = 40.3, p = 42 

0.0004; �� = 62.8%).  The NNT was 6 with a percentile improvement of 15.5% and an 43 

estimated 5.3 million inactive US adults with AORD improving their anxiety if they 44 

started exercising regularly. Statistically significant small�study effects were observed (p 45 
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3

< 0.0001).  �����������	 Exercise is associated with reductions in anxiety among 46 

adults with selected types of AORD. However, a need exists for additional, well�47 

designed, randomized controlled trials on this topic. ���������������������"���	�48 

PROSPERO (CRD42016048728)49 
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���#$%�&���$'�(�������)$��)*��&�����+',�50 

� To the best of the investigative team’s knowledge, this is the first systematic review 51 

with meta�analysis to examine the effects of exercise on anxiety as a primary outcome 52 

in adults with AORD.  53 

� The use of the recently developed IVhet model appears to provide more robust 54 

estimates than those derived from other models.   55 

� Common to all aggregate data meta�analyses, the possibility of ecological fallacy 56 

exists and the meta�regression analyses conducted do not allow for causal inferences.  57 

� Given that no adjustments for multiple testing were made because of concerns about 58 

missing possibly important findings that could be tested in original trials, the possibility 59 

of chance findings exist.  60 
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�$��)'+���)$�61 

���������  62 

Arthritis and other rheumatic diseases (AORD) are major public health problems in the 63 

United States (US). Based on combined 2013�2015 data from the National Health 64 

Interview Survey, the annual prevalence of doctor�diagnosed arthritis in the civilian, 65 

non�institutionalized US population aged 18 years or older was 22.7% (54.4 million), 66 

with prevalence higher among women (23.5%) than men (18.1%).1  By 2040, it is 67 

estimated that 78.4 million (25.9%) US adults 18 years of age and older will have 68 

doctor�diagnosed arthritis.2 Compared to combined 2013�2015 data,1 this represents an 69 

increase of approximately 24 million adults. Not surprisingly, the financial costs 70 

associated with AORD in the United States are high.  In 2003, the total costs 71 

attributable to AORD were estimated to be approximately $128 billion, $80.8 billion in 72 

direct costs (medical expenditures) and $47 billion in indirect costs (lost earnings).3    73 

This represents an increase of 24% between 1997 and 2003 and was primarily the 74 

result of an increase in the number of people with AORD.3   75 

  Elevated and sustained levels of anxiety can result in a number of deleterious 76 

consequences. These include, but are not limited to, (1) an increased risk for coronary 77 

heart disease as a result of heightened arousal leading to an increased risk for 78 

hypertension and a pro�inflammatory state,4�6 (2) an increased risk for cardiac death,5  79 

and (3) poorer health�related quality�of�life.7 While it is well�recognized that depression 80 

is a common comorbidity among adults with AORD, recent research suggests that the 81 

prevalence of anxiety among US adults with arthritis is approximately twice as high as 82 

depression.8  Using data from the Arthritis Conditions Health Effects Survey, the 83 
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prevalence of anxiety and depression among US adults with doctor�diagnosed arthritis 84 

was estimated to be almost twice as high for anxiety (30.5%) versus depression 85 

(17.5%), with US population estimates of 11.5 million for anxiety and 6.6 million for 86 

depression.8  In addition, an 18�country study found the prevalence of anxiety to be 87 

greater in adults with AORD versus those without AORD.9 This included, separately, 88 

generalized anxiety disorder, social phobia, agoraphobia/panic disorder, and post�89 

traumatic stress disorder.9  Given the prevalence of anxiety, it has been recommended 90 

that health care providers screen people with AORD for anxiety.8   91 

  Exercise is an intervention that is generally safe and appropriate for most persons with 92 

various types of AORD.10 11  While there is no firm consensus regarding the 93 

mechanisms associated with the anxiolytic effects of exercise in adults with AORD as 94 

well as other chronic diseases, a recent review on this topic has reported several 95 

potential mechanisms, exclusive of specific chronic disease status, that may be 96 

responsible for such.12 These include physiological (decrease in sympathetic nervous 97 

system and hypothalamic�pituitary�adrenal axis reactivity) as well as psychological 98 

(improvements in anxiety sensitivity, self�efficacy, and distraction) processes.12 99 

  Recent meta�analytic work has shown that community�deliverable exercise 100 

interventions reduce depressive symptoms in adults, with an estimated 3.1 million 101 

inactive US adults with AORD improving their depressive symptoms if they began and 102 

maintained a regular exercise program.13  However, the effects of community�103 

deliverable exercise on anxiety as a primary outcome are not known given a plethora of 104 

conflicting randomized controlled trials on this topic as well as a lack of studies that 105 

assess both depression and anxiety within the same study (only 44.8% based on a 106 
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previous meta�analysis).13   Most importantly, a recent systematic review of previous 107 

meta�analyses, not to be confused with an original systematic review with meta�108 

analyses, found that no meta�analysis of randomized controlled trials has examined the 109 

effects of community�deliverable exercise on anxiety as a primary outcome in adults 110 

with AORD.14 Community�deliverable exercise may be especially important given its 111 

potential convenience, ability to reach a large amount of people, and cost.15�18 In 112 

addition, a systematic review found that greater levels of anxiety were a barrier to 113 

exercise adherence in those with AORD.19  Thus, reductions in anxiety may increase 114 

adherence to exercise in adults with AORD, a population in which meeting current 115 

exercise guidelines is significantly lower than in those without AORD, approximately 116 

40% versus 50%.20  Clearly, it is critically important to develop a better understanding of 117 

the overall magnitude of effect, as well as factors associated with, exercise for 118 

improving anxiety in adults with AORD.   119 

)�-����.���120 

The primary objective of this study was to conduct a systematic review with an 121 

aggregate data meta�analysis of randomized controlled trials to determine the effects of  122 

community�deliverable exercise interventions on anxiety in adults with AORD.  123 

�#�&)'��124 

).��.��
��125 

This study followed the guidelines from the Preferred Reporting Items for Systematic 126 

Reviews and Meta�Analysis (PRISMA) statement for meta�analyses of health care 127 

interventions.21 The protocol for this study is registered in PROSPERO (trial registration 128 

number CRD42016048728) and has been previously published in BMJ Open.22 129 
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#���������������������130 

  Studies that met the following criteria were included: (1) randomized controlled trials 131 

with the unit of assignment at the participant level, (2) community�deliverable 132 

exercise�only intervention group (aerobic, strength training, or both), (3) interventions 133 

> 4 weeks, (4) comparative control group (non�intervention, wait�list control, usual 134 

care, attention control), (5) adults > 18 years of age with doctor�diagnosed 135 

osteoarthritis, rheumatoid arthritis or fibromyalgia, (6) studies (published and 136 

unpublished in the form of Master’s theses and dissertations) in any language, 137 

assuming an English�language abstract was available, from January 1, 1981 forward, 138 

and (7) data for anxiety, as defined by the authors of the original studies. Studies were 139 

limited to those with osteoarthritis, rheumatoid arthritis or fibromyalgia based on 140 

previous meta�analytic research showing a lack of exercise intervention studies for 141 

other types of AORD.13  Studies were limited to randomized trials because it is the 142 

only way to control for confounders that are not known or measured as well as the 143 

observation that nonrandomized controlled trials tend to overestimate the effects of 144 

healthcare interventions.23 24 Aerobic and progressive resistance (strength training) 145 

exercise were defined according to section C2 of the 2008 Physical Activity 146 

Guidelines Advisory Committee Report.25 Specifically, aerobic exercise is defined as 147 

any ‘exercise that primarily uses the aerobic energy�producing systems, can improve 148 

the capacity and efficiency of these systems, and is effective for improving 149 

cardiorespiratory endurance,’ while strength training is defined as ‘exercise training 150 

primarily designed to increase skeletal muscle strength, power, endurance, and 151 

mass’.25     152 
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  For this proposed project, community�deliverable exercise interventions were 153 

considered to be those that could be performed, or have the potential to be adapted 154 

and performed, by persons in a community setting (recreation or senior centers, in the 155 

home or neighborhood, etc.) and meet the implementation guidelines for physical 156 

activity interventions recently recommended by the Arthritis Program at the Centers 157 

for Disease Control and Prevention: (1) no academic degree required for a 158 

leader/implementer but leader training available, if needed, (2) no special facilities 159 

beyond a community room (except a warm pool for aquatic exercise), (3) inexpensive 160 

equipment, (4) cost to participants less than $50.00, (5) implementation guide 161 

available, (6) supporting structures judged to be adequate to support widespread 162 

implementation.26 An exercise duration of at least 4 weeks was chosen based on 163 

previous research in which statistically significant improvements in anxiety occurred 164 

as a result of as little as 4 weeks of exercise training.27 There was no maximum limit 165 

on the length of any interventions for the studies included in our proposed project. We 166 

limited our studies to adults ages 18 and older because the inclusion of children and 167 

adolescents pose additional confounding problems congruent with the many 168 

developmental changes that occur during this period. In addition, the prevalence of 169 

AORD is more common in adults than children and adolescents. We restricted our 170 

studies to published articles, dissertations and master’s theses and examined for 171 

potential small�study effects such as publication bias when limited to published 172 

articles in peer�reviewed journals. The year 1981 was chosen as the starting point for 173 

eligibility based on a preliminary PubMed search in which it was found that this was 174 

the first year that a randomized controlled trial on exercise and arthritis was 175 
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published.28 Studies from both English and non�English�language sources were 176 

included with the latter translated into English by the second author using the freely 177 

available web�based Babelfish and Bing translators. Finally, while acknowledging that 178 

the mechanisms for changes in anxiety may differ for different types of AORD, for 179 

example fibromyalgia versus osteoarthritis and rheumatoid arthritis, all three were 180 

included in the current systematic review with meta�analysis because the focus was 181 

on determining whether exercise reduces anxiety in adults with AORD, not why it 182 

reduces anxiety. In addition, community�deliverable exercise programs, and exercise 183 

programs in general, are not traditionally focused on one type of AORD, but rather, 184 

across all types of AORD.17 Furthermore, meta�regression (see Data Synthesis) was 185 

conducted to examine for any potential associations between type of AORD and 186 

changes in anxiety.  Finally, there has been recent criticism by others regarding the 187 

publication of systematic reviews with meta�analysis using the “least publishable unit” 188 

approach.29  189 

��/��"���������������190 

Eight electronic databases were searched for potentially eligible studies in any language 191 

published from January 1, 1981 forward. The last searches were conducted on January 192 

6, 2017. Databases searched included (1) PubMed, (2) SPORTDiscus, (3) Cochrane 193 

Central Register of Controlled Clinical Trials (CENTRAL), (4) Cumulative Index to 194 

Nursing and Allied Health Literature (CINAHL), (5) PsycINFO, (6) Web of Science, (7) 195 

Scopus and (8) ProQuest (Master’s theses and dissertations). In addition, cross�196 

referencing from retrieved studies was conducted.  Furthermore, the third author, an 197 

expert on physical activity and AORD, reviewed the reference list for completeness.  198 
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�����������������199 

Search strategies were developed using text words as well as medical subject headings 200 

(MeSH) associated with the effects of exercise on anxiety in adults with AORD. The 201 

second author conducted all electronic database searches. A copy of the search 202 

strategy for one of the databases searched (PubMed) is shown in Supplementary file 1.  203 

��������������204 

Study selection  205 

All studies to potentially be screened were imported into EndNote (EndNote, Version 206 

X8. New York, NY: Thomson Reuters, 2016). Duplicates were then removed both 207 

electronically and manually by the second author. A copy of the database was then 208 

provided to the first author for duplicate screening.  The first two authors selected all 209 

studies, independent of each other. The full report for each article was obtained for all 210 

titles and abstracts that appeared to meet the inclusion criteria or where there was any 211 

uncertainty. Multiple reports of the same study were handled by including the most 212 

recently published article as well as drawing from previous reports, assuming similar 213 

methods and sample sizes. Neither of the screeners were blinded to the journal titles or 214 

to the study authors or institutions. Reasons for exclusion were coded as one or more of 215 

the following: (1) inappropriate population, (2) inappropriate intervention, (3) 216 

inappropriate comparison(s), (4) inappropriate outcome(s), (5) inappropriate study 217 

design, (6) other. Upon completion, the first two authors met and reviewed their 218 

selections. Discrepancies were resolved by consensus. If consensus could not be 219 

reached, the third author provided a recommendation.  Using Cohen’s kappa statistic 220 

(κ),30 the overall agreement rate prior to correcting disagreements was 0.90.  After 221 
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identifying the final number of studies to be included, the overall precision of the 222 

searches was calculated by dividing the number of studies included by the total number 223 

of studies screened after removing duplicates.31  The number needed�to�read (NNR) 224 

was then calculated as the inverse of the precision.31    225 

Data abstraction  226 

Prior to the abstraction of data, a codebook that could hold more than 200 items per 227 

study was developed using Microsoft Excel (Microsoft Excel, Version 2010, Redmond, 228 

WA). The codebook was developed by the first two authors with input from the third 229 

author. The major categories of variables coded included (1) study characteristics 230 

(author, journal, year, etc.), (2) participant characteristics (age, height, body weight, 231 

etc.), (3) intervention characteristics (type, length, frequency, intensity, duration, 232 

compliance, etc.), and (4) outcome characteristics for anxiety (sample sizes, baseline 233 

and post�exercise means and standard deviations, etc.). The first two authors 234 

abstracted data from all studies, independent of each other, using separate codebooks 235 

in Microsoft Excel. Upon completion of coding, the codebooks were merged into one 236 

primary codebook for review.  Both authors then met and reviewed every item for 237 

agreement. Discrepancies were resolved by consensus.  If consensus could not be 238 

reached, the third author provided a recommendation. Using Cohen’s kappa statistic 239 

(κ),30 the overall agreement rate prior to correcting disagreements was 0.95.     �240 

)����"�������!�������0�������241 

The primary outcome in this study was changes in anxiety. Secondary outcomes 242 

included changes in physical function, pain, depression, quality of life, body mass index 243 
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(BMI in kg.m�2), maximum oxygen consumption (VO2max in ml.kg�1.min�1), and muscular 244 

strength. �245 

������/������������"�����������.���������������246 

  Risk of bias was assessed at the study level using the Cochrane Risk of Bias 247 

instrument,32 with a focus on the primary outcome of interest, changes in anxiety.  Bias 248 

was evaluated across six domains: (1) random sequence generation, (2) allocation 249 

concealment, (3) blinding of participants and personnel, (4) blinding of outcome 250 

assessment, (5) incomplete outcome data, (6) selective reporting and (7) whether 251 

participants were exercising regularly, as defined by the original study authors, prior to 252 

taking part in the study. Each item was classified as having either a high, low, or unclear 253 

risk of bias. Because it’s virtually impossible to blind participants to group assignment in 254 

exercise intervention protocols, all studies were classified as high risk with respect to 255 

the category “blinding of participants and personnel”. Based on previous research, no 256 

study was excluded based on the results of the risk of bias assessment.33   The first two 257 

authors conducted all assessments, independent of each other. Both authors then met 258 

and reviewed all selections for agreement. Discrepancies were resolved by consensus, 259 

and if necessary, consultation with the third author. Using Cohen’s kappa statistic (κ),30 260 

the overall agreement rate for risk of bias assessment prior to correcting disagreements 261 

was 0.71.    262 

'��������������263 

�������������/��//������0����264 

The primary outcome for this proposed project was changes in anxiety, calculated as 265 

Hedge’s standardized mean difference effect size (ES), adjusted for small�sample 266 
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bias.34 This was calculated by subtracting the change outcome difference in the 267 

exercise group minus the change outcome difference in the control group, and then 268 

dividing by the pooled standard deviation of the change outcome for the exercise and 269 

control groups. If change score standard deviations were not available, they were 270 

calculated from reported change outcomes, treatment effect 95% confidence intervals 271 

(CI), or pre and post standard deviation values according to procedures developed by  272 

Follmann et al.35  Secondary outcomes (physical function, pain, quality of life, 273 

depression, muscular strength) were calculated using the same procedures as for the 274 

primary outcome while BMI and VO2max were calculated using the original metric. For 275 

studies in which outcomes were assessed at multiple time points, differences between 276 

baseline values and the final time point closest to cessation of the exercise intervention 277 

were used.   278 

 ����������"�����/�������������������"����279 

Effect size changes in anxiety and all secondary outcomes were pooled using the 280 

recently developed inverse heterogeneity (IVhet) model.36  The IVhet model is a quasi�281 

likelihood model that is computed by (1) calculating weights that sum to 1 from each 282 

study, (2) pooling effects from all the studies, and (3) calculating the variance of the 283 

pooled ES.  The IVhet model has been shown to be superior to the original random�284 

effects, method�of�moments model of Dersimonian and Laird,37 the most common 285 

random�effects model used to pool aggregate data meta�analytic results.38    286 

Specifically, simulation studies have shown that the IVhet model retains correct 287 

coverage probabilities as well as a lower observed variance than the random�effects 288 
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model, regardless of heterogeneity.36  Two�tailed z�alpha values < 0.05 and non�289 

overlapping 95% confidence intervals were considered statistically significant.  290 

  ������������� and �����
�
����� for each pooled outcome were estimated using the 291 

Q39 and �� statistic,40 respectively. An alpha level of < 0.10 for Q was considered to 292 

represent statistically significant heterogeneity while inconsistency was categorized as 293 

very low (<25%), low (25% to <50%), moderate (50% to <75%) or large (> 75%).40  To 294 

improve practical relevance with respect to potential improvements in anxiety and all 295 

secondary outcomes, percentile gain in the exercise groups was calculated using 296 

Cohen’s U3 index41  In addition, the number�needed�to treat (NNT) was estimated using 297 

the approach suggested by the Cochrane Collaboration32 and a control group risk of 298 

30% based on previous research on anxiolytics.42 This was accomplished by converting 299 

the standardized mean differences into a log odds ratio, odds ratio, assumed control 300 

risk (30%) and then NNT. Extending the NNT, estimates of the number of US adults 301 

with AORD who could improve their anxiety levels but were not currently meeting 302 

physical activity recommendations were calculated. These were based on the reciprocal 303 

of the NNT multiplied by the number of adults in the United States with doctor�304 

diagnosed arthritis who were not currently meeting exercise guidelines, currently 305 

approximately 31.6 million.1 43 ���
���������
�
�
 was conducted with each study 306 

deleted from the model once while ����
��������������
�
�
, ranked by year, was used 307 

to examine the accumulation of results over time.  308 

 The primary pooling of results was based on group level findings. However, findings 309 

were also examined by collapsing results so that only one ES represented each study. 310 

In addition, for those outcomes that were assessed using multiple instruments, results 311 
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from these instruments were pooled into one ES. The rationale for this was based on 312 

the lack of consensus regarding the most valid and reliable instrument for the outcome 313 

and population of interest as well as the need to maintain as much independence as 314 

possible. For those studies that reported both per protocol and intention�to�treat 315 

analyses, results were also pooled into one ES.  316 

     Exploratory m���������

��� based on the IVhet model was used to examine the 317 

relationship between changes in our primary outcome (anxiety) and selected 318 

covariates.36  This was accomplished by (1) conducting simple meta�regression for 319 

statistically significant associations between selected covariates and changes in 320 

anxiety, (2) examining for multicollinearity between covariates (r > 0.80), and (3) 321 

building a multiple meta�regression model. These models used a multiplicative versus 322 

additive component for residual heterogeneity. To achieve matching error variances, 323 

robust Huber�Ecker�White�sandwich error variances were used to account for the 324 

underestimated dispersion.  Such errors were expected to calculate the correct 325 

standard errors for heterogeneous data that are traditionally heteroskedastic. Because 326 

of the small sample size, a post hoc decision was made to include no more than three 327 

potential predictors based on simple regression analyses. Multivariate imputation using 328 

chained equations (MICE)44 was used to impute missing values for minutes of training 329 

per week (5 imputations) and changes in depression (1 imputation) so that the 330 

maximum sample size could be achieved.  Because of the small sample size, a post 331 

hoc decision was made to conduct meta�regression with results for osteoarthritis and 332 

rheumatoid arthritis combined. 333 
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  Based on the recommendations of Rothman,45  no adjustments for multiple testing 334 

were made because of concerns about missing possibly important findings that could be 335 

pursued in future randomized controlled trials.  While this could be viewed as a ‘fishing 336 

expedition’, such analyses are important for providing investigators with potential 337 

direction for future randomized controlled trials, one of the very reasons for conducting a 338 

systematic review with meta�analysis.46 This approach is especially appropriate for 339 

meta�analysis since covariates are not randomly assigned in meta�analysis and thus, 340 

such analyses are considered to be observational in nature.47  As a result, causal 341 

inferences cannot be derived from meta�regression. However, any observed 342 

associations can provide direction for future research.  343 

����1�������344 

���

�
�� ��������
�(publication bias, etc.) for primary and secondary outcomes were 345 

assessed following current guidelines.48  This included qualitative analysis using funnel 346 

plots as well as quantitative analysis using Egger’s regression�intercept test for 347 

continuous data.48 An alpha level < 0.05 and 95% CI that did not include zero (0) was 348 

considered to represent statistically significant small�study effects. 349 

���/������������"�����.���.������� 350 

Strength of findings�for our primary outcome (anxiety) was evaluated using the Grading 351 

of Recommendations Assessment, Development and Evaluation (GRADE) for meta�352 

analysis.49  The quality of evidence was assessed across the domains of risk of bias, 353 

consistency, directness, precision and publication bias. Quality was judged as high 354 

(further research is very unlikely to change our confidence in the estimate of effect), 355 

moderate (further research is likely to have an important impact on our confidence in the 356 
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estimate of effect and may change the estimate), low (further research is very likely to 357 

have an important impact on our confidence in the estimate of effect and is likely to 358 

change the estimate), or very low (very uncertain about the estimate of effect).  359 

��/�
���������/������������������360 

All data were analyzed using Stata (V.14.1; Stata/SE for Windows (Version 14.1). 361 

College Station, Texas: Stata Corporation LP, 2015), Microsoft Excel 2010 (Microsoft 362 

Excel (Version 2010)), and three add�ins for Excel, Meta XL (V.5.3; Meta XL (Version 363 

5.3). 2016), SSC�Stat (V.2.18; SSC�Stat (Version 2.18). University of Reading, UK: 364 

Statistical Services Center, 2007), and EZ�Analyze (V.3.0; EZ Analyze (Version 3.0). 365 

Boston, MA: Tim Poynton, 2007). 366 

�#�+(���367 

����������������������368 

A flow diagram that depicts the search process for study selection is shown in Figure 1.  369 

After initially identifying 639 citations and removing 240 duplicates both electronically 370 

and manually, 399 citations were screened. Of these, 14 studies representing 30 groups 371 

(16 exercise, 14 control) and 926 initially enrolled participants (539 exercise, 387 372 

control) met the criteria for inclusion.50�63 Two studies included more than one 373 

intervention group.58 61 One included a pool and walking group58 while the other 374 

included a long and short bout exercise group.61  The major reasons for exclusion were 375 

(1) inappropriate intervention (47.8%), (2) inappropriate study design (32.2%), (3) 376 

inappropriate population (11.9%), (4) inappropriate comparison group (4.7%), and (5) 377 

inappropriate outcome (3.4%). The precision of the search, excluding duplicates, was 378 
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3.5% while the NNR was 29.  A list of excluded studies, including the reasons for 379 

exclusion, can be found in Supplementary File 2.  380 

  With respect to source, 1 study (7.1%) was published as a dissertation51 while the 381 

remaining 13 (92.9%) were published in peer�reviewed journals.50 52�63  For the 12 382 

studies (85.7%) in which data were available, the 5�year impact factor of the journals in 383 

which studies were published ranged from 1.7 to 7.9 (×� + SD, 4.1 + 2.4, median = 2.9).  384 

Five studies (35.7%) were published in the United States,51 52 56�58 2 each in either 385 

Canada,55 61 Portugal62 63 or Spain,59 60 and 1 each in either Australia,53 Brazil,50 or 386 

Ireland.54 Thirteen of the 14 studies (92.9%) were published in English�language 387 

journals50�62 while 1 (7.1%) was published in Spanish.63 With respect to types of control 388 

groups, 4 studies used either a wait�list control50 51 53 54 or what appeared to be some 389 

type of attention control group,52 56 58 61 while three each used either a non�intervention55 
390 

57 62 or usual care group.59 60 63 Three studies (21.4%) reported using matching 391 

procedures according to either sex,55 age, sex and BMI,56 or type of arthritis 392 

(rheumatoid or osteoarthritis).58 None of the studies reported using any type of 393 

crossover design.50�63 For data analysis, 7 studies (50.0%) reported using the per�394 

protocol approach,51 56�58 60 62 63 4 (28.6%) used intention�to�treat,50 52�54 while the 395 

remaining 3 (21.4%) used both.55 59 61 Eight studies (57.1%) provided sample size 396 

estimates.50 52�54 56 60 61 63 With respect to funding, 12 studies (85.7%), reported receiving 397 

funding from government, university, or private sources for their work.50 52�62   398 

 ������!���������������������399 

A description of the physical characteristics of participants for those studies that 400 

reported data is shown in Tables 1 and 2. On average, participants were overweight 401 
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and had low cardiorespiratory fitness. The majority of participants were women, 402 

although 7 studies (50.0%) also included a small number of men.52�58 Nine studies 403 

(64.3%) were limited to participants with fibromyalgia,50 51 55 56 59�63 3 (21.4%) with 404 

osteoarthritis,52�54 1 with rheumatoid arthritis57 and 1 with either rheumatoid arthritis or 405 

osteoarthritis.58 For those studies in which data were available, the number of years in 406 

which rheumatic symptoms were present ranged from 3 to 24 (×� + SD, 13.1 + 7.0, 407 

median = 12.0),54�56 59 61�63 while years since diagnosis ranged from 3 to 7 (×� + SD, 4.1 408 

+ 2.0, median = 3).55 61�63 Nine of the 14 studies (64.3%) reported that one or more 409 

participants were taking some type of medication for their condition.51 53�55 57�59 62 63 410 

These included, but were not necessarily limited to, non�steroidal anti�inflammatory 411 

drugs (NSAIDS), analgesics, narcotics and non�narcotics for pain, muscle relaxants, 412 

antidepressants, and anxiolytics. However, a lack of specific data was available on 413 

exposure to medications both before and during the study, including any changes 414 

during the intervention period. In addition, a lack of data was available on 415 

pharmacologic equivalence between study arms both before and during the study. For 416 

cigarette smoking, one study reported cigarette smoking in some of the participants.61  417 

Participant withdrawals or removal in the exercise groups ranged from 0% to 50% (×� + 418 

SD, 17.4 + 13.4, median = 17.0) while withdrawals or removal in the control groups 419 

ranged from 0% to 41% (×� + SD, 11.5 + 12.7, median = 6.3). Reasons for withdrawals 420 

or removal included such things as family issues, pain from exercising, injuries, 421 

personal issues, time, unhappiness with group assignment, transportation issues, 422 

moving, employment commitments, boredom with exercise routine, not enough room or 423 

privacy to perform exercise, failure to complete lab assessments, not attending a 424 
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specific percentage of the exercise sessions, or changing medications that could affect 425 

mood.   426 

#2������������.�����������������������427 

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

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

Sports Medicine64 and limited to aerobic exercise only,  included very light, light, 430 

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

information.51 55 56 58�63 For mode of training, 6 studies (42.9%) focused on aerobic types 432 

of exercise,50 51 55 58 60 61 1 (7.1%) on weight training,57 and 7 (50.0%) on both.52�54 56 59 62 
433 

63 Specific types of aerobic activities included such things as aquatic exercise, walking, 434 

jogging, exercising to music and cycling. For the few studies that provided detailed 435 

information on resistance training, the number of sets ranged from 1 to 3,57 59 the 436 

number of repetitions from 8 to 15,57 59 and the number of exercises from 2 to 10 or 437 

more.56 57 59  One study reported a rest period for 30 seconds between sets.57 For those 438 

studies that reported data, the equipment used for resistance training included free 439 

weights and elastic bands.52 56 57 62 63 Seven studies (50.0%) reported supervised 440 

exercise,55 56 58�60 62 63 5 (35.7%) reported both supervised and unsupervised exercise,50�
441 

54 while the remaining 2 (14.3%) reported unsupervised exercise.57 61  Three of the 14 442 

studies (21.4%) reported some type of adverse event.51 52 61 Reasons included 1 443 

participant dropping out due to pain after the first exercise session,51 2 participants 444 

because of a history of a herniated disk and low back and leg pain,52 and 1 participant 445 

because of a metatarsal fracture.61 Another study reported that 1 participant withdrew 446 

because of the exacerbation of back pain53 while a final study reported the exclusion of 447 
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2 participants because of severe coronary artery disease.57 None of the studies 448 

provided data on the costs associated with conducting the intervention.50�63    449 

������/������������"����450 

Results for risk of bias assessment using the Cochrane Risk of Bias Assessment 451 

Instrument are shown in Figure 2 and Supplementary file 3. As can be seen, greater 452 

than 50% of the studies were at an unclear or high risk of bias with respect to (1) 453 

incomplete outcome reporting (78.6%), (2) allocation concealment (78.6%), and (3) 454 

blinding of outcome assessors (57.1%). Given the inability to truly blind participants in 455 

exercise intervention trials, all studies (100%) were considered to be at a high risk of 456 

bias for the category ‘blinding of participants and personnel’.  457 

'��������������458 

).��������������/���!��"���������"��3��2����45��Overall results for changes in anxiety 459 

for the 14 included studies50�63 are shown in Table 4 and Figure 3. As can be seen, 460 

statistically significant (p = 0.002) reductions in anxiety were observed. In addition, 461 

statistically significant heterogeneity was observed while overall inconsistency was 462 

categorized as moderate, (range = low to large).  The NNT was 6 with a percentile 463 

improvement of 15.5% and an estimated 5.3 million inactive US adults with AORD 464 

improving their anxiety if they started exercising regularly. Statistically significant small�465 

study effects were observed (p < 0.0001) (Figure 4).  With each result deleted from the 466 

model once, results remained statistically significant across all deletions, ranging from �467 

0.44 (95% CI, �0.71 to �0.18) to �0.35 (�0.57 to �0.12). Cumulative meta�analysis, ranked 468 

by year, demonstrated that results have been statistically significant since the first study 469 

was conducted in 1989,58 but with a trend towards smaller improvements in anxiety with 470 
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each accumulating year (Figure 5). Reductions in anxiety were similar to group�level 471 

results when collapsed so that only one ES represented each study (ES, �0.40, 95% CI, 472 

�0.67 to �0.13, p = 0.004; Q = 39.6, p = 0.0002; �� = 67.2%, 95% CI, 42.6% to 81.3%, 473 

tau2 = 0.15). With six outliers deleted from the model, overall reductions in anxiety were 474 

similar but heterogeneity was no longer statistically significant and overall inconsistency 475 

was reduced to a level categorized as small (ES, �0.40, 95% CI, �0.62 to �0.18, p = 476 

0.0004; Q = 11.8, p =0.22; �� = 24.0%, 95% CI, 0% to 63.1%, tau2 = 0.03).   477 

����1�������������������/�����2����5�Simple meta�regression results are shown in 478 

Supplementary File 4.  For study characteristics, greater reductions in anxiety were 479 

associated with (1) earlier publication year, (2) studies at an unclear versus low risk of 480 

bias, (3) studies in which sample size estimates were not provided, (4) trials in which a 481 

larger percentage of participants initially agreed to participate in, and (5) studies that 482 

were not funded versus funded. For participant characteristics, greater improvements   483 

were associated with a larger percent dropout in the exercise groups as well as younger 484 

age. For exercise intervention characteristics, greater reductions were associated with 485 

(1) aerobic/strength training versus aerobic and strength training combined, (2) fewer 486 

minutes of exercise per session, (3) minutes of exercise per week, and (4) total minutes 487 

of exercise for the entire intervention period. Greater reductions were also associated 488 

with (1) supervised and unsupervised exercise versus both, (2) facility and home�based 489 

exercise versus both and (3) group and self�exercise versus both. No statistically 490 

significant association (p = 0.71) was observed between rheumatoid/osteoarthritis (ES = 491 

�0.35) and fibromyalgia (ES = �0.44) while the overall ES for those studies in which the 492 
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participants had rheumatoid arthritis was �0.54 and the overall ES for those in which the 493 

majority had osteoarthritis was �0.32.  494 

  Results for the final multiple regression model are shown in Table 5. The overall model 495 

was statistically significant (F = 13.4, p = 0.004). Earlier year of publication and 496 

decreases in depression were statistically significant predictors for greater reductions in 497 

anxiety. However, minutes of exercise per week was no longer statistically significant. 498 

%��'#�/��������/����������������2����5 An evidence profile for changes in anxiety is 499 

shown in Supplementary file 5. As can be seen, the outcome (anxiety) was considered 500 

critical and the overall strength of the finding was considered high, with future additional 501 

studies unlikely to have an effect on the overall direction of findings.  502 

��������/������������������"��5��Overall results for changes in secondary outcomes 503 

are shown in Table 4. !��
���
��������� was assessed in 10 studies50 52�55 57 58 61�63 using 504 

the 10 meter walk test, 50 foot walk, 6 minute walk, Arthritis Impact and Measurement 505 

Scale (AIMS), Fibromyalgia Impact Questionnaire (FIQ), Short Physical Performance 506 

Battery, sit�to�stand test, stairclimbing test, up and go test, and the Western Ontario and 507 

McMaster Osteoarthritis Index (WOMAC). As can be seen, statistically significant (p < 508 

0.001) improvements in "��
���
��������� were observed. Statistically significant 509 

heterogeneity was observed while inconsistency was categorized as moderate, (range = 510 

low to large).  The NNT was 4 with a percentile improvement of 24.5% and an estimated 511 

9 million inactive US adults with AORD improving their physical function if they started 512 

exercising regularly. No statistically significant small�study effects were observed (p = 513 

0.17). With each result deleted from the model once, results remained statistically 514 

significant across all deletions, ranging from 0.54 (95% CI, 0.30 to 0.78) to 0.73 (95% 515 
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CI, 0.39 to 1.06). Cumulative meta�analysis, ranked by year, demonstrated that results 516 

have been statistically significant since the first study was conducted in 1989,58 but with 517 

a trend towards smaller improvements in physical function with each accumulating year 518 

(from 0.86 in 1989 to 0.66 in 2016). Improvements in physical function were similar to 519 

group�level results when collapsed so that only one ES represented each study (ES, 520 

0.66, 95% CI, 0.31 to 1.01, p = 0.0002; Q = 35.6, p <0.001; �� = 74.7%, 95% CI, 52.8% 521 

to 86.5%, tau2 = 0.21). With four outliers deleted from the model, overall improvements 522 

in physical function were statistically significant but slightly smaller, heterogeneity was 523 

no longer statistically significant, and overall inconsistency was reduced to a level 524 

categorized as very low (ES, 0.57, 95% CI, 0.36 to 0.78, p <0.001; Q = 7.2, p =0.41; �� = 525 

2.7%, 95% CI, 0% to 68.5%, tau2 = 0.003). 526 

  For "���#�assessment was conducted in 13 studies50�54 56�63 using the AIMS, FIQ, 527 

numerical rating scale, tender point count, visual analog scale and the WOMAC. As can 528 

be seen in Table 4, statistically significant (p = 0.017) decreases in pain were found. 529 

Statistically significant heterogeneity was observed while inconsistency was categorized 530 

as large, including both CIs.  The NNT was 6 with a percentile improvement of 23.1% 531 

and an estimated 5.6 million inactive US adults with AORD decreasing their pain if they 532 

started exercising regularly. No statistically significant small�study effects were 533 

observed (p = 0.34). With each result deleted from the model once, results remained 534 

statistically significant across all deletions, ranging from �0.70 (95% CI, �1.21 to �0.19) to 535 

�0.47 (95% CI, �0.80 to �0.15). Cumulative meta�analysis, ranked by year, demonstrated 536 

that results have been statistically significant, and remained statistically significant, 537 

since only 2013. Decreases in pain were similar to group�level results when collapsed 538 
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so that only one ES represented each study (ES, �0.62, 95% CI, �1.16 to �0.07, p = 0.03; 539 

= 123.7, p <0.001; �� = 90.3%, 95% CI, 85.3% to 93.6%, tau2 = 0.75). With ten outliers 540 

deleted from the model, decreases in pain remained statistically significant but smaller, 541 

heterogeneity was no longer statistically significant, and overall inconsistency was 542 

reduced to a level categorized as very low (ES, �0.44, 95% CI, �0.70 to �0.18, p = 0.001; 543 

Q = 1.5, p =0.68; �� = 0%, 95% CI, 0% to 69.5%, tau2 = 0). 544 

  $�"��

��� was assessed in 13 studies50�58 60�63 using the AIMS, Beck Depression 545 

Inventory (BDI), Center for Epidemiologic Studies Depression Scale (CES�D), 546 

Depression, Anxiety and Stress Scale (DASS21), FIQ, HADS, MHI, and VAS.  As can 547 

be seen in Table 4, statistically significant (p = 0.009) decreases in depression were 548 

found. Statistically significant heterogeneity was observed while inconsistency was 549 

categorized as moderate (95% CI = low to large).  The NNT was 6 with a percentile 550 

improvement of 15% and an estimated 5.1 million inactive US adults with AORD 551 

reducing their depression if they started exercising regularly. Small�study effects were 552 

not statistically significant (p = 0.08). With each result deleted from the model once, 553 

results remained statistically significant across all deletions, ranging from �0.52 (95% CI, 554 

�0.68 to �0.37) to �0.32 (95% CI, �0.61 to �0.0.3). Cumulative meta�analysis, ranked by 555 

year, demonstrated that improvements have been statistically significant and remained 556 

stable since 2013. Decreases in depression were similar to group�level results when 557 

collapsed so that only one ES represented each study (ES, �0.38, 95% CI, �0.70 to �558 

0.07, p = 0.02; Q = 45.6, p < 0.001; �� = 73.7%, 95% CI, 54.3% to 84.8%, tau2 = 0.21). 559 

With three outliers deleted from the model, improvements in depression remained 560 

statistically significant, slightly larger, but with non�significant heterogeneity and overall 561 
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inconsistency categorized as very low (ES, �0.43, 95% CI, �0.60 to �0.26, p < 0.001; Q = 562 

5.7, p =0.89; �� = 0%, 95% CI, 0% to 19.3%, tau2 = 0). 563 

  %��
�������
��� was assessed in 12 studies50�57 59 61�63 using the FIQ, Health Assessment 564 

Questionnaire (HAQ), Quality of Life Scale (QOLS), SF�12, and SF�36. As shown in 565 

Table 4, statistically significant (p < 0.0001) improvements in quality�of�life were found. 566 

Statistically significant heterogeneity was observed while inconsistency was categorized 567 

as large (95% CI = low to large).  The NNT was 4 with a percentile improvement of 568 

23.1% and an estimated 8.6 million inactive US adults with AORD improving their 569 

quality�of�life if they started exercising regularly. Statistically significant small�study 570 

effects were observed (p < 0.001). With each result deleted from the model once, 571 

results remained statistically significant across all deletions, ranging from 0.58 (95% CI, 572 

0.35 to 0.81) to 0.70 (95% CI, 0.41 to 0.99). Cumulative meta�analysis, ranked by year, 573 

demonstrated that improvements have been statistically significant since 2001, but with 574 

a trend towards a decrease in the magnitude of effect. Increases in quality�of�life were 575 

similar to group�level results when collapsed so that only one ES represented each 576 

study (ES, 0.63, 95% CI, 0.34 to 0.92, p < 0.001; Q = 30.9, p = 0.001; �� = 64.3%, 95% 577 

CI, 33.9% to 80.8%, tau2 = 0.14). With four outliers deleted from the model, 578 

improvements in quality�of�life remained statistically significant, similar in magnitude, but 579 

with non�significant heterogeneity and overall inconsistency categorized as low (ES, 580 

0.64, 95% CI, 0.39 to 0.90, p < 0.001; Q = 11.4, p =0.18; �� = 29.8%, 95% CI, 0% to 581 

67.5%, tau2 = 0.04). 582 

  &�'������'��������
��"���� (VO2max in ml.kg�1.min�1) was assessed in 5 studies56�58 
583 

61 62 using various maximal treadmill tests while one study used a submaximal step test 584 
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(Canadian Aerobic Fitness Test).  As can be seen in Table 4, statistically significant (p = 585 

0.001) improvements in VO2max were observed. Statistically significant heterogeneity 586 

was observed while inconsistency was categorized as moderate (95% CI = low to 587 

large).  The NNT was 3 with a percentile improvement of 25.7% and an estimated 9.5 588 

million inactive US adults with AORD improving their relative VO2max if they started 589 

exercising regularly. No statistically significant small�study effects were observed (p = 590 

0.18). With each result deleted from the model once, results remained statistically 591 

significant across all deletions, ranging from 1.80 ml.kg�1.min�1 (95% CI, 0.58 to 3.01) to 592 

2.47 ml.kg�1.min�1 (95% CI, 1.25 to 3.69). Cumulative meta�analysis, ranked by year, 593 

demonstrated that improvements have been statistically significant since 2003, but with 594 

a trend towards a decrease in the magnitude of effect over time. Increases in VO2max 595 

were similar to group�level results when collapsed so that only one ES represented 596 

each study (ES, 2.01 ml.kg�1.min�1, 95% CI, 0.59 to 3.44, p = 0.01; Q = 19.4, p = 0.001; 597 

�� = 79.4%, 95% CI, 51.2% to 91.3%, tau2 = 1.7). With outliers deleted from the model, 598 

improvements in VO2max were smaller, with non�significant heterogeneity and overall 599 

inconsistency categorized as low (ES, 1.93 ml.kg�1.min�1, 95% CI, 0.83 to 3.02, p = 600 

0.001; Q = 0.03, p =0.86; �� = 0%, 95% CI, 0% to 0%, tau2 = 0). 601 

  Upper and lower body ��
��
���
������� was assessed in five studies55 57�59 62 using 602 

free weights, grip strength, isokinetic strength and the sit�to�stand test with free weights. 603 

As shown in Table 4, statistically significant (p < 0.001) improvements in strength were 604 

observed. No statistically significant heterogeneity or mean inconsistency was observed 605 

(95% CI = none to moderate).  The NNT was 4 with a percentile improvement of 22.2% 606 

and an estimated 8 million inactive US adults with AORD improving their strength if they 607 

Page 28 of 106

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

BMJ Open

1

2

3

4

5

6

7

8

9

10

11

12

13

14

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

48

49

50

51

52

53

54

55

56

57

58

59

60



For peer review
 only

 
 
29

started exercising regularly. No statistically significant small�study effects were 608 

observed (p = 0.65). With each result deleted from the model once, results remained 609 

statistically significant across all deletions, ranging from 0.50 (95% CI, 0.21 to 0.79) to 610 

0.68 (95% CI, 0.39 to 0.96). Cumulative meta�analysis, ranked by year, demonstrated 611 

that improvements in strength have been statistically significant since the first included 612 

study in 1989.58 Changes in strength were similar to group�level results when collapsed 613 

so that only one ES represented each study (ES, 0.59, 95% CI, 0.33 to 0.85, p < 0.001; 614 

Q = 3.5, p = 0.48; �� = 0%, 95% CI, 0% to 76.2%, tau2 = 0). There were no outliers. 615 

  Insufficient data were available to analyze (&�. The one study that did provide change 616 

outcome results for BMI reported no statistically significant changes.56  617 

'���+���)$�618 

).������*��������619 

  The primary purpose of the current systematic review with meta�analysis was to 620 

examine the effects of exercise (aerobic, strength training, or both) on anxiety in adults 621 

with AORD.  The overall findings, a primary purpose of meta�analysis,65  suggest that 622 

exercise is associated with both statistically significant and practically important 623 

reductions in anxiety among adults with selected types of AORD. These findings are 624 

supported by (1) a magnitude of effect comparable to or greater than anxiolytics,66 (2) a 625 

large percentile improvement of 15.5, (3) a NNT of only 6, (4) a large number of 626 

physically inactive US adults with AORD who could benefit from exercising regularly 627 

(5.3 million), (5) similar findings when examined at the study versus group level, (6) 628 

continued existence of a statistically significant effect when each result was deleted 629 

from the analysis once, (7) similar findings when outliers were deleted and statistical 630 
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heterogeneity was reduced to a non�significant effect and overall inconsistency to zero, 631 

and (8) a consistent finding of improvements in anxiety since the first included study 632 

was reported in 1989.58 Based on GRADE, it was concluded that anxiety was a critical 633 

outcome and that further research would unlikely change the direction of effect. 634 

  While the current findings are encouraging, it is interesting to note that cumulative 635 

meta�analysis revealed a distinct trend for a reduction in the pooled ES over time (from �636 

1.47 in 1989 to �0.40 in 2016) and based on meta�regression, a statistically significant 637 

association between greater reductions in anxiety with older versus more recent 638 

studies. While the specific reasons for this could not be determined, it may be that the 639 

experimental design and conduct of studies have improved over time. However, from 640 

the investigative team’s perspective, it is highly unlikely that the results will become non�641 

significant in future years. The former notwithstanding, the general conclusion that 642 

exercise is associated with reductions in anxiety among adults with selected types of 643 

AORD may need to be viewed with some caution given that the majority of included 644 

studies consisted of participants with fibromyalgia50 51 55 56 59�63 while the remaining 645 

studies included those with osteoarthritis and/or rheumatoid arthritis.52�54 57 58 However, 646 

meta�regression revealed no statistically significant association between type of AORD 647 

and changes in anxiety, thus allowing for the pooling of findings and a resultant increase 648 

in statistical power.  649 

  The final meta�regression model resulted in two statistically significant variables being 650 

included with earlier year of publication and changes in depression associated with 651 

greater reductions in anxiety. These findings further reinforce the influence of year of 652 

publication on changes in anxiety in the current systematic review with meta�analysis, a 653 
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potential reason for such having been previously mentioned. The greater reductions in 654 

anxiety associated with reductions in depression and quality�of�life based on simple 655 

meta�regression as well as depression in the multiple regression model illustrates the 656 

potential interaction between these factors and the difficulty in identifying such, 657 

especially in a systematic review with meta�analysis. Finally, for those studies in which 658 

data were available, 50�63 it is worthy to note that while the focus was on community 659 

deliverable exercise or exercise delivered in other settings in which the exercise 660 

intervention could be adapted for delivery in the community, two were delivered in either 661 

a university50 56 or hospital54 55 and one each in either a hospital and home,53 university 662 

and home,57 YMCA,51 or home only.61  663 

  In addition to statistically significant and practically important improvements in anxiety, 664 

similar improvements were also observed for all secondary outcomes assessed 665 

(physical function, pain, depression, quality of life, VO2max in ml.kg�1.min�1, muscular 666 

strength). These findings are important because unlike pharmacologic interventions that 667 

are usually targeted to address one condition, exercise has the potential to improve 668 

multiple physiological and psychological outcomes. Given the former, it would seem 669 

plausible to suggest that continued efforts be made to increase the exercise and 670 

physical activity levels of adults with AORD. �671 

 �"!����������/������������672 

  There are at least eight implications for the conduct and reporting of future research on 673 

exercise and anxiety in adults with AORD. First, since only five of the studies included 674 

participants with osteoarthritis and/or rheumatoid arthritis, future randomized controlled 675 

trials on exercise and anxiety in these populations appear warranted. Second, exercise 676 
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was performed indoors in the majority of included studies. Given that previous research 677 

has suggested the exercise performed outdoors may have better mood�enhancing 678 

effects than indoor exercise,67 68 future research examining this phenomenon with 679 

respect to anxiety as well as other outcomes in adults with AORD seems appropriate. 680 

Third, future studies should focus on examining the dose�response effects of exercise 681 

on anxiety in adults with AORD and report complete information on the characteristics 682 

of the intervention, including intervention fidelity.69 Such information is critical for the 683 

development of evidence�based recommendations aimed at practitioners. Fourth, since 684 

more than half of the studies were considered to be at high or unclear risk of bias with 685 

respect to allocation concealment, blinding of outcome assessors, and incomplete 686 

outcome reporting, future studies should address these issues in their experimental 687 

design and report such information. Notably, while all included studies were considered 688 

to be at a high risk of bias with respect to blinding of participants, this is difficult for 689 

researchers to address since unlike pharmacologic studies, it is almost impossible to 690 

blind intervention participants to group assignment in exercise intervention studies. 691 

Fifth, given the lack of data on exposure to psychotropic and analgesic medications 692 

before and during the studies, including any changes in medication during the study, it 693 

is suggested that future trials track and report this information, including pharmacologic 694 

equivalence between the intervention and control groups. Sixth, while a lack of data was 695 

reported on how and what level anxiety was assessed, all the studies used instruments 696 

apparently focused on generalized anxiety. However, anxiety is a heterogeneous 697 

construct that includes generalized anxiety disorder, separation anxiety disorder, 698 

selective mutism, specific phobia, social phobia, panic disorder and agoraphobia.70 699 
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Given the former, it is suggested that future studies report detailed information on the 700 

specific types of anxiety they are assessing so as to better identify what exact type(s) 701 

might be affected. Seventh, given previous meta�analytic research by others,71 a focus 702 

on group versus individualized exercise may be preferable because of increased 703 

contact and social support. This may be especially true for ethnic and racial minorities.72 704 

Finally, and collectively, a study in which one might have clinical confidence in the 705 

results of might consist of a randomized controlled trial that (1) uses random sequence 706 

generation, for example, computer random generator, to assign to participants to an 707 

exercise intervention and attention�control group, (2) conceals allocation to group 708 

assignment using an approach such as sequentially numbered, sealed, opaque 709 

envelopes, (3) blinds personnel and outcome assessors to group assignment while 710 

noting the inherent risk that all exercise studies are traditionally unable to blind 711 

participants to group assignment, (4) accounts for incomplete data (dropouts, etc.) by 712 

conducting intention�to�treat analyses, (5) avoids selective reporting of data by providing 713 

results for both statistically significant and non�significant results, (6) includes sedentary 714 

participants with a selected type or types of arthritis and elevated baseline levels of 715 

anxiety, (7) includes valid and reliable instruments for the assessment of the different  716 

types of anxiety based on the most recent version of the Diagnostic and Statistical 717 

Manual of Mental Disorders,70 (8) accounts for potential confounders (age, gender, 718 

race, ethnicity, education, income, pain, physical function, depression, co�morbidities, 719 

baseline levels of anxiety, sleep, medication use before and during the study, other non�720 

exercise and non�medication uptake before and during the study), (9) based on a 721 

theoretical model, conducts group exercise intervention sessions (aerobic, strength 722 
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training, or both), based on the recent Consensus on Exercise Reporting Template,73 723 

(10) examines the mechanisms for changes in anxiety, and (11) conducts cost�724 

effectiveness analysis of the intervention. While these recommendations are focused on 725 

exercise, alternative treatments exist. Thus, the most clinically useful study might 726 

consist of a mega�randomized controlled trial that addresses all currently available 727 

treatments. However, this is probably not realistic. Therefore, an alternative approach 728 

might be to conduct a network meta�analysis that includes both direct and indirect 729 

evidence from randomized trials of all available interventions (exercise, pharmacologic, 730 

etc.).74 To the best of the authors’ knowledge, no such study currently exists.     731 

�"!����������/��� ��������732 

��The results of this study appear to have important implications for practice. First, since 733 

changes in both anxiety and secondary outcomes resulted in statistically significant and 734 

practically important improvements, exercise may be more vital than any other 735 

intervention given the apparent multiple benefits of such. In addition, the magnitude of 736 

effect (�0.40), NNT (6) and percentile improvement (15.5) observed in the current study 737 

were equivalent to a previous meta�analysis on the pharmacological treatment of 738 

generalized anxiety disorder in which the overall SMD effect size was �0.39, the 739 

calculated NNT was 6, and the percentile improvement was15.2.66  While the current 740 

systematic review with meta�analysis was unable to establish with any degree of 741 

certainty the dose�response effects of exercise on anxiety in adults with AORD, it would 742 

appear plausible, given the numerous other benefits that can be derived as well as the 743 

minimal adverse events associated with exercise, to adhere to the Active Adult or Active 744 

Older Adult Guidelines from the Physical Activity Guidelines for Americans Physical 745 
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Activity Guidelines25 as recommended by the Centers for Disease Control and 746 

Prevention.75 Broadly, this includes aerobic activities on most, if not all, days of the 747 

week, muscle strengthening activities at least 2 days per week, balance exercises at 748 

least 3 days per week, and flexibility exercises on a daily basis. However, these 749 

recommendations as applied to exercise and anxiety should be considered with respect 750 

to factors such as the lack of transparency with respect to risk of bias in the included 751 

studies.  752 

��������������(�"���������753 

  There are at least three apparent 
�������
 of the current study. First, to the best of our 754 

knowledge, this is the first systematic review with meta�analysis to examine, as a 755 

primary outcome, the effects of exercise on anxiety in adults with AORD. This is 756 

important given (1) the prevalence of AORD,1 (2) the expected future increase in the 757 

prevalence of AORD,2 (3) the financial costs associated with AORD,3 and (4) the 758 

previously reported finding that the prevalence of anxiety is almost twice that of 759 

depression.8  Second, a novel and recently developed approach, the IVhet model, was 760 

used to pool findings.36 This resulted in more robust estimates than those derived from 761 

the traditional random�effects model.37 This is noteworthy given the need to provide the 762 

most accurate results possible when examining the effects of an intervention on 763 

selected outcome(s).  764 

  While there are several strengths to this study, there are also at least four potential 765 


���������
. First, similar to any aggregate data meta�analysis, the potential for 766 

ecological fallacy exists. Thus, it may be that the observed findings in the current study 767 

would not apply at the individual participant level. Second, and also common to any type 768 
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of aggregate data meta�analysis, meta�regression results do not support causal 769 

inferences because the included studies are not randomly assigned to covariates.47  770 

Therefore, the associations observed in the current investigation would need to be 771 

assessed in appropriately powered randomized trials. Third, while a large number of 772 

statistical tests were conducted, no adjustments were made for such. Thus, some 773 

findings could have been nothing more than the play of chance. However, common to 774 

most aggregate data meta�analyses, no adjustments for multiple testing were made 775 

because of concerns about missing possibly important findings that could be tested in 776 

original trials.45 Fourth, since anxiety was assessed using self�report instruments,50�63 777 

the possibility of reporting bias in the original studies existed.  778 

�)$�(+��)$��779 

��Exercise is associated with reductions in anxiety among adults with selected types of 780 

AORD. However, a need exists for additional, well�designed, randomized controlled 781 

trials on this topic.�782 

�)$����+�)���783 
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In accordance with Primary Reporting Items for Systematics Reviews and Meta�792 

Analyses, our systematic review with network meta�analysis was registered with the 793 

International Prospective Register of Systematic Reviews (PROSPERO) on October 4, 794 

2016 (registration number CRD42016048728).  795 

�)� #��$%��$�#�#����796 

None.  797 

*+$'�$%�798 

This meta�analysis was funded by the National Institutes of Health, National Institute for 799 

Arthritis, Musculoskeletal and Skin Diseases, grant number R01AR061346 (GAK, 800 

Principal Investigator). 801 

'�����&���$%�����#�#$��802 

All data are available upon request from the corresponding author.   803 
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Table 1. Study characteristics. 

����������,���� ��������  ������!����� #2�������

�����.�������

��2�����

������"����

Baptista et al., 

201250  

Brazil Women (N = 80) 18�65 yrs of age with FM assigned 

to exercise (n = 40, age, ×� = 49.5 yrs) or control (n 

= 40, age, ×� = 49.1 yrs) group 

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

for 12 wks 

STAI 

Beltran, 200351 United 

States 

Women (N = 21) 22�65 yrs of age with FM assigned 

exercise (n = 11, age,	×� ± SD  = 50.1 + 12.6 yrs) or 

control (n = 10, age, ×� ± SD  = 53.7 + 6.9 yrs ) 

group 

Aerobic aquatic exercise, 3 x/wk, 25 

min/session, 60�85% MHR, for 10 wks 

AIMS 

Cheung et al., 

2017 52  

United 

States 

Men and women (N=51) > 65 yrs of age with knee 

OA assigned to exercise (n = 28, age, ×�	± SD = 

74.4 ± 7.5 yrs), or control (n = 23, age, ×� ± SD = 

71.8 ± 8.0 yrs) group 

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) 

HADS 

Fransen et al., 

200753 

Australia Men and women (N=96) 59�85 yrs of age with hip or 

knee OA assigned to hydrotherapy (n = 55, age, ×� 

± SD = 70 ± 6.3 yrs), or wait�list control (n = 41, 

age, ×� ± SD = 69.6 ± 6.1 yrs) group 

Hydrotherapy exercises in warm water, 2 

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

DASS21   

French et al., 

201354 

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

OA assigned to  exercise (n = 45, age,	×� ± SD = 

Aerobic & strength training, 30 

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

HADS 
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61.8 ± 9.7 yrs), or control (n = 43, age, ×	� ± SD = 

60.8 ± 9.7 yrs) group 

exercises 

Gowans et al., 

200155 

Canada Men and women (N = 57) with FM assigned to an 

exercise (n = 30, age,	×� ± SD = 44.6 ± 8.7 yrs), or 

control (n = 27, age, ×� ± SD = 49.8 ± 7.3 yrs) group 

Aerobic exercise (2 walking/jogging 

classes in a gym, 1 pool class), 3 x/wk, 

30 min/session, 60�75% MHR, for 23 wks 

MHI, STAI 

Jones et al., 

200856 

United 

States 

Men and women (N = 101) 18�65 yrs of age with 

FM assigned to an exercise (n = 47, age, ×� ± SD = 

49.6 ± 7.7 yrs), or control (n = 54, age, ×� ± SD = 

49.8 ± 7.9 yrs) group  

Aerobic exercise  3 x/wk, 30 min/session,  

40�50% MHR & strength exercise, 3 

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

FIQ (Anxiety) 

Komatireddy et 

al.57 

United 

States 

Men and women (n = 49), 35�76 yrs of age with RA 

assigned to exercise (n = 25, ×� ± SD = 57.7 ± 9.8 

yrs of age, range 40–72 yrs) or control (n = 24, ×� ± 

SD = 60.5 ± 11 yrs of age, range 35–76 yrs) group 

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 

AIMS 

Minor et al., 

198958 

United 

States 

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) 

Aerobic aquatics or walking group, 3 

x/wk, 60 min/session (30 min of this was 

aerobic), 60�80% MHR, for 12 wks  

AIMS 

Munguia�

Izquieerdo & 

Legaz�Arrese, 

Spain Men and women (N = 60) 18�60 yrs of age with FM 

assigned to exercise (n = 35, ×� ± SD = 50.0 ± 7.0 

yrs) or control (n = 25  ×� ± SD = 46.0 ± 8.0 yrs) 

Aerobic aquatic exercise, 3 x/wk, 20�30 

min/session, 50�80% MHR, & strength 

exercise  3 x/wk, 8�20 min/session, 1�3 

STAI 
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200859 group sets, 8�15 reps, for 16 wks 

Sanudo et al., 

201560 

Spain Women (N = 32) with FM assigned to exercise (n = 

16, ×� ± SD = 55.0 ± 8.0 yrs of age), or control (n = 

16, ×� ± SD = 58.0 ± 6.9 yrs of age) group 

Aerobic/interval training, 2 x/wk, 30�35 

min/session, 60�80% MHR, for 24 weeks 

VAS 

Schachter et al., 

200361 

Canada Women (N = 143) 20–55 yrs of age with FM 

assigned to a short bout (n = 56,  ×� ± SD = 41.9 ± 

8.6 yrs of age), long bout (n = 51, ×�	± SD = 41.3 ± 

8.7 yrs of age), or control group (n = 36, ×� ± SD = 

42.5 ± 6.7 yrs of age) 

Low impact, videotape�based, aerobic 

exercise to music. Short bout, 2 x/d, 7.1 

x/wk, 12.3 min/session, 60% HRR; Long�

bout group: 1 x/d, 3.6 x/wk, 24.5 

min/session, 60% HRR, for 16 wks 

FIQ (Anxiety) 

Tomas�Carus et 

al., 200862 

Portugal Women with FM (N = 33) assigned to aquatic 

exercise (n = 17, ×� ± SD = 50.7 ± 10.6 yrs of age) 

or control group (n = 16, ×�	± SD = 50.9 ± 6.7 yrs of 

age) 

Pool exercises performed in warm water, 

3 x/wk, 20 min, aerobic phase, 60�65% 

MHR, strength exercise, 20 min, 4 sets, 

10 reps, for  32 wks 

FIQ (Anxiety), 

STAI 

Tomas�Carus et 

al., 200763 

Portugal Women with FM (N = 34) assigned to aquatic 

exercise (n = 17, ×� ± SD = 51 ± 10.0 yrs of age) or 

control group (n = 17, ×� ± SD = 51 ± 9.0 yrs of age) 

Pool exercises performed in warm water, 

3 x/wk, 20 min, aerobic phase, 60�65% 

MHR, strength exercises, 20 min, 4 sets, 

10 reps, for 12 wks 

FIQ (Anxiety) 

Notes: Description of groups from each study limited to those that met the criteria for inclusion; ×� ± SD, mean + standard deviation; AIMS, Arthritis 

Measurement Impact Scale; DASS21, Depression, Anxiety and Stress Scale;  FIQ, Fibromyalgia Impact Questionnaire; FM, fibromyalgia; HADS, 

Hospital Anxiety & Depression Scale; HRR, heart rate reserve; MHI, Mental Health Inventory; min, minutes; MHR, maximum heart rate; STAI, 
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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 ×� + SD Median Range Groups/Participants ×� + SD Median Range 

Age (years) 14/458 53.4 + 9.7 50 41 – 74 13/349 54.9 + 8.8 50 43 � 72 

BMI (kg.m2) 7/204 29.0 + 1.5 29 27 � 31 7/170 28.4 + 1.7 28 27 – 31 

VO2max (ml.kg�1.min�1) 7/245 21.3 + 2.3 21 19 – 24 5/101 20.7 + 2.7 21 17 – 24 

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

body mass index; VO2max, maximum oxygen consumption.
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Table 3. Exercise program characteristics. 

Variable Groups/Participants ×� + SD 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 (adj) 7/277 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;		×� + 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). 

Variable  ES (#) Participants (#) ×� (95% CI) Q (p) �
�
 (95% CI) �	 

Primary outcome       

� Anxiety 16 883 �0.40 (�0.65, �0.15)* 40.3 (<0.001)** 62.8 (36.2, 78.3 0.14 

Secondary outcomes       

� Physical function 12 677 0.66 (0.34, 0.97)* 36.0 (0.0002)** 69.4 (44.5, 83.1) 0.19 

� Pain 15 803 �0.62 (�1.12, �0.11)* 128.6 (<0.001)** 89.1 (83.7, 92.7) 0.75 

� QOL 13 730 0.63 (0.35, 0.91)* 32.4 (0.001)** 63.0 (32.7, 79.7) 0.15 

� Depression 15 813 �0.38 (�0.67, �0.10)* 46.3 (<0.001)** 69.7 (48.6, 82.2) 0.20 

� VO2max (ml
.
kg

�1.
min

�1
) 7 346 2.01 (0.85, 3.2)* 20.2 (0.003)** 70.3 (35.0, 86.4) 1.40 

� Muscular strength  6 261 0.59 (0.33, 0.85)* 3.9 (0.6) 0 (0, 67.1) 0 

Notes: ES, effect size; #, number;  ×� (95% CI), mean effect size and 95% confidence interval; Q (p), Cochran Q statistic and alpha value for Q; �
�
 

(95% CI), I�squared and 95% confidence interval; �	, 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). 

Variable Coefficient + SE � (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)* �115.19 to  �26.24 

Notes: SE, standard error; �, t�value; p, alpha value for �; CI, confidence interval. 
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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. 

�

�+  (#�#$���,�*�(#��

Supplementary File 1. Search strategy for PubMed. 

Supplementary file 2. List of excluded studies, including reasons for exclusion. 

Supplementary file 3. Study�level risk of bias results using the Cochrane Risk of Bias 

Assessment Instrument.  

Supplementary file 4. Simple meta�regression results with changes in anxiety as the 

outcome. 

Supplementary file 5. Evidence profile for changes in anxiety based on GRADE. 
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Query Translation: 

(("exerc�se"[MeSH Terms OR "exercise"[All Fields]) OR 
("exercise" [MeSH Terms] OR "exercise" [A:.l Fields] OR 
("physical" [A_l Fields] �.ND "activity" [All Fields J) 
OR "physical activity"[All F�elds) OR ("physical 
fitness" WeSH Terms] OR ("physica "[A l Fie ds) 
�-rn "fitness" [�-11 Fields]) OR "ph1•sica_ fitness" [All 
Fie ds)) CR ("physical therapy modalities"[MeSH Terms} OR 
("physical" [All Fields] �.ND "therapy" [A:.l Fields] 

lUD "modalities" [All Fields]) OR "physical therapy 
modalities"[All Fields) OR ("physical"[All Fields] 
I Search II� 
Result 
167 

Translations: 

exercise 

physical 
activity 

·exercise"[MeSH Terms) OR "exercise1AII Fields] 

"exercise"(MeSH Terms) OR "exercise1AII Fields) OR ("physical"[AII Fields) AND 
"activity"[AII Fields]) OR "physical activity"[AII Fields] 

physical 
fitness 

"physical fi1ness"[MeSH Terms] OR rphysical1AII Fields] AND "fi1ness"[AII Fields)) 
OR "physical fitness"[AII Fields) 

physical 
therapy 

"physical therapy modalities"[MeSH Terms) OR ("Jhysical"[AII Fields) AND 
"therapy"[AII Fields) AND "modalities"[AII Fields]) OR "physical therapy modalities"(AII 
Fields) OR rphysical1AII Fields) AND "therapy"[AI Fields)) OR "physical therapy"[AII 
Fields) 

osteoarthritis 'osteoarthritis1MeSH Terms] OR "osteoarthritis"[AII Fields] 

rheumatoid 
arthritis 

arthritis 

fibromyalgia 

anxiety 

"arthritis, rheumatoid"[MeSH Terms] OR rarthritis"[AII Fields] AND "rheumatoid"[AII 
Fields)) OR "rheumatoid arthritis"[AII Fields] OR ("rheumatoid"[AII Fields] AND 
"arthritis"[AII FieldsD 

'arthritis"[MeSH Terms] OR "arthritis"[AII Fields] 

"fibromyalgia1MeSH Terms] OR "fibrornyalgia"[AI Fields] 

"anxiety"[MeSH Terms) OR "anxiety"[AII Fields) 

https:/fwww .ncbinlm.nih.gov/pubmed/details?querykE!)=9 11512017 

Supplementary file 1. PubMed search
Details - PubMed- NCBI 

Search Details 
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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 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. Behçet'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. 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 

15. 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 

16. 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 

17. 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 

18. 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 

19. 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 

20. 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 

21. 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 

22. 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 

23. 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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24. 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 

25. Arnold LM, Arsenault P, Huffman C, et al. Once daily controlled-release pregabalin 
in the treatment of patients with fibromyalgia: A phase III, 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 

26. 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 

27. 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 

28. 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 

29. 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 

30. 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 

31. 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 

32. 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 

33. 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 

34. 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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35. 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 

36. 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 

37. 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 

38. 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 

39. 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 

40. 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 

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

42. 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 

43. 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 

44. 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 

45. 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 

46. 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 

47. 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 

48. Bennett R, Russell I, 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 

49. 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 

50. 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 

51. 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 

52. 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 

53. 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 

54. 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 

55. 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 

56. 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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Supplementary File 3. Study-level risk of bias results using the Cochrane Collaboration Instrument.  

Reference Random 

Sequence 

Allocation 

Concealment 

Blinding 

(Participants & 

Personnel) 

Blinding 

(Outcome 

Assessors) 

Incomplete 

Outcome Data 

Selective 

Reporting 

Inactive 

Baptista et al., 201240  low low high low low low unclear 

Beltran, 200341 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., 201344 low low high high low unclear unclear 

Gowans et al., 200145 low unclear high low low unclear unclear 

Jones et al., 200846 low unclear high unclear low unclear low 

Komatireddy et al.47 low unclear high low low unclear unclear 

Minor et al., 198948 low unclear high unclear unclear unclear low 

Munguia-Izquieerdo & 

Legaz-Arrese, 200849 

low unclear high low low unclear low 

Sanudo et al., 201550 low unclear high unclear unclear unclear unclear 

Schachter et al., 200351 high high high unclear low unclear low 

Tomas-Carus et al., 

200852 

low low high low low unclear low 

Tomas-Carus et al., 

200753 

low unclear high unclear unclear unclear low 
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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 R2 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 .13 .02 0.2(0.69) 

- Type of control (exposure vs. no exposure)a 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)b 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 .12 15.9(0.001)* 

- Type of analysis (abp vs itt)c  19 .21 .05 0.89(0.36) 

- Test used (STAI and FIQ vs. AIMS)d,e  19 .41 .17 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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Exercise Intervention Characteristics     

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) 

Length of training (weeks) 16 .16 .51 .44(0.52) 

Frequency of training (times/week) 14 .02 .0004 .01(0.92) 

Duration of training (min/session) 12 .43 .18 7.7(0.02)* 

Compliance (% of exercise sessions attended) 8 .04 .001 .02(0.90) 

Minutes of training per week  11 .61 .37 33.1(.0003)* 

Minutes of training per week (adjusted for compliance) 7 .17 .03 .19(0.68) 

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) 

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)* 

Participation (group or self vs. both) 16 .49 .24 4.20(0.04)* 

Adverse events (yes vs. no) 5 .23 .05 .17(0.71) 

Changes in Secondary Outcomes     

Physical function 12 .26 .07 0.87(0.37) 

Pain 15 .09 .008 0.32(0.58) 

Depression 13 .35 .12 7.49(0.01)* 

Quality of life 13 .79 .63 45.8(<0.001)* 

VO2max (ml.kg-1.min-1) 7 .62 .38 2.27(0.19) 

Muscular strength 6 0.30 .09 .30(0.61) 

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

Fibromyalgia Impact Questionnaire; AIMS, Arthritis Impact Measurement Scale; a, Exposure, includes 

attention control, usual care and other types of exposure while no exposure, includes nonintervention and 

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

to blind participants to exercise interventions;c,number of groups exceed 16 because two studies reported 

results for both abp and itt analysis;  d, insufficient number of outcomes to include the DASS, HADS, MHI 
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and VAS; e, number of groups exceed 16 because three studies reported anxiety results using two different 

instruments;  
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Supplementary file 5. GRADE results.

Author(s): What are the effects of exercise (aerobic, strength training, or both) on anxiety in adults with arthritis and other rheumatic diseases? Date July 3, 2017 

Question Exercise compared to control for reducing anxiety in adults with arthritis and other rheumatic diseases 

Setting Home, Facility, Both 

Quality assessment N! of patients 

N!of Study Risk of 
Inconsistency Indirectness Im precision 

Other 
control 

studies design bias considerations 
exercise 

Anxiety (follow up: mean 15.8 weeks; assessed with: Various sel f -report instruments) 

14 randomize d not not serious not serious not serious publication bias 514 369 
trials serious strongly 

suspected 
all plausible 
residual 
confounding 
would reduce the 
demonstrated 
effect' 

Ct: Confiderce interval; SMD: Standardized mean difference 

Explanations 

Effect 

Relative Absolute 
(95%CI) (95%CI) 

not SMD0.4 
estimable - SD lower 

(0.65 
lower to 

0.15 
lower) 

Quality  Importance 

E9E9E9E9 CRITICAL 

HIGH 

a Statistically significant small-study effects, suggesting the possibility of publk;ation bias; possitJe confounding by year of publication, with the magnitude of effect over time smaller 
with more re:;ent studies. 
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