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ABSTRACT

Background: Fibromyalgia (FM) disorder commonly involves musculoskeletal widespread pain
and other symptoms like fatigue, sleep disruption, depression and anxiety and is associated with
disability, work disability and high health care utilization. An integrated approach combining
pharmacological and non-pharmacological treatments is advised to manage the disorder. Among
the non-pharmacological interventions exercise has been shown to help; however, details about

effectiveness of different types of interventions remain unknown.

Objectives: The objective of this dissertation was to synthesize the evidence on the effectiveness
of: a) Aquatic exercise interventions for adults with FM as reported in randomized control trials
(RCTs), and b) any physical activity interventions for adults with FM as reported in systematic
reviews. This was done by conducting a Cochrane systematic review of an aquatic training

intervention and second, synthesizing the effectiveness of a variety of exercise interventions.

Methods: For the Cochrane systematic review, nine electronic databases were searched.
Selection criteria included full text publication of a RCT including an aquatic exercise
intervention (AQ) (exercise in water was >50% of the full intervention) and provision of
between-group outcome data. Pairs of reviewers independently screened and selected articles,
assessed risk of bias, and extracted data on 24 outcomes. Effects of the interventions were
evaluated using mean, standardized mean differences and 95% confidence interval (MD/SMD
[95% CI]). Specific computer software designed for meta-analysing and evaluating the quality of
evidence were used (i.e RevMan, GradePro). The second review, the synthesis of a variety of
exercise interventions or umbrella systematic review, inspected six electronic databases for the
January 1% 2007 to March 31%t 2012 period. We included systematic Cochrane and non-
Cochrane reviews that reported on the effects of any physical activity intervention for adults with
FM. Pairs of reviewers independently screened and selected articles, assessed quality of the
reviews using a valid and reliable tool (AMSTAR tool), and extracted data on four outcomes.
Effects of the interventions were evaluated using standardized mean differences and 95%
confidence intervals (SMD [95% CI]). We planned to use RevMan software for meta-analysis
but due to heterogeneity of the reviews this was not done.



Results: The Cochrane review examined 16 aquatic exercise training studies (n = 881). Nine
studies compared aquatic exercise to control, five studies compared aquatic exercise to land-
based exercise, and two compared aquatic to a different aquatic program. The aquatic vs control
studies provided low to moderate quality evidence suggesting that aquatic training is beneficial
for wellness, symptoms and fitness in adults with FM. The aquatic vs land group results
suggested very low to low quality evidence that there are no differences in benefits between
aquatic and land-based exercise except in muscle strength (very low quality evidence favoring
land). In examining aquatic vs aquatic meta-analyses was not possible and only one difference in

a major outcome was found.

The umbrella systematic review synthesis of information (n-= nine systematic reviews) found
positive results for diverse exercise interventions on pain, multidimensional function, and self-
reported physical function and no conclusive evidence for new (to FM) physical activity mode
(i.e. gigong, tai chi). There are however, methodological weaknesses in some of the reviews
which reduce applicability of the research to clinical practice. Adverse effects reported suggest

there was no serious harm performing physical activity for individuals with FM.

Conclusions: Exercise interventions have the potential to positively impact individuals with FM
including several outcomes like quality of life, physical functioning and pain. While some
interventions had statistically significant results, methodological limitations prevented us from
arriving at conclusions regarding particular elements and modes of exercise that will help inform
health professional’s clinical practice. On the other hand, some preliminary analysis showed that
variables like age, disease duration, disease severity and pain intensity warrant further
exploration. A rigorous scientific process (or quality research) as the precursor of quality
evidence is crucial for validity and credibility of the information and our future understanding of

the effectiveness of exercise interventions for individuals with FM.
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DEDICATION
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That'’s the answer — that is why | do this work.



TABLE OF CONTENTS

PERMISSION TO USE

ABSTRACT ---ii
ACKNOWLEDGEMENTS =-mmmmm e 1\
TABLE OF CONTENTS Vi
LIST OF TABLES Xi
LIST OF FIGURES xii
LIST OF ABBREVIATIONS -------mm oo Xiii
PREFACE -- XVi
CHAPTER ONE: INTRODUCTION =--mmnmmmm oo oo 1
1.1 The Prevalence of Fibromyalgia and Health Care COStS-----------=-==-=-==-m-mmmmm oo 2
1.2 Diagnosis and Management of FM -3
1.2.1 GenetiC FaCtOrs -------mmmmmmm oo oo 4
1.2.2 Stress 4
1.2.3 Neural Structures and Function 5
1.2.4 Muscular PhySiology----=-====n=mmmm e e o o e o e e 5
1.3 Research Objectives 7
1.4 General Overview of Study Methodology 7
1.5 Rational and Relevance of the Study -8
CHAPTER TWO: AQUATIC EXERCISE TRAINING FOR FIBROMYALGIA -------------- 14
2 Manuscript #1 15
2.1 Background 20
2.1.1 Description of the condition 20
2.1.2 Description of the intervention 22
2.1.3 How the intervention might work 23

Vi



2.1.3.1 Pathophysiological Changes Associated with FM 23

2.1.4 Why it is important to do this review 24
2.2 Objective 24
2.3 Methods 24

2.3.1 TYPEeS OF StUIES —---m-mmmmmmm oo oo 24

2.3.2 Types of partiCipants ----------=-=-=-mmm oo 24

2.3.3 Types of INterventions —-------=-=-m-mmm oo 25

2.3.4 Types of outcome measures 26

2.3.5 Search methods for identification of studies ---------=====-=-m-memmmmmmmm oo 34

2.3.5.1 Electronic searches -35
2.3.5.2 Searching other resources 35
2.3.6 Data collection and analysis 35
2.3.6.1 REVIEW tBAIM === m e e oo 35
2.3.6.2 Selection of studies - 36

2.3.7 Data extraction and management 36

2.3.8 Assessment of risk of bias in included studies ---------=-=-=-=--e-mmmommmm oo 36

2.3.9 Assessment of congruence of interventions with exercise guidelines ---------------- 37

2.3.10 Measures of treatment effect 38

2.3.11 Unit of analysis 1SSUES -----==-=mmmmm oo oo 39

2.3.12 Dealing with missing data -39

2.3.13 Assessment of heterogeneity 39

2.3.14 Assessment of reporting biases 39

2.3.15 Data SYNtNESIS ===mnmmmmmmmm oo oo oo e 40

2.3.15.1 Subgroup analysis and investigation of heterogeneity 40

2.3.15.2 Sensitivity analysis 41

Vii



2.3.15.2.1 Summary of findings tables --------=-=-==msmm e 41

2.4 Results 42
2.4.1 Results of the Search ---------=-=m-momm e 42
2.4.2 InCluded Studi@S---=-=-====mnmmmmmm oo 43
2.4.3 Description of intervention -43

2.4.3.1 Aquatic vs Control: -43
2.4.3.2 Aquatic vs Land-based Training 47
2.4.2.3 Aquatic vs Aquatic - 48
2.4.4 Excluded Studigs-===========mmmmmmmm e e e eee 49
2.4.5 Risk of bias in included studies 49
2.4.5.1 Allocation (selection bias) 49
2.4.5.2 Blinding (performance bias and detection bias) 50
2.4.5.3 Incomplete outcome data (attrition bias) ----------=-====msmmmmmmmmmm e 50
2.4.5.4 Selective reporting (reporting bias) --------=-===-mmmmmm e 51
2.4.5.5 Other potential sources of bias 53
2.4.6 Effects of the intervention ---54
2.4.6.1 Aquatic vs control ---54
2.4.6.2 Aquatic exercise training vs land-based training 60
2.4.6.3 Aquatic vs aquatic - 62
2.4.6.4 Subgroup analysis --- 63

2.5 Discussion 69
2.5.1 Summary of main results --- 69
2.5.2 Overall completeness and applicability of evidence --74

2.5.2.1 COMPIELENESS ~-=-=mmmmmmm oo oo e 74

2.5.2.2 Applicability of evidence 76

viii



2.5.3 Quality of the evidence

2.5.4 Potential biases in the review process

78

2.5.5 Agreements and disagreements with other studies or reviews

78

2.6 Conclusions

2.6.1 Implications for practice

2.6.2 Implications for research

APPENDICES

81

CHAPTER THREE: AN UMBRELLA SYSTEMATIC REVIEW WITH SYNTHESIS OF

BEST EVIDENCE

3 Manuscript #2

3.1 Background

3.2 Methods

3.2.1 Sources and searches

3.2.2 Study selection

3.2.3 Quality assessment

3.2.4 Data extraction

3.2.4.1.Key features of the RCTs

3.2.4.2 Overlap among RCTs included in the systematic reviews

3.2.4.3 Data synthesis: Analysis and classification of RCTs

3.2.4.4 Findings and conclusions from systematic reviews

3.3 Results

3.3.1 Search Results

3.3.2 Quality Assessment

3.3.3 Key features of the reviews

3.3.4 Other important components of the nine reviews

142
143
146
147
148
148
149
150
150
151
151
151
151
151
152
156



3.3.5 Overlap 169

3.3.6 Data synthesis 170
3.3.6.1 Main findings from systematic reViews; ------=-=-=====mmnmmmmmmmmmmm oo 170

3.3.6.2 Parameters: Frequency, intensity, and duration 175

3.3.6.3 Findings: Sub-group comparisons on exercise parameters ------------------ 181

3.4 Discussion 185
3.4.1 Methodological concerns --187

3.4.2 Evidence based practice ----188

3.4.3 Strengths and limitations of the study 189

3.4.4 Implications for research --191

3.4.5 Implications for practice ----193

3.5 Conclusion 193
APPENDICES 206
CHAPTER FOUR: DISCUSSION AND CONCLUSION -=-========nmmmmmmmm oo oo 217
4.1 Broad aim and specific objectives --218
4. 2 Principal findings 218
4.2.1 Effectiveness of physical activity interventions --------=--====mmsmmmmmmmmmemmmeeeeee 215

4.3 Overall strength and limitations ----220

4.3 Implications and future directions --222




LIST OF TABLES

Table 2.1

Table 3.1

Table 3.2

Table 3.3

Table 3.4

Table 3.5

Table 3.6

Table 3.7

Table 3.8

Table 3.9

Table 3.10

Table 3.11

Table 3.12

Table 3.13

Cardiorespiratory exercise intensity: Comparison of methods ....................... 26
PICO-TS framework ..o 149
Systematic Review Screening (CONSENSUS) ......vevreririnreneaniireireneeneanennns 154
AMSTAR consensus scores and qUESLIONS. .........vvueerriiieinieiieneeineannaenans 155
Characteristics of the Included Reviews..............ooooiiiiiiiiiiiiii 158
Number of RCTs overlapped by review..........coooiiiiiiiiiiiiiiiceiiie 170

Results of meta-analyses of intervention vs control on pain, multidimensional

function and physical function as reported in the included reviews................ 172
Results of analyses of attrition as reported in the included reviews................ 173
Results of analyses of adverse effects as reported in the included reviews........172
Exercise parameters of included RCTs ..........ooooiiiiiiiiiiiie 178
Sub-group analysis: Effect of frequency of training......................cooennn 181
Sub-group analysis: Effects of exercise intensity...............cooevivviiiniininnn 183

Sub-group analysis: Effect of total quantity of exercise (session/week x weeks) in

10011010 L1 <R 184

Sub-group analysis: Effect of duration in weeks.................coiviiiiniin.. 184

Xi



LIST OF FIGURES

Figure 2.1

Figure 2.2
Figure 2.3
Figure 2.4

Figure 2.5

Figure 2.6
Figure 3.1
Figure 3.2
Figure 3.2a
Figure 3.2b

Figure 3.2¢c

Aquatic review: formula for calculating standard deviations of change scores

based on pre and post-test standard deviations...................ccccoiiiiiiiininn.., 39
Aquatic review: Flow diagram...............cooooiiiiiiiiiiii e 45
Aquatic review risk of bias summary................oooiiiii e 52
Aquatic review risk of bias graph..............ooo 54

Aguatic review interventions long term effects on wellness and symptom

OULCOIIIES . . . e ettt et ettt et et et et et et ettt ettt e e et et e et e e aeeens 59
Aquatic review: Interventions long term effects on fitness outcomes............... 60
Umbrella systematic review flow diagram................coooiiiiiiiiiniii .. 153

Description of quantity of exercise in the RCTs included in the nine reviews...176

Frequency of exercise sessions (times per week) ... 176
Session duration (time in minutes of eXercise per Session) ....................... 176
Length of the intervention (in Weeks)..........c.ooeiiiiiiiii i 176

xii



LIST OF ABBREVIATIONS

1RM

6MWT
AAU

AB

ACR
ACSM
AE

AIMS
AQ
AMSTAR

Bal

BB

BC

BDI
Biof
CAM
CBT
CES-D
Cl (LL-UL)
Comp
Coord
DWR
ED
EPICOT

One repetition maximum

6 Minute Walk Test

Activity as Usual

Angela Busch

American College of Rheumatology
American College of Sports Medicine
Aerobic

Acrthritis Impact Measurement Scale
Aguatic

A measurement tool to assess methodological quality of systematic
reviews

Balneotherapy

Brenna Bath

Before Christ

Beck Depression Inventory

Biofeedback

Complementary and alternative medicine
Cognitive behavioural therapy

Center for Epidemiologic Studies - Depression
Confidence interval (lower limit-upper limit)
Composite intervention

Coordination

Deep water running

Education

Evidence, population, intervention, comparator, outcomes and timestamp

EuroQol-5d/EQ-5D European quality of life scale

xiii



FIQ

FM

FSHC

FX

HAQ
HRmax
HRQL

ITT

JB

Lblood * min
LPA

MD

MDF

Meds

ml Oz / L blood
MVC

MX

n

N

NNT
OMERACT
PA

PGWB

PF
PICO-TS

PNF
POMS

Fibromyalgia Impact Questionnaire
Fibromyalgia

Fibromyalgia self-help course
Flexibility

Health Assessment Questionnaire (disability scale)
Maximum heart rate

Health related quality of life
Intention to treat

Julia Bidonde

Liter of blood per minute

Leisure physical activity

Mean differences
Multidimensional function
Medication

Millilitres of oxygen / liter of blood
maximal voluntary contraction
Mixed exercises

Number of studies

Number of participants

Number needed to treat

Outcome Measures Rheumatology
Physical activity

Psychological General Well-being

Physical Function

Population, Intervention, Comparators, Outcomes — Time frame, Study

type
Proprioceptive neuromuscular facilitation

Profile Mood States

Xiv



PRISMA
PWC170
RCT
Relax
RET
RevMan
ROM
RPE

RR
SCL-90-R
SD
SF-36/12

SM
SMC

SMD

SMT
SPA
ST
SR
TAU
TENS
TP
U
VAS
VO2 max
Wk(s)

Preferred Reporting Items for Systematic Review and Meta-Analysis
Physical work capacity (estimated at 170 heart rate per minute)
Randomized controlled trial

Relaxation

Resistance Training

Review Manager

Range of motion

Rate of perceived exertion

Risk ratio

Global Severity Index of the Symptom Checklist 90

Standard deviation

Short Form Health Survey

Steve Milosavljevic

Standard medical care
Standardized mean differences

self-management treatment

a resort providing therapeutic bath, mineral springs, or health treatments
Strength

Systematic review

Treatment as usual

Transcutaneous Electrical Nerve Stimulation

Tender point

United States

Visual analogue scale

Maximal oxygen consumption (V-volume — O2 — oxygen)

Week(s)

XV


http://www.medicine.usask.ca/pt/faculty-and-staff/faculty-photos-and-biographies/steve-milosavljevic/index.html

PREFACE

This dissertation is arranged in four chapters. Chapter One is an introduction to the
dissertation and includes an overview of the study design, overarching research objectives and
potential relevance of the research findings. Chapter Two and Three address the research
objectives outlined in Chapter One and are written so that each can be read independently as a

stand-alone manuscript.

The first manuscript (presented in Chapter Two) describes a systematic review which
examines the effectiveness of aquatic exercise training interventions for individuals with
fibromyalgia (FM) (research objective ‘a’). The first manuscript in this dissertation is part of an
ongoing update of a systematic Cochrane review publication on the effectiveness of physical
activity interventions for individuals with FM done by a Cochrane team. The manuscript in this
dissertation is one of six planned by the team; after the six reviews proposed are completed, an
overview of reviews (a review of all six Cochrane reviews planned by the team) will take place.
Despite describing this first manuscript as part of an ‘update’, it is worth mentioning this
manuscript is a stand-alone comprehensive and thorough Cochrane systematic review. The team
is made up of twelve members from across Canada, including two consumers, one librarian, and
nine reviewers that work with the support of the musculoskeletal group at the Cochrane
Collaboration. Reviewers came from the following backgrounds: physiotherapy, dietetics and
community health and epidemiology (PhD Candidate). The manuscript in this dissertation
describes work conducted through a collaborative approach with the team which has been
engaged doing data screening and extraction, participating in meetings and discussions,
reviewing and approving the final draft of the manuscript, as well as disseminating findings to
multiple audiences. Even though the team efforts are recognized, the researcher (JB) was the

main leader for this manuscript.

The second manuscript (presented in Chapter Three), an umbrella systematic review (a
review of Cochrane and non-Cochrane reviews), examines the effectiveness of physical activity
interventions presented in systematic reviews in the last five years (research objective ‘b’). The
main goal of this project was to systematically identify published systematic reviews of exercise
interventions for individuals with fibromyalgia and comprehensively describe and synthesize

their methods, results and conclusions. This study explored the effectiveness of different exercise

XVi



interventions for individuals with fibromyalgia across sufficiently similar review questions.
Description of the quality of the evidence on the effectiveness of exercise interventions for
individuals with fiboromyalgia were provided as well as a collection, classification and summary
of evidence for individuals with fibromyalgia; and a synopsis of best evidence, to outline where
the evidence is lacking and identify areas of future research. Following the manuscripts, Chapter
Four presents a summary and in-depth analysis and interpretation from all reviews, the clinical

implications of findings and directions for future research.
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CHAPTER ONE

INTRODUCTION



Fibromyalgia (FM) is a common disorder involving widespread pain and tenderness
with coexisting symptoms such as fatigue, sleep disturbances, anxiety, depression, which are
associated with disability and physical de-conditioning [1]. The disorder is known to have an
impact on individual’s quality of life. This chapter introduces the prevalence and health care
cost associated with FM and background regarding the pathophysiology of the disorder. Finally,
the research objectives, methods, rational and relevance of the research described in this

dissertation are introduced.

1.1 The Prevalence of Fibromyalgia and Health Care Costs
Branco [2] suggests that the prevalence of FM in the general population is estimated to

be between 0.5 and 5%. In the United States (US) the prevalence has been estimated at 2% of
the adult population (18 years of age and older) with a disproportionate representation among
females than males (3.4% female to 0.5% male) [3;4]. The Canadian statistics are similar to the
US where the self-reported prevalence of FM has been estimated at 1.1% across all ages, again
with female diagnoses outnumbering male diagnoses (1.83% female to 0.33% male) [5]. The
average age of onset of the disorder is between 30 and 50 years, increasing with age and then
dropping off in the oldest age groups (80+ years) [6]. Although no recent prevalence studies of
FM have been published and an early study by Neuman [7] suggested the prevalence of FM
varies according to age groups from 1% in the 18-29 age group to 7% in the 70-79 age group.
Similarly, results from The London FM study conducted in Canada [8] confirms that prevalence
rises with age in females from less than 1% in women 18-30 to almost 8% in women 55-64
years to later on decline. In men, the prevalence also increases with age peaking at 2.5% in the
45-54 age group [9]. Prevalence rates among some European countries (France, Germany, Italy,
Portugal, Spain) are estimated to range from 1.4% (France) to 3.7% (Italy) with fibromyalgia
diagnoses being twice as common in females [2]. However, similar to other rheumatologic
conditions, the prevalence of fibromyalgia in China is substantially lower than in Western
countries at about 0.05% [10]. It is unclear why there are international discrepancies in the
prevalence of FM, but differences in diagnosis practices might be one explanation [8].
Fibromyalgia is commonly associated with many other complaints including depressive

and anxiety symptoms through the lifespan [11]. Other medical disorders associated with FM,



sometimes difficult to explain and control, are migraine headaches, irritable bowel syndrome,
chronic fatigue, chronic pelvic pain, sleep disorders, and sleep apnea. [12].

FM is linked with high utilization of health care resources including primary care visits,
specialist consultations (including physical therapy), pain related medications, hospitalizations
and diagnostic procedure [13-15]. It is recognized that establishing a diagnosis of FM is not
accomplished quickly. Due to the absence of laboratory test results and the symptoms that
overlap with other conditions, it is estimated that it takes an average of five years to get an
accurate diagnosis [16]; which may create concerns for individuals and increase health care
services utilization. Hughes [17] showed that the rate of all primary care visits was considerably
higher in FM cases compared with matched controls 10 years prior and 2.5 to 3 years after
diagnosis. Neuman [7] also showed that a greater proportion of individuals with FM had
physician visits and applied for disability benefits compared to those without FM. Also, the
rates for prescriptions and number of diagnostic tests performed are significantly higher in
individuals with FM compared with controls [17]. Data suggests health care utilization and
costs expended by individuals with FM are (three times) higher when compared to a control
group [17;18]. As stated above, individuals with FM have a high prevalence of comorbidities
which compromises their wellness substantially, including work productivity [3] and social

aspects of life.

1.2 Etiology of FM
The American College of Rheumatology (ACR) started utilizing the term

“fibromyalgia”. Terms such as muscular rheumatism or fibrositis were used in the past to
describe poorly understood chronic pain syndromes believed to be caused by inflammation
[19;20]. The ACR has not only introduced the term “fibromyalgia” but also published a set of
diagnostic criteria in 1990s that is still widely used. The ACR criteria include widespread pain
for greater than three months and presentation of pain on palpation of 11 or more of 18 specific
tender points in the body with application of pressure applied with the dominant pad
perpendicular to each site and the force increased by approximately 1 kg per second until 4 kg
of pressure [21]. Diagnosis according to ACR also requires: a) pain on both left and right sides
of the body, b) pain above and below the waist, and c) axial pain. However, in recent years the

utility of this method has been criticized for failing to address the extent of other key somatic



complaints and secondary symptoms of FM; new diagnostic criteria (stressing the importance
of symptoms and not requiring tender points) have been introduced by ACR [22;23].

The 1990’s ACR criteria are still widely used by rheumatologists and other specialists
for diagnostic purposes. The etiology of FM remains unknown; however, several factors have
been implicated in the pathophysiology of FM, including genetic factors, stress, changes in
neural structures and function, muscular physiology, hormonal factors, and inflammatory
markers [24]. Although the exact origin of the disorder has not been found, research today
points to several underlying factors eventually leading to the diagnosis of FM.

1.2.1 Genetic Factors
Early uncontrolled family studies as well as a recent large controlled study provided

evidence for genetic factors suggesting that inherited factors may be involved in pain sensitivity
in families of individuals with FM [25]. Roizenblatt [26] observed 34 children with FM and
found that 71% of their mothers had undiagnosed FM. Yunus [27] observed 37 multicase
families with FM with at least two affected first-degree relatives and found that 74% of the
probands’ siblings, 53% of children, and 30% of parents had FM. As well, there is evidence
that FM co-aggregates in families with major mood, anxiety, and eating disorders, irritable
bowel syndrome, and migraine [28] suggesting FM may have some underlying physiologic
commonalities with some psychiatric and medical disorders. Although FM aggregates in
families, no clear FM gene(s) has been identified yet.

1.2.2 Stress
Stress and environmental stressors have been linked to the development of FM either as

predisposing, triggering or perpetuating factors; individuals with FM often report the onset of
symptoms after a substantial stress event of period of their life [28]. Other psychosocial
difficulties such as adverse life events, poor relationship with primary care takers, unsupportive
emotional persons in their lives as well as feelings of insecurity are linked to the development
of FM. The literature reports links to different types of abuse and psychological trauma [29]
with higher prevalence rates of all forms of childhood and adult victimization, emotional abuse,
physical abuse, emotional neglect, and post-traumatic stress in individuals with FM which all

contribute to the experience of chronic stress [28].



1.2.3 Neural Structures and Function
There is evidence that FM is associated with increased sensitivity to pain throughout the

body and a decreased capacity of descending nociceptive controls indicating dysfunction of
processing of pain by the central nervous system. Individuals with FM are more sensitive to
painful stimulation, due to both the peripheral and central sensitization. Jensen and colleagues
applied intermittent pressure pain and showed that individuals with FM display less functional
connectivity between areas involved in pain inhibition compared to healthy controls [30].
Consistent with the phenomenon of central sensitization (amplification of pain impulses within
the spinal cord and brain), individuals with FM often develop hyperalgesia (increased response
to painful stimuli) and allodynia (pain due to a stimulus which does not normally provoke pain)
[31].

1.2.4 Muscular Physiology
A comparison of muscle performance between individuals with FM and healthy

individuals suggests that muscle function is impaired in individuals with FM [32]. Casale [33]
found that the motor pattern of muscle recruitment during voluntary contractions was altered in
individuals with FM. Additionally, Park [34] proposed that muscle abnormalities in FM can be
classified as structural, metabolic, or functional. Some muscle abnormalities described in FM
include mitochondrial disturbances in Type | muscle fibres (i.e. ragged red fibres and moth-
eaten fibres) [33], hypotrophy of and reductions in Type Il fibers, reduced capilarization and
altered microcirculation [33], abnormal muscle metabolism, and excessive agonist—antagonist
co-contraction. Structural abnormalities are correlated with biochemical abnormalities (i.e.
deficiency in serotonin, melatonin, cortisol and cytokines), defective energy production, and the
resultant dysfunction of muscles in individuals with FM [34]. Moreover, in the presence of
these symptoms, individuals with FM are often physically inactive with a tendency to live a
sedentary lifestyle [35]. The exercise literature in FM shows individuals are fairly
deconditioned with reduced cardiovascular capacity [36] and muscle strength and endurance
[37;38]. Despite the benefits derived from exercise in helping individuals with FM to gain back
their health and quality of life, as Jones [39] pointed out, it may be difficult for individuals with

FM to remain active.



Although increased research has expanded our understanding of FM, the disorder is
complex and continues to be challenging to manage; both pharmacologic and non-
pharmacologic treatments are included in the overall care of individuals with FM. Individuals
with FM are often treated with pain medicines, antidepressants, muscle relaxants, and sleep
medicines. The US Food and Drug Administration approved drugs are Lyrica (pregabalin),
Cymbalta (duloxetine hydrocholide) and Savella (milnacipran HCI). The effectiveness of
pharmacological treatments for FM is currently the focus of vigorous debate with some
medications been poorly tolerated and or not effective [40], but this discussion is beyond the
scope of this dissertation. However, evidence of non-pharmacological interventions seems
promising in the management of FM.

Exercise in the management of FM

Among the non-pharmacological interventions for this disorder, physical activity and
exercise have shown to help reverse deconditioning and improve overall quality of life.
Physical activity is defined as any bodily movement produced by skeletal muscles resulting in
energy expenditure. Common types of physical activity are: a) household activities like
sweeping or cleaning, b) occupational activities like lifting boxes or walking down the hall, and
c) lifestyle activities like wheeling a cart or walking around the grocery store. The concept of
lifestyle physical activity (LPA) refers to physical activities performed within the household,
leisure, and occupational domains (e.g., doing more walking, performing yard work, and using
stairs vs elevators). These activities are integrated into daily life activities and performed in
short yet accumulated bouts (5 minutes multiple times per day) toward accumulating at least 30
minutes of self-selected, moderate-intensity physical activity over the course of the day, 5to 7
days per week [41;42]. A study by Fontaine [43] showed that accumulating 30 minutes of LPA
through the day produced clinically relevant changes in physical function and pain in
individuals with FM.

Exercise, a subset of physical activity, is “planned, structured, and repetitive bodily
movements designed to improve or maintain physical fitness.” [44]. Often, exercise is
structured by the amount of time, intensity and type of activity. Aerobic exercise, strength
training and flexibility training are key elements of a comprehensive fitness program. Marcus
[45] pointed out that: “The most effective non-medication therapies are aerobic and

strengthening exercises...p159.” Several studies have demonstrated that individuals with FM are



able to perform aerobic, flexibility, and resistance training programs [46-48]. A Cochrane
review [46] concluded that moderate intensity aerobic training for 12 weeks may improve
overall well-being and physical function. Although researchers have speculated about the
benefits of various exercise interventions for FM, details about effectiveness of specific
exercise interventions, such as aquatic exercise, remain unclear. When considering aquatic
exercise, potentially, the unique properties of water might provide incremental favourable
outcomes. Thus, evaluating aquatic exercise training interventions serves to identify potential
treatments and contribute to understanding of non-pharmacological interventions for the
management of the disorder. By providing a thorough evaluation of the topic, a systematic
review could serve as a useful resource helping clinicians, researchers and policy makers keep
up with the steady influx of literature in the area. Also, systematic reviews, as carefully
synthesize research, are at the heart of evidence based practice.

1.3 Research Objectives
Scientific and relevant evidence in clinical care is essential. High quality and

trustworthy information acquired and analyzed systematically regarding the effectiveness of
physical activity for individuals with FM will lead clinicians and policy makers to a more
complete and individualized management of the disorder. The objectives of this dissertation
were to synthesize the evidence on the effectiveness of: a) Aquatic exercise interventions for
adults with FM as reported in RCTs, and b) exercise interventions for adults with FM as
reported in systematic reviews. This was done utilizing two different approaches: first by
conducting a Cochrane systematic review of an aquatic training intervention and second,

synthesizing the effectiveness of a variety of exercise interventions.

1.4 General Overview of Study Methodology
Objective ‘a’ was addressed by way of a Cochrane systematic review, and an umbrella

systematic review (or review or reviews) was conducted to address the second objective.
Ethical approval was not required for this research as it dealt with secondary analysis of data

found in research reports.

Using the Cochrane methodology, the first study was a systematic review with meta-

analysis of randomized controlled trials. This systematic review focused on adults with



fibromyalgia involved in aquatic exercise programs. The comparison groups were either
control or treatment as usual and other physical activity interventions. Twenty four outcomes
were examined in this review including adverse effects and outcomes named in the Outcome
Measures Rheumatology (OMERACT 9) [49] core listing.

Objective ‘b’ was addressed by conducting an umbrella systematic review, which
examined the effectiveness of exercise interventions for individuals with fiboromyalgia across
multiple exercise modalities (i.e. aquatic, resistance, aerobics). The focus of the umbrella
review was to systematically identify published systematic reviews (Cochrane and non-
Cochrane) of exercise interventions for individuals with FM and comprehensively summarize
their methods, results and conclusions. The methodological quality and clinical features of
systematic reviews were examined in depth. Systematic reviews by nature have a narrow focus
and present a summary of evidence from a set of trials. An umbrella review allowed us to
address all the potential exercise interventions for FM, and to create a summary from several
related review articles. It is an efficient way to access a body of research saving time needed to
critically appraise the information and interpreting the results. The reviews were explored in
depth aiming to provide high quality research evidence for health professionals and decision

makers.

1.5 Rational and Relevance of the Study

Recommended best practices in the management of FM involves collaboration from
different disciplines and multiple interventions (pharmacological and non-pharmacological)
[50]. Physical activity is an important part of the management of FM [51]. Participation in
exercise is known to help individuals with FM adapt to the process of microtrauma and repair
that occurs as a result of daily physical activity perhaps by raising one’s pain threshold.
Participating in exercise is also important in preventing age-related loss of muscle and bone
mass, managing body weight, lowering the risk of chronic conditions such as diabetes, and
maintaining functional independence [44]. Therefore, individuals with FM may improve their
overall health and reduce risks associated with other conditions.

Although there is abundant new research in the area, the effects of various types of

physical exercise (planned, structured, and repetitive bodily movement done to improve or



maintain one or more components of physical fitness) [44] on symptoms, mental function and
physical function in individuals with FM are still need to be synthesized. Through synthesis of
RCTs and systematic reviews, it is hoped that answers to questions regarding the best type of
exercise, intensity and delivery options for exercise interventions will begin to emerge.

Even though long-term health benefits of regular exercise for healthy individuals and
those with a number of chronic conditions are widely recognized, individuals with FM have
problems adhering to exercise routines. The presence of symptoms such as pain, fatigue, low
levels of physical conditioning are often mentioned as barriers to exercise. By identifying the
adverse effects (i.e. injuries, exacerbations) observed in studies of exercise for FM, this project
may contribute to better understanding factors related to optimal program design and
prescription. This information will help health care professionals and people with FM ensure
that the positive effects of exercise are realized.
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2 Manuscript #1
Evidence-based practice, which quality health services are built upon, uses best

evidence derived from research as one of the principles in modern health care. ldentifying
effectiveness of interventions that are suited for individuals with FM is an important first step to
addressing issues of management of the disorder. In light of increasing demand for evidence
based information in the area of FM and physical activity, the first manuscript of this
dissertation presents a Cochrane systematic review on the effectiveness of aquatic training
interventions for adults with FM.

This manuscript was submitted to the Cochrane Collaboration Musculoskeletal Group
for editorial review May 2013. Since then, the manuscript has been through a series of revisions
and it is now in the final phases under the scrutiny of the Chief Editor of the Musculoskeletal

Group. When published, the citation of the manuscript will be as follow:

Bidonde J, Busch AJ, Webber SC, Schachter CL, Danyliw A, Overend TJ, Richards RS,

Rader T. Aquatic exercise training for fibromyalgia. Cochrane Database of Systematic

Reviews , Issue . Art. No.: . DOI: .

This manuscript presents an extensive and comprehensive analysis of 16 relevant RCTs
conducted in different parts of the globe studying 24 outcomes relevant to practitioners and
individuals with FM. Systematic reviews cannot be done by a single person. It is necessary to
acknowledge that each of the many steps of data synthesis requires at least two independent
researchers to be completed. As stated in the preface, this manuscript was conducted through a
collaborative approach with the team (e.g., double author citation screening and study
selection, double author data extraction), however, the researcher (JB) led all aspects of this

manuscript.

Contributions of authors
JB: screening studies, data extraction (eight of 16 studies for this manuscript),

participated in discussion regarding methods, selection of outcome measures, assessment of risk
of bias, methodological analysis, data analysis (including meta-analysis) writing and reviewing
manuscript, ongoing editing of manuscript and approving the final manuscript. Also,

responding to editorial requests from the Cochrane editorial group; translating articles and
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correspondence, communicating with authors, and facilitating finding translators for articles in

other languages. Recruited and trained new reviewers.

AB: designing and reviewing protocol for review, screening, data extraction, and reviewing

drafts and approving the final manuscript.

AD, CLS, RR, SCW, TR and TO: screening studies, data extraction, reviewing drafts and

approving the final draft of the manuscript.
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Other:
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outcomes measures, and drafting and reviewing the plain language summary
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Patricia Luciano-Mancini for assistance with translations from Portuguese which
permitted screening data extraction for Hecker [1]

Julia Bidonde has translated (and communicated with authors) of Arcos-Carmona [2];
Martin-Nogueras [3]; Lopez-Rodriguez [4]; Sanudo [5]; Tomas-Carus 2007 [6-8]; from
Spanish to English.
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A poster presentation including four outcomes of this manuscript was accepted by the
American College of Rheumatology and presented at the San Diego conference 2013.
An invitation to record a podcast of this review was received January 2014, and it is
now being prepared.

Two abstracts were accepted to the International Association for the Study of Pain
(IASP) conference to take place October 2014.

Two stand-alone publications are planned based on information derived from this

systematic review.
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Title: Aquatic exercise training for fibromyalgia (Manuscript 1)*

Citation example: Bidonde J, Busch AJ, Webber SC, Schachter CL, Danyliw A, Overend TJ,
Richards RS, Rader T. Aquatic exercise training for fiboromyalgia. Cochrane Database of

Systematic Reviews [Year], Issue [Issue].

Abstract

Background

Exercise training is commonly recommended for individuals with Fibromyalgia (FM). This
review is part of the update of the “Exercise for treating fibromyalgia” review first published in

2002, and previously updated in 2007.
Objective

The objective of this systematic review was to evaluate the benefits and harms of aquatic

exercise training in adults with FM.

Search methods

We searched The Cochrane Library 2013 (Cochrane Database of Systematic Reviews, Database
of Abstracts of Reviews of Effects Cochrane Central Register of Controlled Trials, Health
Technology Assessment Database, NHS Economic Evaluation Database), MEDLINE,
EMBASE, CINAHL, PEDro, Dissertation Abstracts, WHO international Clinical Trials
Registry Platform, and AMED from inception to October 2013 and other sources (i.e. reference
lists from key journals, identified articles, meta-analyses and reviews of all types of treatment
for FM). Using Cochrane methods, citations, abstracts, and full-text articles were screened.

Subsequently, aquatic exercise training studies were identified.
Selection criteria

Selection criteria were: a) full text publication of an RCT of adults diagnosed with FM based on
published criteria, b) between group data for an aquatic intervention and a control or other
intervention. Studies were excluded if exercise in water was less than 50% of the full

intervention.
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Data collection and analysis

Reviewers, who were trained following a standardize protocol, independently assessed risk of
bias and extracted data (24 outcomes) of which seven were designated as major outcomes:
multidimensional function, self-reported physical function, pain, stiffness, muscle strength,
submaximal cardiorespiratory function, withdrawal rates and adverse effects. Discordance was
resolved through discussion. Interventions were evaluated using mean differences (MD) or
standardized mean differences (SMD) and 95% confidence intervals (95% CI). Where two or

more studies provided data for an outcome, meta-analysis was carried out.

Main Results

We included 16 aquatic exercise training studies (N = 881; 866 women and 15 men). Nine
studies compared aquatic exercise to control, five studies compared aquatic exercise to land-

based, and two compared aquatic to a different aquatic program.

The risk of bias related to random sequence generation (selection bias), incomplete outcome
data (attrition bias), selective reporting (reporting bias), blinding of outcome assessors
(detection bias) and other bias were rated as low; blinding of participants and personnel

(selection and performance bias) was rated as low risk (50%) and unclear (50%).

Aquatic vs Control: Based on a 0-100 point scale, multidimensional function improved by 5.97
units (2.88 to 9.06), self-reported physical function by 4.36 units (0.94 to 7.77), pain by 6.58
units (2.48 to 10.68), and stiffness by 18.48 (0.74 to 36.22) in aquatic versus control groups.
The SMD in strength was 0.63 standard deviations higher compared to the control group (0.20
to 1.05) and cardiovascular submaximal function improved by 32 meters in 6 minute walk test
(17.41 to 46.03). All differences favoured the aquatic training interventions (P < 0.05).
Withdrawals were similar in aquatic and control groups and adverse effects were poorly

reported, with no serious adverse effects reported.

Aquatic vs land-based: There were no significant differences between interventions for
multidimensional function, self-reported physical function, pain or stiffness: 0.91 units (-4.01 to
5.83), -5.85 units (-12.33 to 0.63), -0.75 units (-10.72 to 9.23), 2 units (-8.82 to 12.82)
respectively, all based on a 100 point scale, or in submaximal cardiorespiratory function (3
seconds on 100 meter walk test, -1.77 to 7.77). A statistically significant difference between

interventions was found in strength favoring land—based training (-2.40 kilo pascals grip
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strength, -4.52 to -0.28). Withdrawals were similar in aquatic and land groups and adverse

effects were poorly reported, with no serious adverse effects in either group.

Aguatic vs a different aquatic program: analyses (Ai Chi vs stretching in the water, exercise in
pool water vs exercise in sea water), only one difference in a major outcome was found:
stiffness improved by 1.00 on a 100 point scale (0.31to 1.69) favoring Ai Chi.

Authors' conclusions

The quality of evidence was rated low to moderate quality in the aquatic vs control group. Thus,
further research is likely to very likely impact our confidence in the estimate of effect and may
change the estimate. However, the evidence suggests that aquatic training is beneficial for
improving wellness, symptoms and fitness in adults with FM. Similarly, very low to low quality
evidence (meaning we are uncertain about the estimates and further research is very likely to
have an important impact on our confidence in the estimate of the effect) suggests that there are
no differences in benefits between aquatic and land-based exercise except in muscle strength

(very low quality evidence favoring land). No serious adverse effects were reported.

INote this manuscript has gone through a thorough peer review and editorial process at the
Cochrane Collaboration and is now in final editorial phase. Once published will be open access

and available through the Cochrane Library at http://www.cochrane.org/
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2.1 Background
2.1.1 Description of the condition

Fibromyalgia (FM) is a common chronic idiopathic condition involving widespread pain
and tenderness [9]. It is often associated with other somatic complaints, disability and physical
deconditioning, which negatively impact quality of life. It is estimated that 1.1% of Canadians
are affected by FM across all ages, with higher prevalence among females. The prevalence of
FM in Canada is similar to other parts of the world (1.1% across all ages with females
diagnoses outnumbering male diagnoses) [10], with the exception of Asia where the incidence

is lower [11].

Several factors have been implicated in the pathophysiology of FM, including: changes
in brain and neural structure and function, muscular physiology, hormonal factors,
inflammatory markers, and genetic influences [12]. Researchers have identified several
abnormalities in brain and neural function in patients with FM which appear to have a genetic
basis [13;14]. Various muscle abnormalities that may result in weakness, fatigue and muscle
pain for individuals with FM have been described [15] and include reductions in Type 1l fibers,
abnormal muscle metabolism, and excessive agonist—-antagonist co-contraction. Consistent with
these findings, individuals with FM are often less physically active and more sedentary [16]
than healthy individuals. Symptoms associated with FM can have repercussions on family
dynamics, employment and independence, thereby directly impacting quality of life [9].
Symptoms of FM include poor and non-restorative sleep, stiffness, muscle and body fatigue,
headaches, irritable bowel syndrome, problems with memory or concentration, and mood

disturbances [9].

High levels of health care utilization and health care costs associated with medical
visits, drug prescriptions and diagnostic testing are commonly mentioned in the FM literature
[17]. Individuals with FM are often seen by health care professionals due to concomitant
medical issues (somatic comorbidities associated with FM such as depression, anxiety or
fatigue) and related pharmacological treatment. Recent systematic reviews of medications for
treatment of fibromyalgia (amitriptyline [18], milnacipran [19], gabapentin [20] antiepileptic
drugs [21], monoamine oxidase inhibitors [22]; serotonin and noradrenaline reuptake inhibitors

[23], anticonvulsants [24]) have shown only limited success. These reviews have helped to
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inform recent clinical practice guidelines; Ablin [25] recommended judicious use of medical
treatment given the limited evidence on efficacy and a substantial risk of side effect. On the
other hand, systematic reviews of non-pharmacologic methods show that evidence is accruing
which suggests positive effects for non-pharmacologic treatments in the management of
fibromyalgia (exercise [26], cognitive behavior therapy [27], acupuncture [28]). In a review of
clinical practice guidelines, Ablin 2013 noted “recent evidence-based interdisciplinary
guidelines concur on the importance of treatments tailored to the individual patient and further
emphasize the necessity of self-management strategies which include exercise and

psychological techniques."

Exercise is an important part of FM management [29-31]. The literature suggests that
individuals with FM are often deconditioned with poor cardiovascular fitness [32], muscle
strength and muscle endurance [33;34]. Whether these physiological features of deconditioning
play a role in the causal pathway of FM remains unclear. However, several studies have
demonstrated that individuals with FM are able to perform different types of exercise such as
aerobic, flexibility, and resistance training programs [35;36]. Exercise may contribute to
reduction in pain through improving the body's response to muscle microtrauma by increasing
resilience, repair, and resultant adaptation as well as affecting brain processing and responses
[37]. Because regular exercise is an important factor in countering age-related loss of muscle,
bone mass and functional independence for the general population, it has been suggested [31]
that individuals with FM may improve their overall health and moderate risks associated with

other chronic conditions by engaging in regular exercises.

Despite interest and many new studies, the effects of various types of physical activity
on specific symptoms, mental function and physical performance in people with FM are still
unclear. As well, answers to questions regarding the best type of exercise, intensity and delivery
options for exercise interventions are still needed. This review attempts to shed light on the
effects of aquatic exercise on wellness, symptoms, and physical fitness to guide clinicians and
patients with FM to adopt the most effective aquatic exercise training interventions for this
condition. Definitions for some of the terms utilized in this review can be found in the glossary

of terms (Appendix 1).
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2.1.2 Description of the intervention
The traditional use of water as a medium for exercise

History shows that soaking baths, spa centres, water immersion, springs, and natural hot
water springs were used for religious and healing purposes as early as 2400 BC [38]. The
thermal effects of the water were considered to relieve pain and enhance relaxation [39]. Also
known as pool therapy and hydrotherapy [40], aquatic exercise is defined by the Chartered
Society of Physiotherapists as a therapy program designed by a qualified physiotherapist using
the properties of water to improve function, ideally in a suitably heated pool [41].
Balneotherapy refers to the use of hot-water treatment to ease pain, decrease stiffness and relax
muscles, and has been further developed with various forms of salt and/or sulphur treatments,
mud packs, and jet streams (spa-therapy) [42].

The current use of water for therapeutic purposes
Health care practitioners currently use the physical properties of water for therapy and

rehabilitation for a variety of musculoskeletal conditions (e.g., osteoarthritis, rheumatoid
arthritis, fractures, tendonitis) [38;43-46;46-48]. Specific properties of water (buoyancy,
resistance, flow and turbulence) are used to develop graded exercise programs. Buoyancy of
the body or body segment, with or without floatation equipment, can be used to assist or to
resist movements. In addition, the water viscosity itself provides resistance in all directions.
During movement, submerged body parts require greater energy expenditure. This resistance
can be increased or decreased by altering velocity and the directional use of water jets and
turbulence. Exercise intensity can also be augmented with equipment (e.g., paddles, webbed
gloves) to increase resistance of the body part moving in the water [38]. Water temperature is
another important consideration when designing aquatic exercise training interventions. While
most community swimming pools are heated between 26 to 28 ° Celsius (80 to 84 °
Fahrenheit), which is comfortably cool and ideal for movement, pools for therapeutic purposes
are usually heated to between 30 and 32 ° Celsius (86 to 90 ° Fahrenheit).

In this review, we define aquatic exercise training intervention as “exercise conducted in
a vertical standing position" in the water with the participant submerged to waist, chest or
shoulder depth” [49] in a pool (indoor or outdoor). We considered only those aquatic exercise

interventions that involved exercise in the water for > 50% of the time. Mixed interventions
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with an aquatic component in which participants spent less than 50% of the total intervention
time in the water were excluded. For example, an intervention consisting of 12 sessions with 5
or less held in the pool were excluded, as the intervention outcome could not be attributed
primarily to the aquatic component.

2.1.3 How the intervention might work

2.1.3.1 Pathophysiological Changes Associated with FM

The pathogenesis of FM is not completely understood. However, FM is currently
thought to be a disorder of central pain processing (or central sensitivity) in which individuals
have problems with sensory volume control (i.e., lower threshold of pain and other stimuli like
heat, noise, odours) [50]. This hypersensitivity may be derived from neurobiologic changes
related to psychological factors [51]. Research has also shown biochemical, metabolic and
immunoregulatory abnormalities [50]. Other pathophysiological changes commonly found in
individuals with FM are low serotonin levels [52], low levels of adenosine triphosphate in red
blood cells, dysfunction of the hypothalamic-pituitary adrenal axis [53;54] low levels of growth
hormone associated with poor sleep [55;56], cognitive impairment [57;58], and biochemical

abnormalities producing sleep dysfunction [59].

Exercise interventions might work because exercise may contribute to reduction in pain
through improving the body's response to muscle microtrauma by increasing resilience, repair,
and resultant adaptation. In addition, regular exercise has been shown to improve overall health

and moderate risks associated with other chronic conditions.

Ideally, in FM disease management the use of pharmacological and non-
pharmacological therapies are combined. By doing this, non-pharmacological therapies such as
an aquatic exercise intervention, can be part of a rehabilitation model that tackles main issues
such as pain. In combining these therapeutic approaches, pharmacological treatments may help
alleviate the initial symptoms of pain, and aquatic exercise interventions may help address the

functional consequences of the symptoms.
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2.1.4 Why it is important to do this review

This review evaluates whether aquatic exercise training has beneficial effects on FM
symptoms, how long these effects might last and whether aquatic exercise training is more or
less effective than land-based exercise training. It is also important to consider the effects of
aquatic exercises as a non-pharmacological treatment given that not all people with FM
successfully respond to pharmacological treatment and multimodal types of treatments have
been shown to be more successful in the management of the disease [60]. This review also
aims to document harms associated with aquatic exercise training interventions in people with
FM and to determine whether aquatic exercise training should be recommended as a safe,
effective component of FM management. This review will report on injuries and other adverse
effects, as well as attrition rates and adherence to training protocols as these may indicate the

acceptability of this form of intervention for individuals with FM.

2.2 Objective

The objective of this systematic review was to evaluate the benefits and harms of aquatic

exercise training in adults with FM.

2.3 Methods
2.3.1 Types of studies

We selected randomized clinical trials (RCTs) that compared aquatic exercise training
to a control group, to another exercise training protocol on land or water. Studies were included
if the words randomly, random or randomization were used to describe the method of

assignment of subjects to groups.
2.3.2 Types of participants

We selected studies that included adults and used published criteria for the diagnosis of
FM. Recently, the American College of Rheumatology (ACR) has introduced new criteria
[61;62]; however, the ACR 1990 [63] have been the dominant diagnostic criteria used for
diagnosis of fibromyalgia for the past two decades. The ACR 1990 criteria include: a)

widespread pain for longer than three months duration, and b) pain on digital palpation with 4
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kg pressure in at least 11 of 18 tender points specified sites. Other published criteria are:
Smythe 1981 [64], Yunus 1981 [65], Yunus 1982 [66], Yunus 1984 [67]. Although some
differences exist between the diagnostic criteria, for the purpose of this review all were
considered to be acceptable and comparable.

2.3.3 Types of interventions

Although swimming was included in our search strategy we found no studies
investigating this exercise modality; thus, an aquatic exercise training intervention was defined
as “exercise conducted in a vertical standing position™ in the water with the participant
submerged to waist, chest or shoulder depth [49] that took place in an outdoor or indoor pool.
In this review, the aquatic exercise intervention was defined as a program with exercise
performed in the water for > 50% of the time. We did not set a specific minimum intervention

duration, pool temperature, or physical location (i.e., indoor vs outdoor).

We excluded studies if the outcomes could not reasonably be attributed to aquatic
exercises. For example, interventions that consisted of a mixed approach (i.e., land-based and
water programs including aerobic, flexibility, and resistance training) in which participants
spent less than 50% of the total intervention in the water (e.g., 12 sessions with only 2 in the
pool) were excluded.

There was no restriction placed on the type of aquatic exercise equipment including
flutter boards, tubing, and dumbbells. Calisthenics that used a body segment or segments
moving against water resistance as the load for the exercise were also included. We were
interested in comparisons in two categories: a) aquatic exercise training interventions compared
to control conditions (treatment as usual, physical activity as usual, wait list control, placebo or
sham, education-only, water immersion-only, and attention only ), and b) aquatic exercise
training compared to another exercise protocol (e.g., aerobic, strength) performed on land-based

or water.

The classification of exercise intensity during cardiorespiratory exercise in this review
followed the American College of Sports Medicine (ACSM) recommendation [68;69]
(Appendix 2) as follows:
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Table 2.1 Cardiorespiratory exercise intensity: Comparison of methods

Intensity %V0O: R /% HRR % HRMax  Perceived Exertion Scale (RPE) 6-20 Scale
Very Light <37 <57 RPE<9
Light 37-45 57-63 RPE 9 (very light) to 11 (fairly light)
Moderate 46-63 64-76 RPE 12 (fairly light) to 13 (somewhat hard)
Vigorous 64-90 77-95 RPE 14 (somewhat hard) to 17 (very hard)
Near maximal to >91 >96 RPE >18 (very hard)
maximal

VO3 R: oxygen uptake reserve; HRR: hear rate reserve; HRmax; maximum heart rate

The use of ACSM guidelines was chosen as this represents a useful tool for debating issues and
helps to standardize exercise making it comparable across different protocols. ACMS published
guidelines for healthy adults and older adults with chronic diseases. We thought the later did
not apply to the FM population. Therefore, considering the physiology and pathology of the
condition we used guidelines for healthy individuals. In this regard, ACSM guidelines aimed to
provide a roadmap for health practitioners concerned with care and exercise prescription of
individuals with FM.

2.3.4 Types of outcome measures

Until recently, there was no consensus on outcomes to guide research on the
effectiveness of interventions for FM. In 2004, a group of clinicians, researchers and patients
under the auspices of the Outcome Measures in Rheumatology group (OMERACT) initiative
set about to improve outcome measurement in FM through a data-driven interactive consensus
process used previously for other rheumatic diseases [70]. Over the course of the next five
years, patient focus groups [71], patient and clinician Delphi exercises [72], a systematic
literature review and analysis of outcomes used in FM intervention trials [73], and analyses of
psychometric properties of outcomes (i.e., face, construct, content and criterion validity in FM)
[74] were conducted. Based on these efforts, OMERACT has recommended the following core
set of outcomes for inclusion in all FM clinical trials: pain, fatigue, multidimensional function,

tenderness, and quality of sleep [70;75]. OMERACT designated two additional outcomes,
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depression and dyscognition, as important but not core, and placed anxiety, morning stiffness,

imaging and biomarkers on the agenda for further research [75].

In this review, we have extracted data for 24 outcomes which include all the outcomes
considered to be important by OMERACT [75]. We categorized the 24 outcomes into four
main categories: wellness, FM symptoms, physical fitness, and safety and acceptability. In the
wellness category, six outcomes were extracted: multidimensional function, patient rated
global, clinician rated global, self-reported physical function, self-efficacy, and mental health.
In the symptom category of outcomes, we extracted data for eight symptoms experienced by
individuals with FM: pain, fatigue, sleep disturbance, stiffness, tenderness, depression, anxiety,
and dyscognition. In the physical fitness category we extracted seven outcomes associated with
physiological adaptation to exercise training: muscle strength, muscle endurance, muscle
power, muscle/joint flexibility, maximum cardiorespiratory function, and submaximal
cardiorespiratory function. The Cochrane handbook states "It is important that Cochrane
reviews include information about the undesirable as well as desirable outcomes of the
interventions examined...at least one undesirable outcome should be defined as a major
outcome measure."[76]. With this in mind, the final category of outcomes was conceptualized
as safety and acceptance of exercise training. This category consists of three outcome
associated with possible harms - injuries, exacerbations of FM, or other adverse effects; while
another outcome — attrition rates, was also considered as a form of acceptability of exercise

training.

When an included study used more than one instrument to measure a particular
outcome, we selected the data for extraction based on the following criteria: a) the frequency of
use of the instruments in the FM literature (e.g., the Fibromyalgia Impact Questionnaire or FIQ
is a disease-specific instrument commonly used in this literature), and b) documented evidence
supporting the psychometric properties of the instrument or this or similar populations (e.g.,

validity, reliability, sensitivity, measurement properties).

Outcomes representing wellness:
This category of outcomes relates to generalized health or functioning. Tools used to

measure outcomes in this category included both broad spectrum indices designed to capture an
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array of tasks or characteristics to yield a single summary score (e.g., Short Form Health Survey
-SF-36), and single item tests on which the respondent is asked to rate their status in an area of
health using a single item scale (e.g., a visual analogue scale - VAS) on which the respondent
places a mark on a 10 cm line between worst health on one end and best health on the other.

o Multidimensional Function — Multidimensional function consists of
multidimensional indices used to measure general health status and/or health-related
quality of life. As recommended by Choy [75], we collapsed measures of general
health status or health-related quality of life or both into a single outcome. When
included studies used more than one instrument to measure multidimensional
function, we preferentially extracted data for the FM Impact Questionnaire (FIQ)-
total [77] followed by the SF-36 total [78], the SF-12 total [79], the EuroQol-5d [80],
the Arthritis Impact Measurement Scales 2 total (AIMS total) [81], the quality of life
scale [82-84], and the Illness Intrusiveness Questionnaire [85].

« Patient Rated Global - Patient global assessments are commonly assessed by Likert
or VAS scales. They are highly sensitive to change [70;74] and appear to be reliable
[86]. We extracted data preferentially for self-perceived change VAS; followed by
self-perceived change-numeric rating scale; self-perceived disease severity VAS;
self-perceived disease severity-numeric rating scale; self-perceived sense of well-
being-VAS [87]; and self-perceived health status numeric rating scale.

o Clinician Rated Global - Global assessments of disease severity by physicians and
other health professionals using Likert or VAS are commonly used in clinical
settings. We used clinician-rated disease severity measures using a VAS [88].

« Self-reported Physical Function - We preferentially extracted data for the FIQ
(English or translated) physical impairment scale followed by the health assessment
guestionnaire disability scale (HAQ), the SF-36/Rand 36 Physical Function; the
Sickness Impact Profile [89] — Physical Disability, and the Multidimensional Pain
Inventory household chores scale [90;91].

o Self-Efficacy - (function) Instruments included in this review were: the arthritis Self-
Efficacy Scale [92], the Chronic Pain Self - Efficacy [93], the FM Attitudes Index
[94] and the Freiburg Mindfulness Inventory [95].
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e Mental Health - The U.S. Surgeon General has defined mental health as "a state of
successful performance of mental function, resulting in productive activities,
fulfilling relationships with people, and the ability to adapt to change and to cope
with adversity" [96]. In focus groups conducted by Arnold [71] participants reported
that their physical and emotional ability to complete tasks of daily living was
severely limited by FM because of pain, lack of energy, fatigue, and depression.
Patients also expressed feelings of embarrassment, frustration, guilt, isolation, and
shame. When several measures were used we chose in the following order: SF-
36/Rand 36 Mental Health; psycho social scale (Sickness Impact Profile); Global
Severity Index of the Symptom Checklist 90 — revised (SCL-90-R) [97]; Profile
Mood States (POMS) [98]; Psychological General Well-being (PGWB) total score
[99].

Outcomes representing FM symptoms:

This category of outcomes includes eight symptoms associated with FM.

e Pain — The International Association for the Study of Pain defines pain as “an
unpleasant sensory and emotional experience associated with actual or potential
tissue damage, or described in terms of such damage” [100]. For the purpose of this
review, we focused on one aspect of the pain experience — pain intensity. When
more than one measure of pain was reported in a single study, we preferentially
extracted: pain VAS (FIQ Pain, FIQ-Translated, McGill pain VAS, current pain)
followed by the Numerical Pain Rating Scale, and the SF-36/Rand36 Bodily Pain
scale, and the Pain Severity scale of the Multidimensional Pain Inventory.

« Fatigue — Fatigue is recognized by individuals with FM and clinicians alike as an
important symptom in FM. Fatigue can be measured in a global manner, such as
when an individual rates their fatigue on a single item scale, or as a multidimensional
tool that breaks the fatigue experience into two or more dimensions such as general
fatigue, physical fatigue, mental fatigue, reduced motivation, reduced activity, and
degree of interference with activities of daily living [101]. We accepted both uni-
and multi-dimensional measures for this outcome. When included studies used more

than one instrument to measure fatigue, we preferentially extracted the fatigue VAS
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(FIQ/FIQ-Translated Fatigue, or single item fatigue VAS) [102], followed by the SF-
36/Rand36 Vitality sub-scale, the Chalder Fatigue Scale (total), the Fatigue Severity
Scale and the Multidimensional Fatigue Inventory.

Sleep Disturbance - Sleep problems are almost universal in FM, occurring in 95% of
patients [101]. When included studies used more than one instrument to measure
sleep, we preferentially extracted the Pittsburg Sleep Quality Index [103] followed
by the Sleep Quality VAS [104], Sleep Quantity: nights/week, hours/night, hours of
good to disturbed sleep, and the Hamilton Depression Sleep Items [105].

Stiffness — In focus groups conducted by Arnold [71], individuals with FM "...
remarked that their muscles were constantly tense. Participants alternately described
feeling as if their muscles were ‘lead jelly’ or ‘lead Jell-O,’ and this resulted in a
general inability to move with ease and a feeling of stiffness”. The only measure we
encountered for stiffness was the FIQ stiffness VAS.

Tenderness - Tenderness is defined as discomfort produced as an evoked response to
mechanical pressure [106;107]. Although there are concerns that measures of
tenderness can be biased by cognitive and emotional aspects of pain perception,
many studies support the utility of measurement of tenderness in FM using either
tender point (TP) counts or pain pressure threshold [106]. When included studies
used more than one instrument to measure tenderness, we preferentially extracted the
TP count followed by Pain Pressure Threshold (dolorimetry score, based on at least 6
of the 18 ACR TPs) and the total myalgic score (sum/mean of ordinal rating of
response to thumb pressure across 18 TPs).

Depression - Depression is a common mental disorder that presents with depressed
mood, loss of interest or pleasure, feelings of guilt or low self-worth, disturbed sleep
or appetite, low energy, and poor concentration. These problems can become
chronic or recurrent and lead to substantial impairments in an individual's ability to
take care of his or her everyday responsibilities [108]. In focus groups conducted by
Arnold [71] the emotional disturbances most commonly experienced by participants
with FM included depression and anxiety. A complete understanding of depression
and how best to assess it in FM trials is still uncertain and is an active research issue

[70]. However, the common practice of excluding patients with significant
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depression from FM intervention studies, leads to the underestimation of the
discriminatory power of these instruments [75]. We preferentially extracted the
Beck Depression Inventory (BDI) total scores, Cognitive/affective sub-scale scores,
BDI without FMS Symptoms; short form translated SF-36; Hamilton Depression
Scale; Center for Epidemiologic Studies-Depression (CES-D) FIQ/FIQ translated —
depression; mental health inventory sub-scale depression; Arthritis Impact
Measurement scales — depression sub-scale; Hospital Anxiety and Depression Q-
depression; Symptom checklist 90 — depression; and the Psychological General
Well-Being (PGWB depression score).

o Anxiety - Anxiety is a feeling of apprehension and fear characterized by physical
symptoms such as palpitations, sweating, irritability, and feelings of stress [109].
Some participants reported that acute anxiety, panic, or depression were disruptive to
activities that they were trying to complete [75]. We preferentially extracted data for
anxiety using the anxiety scale of the Arthritis Impact Measurement Scales, followed
by the State Anxiety Inventory; the Hospital anxiety and Depression Q-anxiety; the
Beck anxiety inventory; the mental health inventory sub-scale anxiety; the Symptom
Checklist 90 — anxiety scale; psychological general well-being anxiety score; and the
FIQ anxiety scale [110].

« Dyscognition — Dyscognition pertains to difficulty with cognitive tasks especially
memory and thought processes. The term describes symptoms related to difficulty
concentrating, disorganized thinking, and inability to stay focus or alert. Although
OMERACT identified dyscognition as an important outcome for FM trials, it was
rarely measured in the included studies. One measure we encountered in this review
was the Paced Auditory Serial Addition Test [111].

Outcomes representing physical fitness:

This category, consisting of six outcomes, is associated with physiological adaptation to
exercise training. There are several facets to physical fitness including: cardiovascular function
(maximal capacity and submaximal endurance), body composition, muscle strength, muscle
endurance, flexibility, agility, coordination, balance, power, reaction time, and speed [112].

Given the nature of the intervention, outcomes reflecting physical fitness are highly relevant.
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Muscle Strength - Muscular strength is a measure of a muscle’s ability to generate
force. It is commonly expressed as maximal voluntary contraction (MVC) during
isometric testing; one-repetition maximum (1RM) during dynamic isotonic testing
[113]; and/or peak torque muscle contraction during isokinetic testing. When more
than one measure of strength was reported, we preferentially extracted dynamic test
results over isometric test results, lower limb test results over upper limb results, and
extensor muscle strength over flexor muscle strength.

Muscle Endurance - Muscular endurance refers to the ability to exert submaximal
force for extended periods, and it can be assessed during static or dynamic muscular
contraction [114]. For the purpose of this review, when more than one measure of
muscle endurance was reported we preferentially extracted: lower extremity dynamic
endurance (stair step; sit to stand chair test or fatigue curve), followed by lower
extremity static endurance including fatigue curve, number of squats performed in 60
seconds, fatigue index (the ratio of average power in last 5 reps to the average power
in first 5 during a test of 60 repetitions), and upper extremity dynamic endurance
measured using a fatigue curve and grip endurance test.

Muscle Power - Power (the explosive aspect of strength) is defined as the rate of
muscle work [115], and is the product of force and speed of movement [power =
(force x distance)/time] [112]. When more than one measure of power was reported
we preferentially extracted: the vertical jump test (m), horizontal jump, isokinetic
power (lower extremity before upper extremity) and maximum power test (maximum
power in watts on best of 3 repetitions doing squats).

Maximum Cardiorespiratory Function - Cardiorespiratory function is the ability of
the heart, lungs and circulatory system to efficiently supply oxygen and nutrients to
working muscles. Rhythmic, aerobic type exercises involving large muscle groups
are recommended for improving cardiovascular fitness. Maximal oxygen uptake
(VOa2max) is accepted as the best criterion to measure cardiorespiratory fitness.
Maximal oxygen uptake is the product of the maximal cardiac output (L blood * min
1y and arterial-venous oxygen difference (ml Oz / L blood). Maximal tests have the
disadvantage of requiring the participant to exercise to the point of volitional fatigue

and often require medical supervision and access to emergency equipment. For this
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reason, maximal exercise testing is not always feasible in research, health and fitness
settings. For this review, we preferentially extracted data from maximal or
symptom-limited treadmill or cycle ergometer tests in units of ml/kg/min, energy
expended, peak workload or test duration. We also accepted data from exercise tests
which yielded predicted maximum oxygen uptake.

Submaximal Cardiorespiratory Function or Testing - There are two major categories
of submaximal tests: predictive and performance tests. Predictive tests are
submaximal tests that are used to predict maximal aerobic capacity [116].
Performance tests involve measuring the responses to standardized physical activities
that are typically encountered in everyday life. In this review we preferentially
extracted data from work completed at a specified exercise heart rate (e.g., PWC170
test), followed by distance walked in six minutes (meters), the 2 minute walk test
(meters), walking time for a set distance (seconds), anaerobic threshold test, and
timed walking distance (e.g., Quarter Mile Walk Test).

Muscle/Joint Flexibility - Flexibility is the ability to move a joint or a series of joints
fluidly through the complete range of motion [114]. It is important to carry out
activities of daily living, and it depends on several specific variables, including the
geometry and distensibility of the joint capsule, ligaments, tendon and muscles
spanning the joint [114]. Flexibility is joint specific, therefore no single test can
evaluate total body flexibility. Tests quantify flexibility in terms of range of motion
(ROM) expressed in degrees. For the purpose of this review the following were
used: sit and reach test (commonly used to assess low back and hip joint flexibility)
and ROM measures. When there were multiple ROM measures within a single
study, we took the first measure in the researcher's data table.

Outcomes Representing Safety and Acceptability — Four outcomes grouped into two categories

were used to represent safety and acceptability. Qualitative descriptions of any adverse events,

injuries, exacerbations of pain and/or other FM symptoms were recorded. Attrition rates were

also extracted as an indicator of acceptability of interventions.
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Major outcomes

Based on clinician, consumers (individuals with FM) and the type of intervention reviewed we
designated seven of the 24 outcomes as major outcomes. All are presented in the Summary of

Findings tables (Appendix 3)

e multidimensional function (wellness)
o self-reported physical function (wellness)
e pain (symptoms)
e stiffness (symptoms)
e muscle strength (fitness)
e submaximal cardiorespiratory function (fitness)
e attrition rates* (safety and acceptability)
e adverse effects* (safety and acceptability)
*Attrition rates and adverse effects are presented together in the Summary of Finding

tables (Appendix 3). Attrition is used as a potential indicator of adverse events.

Minor outcomes

The 14 remaining outcomes were designated as minor outcomes. There were four wellness

outcomes, six symptom outcomes and four physical fitness outcomes:

Minor wellness outcomes: Minor symptom outcomes: Minor physical fitness
outcomes:
e patient rated global e tenderness  muscle endurance
e mental health o fatigue e muscle power
o self-efficacy e sleep disturbance » maximum cardiorespiratory
e clinician rated (single item e depression function
instrument) o anxiety « muscle flexibility

e dyscognition

2.3.5 Search methods for identification of studies
A comprehensive search for all physical activity interventions was conducted. The

citations found in the electronic searches were screened and then classified by type of exercise
training (e.g., aerobic, resistance, flexibility and yoga, aquatic exercise, mixed exercise and

composite interventions, and innovative interventions).
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2.3.5.1 Electronic searches
We searched the following databases from database inception to October 24, 2013 using

current methods outlined in Chapter 6 of the Cochrane Handbook [117]. No language
restrictions were applied. Full search strategies for each database are found in the appendices as

indicated in the list.

« MEDLINE (OVID) 1946 to March Week 1 2013 October 24, 2013 (Appendix 4)
« EMBASE (OVID) EMBASE Classic+EMBASE 1947 to 2013 October 24
 Cochrane Library (Wiley) 2013 Issue 2 http://www.thecochranelibrary.com/view/0/index.html
o Cochrane Database of Systematic Reviews (Cochrane Reviews)
o Cochrane Central Register of Controlled Trials (CENTRAL)
o Database of Abstracts of Reviews of Effects (DARE)
o Health Technology Assessment Database (HTA)
o NHS Economic Evaluation Database (EED)
o CINAHL (Ebsco) 1982-October 24, 2013
« PEDro (www.pedro.org.au/) Accessed October 24, 2013
« Dissertation Abstracts (Proquest) Accessed October 24, 2013
« Current Controlled Trials. Accessed October 24, 2013
« WHO International Clinical Trials Registry Platform (www.who.int/ictrp/) Accessed October
24,2013
« AMED (Allied and Complementary Medicine) (OVID) 1985 to October 2013 (accessed
October 24, 2013)

2.3.5.2 Searching other resources

Reference lists from key journals, identified articles, meta-analyses and reviews of all
types of treatment for FM were reviewed independently by two review authors with all

promising or potential references scrutinized and appropriate titles added to the search output.

2.3.6 Data collection and analysis

2.3.6.1 Review team
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The review team was made up of 12 members, including two consumers, one librarian,
and nine review authors, however not all team members are listed as authors on this review.
Review authors were from physical therapy, kinesiology, and dietetics backgrounds, and were
trained in data extraction using a standardized orientation program designed for this review.
Review authors worked in pairs (with at least one physical therapist in each pair) for the data
extraction process. The team met monthly to discuss progress, clarify procedures, make
decisions regarding study inclusion/exclusion, classify outcome variables, and work

collaboratively in the production of this review.

2.3.6.2 Selection of studies

Review authors independently screened titles and reviewed study abstracts generated
from searches using a set of criteria (see Appendix 5 - Screening and Classification Criteria -
Level 1, 2 and 3). We retrieved full text publications for all promising abstracts. The methods
and results sections for all non-English reports were translated, and full text reports and
translations were then examined independently by two review authors to determine if the study
met selection criteria. Disagreements between the two review authors and questions regarding
interpretation of inclusion criteria were resolved in discussion with partners unless the pair

agreed to take the issue to the team.

2.3.7 Data extraction and management
We developed electronic data extraction forms to facilitate independent data extraction

and consensus. Pairs of review authors worked independently to extract the descriptive and
quantitative data from the studies (i.e. characteristics of each study, details of participants,
interventions, and comparators, outcomes and study design). After the data were extracted, the
pairs reviewed the data together and reached a consensus. We frequently encountered questions
regarding the acceptability of outcome measures used in the studies; these questions were

referred to the team for resolution if not solved with partners.

2.3.8 Assessment of risk of bias in included studies
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We followed the procedure to assess bias recommended in the Cochrane handbook.
Two review authors independently evaluated the risk of bias in each included study using a
customized form based on the Cochrane Risk of Bias Tool [76]. The tool addresses seven
specific domains: sequence generation, allocation concealment, blinding of participants and
personnel, blinding of outcome assessment, incomplete outcome data, selective outcome
reporting, and other sources of bias. For other sources of bias, we considered potential sources
of bias such as baseline inequities despite randomization, or inequities in the duration of
interventions being compared. Each criterion was rated as low, high, or unclear risk of bias.
The criterion "unclear risk™ was used when the assessors were unable to determine the potential
for bias based on the information in the report(s) of the included study or acquired through
communication with author. In such cases, the assessments were revised if the authors
responded to our requests for more information. Disagreements on classifying risk of bias
between the review author pairs were resolved through discussion at consensus meetings. If

agreement could not be reached, the issue was referred to the review team for a decision.

2.3.9 Assessment of Congruence of Interventions with Exercise Guidelines
While exercise programs for individuals with FM commonly focus on relief of

symptoms, exercise has been shown to have wide sweeping positive effects on various aspects
of health when performed regularly at and beyond certain minimum volumes. We believe that
this should be addressed for individuals with FM and therefore have sought to establish
congruence of the exercise interventions with the widely accepted ACSM guidelines that
describe the exercise dosages recommended to improve and maintain physical fitness and
minimize the health effects of chronic inactivity [69]. While we have chosen to evaluate
interventions against these guidelines (see Appendix 2), it is also important to acknowledge that
for individuals who are deconditioned, participation in exercise that falls below the guidelines
outlined in the ACSM position stand in Garber [69] can provide enough of a stimulus to cause
physiological adaptations that enhance physical performance as well. While individual who are
deconditioned should begin their participation in exercise at lower dosages, they will
experience greater benefits as they gradually increase their exercise programs to levels within

the guidelines.
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We extracted data on exercise frequency, time, duration, intensity and planned
progression model of each intervention, and compared the aerobic, strengthening and flexibility
components of the interventions with guidelines in the 2011 ACSM Position Stand on the
quantity and quality for developing and maintaining cardiorespiratory, musculoskeletal, and
neuromotor fitness in apparently healthy adults [69] (see ACSM guidelines Appendix 2 and

Characteristics of included studies — Appendix 6).

2.3.10 Measures of treatment effect

The outcome measures of interest were most often presented as continuous data with
pre-test means, and standard deviations. We calculated change scores and estimated standard
deviations for the change scores using the formula described in the Cochrane Handbook (Figure
2.1). Review Manager [118] analysis software was used: (1) to calculate effect sizes in the
form of mean differences, standardized mean differences (SMD) and 95% confidence intervals
(95% CI), (2) to generate forest plots to display the results, and (3) to calculate and meta-

analyze attrition rates using odds ratios.

When statistically significant results were found, we also evaluated the clinical
relevance of the effects in major outcomes by calculating the relative difference in change from
a pooled baseline in the intervention group as compared to the change from a pooled baseline in

the control or comparison group. The pooled baseline was calculated as follows:

Pooled baseline = (X1pre* N1+ Xopre* N2) / (N1 + N2).evvvinnnnnn.. (2.1)

Relative difference (%) = weighted mean difference /pooled baseline....... (2.2)

where the weighted mean difference was calculated in RevMan [118], X1 pre and Xz pre are the
pre-test means in the experimental and the control groups respectively, and niand n; are the
number of participants in the experimental group and the control groups respectively. When
more than one instrument was used to measure an outcome, the median and range for relative
improvement were calculated. In keeping with the practice of the Philadelphia Panel, we used
15% as the level for clinical relevance [119]. Relative changes were calculated for major

outcomes in the Aquatic Exercise Training vs Control analyses only.
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2.3.11 Unit of analysis issues
The unit of analysis of the primary studies was individuals.

2.3.12 Dealing with missing data
When numerical data were missing, we contacted the study authors, requesting

additional data required for analysis. When information needed to describe the intervention or
to determine risk of bias was missing, we contacted authors using open-ended questions. When
numerical data were available only in graphic form, we used Engauge version 4.1 [120] to
extrapolate means and standard deviations by digitizing data point on the graphs. When
unavailable, the standard deviations of the change scores were calculated using the formulae in
Higgins [76] (See Figure 2.1). The correlation between baseline and end of study

measurements was estimated at 0.8.

” ~

f
SDE.cha.“.ge - \;SDEAbase;‘:ne + SDE.;‘:na: = (\2 X Corr X SDE.bcselme X SDE.fma.‘

Figure 2.1 Formula for calculating standard deviations of change scores based on pre and post-
test standard deviations (see Section 16.1.3.2.in Higgins [76]).

2.3.13 Assessment of heterogeneity

Statistical heterogeneity among the trials was assessed using the heterogeneity statistics
(chi squared, 1). We considered values of p < 0.1 to be indicative of significant heterogeneity.
Where p < .1 and or 12 > 50%, the results were examined for sources of clinical heterogeneity
and methodological differences. When statistical heterogeneity was evident, we used a random

effects model for meta-analysis [121]

2.3.14 Assessment of reporting biases

Methods described in the Cochrane handbook (funnel plots, statistical tests, imputation,

[122]) were planned pending a large enough sample of studies (i.e., >10 studies).
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2.3.15 Data synthesis

When two or more sets of data were available for the same outcome, we used the
RevMan [118] analyses to pool the data (meta-analysis). In order to perform meta-analysis,
transformation of the point estimates of outcomes was performed: a) to express results in the
same units (e.g., cm were transformed to mm), or b) to resolve differences in the direction of
the scale (when scores derived from scales with higher score indicating greater health were
combined with scores derived from scales with high scores indicating greater disease), change

scores were modified to allow calculation of relative change or to allow pooling of data.

A fixed effects model for meta-analysis was used unless heterogeneity was evident (12 >
50%), in which case a random effects model was used. To evaluate the magnitude of the effect,
we used Cohen’s guidelines (no effect <.2, small effect = .2 to .49, moderate effect =.5 to .79,

large effect > .80 [123].

2.3.15.1 Subgroup analysis and investigation of heterogeneity

Subgroup analysis was undertaken to explore the relative effects (as represented by the
SMD) of a variety of participant and intervention related characteristics on multidimensional
function, pain and muscle strength outcomes. Only studies comparing aquatics training to

control were examined.

Participant Characteristics - We classified studies into high and low subgroups for each of the
following participant characteristics at baseline: age, impact of FM, pain, duration of
symptoms. High and low groups were determined based on 90% confidence intervals using the

following steps:

o Weighted means, pooled standard errors, and 90% confidence intervals were
calculated for each study.

e The studies with means below the median were candidates for the low group while
studies with weighted means greater than the median were candidates for the high
group.

e When the 90% confidence interval of a study of the one group overlapped with one
(or more) confidence interval of the other group, it was discarded. Thus, the baseline
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means of studies in the low group were statistically significantly than means of

studies in the higher group (p <0.1).

Characteristics of the Intervention — We planned to do subgroup analysis to determine the
effects of features of the intervention on multidimensional function, pain, and strength as

follows:

o Temperature of the pool: Cool (28 to 32 degrees Celsius), Temperate (33 to 36
degrees Celsius), Warm (>36 degrees Celsius)

o Duration of the program in weeks: a) < 7 weeks, b) 7 — 12 weeks, c) > 12 weeks

e Frequency of training per week: a) 1 time/week, b) 2 times/week, c) 3 times/week, d)
>3 times/week

« Exercise intensity: a) very light, b) light to moderate, ¢) moderate, d) light to
vigorous, e) non-specified, f) self-selected

e Accumulated time in the pool: a) < 1000 minutes, b) 1000 — 2000 minutes, ¢) > 2000

minutes

2.3.15.2 Sensitivity analysis

No sensitivity analyses were planned a priori. In this review, a sensitivity analysis
[124] was conducted when the results of one study in the aquatics vs control comparisons were
found be more extreme than the other studies. We carried out a sensitivity analysis by
excluding the study in question from the meta-analyses and evaluating the impact on
heterogeneity. Because the exclusion of the study substantially reduced the heterogeneity
observed in the meta-analyses, we used the revised meta-analysis for assessment of treatment

effects.

2.3.15.2.1 Summary of Findings Tables (Appendix 3)
We used Grade-Pro version 3.6 [125] to prepare summary of findings tables for the

seven major outcomes for each of the three comparisons. In the summary of findings tables, we
integrated analysis of quality of evidence and the magnitude of effect of the interventions. We
applied the GRADE Working Group grades of evidence which considers the Risk of Bias and
the body of literature to rate quality into one of four levels:
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o High quality: Further research is very unlikely to change our confidence in the
estimate of effect.

e Moderate quality: Further research is likely to have an important impact on our
confidence in the estimate of effect and may change the estimate.

o Low quality: Further research is very likely to have an important impact on our
confidence in the estimate of effect and is likely to change the estimate.

o Very low quality: We are very uncertain about the estimate.

Quality ratings were made separately for each of the seven major outcomes. Multidimensional
Function, a comprehensive and encompassing outcome measure was selected among the seven
outcomes variables to be highlighted in the Summary of Findings table (Appendix 3) and the
Plain Language Summary. Calculations were carried out based on the guidelines of the

Cochrane Musculoskeletal Review Group.

2.4 Results
2.4.1 Results of the Search

The search resulted in a total of 1986 citations. We excluded 1213 on citation screening
and 609 based on abstract screening (see Figure 2.2). On examination of full text articles, we
excluded 61 studies (Appendix 7) because they did not meet the selection criteria related to: a)
diagnosis of FM (n = 5), b) physical activity intervention (n = 11), ¢) study design (n = 35), or
d) outcomes (n = 9). 159 research publications described 84 RCTs with physical activity
interventions for individuals with FM. The 84 RCTs were screened to identify studies which
compared interventions that were exclusively aguatic exercise interventions to control groups or
other interventions. Thirty-one articles describing 24 studies examining aquatic training were
examined in detail; seven articles did not meet inclusion criteria; < 50% aquatic (n = 5),
unspecified mix of aquatic and land (n = 2). One study [4] is awaiting assessment and four
additional studies are awaiting classification. These studies will be considered when this review

gets updated.

2.4.2 Included studies
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Twenty three articles describing 16 studies [1;2;111;126-138] met our selection criteria
and were included for analysis. Three publications by Tomas-Carus published in 2007
[6;7;139], reported additional variables from a primary study by Gusi 2006 [132]; therefore
these four publications (3 by Tomas Carus and 1 by Gusi) were included but counted as one
study for analysis (hereafter identified as ‘Gusi 2006”). Likewise, Gowans 2002 [140] reported
on additional variables from the Gowans 2001 [131] primary study and this pair was included
but was also counted as one study (hereafter both reports are identified as ‘Gowans 2001”).
Similarly, Munguia Izquierdo 2008 [141] reported additional variables from the Munguia-
Izquierdo 2007 [111] primary study and these two studies were included and counted as one
(hereafter both reports are identified as ‘Munguia-Izquierdo 2007”). Furthermore, two
publications by Tomas-Carus, one in 2007 [8] and another one in 2009 [142], reported on
additional variables from the Tomas-Carus 2008 [137] primary study so the included trio was
counted as one study (hereafter identified as ‘Tomas-Carus 2008”). Of 881 participants in the
included studies, 866 were females with FM. There were 439 individuals assigned to aquatic
exercise training intervention: 248 in the aquatic vs control comparison, 116 in the aquatic vs

land-based comparison, and 65 in the aquatic vs other types of intervention comparison.

We contacted authors using open-ended questions to obtain the information needed to
assess risk of bias and/or the treatment effect. We received responses from 11 authors:
[1;2;111;126;130;132-134;136-138].

2.4.3 Description of intervention

The main characteristics of the studies are summarized in characteristics of included

studies tables (Appendix 7) tables and described below:

2.4.3.1 Aquatic vs Control:

Settings: Nine studies were identified. Seven studies were conducted in Europe
[2;111;132;136-138;143], one in North America [131] and one in South America [133]. All
studies were published after 2000. Of the 16 research reports four articles written in Spanish
[2;132] and [137]; two articles [132;137] had primary and secondary articles written in English

and Spanish. The remaining articles were written in English.
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Participants: A total of 513 females and six males with an age range of 46.3 to 48.3 years were
included. FM diagnosis followed ACR 1990 criteria in all studies. Average disease duration/
was 12 years; however, some of the studies did not report this information [2;133;138]. Some
studies excluded participants who were not sedentary. These included individuals who: a) were
engaging in regular exercise [133], b) participating in ongoing exercise [136] , ¢) had a history
of physical activity more strenuous than slow paced walking more than twice per week over
four months prior to study [111], or d) had a history of more than 30 minutes exercise/week
during 2 weeks in the last 5 years [132;137].
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Figure 2.2 Study flow diagram.

2 Discrepancy between the number of articles and studies denotes that multiple papers may have

described the same study.
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Characteristics of the Intervention: Water temperature was 27 to 32 degrees Celsius in three
studies [2;111;133], and 33 to 37 degrees Celsius in four studies [132;136-138]. Two of the
studies did not specify water temperature [131;143]. In six interventions, all sessions were
performed in the water 100% of the time [111;131-133;137;143] , in one intervention, 70% of
the total intervention consisted of exercise in the water [136], and the two remaining
interventions consisted of exercise in the water 50% of the time [2;138]. All interventions were
conducted in a supervised group setting and lasted an average of 17 weeks (range 4 to 32
weeks). Only three studies provided follow up data: Altan [138] and Gusi [132] at 12 weeks
and Mannerkorpi [136] at 48 to 52 weeks. Four studies described the depth of water: Ide [133]
specified participants exercised with shoulders in the water, Munguia-lzquierdo [111] at chest
height, and water was at waist height in two studies [132;137]. Average session duration was 45
minutes (range 30 to 70). Frequency varied from one time per week in two studies [136;143],
two times per weeks in one study [2], three times per week in five studies
[111;131;132;137;138], to four times per week in one study [133]. Exercise intensity levels

varied as follows:

o very light (< 57% predicted HRmax): Arcos-Carmona [2]

 light to moderate (57 to 76% predicted HRmax): Altan [138]; Tomas-Carus [137]
e moderate (64 to 76% predicted HRmax): Gowans & Gusi [131;132]

e light to vigorous (57 to 95% predicted HRmax): Munguia-lzquierdo [111]

o self-selected: Mannerkorpi 2000 [143]; Mannerkorpi 2009 [136]

e non-specified: Ide [133]

None of the studies met the ACSM exercise guidelines specified for aerobic or strength
training. Only Ide [133] met the ACSM guidelines for flexibility training. There was a
disagreement between review authors and trialists for one study [111] in classifying the
congruence with ACSM guidelines. While Munguia-lzquierdo [111] reported “the intervention
program met the minimum training standards of the American College of Sports Medicine pg
826...”, the review authors evaluated the program as described as not meeting ACSM

guidelines.
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Types of exercise: Six studies provided an aquatic mixed intervention, including a combination
of aerobics, flexibility, coordination and/or strength. Gowans [131] presented an aquatic aerobic
intervention for six weeks that progressed from full exercise time in the water to fewer hours in
water and more on land-based. For the purpose of this review we have used data corresponding
to the period zero to six weeks (i.e., the time participants exercise 100% in the water). Two
authors, Arcos-Carmona [2] and Altan [138], had the intervention split into water and land: 30 -
30 minutes for Arcos-Carmona [2] and 35 -35 minutes for Altan [138]. Ide [133] intervention

had an aquatic aerobic exercise component combined with a non-exercise relaxation session.

Control: Six studies had a standardized control group. Two studies provided a specialized type
of control (balneotherapy, Altan [138]), and education-relaxation [136]. One study used
sedentary recreational activities [133] as a control.

2.4.3.2 Aquatic vs Land-based Training

Settings: Five studies were analyzed; two studies were conducted in Europe [130;134] and
three in South America [1;126;129]. All studies were conducted after 2000. All studies but one

(Hecker [1]- Portuguese) were written in English.

Participants: The studies included 203 females and one male with an average age of 44 years.
All participants were diagnosed following ACR 1990 criteria. Only one study [126] had an
exclusion criterion based on physical activity, wherein participants were excluded if they had

exercised in the 6 weeks prior to the intervention.

Agquatic interventions: Water temperature was 27 to 32 degrees Celsius in one study [126] and
33 to 37 in two studies [130;134]. Hecker [1] water temperature was 32 to 34 degrees Celsius.
One study did not report water temperature [129]. All activities were conducted in a group
setting and were supervised. All but one study presented a mixed exercise intervention,
including strength, aerobic, flexibility exercise plus and non-exercise relaxation components.
The land-based exercises followed the same program as the aquatic exercise training
intervention. Assis [126] used an aquatics aerobic intervention in the deep water part of the

pool.
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The average intervention duration was 13 weeks (range 3-23 weeks). Two studies
carried out a follow up assessment at 19 and 24 weeks [130;134]. Duration of the individual
sessions within the intervention was 60 minutes with a frequency of one time per week [1], two
times per week [134] and three times per week [126;129;130]. Intensity of the intervention was
reported in three studies and varied from very light [1], light to moderate [126] to light to
vigorous [134]. Three studies did not meet the ACSM exercise guideline for aerobic, strength
criteria [1;129;130], and information was insufficient to determine congruence in two cases
[126;134]. Only de Melo Vitorino [129] met ACSM criteria for flexibility.

Land-based Interventions: All studies replicated the aquatic exercise training intervention as a
land-based intervention. Authors gave these interventions different names (e.g., conventional
physiotherapy, kinesiotherapy) but components such as frequency, duration, and intensity were
identical. One study had a non-supervised home based exercise control [130].

2.4.2.3 Aquatic vs Aquatic

Settings: Two studies were analyzed [127;128]. One was conducted in Spain [127] and the
other in Brazil [128]. Both studies were published after 2007 and were written in the English
language.

Types of Interventions: Calandre [127] conducted a direct comparison of Ai Chi (Tai Chi in
the water) vs stretching in water (intervention 1 and intervention 2 respectively); De Andrade
[128] compared an aquatic aerobic intervention in sea water (intervention 1) to an aquatic

aerobic intervention in a pool (intervention 2)
Characteristics of Intervention:

Calandre [127]: There were 73 female and eight male participants with an age range from 49 to
51 years who were diagnosed with FM according to ACR 1990 criteria. Average disease
duration was 14.1 years and 15.6 years respectively. Pool temperature was 36 degrees Celcius
and individuals had a warm water shower to acclimatize prior to getting in the pool. The length
of the intervention was six weeks, with follow up at 10 and 18 weeks. The intervention was
carried out in a supervised group setting and was 60 minutes, three times per week at intensity

levels that met individual needs. The intervention did not meet ACSM exercise guidelines for
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aerobic or strength but met them for flexibility. The stretching group sessions were 60 minutes

long, three times per week with intensity levels to meet individual needs.

De Andrade [128]: There were 46 females with an average age of 48.3 to 48.8 years in
each of the groups respectively diagnosed according to ACR 1990 criteria. Participants were
excluded if they had engaged in physical activity in the three months prior to the intervention.
The supervised group activity took place in an outdoor pool (during summer months) with
water temperature ranging from 28 to 33 degree Celsius. The 12 week intervention consisted of
three 60 minute weekly sessions, at a moderate to vigorous intensity level (50 to 75% VO2max,
12 to 13 on the Borg RPE). The intervention did not meet ACSM exercise guidelines for
aerobic, strength or flexibility training requirements. The sea water group exercised in water at
shoulder level in an area with no waves, with the same duration, frequency and intensity as the

pool intervention.

2.4.4 Excluded Studies
Following screening of citations and abstracts, 60 studies were excluded on the

assessment of the full text article when the study did not meet the inclusion criterion for: a)
diagnosis of FM (n = 5), b) physical activity intervention (n = 10), c) study design (n = 34), or
d) no between group data for specified outcomes (n = 9, see Characteristics of excluded studies

— Appendix 7).

2.4.5 Risk of bias in included studies
Results of the risk of bias assessment for the 16 studies are provided in in Figure 2.3 and

Figure 2.4. The risk of bias assessments was based on primary article data supplemented by

responses from authors.

2.4.5.1 Allocation (selection bias)
Eleven of the 16 studies used an acceptable method of random sequence generation

(computer generated sequence, coin toss, drawing of cards or lots) and were rated low risk
[1;2;111;126-129;133;134;136;138]. Four studies [131;132;137;143] allocation methods were
unclear; only one study [130] was rated as high risk as it had not utilized an acceptable method

of randomization (date of admission).
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Eight studies [1;2;111;126;128;129;134;136] were rated as low risk as they utilized
acceptable methods to conceal the allocation sequence such as central allocation (including
telephone, web based, and pharmacy-controlled randomization) or sequentially numbered
opaque sealed envelopes. Seven studies that did not present sufficient information to allow
definitive judgement [130-133;137;138;143] were rated as unclear. One study [127] used an

unacceptable method of allocation concealment and thus was classified as high risk.

2.4.5.2 Blinding (performance bias and detection bias)

In exercise studies, blinding of participants and care providers is very rare. Among the
included studies, blinding of participants and personnel (performance bias) were rated as low
risk for eight studies by review authors [1;126-129;134;136;138], and unclear rick for eight
studies [2;111;130-133;137;143].

Thirteen studies blinded outcome assessors to participant group assignment (detection
bias) these studies were rated by reviewers as low risk [1;2;111;126;128;129;131;134;136-
138;143;144] two were rated as unclear risk [127;130] and one study was rated as high risk
[132].

2.4.5.3 Incomplete outcome data (attrition bias)

Two studies that reported incomplete outcome data were rated as unclear risk; there was
insufficient information provided by Gusi [132] and Gowans [131] to determine whether

incomplete outcome data were adequately addressed.

Agquatic vs Control: Drop-out rates for all interventions were as follows: Altan [138] 6%
(3/46) Arcos-Carmona [2] 5% (3/57 participants), Gowans [131] 2% (1/50 participants), Gusi
[132] 3% (1/35 participants), Ide [133] 13% (5/40 participants), Mannerkorpi 2000 [143] 16%
(11/69 participants), Mannerkorpi 2009 [136] 17% (23/134 participants), Munguia-lzquierdo
[111] 5% (3/60 participants) and Tomas-Carus 9% [137] (3/33 participants). Reasons for drop
out stated by authors were: failure to attend 95% of exercise sessions or missing more than 25%
of activities/classes, failure to attend post measurement for personal reasons, transportation
problems and employment commitments, failure to attend assessment, failure to begin exercise
program due to scheduling conflicts, unknown reasons, not starting program due to

randomization, concomitant disease, family reasons, move from city, falling on the street,
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seeking professional support for stress, or change of medication. Only two studies used

intention to treat analysis [131] and [111].

Aquatic vs land-based: Drop-out rates were as follows: Assis [126] 13% (4/30
participants), de Melo Vitorino [129] 6% (3/50 participants), Evcik [130] 3% (2/63
participants), and Jentoft [134] reported a 23% drop out rate (10/44 participants). Hecker [1] did
not specify a drop-out rate but author communication clarified that "all participants in each
group were followed to the end of the study." Reasons for drop out stated by authors were low
attendance (< 50% of sessions), no attendance, inflammatory rheumatic disease, personal
reasons, reasons not given [130], and incompatibility with work schedule. Intention- to -treat

analysis was used by Assis [126] and de Melo Vitorino [129].

Aquatic vs Other: Drop-out rates were as follows: De Andrade [128] 17% (8/46
participants) and Calandre [127] 19% (15/81 participants). Reasons for drop out stated by
authors were no excuse, hypertension, cardiac arrhythmia, personal problems and
incompatibility with work schedule, lack of time, adverse effects like chlorine sensitivity and

pain exacerbation. Calandre [127] used intention to treat analyses.

Missing outcome data were balanced in numbers across intervention groups, with similar
reasons for missing data across groups, suggesting low risk of bias in 14/16 studies. Overall we

rated the risk due to incomplete outcome data low (~80%, Figure 2.4)

2.4.5.4 Selective reporting (reporting bias)

It was difficult to assess selective reporting bias because a priori research protocols were
not available for any of the reviewed studies. 3/16 studies were rated as having high risk of
selective reporting [127;132;137] because some of the reported outcome measures were not
pre-specified and point/variability estimates were not provided for all outcomes. Unclear risk
was rated on 4/16 studies [1;111;130;133]. Overall we rated the risk of selective reporting as
low (~60%, Figure 2.4).
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Figure 2.3 Risk of bias summary consensus: review authors' judgements about each risk of bias
item for each included study. Key for colours and signs: green (+) = low risk of bias; yellow

(?): unclear risk of bias; red (-): high risk of bias
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Information on adverse effects was seldom included in the primary studies. Only five
studies reported adverse effects. Altan [138]described participant drop out due to hypertension
and cardiac arrhythmias - these participants were in the balneotherapy group. De Andrade [128]
study reported "adverse events were not indicated as a cause of interruptions.” There were 20
adverse events in this study (nine in pool group and 11 in sea group). Nine patients reported
muscle pain in a pool group. Two patients reported first-degree burns, one patient presented
with a urinary infection, and eight in sea group” (pg 149) reported muscle pain. Evcik [130]
states "no side effects were observed during the program" (pg 886-7). Assis [126] states " there
were 10 adverse events in the deep water running group and 16 in the land-based exercise group
... four patients in the deep water running reported muscle pain and 1 reported tinea pedis.
There were 12 patients in the land-based exercise group who reported muscle pain. One of them
had an impingement syndrome; another a bilateral ankle arthritis; a third a Baker cyst." (pg 61);
Calandre [127] states "Fifteen patients withdrew from the trial ... three of them belonging to the
Ai Chi group due to adverse reactions: one case of chlorine hypersensitivity and two cases of
pain exacerbation" (pg s-16); Mannerkorpi 2000 [143] stated "main reasons for not starting or
interrupting the program were lack of time due to commitments related to child care or

employment, or the occurrence of infection or injury™ (pg 2474).

2.4.5.5 Other potential sources of bias

Overall, we rated the risk due to other sources as low (~75%, Figure 2. 4). One study
was rated high risk for other serious potential sources of bias because it reported extreme
baseline imbalances in one of the outcome measures [127]. Three studies were rated unclear
risk: in one of them [130] review authors considered the methodology had some flaws and
many areas assessed were not discussed by authors; in another study [1] there was insufficient
information to assess whether an important risk of bias existed; and in the third study [137]

review authors noted there was incongruence of data among primary and companion studies.

Poor adherence is also a potential source of bias in exercise studies. None of the studies
reported detailed results of systematic data collection and analysis of participant adherence to
exercise performance in a way that would allow the review authors to understand the amount of

exercise training actually performed by participants.
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Figure 2.4. Risk of bias graph: review authors' judgements about each risk of bias item

presented as percentages across all included studies.

2.4.6 Effects of the Intervention
The results related to effects of the interventions have been grouped below.

2.4.6.1 Aquatic vs control

After visually inspecting the results produced in the meta-analyses, it was apparent that
one study [133] was atypical (i.e., an outlier). On reviewing Ide [133], it was noted that the
intervention differed from the others; the focus of the Ide [133]intervention was on combined
breathing with flexibility maneuvers in the water, whereas the other studies concentrated on
aerobic and resistance training exercises. A sensitivity analysis was conducted to examine the
effect on outcomes when the outliner study was removed and we decided to remove Ide [133]
from the meta-analysis. This reduced heterogeneity in all but one analysis (Appendix 8). The
meta-analyses results are described below and in the Summary of Findings table 1 (Appendix
3).

Wellness: Seven studies (367 participants) provided data for the major outcome measure
multidimensional function [111;131;132;136-138;143] and five studies (285 participants)
reported on self-reported physical function [2;132;136;137;143]. Only one study (46

participants) provided data on the minor outcome of patient rated global [138].
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Among the major outcomes in the wellness category, a moderate effect was found for
multidimensional function. The mean in multidimensional function in the aquatic groups
improved by 5.97 FIQ units (95% CI 2.88 to 9.06, Analysis 1.1) compared to the control group.
A significant effect was found in self-reported physical function with a mean reported of -4.36
FIQ units on a 100 point scale (95% CI -7.77,-0.94, Analysis 1.2); both results favoring the
aquatic exercise training interventions. Among the major wellness outcomes, none of the
outcomes met the threshold for clinically relevant differences (15%): relative to the control
group there was a 9.4% improvement in multidimensional function outcome, and a 9.3%

improvement for self-reported physical function.

Minor Wellness Outcomes: There was no evidence of an effect for patient rated global
(MD -0.87 on a 10 cm VAS, 95% CI -1.74, 0.00, one study, Analysis 1.7), self-efficacy (88
participants) (MD = 9.54 , 95% CI -3.39, 22.46 Analysis 1.10), mental health (243 participants)
(MD = -3.03, 95% CI -8.06, 2.01, Analysis 1.8), or clinician rated global (10 cm scale ranging
0-10 MD =0.08 , 95% CI -0.75, 0.91, one study, 46 participants, Analysis 1.9).

Symptoms: Seven studies (382 participants) provided data on pain [2;111;132;136;138]; six
studies (329 participants) assessed fatigue [2;132;136-138;143]; seven studies (368
participants) reported on tenderness [111;131;132;136-138;143] and four studies (230
participants) evaluated stiffness [132;136;137;143].

A moderate effect favouring the aquatic exercise training was found for pain with the
mean pain in the aquatic group improving by -6.58 units on a 100 point scale (95% CI -10.71,

-2.48, Analysis 1.3). Stiffness' mean in the aquatic group improved by 18.48 units on a 100
point scale, (95% CI -35.75,-0.93 Analysis 1.4). Among the major symptom outcomes, only
one met the threshold for clinically relevant differences (15%): compared to control groups, the
aquatic exercise training reduced stiffness by 26.8% following the intervention. The reduction

in pain did not meet the threshold for clinical relevance (9.5% improvement).

Minor Symptom Outcomes: A small effect was found favoring the aquatic intervention
in depression (362 participants) (SMD = -0.45, 95% CI -0.82, -0.08, Analysis 1.13) and
tenderness (SMD =-0.47, 95% CI -0.80, -0.13 Analysis 1.12) while no evidence of an effect
was found for fatigue (SMD =-0.31, 95% CI -0.75, 0.13 Analysis 1.11). A moderate effect on
sleep (104 participants) was found favoring aquatics (SMD = -0.63, 95% CI -1.12, -0.14,
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Analysis 1.15) anxiety (374 participants) (SMD =-0.57, 95% CI -0.95, -0.19, Analysis 1.16)
and dyscognition (58 participants) (number of correct responses over 60 trials MD = -4.70, 95%
Cl1-9.29, -0.11, one study, Analysis 1.17).

Physical fitness: Four studies (152 participants) evaluated muscle strength [131;132;137;143];
three (162 participants) evaluated muscle endurance [111;138;143]; two (64 participants)
evaluated maximal cardiorespiratory function [132;137]; and three studies (194 participants)

evaluated submaximal cardiorespiratory function [131;136;143].

The effects for the physical fitness training in strength and submaximal
cardiorespiratory function showed a moderate effect favouring aquatic exercise training
interventions: strength's mean in the aquatic group improved 0.63 standard deviations compared
to the control group (95% CI 0.20, 1.05, Analysis 1.5) and submaximal cardiorespiratory
function improved by 32 meters on a 6 minute walk test (95% CI1 17.41, 43.03, Analysis 1.6).
Clinically relevant difference was found favouring the aquatic exercise training intervention for
muscle strength (37%), but submaximal cardiorespiratory function (6.5%) did not meet the 15%

threshold for clinical relevance.

Minor outcome flexibility was measured in one study (30 participants) [137] and we
found evidence of no effect (1.5 cms on the sit reach test, 95% CI -2.04, 5.04 Analysis 1.14).
As well, evidence of no effect was found in muscle endurance (SMD = 0.00, 95% CI -0.67,
0.67 Analysis 1.19) and maximal cardiorespiratory function (SMD = 0.23, 95% CI -1.00, 1.47
Analysis 1.18).

Additional evidence: The study by Ide [133] which compared the effects of respiratory
exercises with arm and trunks movements in 18 participants with fioromyalgia to 17 control
participants was not meta-analyzed with the other studies due to statistical and clinical
heterogeneity. Ide [133] reported a large effect favouring the aquatic exercise intervention in
wellness and symptom outcomes: multidimensional function domain (MD = -20.5 on the FIQ
total, 95% CI 1.70, 2.40); self-reported physical function (MD = -8.0 on the FIQ physical
function scale of 0 -100, 95% CI -5.0, -11.0); mental health 10.26 on the SF36 Mental Health
Scale with scale of 0 - 100, 95% CI 13.84, 6.68); pain (MD = -20.2 on the FIQ VAS with scale
of 0 -100, 95% CI -16.4, -24.0); tenderness (MD = -1.48 active TPs out of 18, 95% CI -1.07, -
1.89); fatigue (MD = -30.3 FIQ fatigue with scale of 0 -100, 95% CI -26.5, -34.1); and stiffness
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(MD = -11.0 FIQ stiffness with scale of 0 -100, 95% CI -6.5, -15.5); depression (MD -20.3 FIQ
depression with scale of 0 -100, 95% CI -16.0, -24.6); anxiety (MD = -25.0 FIQ anxiety with
scale of 0 -100, 95% CI -20.8, -29.2); and sleep (MD = -5.28 on the Pittsburgh Sleep Quality
Index with a scale of 0 - 21, 95% CI -4.47, -6.09).

Safety and Acceptability: Reporting of adverse effects was incomplete and sometimes absent
in the studies. Mannerkorpi 2000 [143] reported an unspecified number of drop-outs due to
injury and infection. Gusi [132] explicitly stated the intervention did not aggravate symptoms.
Altan [138]stated that participants in the balneotherapy group dropped out due to developing
hypertension and cardiac arrhythmias. In the five remaining studies, adverse effects were not
addressed [2;111;131;136;137].

All cause withdrawal rates for the aquatic exercise training groups (n1/N1) vs
comparators (n2/N2) in the aquatic exercise training vs control group were: 1/24 vs 2/22 (Altan
[138]); 1/28 vs 2/28 (Arcos-Carmona [2]); 12/27 vs 8/24 (Gowans [131]); 1/18 vs 0/17 (Gusi
[132]); 9/37 vs 2/32 (Mannerkorpi 2000 [143]); 9/66 vs 14/68 (Mannerkorpi 2009 [136]); 3/35
vs 1/25 (Munguia-lzquierdo [111] ); 2/17 vs 1/16 (Tomas-Carus [137]). Pooled analysis
resulted in a non-significant risk ratio (RR =1.13, 95% C1 0.73, 1.77, Analysis 1.20).

Long term effects:

Six studies [127;130;132;134;136;138] measured the effects of the intervention once again after
the end of the supervised intervention; Altan [138] and Gusi [132] conducted a follow up at 12
weeks; Calandre [127] assessed outcomes again 12 weeks post intervention; Evcik [130] had
two follow up periods at 12 and 24 weeks; Jentoft 2001[134] reported a follow up at 26 weeks
post intervention; and Mannerkorpi 2009 [136] followed up at 48-52 weeks post intervention.

The results of the follow up period were calculated for aquatic vs control comparison.

Three studies: Gusi [132], Altan [138], and Mannerkorpi 2009 [136] from the aquatic vs
control comparison employed follow up testing after the intervention finished, evaluating
outcomes at 12, 12, and 48-52 weeks respectively. Because of the clinical heterogeneity among
these studies, we did not meta-analyse the long-term effects of aquatic exercises. Our analyses

(Figure 2.5; Figure 2.6) shows the long-term effects on outcome variables of each of the studies
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by displaying change from baseline to end of intervention (T2) and to follow up (T3). The data

is presented in SMDs for ease of comparison. The long-term results were as follows:

Aquatics vs control (treatment as usual, Gusi [132]): Improvement favoring Aquatics
that had been observed at T2 had regressed to no difference in multidimensional
function, self-rated physical function, and fatigue. The improvement in pain observed
at T2 was maintained at T3. There were no between group differences at T2 or T3 in
tenderness, strength, and maximal cardiorespiratory function.

Aquatics vs Balneotherapy [138]: Improvement favoring Aquatic that had been
observed at T2 was maintained at T3 in fatigue. The improvement favoring
balneotherapy observed at T2 had regressed to no difference in endurance at T3.
Although no difference had been observed in pain at T2, an improvement favoring
Agquatic emerged at T3. There was no between group difference in multidimensional
function and tenderness at either T2 or T3.

Aquatics vs Education [136]: Improvement favoring Aquatic that had been observed
in pain at T2 was not retained at T3. There was no between group difference in
multidimensional function, self-reported physical function, fatigue or

cardiorespiratory submaximal function at either T2 or T3.
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total N, Random, 95% Cl IV, Random, 95% CI
1.1.1 Multidimensional Function
Multidimensional AltanT2 -14.29 11.88 24 1321 1261 24 -0.08 [-0.65, 0.48] =
Multidimensional AltanT3 -7 TAT 24 -441 1032 22 -0.31 [-0.89, 0.28] -+
Multidimensional GusiT2 -11 12,37 17 1 10,48 17 -1.02 [1.74,-0.30] —+
Multidimensional GusiT3 -6 12 17 1 1048 17 -0.61 [-1.30, 0.08] —
Multidimensional MannT2 -3.39 11.49 a7 -1.38  4.87 a4 -018 056, 0149 4
multidimensional.MannT3 -4.03 1277 a1 -6.03 12.63 a3 016 [-0.23, 0.54] T
1.1.2 Self Reported Physical Function
Physical Function. GusiT2 -19 18.03 17 -4 11.44 17 -0.97 [1.68,-0.25] —+
Fhysical Function.GusiT3 -12 14,04 17 -4 11.54 17 -0.61 [1.30, 0.08] —
Physical Function.MannT2 -0.84 14,493 ar 08 133 a4 -0.12[-0.49 0.25] -
Physical Function.MannT3 -4.72 1484 a1 -1.63 1361 a3 -0.22 060, 017 +
1.1.3 Pain
FainAltanT2 -21 166 24 -1.87 1.1 22 -016 074, 0,42 -
PainAltanT3 -252 107 24 -1.14 1.4 22 -0.85 [1.44,-0.24] -+
Pain.GusiT2 -23 18.03 17 5 11.84 17 -1.81 [2.62,-0.99] —+
Pain.GusiT3 S22 14,04 17 5 11.84 17 -2.05 290, -1.20] —+
FPain.mannT2 -485 124945 a7 -0.02 11.86 a2 -0.38 076, -0.01] +
Pain.mannT3 -3.69 1578 a0 -4.7 137 a3 0.07 [-0.32,0.49] T
1.1.4 Tenderness
Tenderness AltanT?2 -6.83 234 24 -591 213 22 -0.40 [-0.99, 0.18] —H
Tenderness AltanT3 -hA 242 24 -518 3.8 22 -0.41 1.00,017] —H
Tendermess.GusiT2 16.9 11 17 172 1.8 17 -0.22 [-0.90, 0.45] —t
Tenderness GUsiT3 17.2 1.3 17 173 1.2 17 -0.08 075, 0.54)] -
1.1.5 Stiffness
Stiffhess.MannT2 -0.25 17.09 a7y -0.28 1285 52 0.00[-0.37, 0.38] T
Stiffness.MannT3 -T13 1843 a0 -3.486 13.96 53 -0.22 061, 0.17] +
1.1.6 Fatigue
Fatigue AltanT2 -258 172 24 123 165 22 -0.78 [1.39, -018] —+
Fatigue AltanT3 -217 1.8 24 -082 1.65 22 -0FF F1.37,-017) —+
Fatigue GusiT2 -17 18.03 17 -5 11.44 17 -0.77 1.47,-0.07] —
Fatigue GusiT3 -a6 14.04 17 -5 11.54 17 -0.05 072 063 -
Fatigue. MannT2 -4.34 1518 a7 -3.62 12.484 52 -0.05[-0.43, 032 1
Fatigue MannT3 -3.08 1574 a0 -8.02 15.48 a3 0.31 [-0.08, 0.70] i

| | 1 1

4 -2 0 2 4
Favours Aquatic  Favours Control

Figure 2.5.Aquatic exercise control - Follow-up analysis of wellness and symptom outcomes.
Mann = Mannerkorpi. T2 display change from baseline to end of intervention, T3 display

change from baseline to follow up.
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Aguatic Exercise Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total N, Random, 95% CI IV, Random, 95% CI
1.2.1 Strength

Strength.GusiT2 0z 021 17 0 21 17 0.01 [-0.66, 0.69] —
Strength.GusiT3 03 038 17 o1 019 17 065 [-0.04,1.34] T

1.2.2 Muscle Endurance

Endurance. AltanTz2 -0.54 2.3 241589 343 22 -0F2[1.32,-0172] —
Endurance. AltanT3 -0.04 194 24 123 343 22 0.42 [0.16,1.01] T

1.2.3 Cardiorespiratory Max
Cardio_Max GusiT2 1] 4 17 1 4 17 -0.24 052, 0.43] ——
Cardio_Max GusiT3 1 4 17 1 4 17 0.00 [-0.67, 0.67] —

1.2.4 Cardiorespiratory Submax
Cardio_MaxMannT2 2 5446 54  -814 4957 A2 021 017, 0.59] T
Cardio_MaxMannT3  -13.24 5436 47 -1218 49.84 48 -0.02 [-0.42,0.38] ——

-2 -1 ] 1 2
Favours Control  Favours Aguatic

Figure 2.6. Aquatic versus Control - Follow-up fitness outcomes. Mann = Mannerkorpi, T2
display change from baseline to end of intervention, T3 display change from baseline to follow

up

2.4.6.2 Aquatic Exercise Training vs Land-based Training

The meta-analyses results are described below and in the Summary of findings table 2
(Appendix 3).

Wellness: one study (61 participants) provided data on multidimensional function [130] and
two studies (74 participants) reported on self-reported physical function [1;129]. Among the
major outcomes in the wellness category, there was no evidence of a difference . In
multidimensional function the mean difference was 0.91 mm-FIQ unit (MD 0.91 95% Cl, -4.01,
5.83, one study, Analysis 2.1) or in self-reported physical function: the mean difference was -
0.99 SF-36 units on a 100 point scale (95% CI -12.33, 0.63, Analysis 2.2). Only relatively small
clinical differences were observed in multidimensional function and self-reported physical
function, 1.4% and -2.4% respectively. There was no evidence of a difference for the minor
wellness outcome mental health (74 participants) (SMD = -0.08, 95% CI -0.54, 0.38, Analysis
2.11). None of the studies provided data on patient rated global, clinician rated or self-efficacy

in the wellness category.

Symptoms: four studies (169 participants) provided data on pain [1;129;130;134]; three (169
participants) assessed fatigue [1;129;134] ; one (61 participants) reported on tenderness [130]
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and one (34 participants) reported on stiffness [134]. We found no evidence of a difference
between aquatic and land for pain (-0.75 mm on a 100 mm scale, 95% CI -10.72, 9.23, Analysis
2.3) or stiffness (2 mm on a 100 mm scale, 95% CI -8.82, 12.82, one study, Analysis 2.6). None
of the major outcomes reached the 15% threshold for clinical relevance (pain: -1% favoring

aquatics, stiffness: 3% favoring land).

Minor symptoms: no evidence of a difference was found for tenderness (SMD = -0.45
95% CI -0.96, 0.06, one study, Analysis 2.4) and fatigue (SMD =-0.13, 95% CI -0.70, 0.45,
Analysis 2.5). There was no evidence of a difference in the minor symptom outcome of anxiety
(SMD =-0.49 95% CI -1.18, 019, one study - 34 participants) and depression (SMD =-0.11,
95% CI -0.88, 0.67). Sleep, however had a moderate effect - measured in only one study (50
participants) (total sleep time in hours MD = - 0.56, 95% CI -0.97,-0.15).

Physical Fitness: one study reported on muscle strength, muscle endurance, maximal and
submaximal cardiorespiratory function [134] outcomes (34 participants). A moderate difference
was found on muscle strength favouring the land-based intervention (-2.40 kilo Pascals grip
strength, 95% CI -4.52, -0.28, Analysis 2.7), while no evidence of a difference was found for
submaximal cardiorespiratory function (3 seconds to walk 100 meters, 95% CI -1.77, 7.77,
Analysis 2.10). These differences did not meet the 15% threshold for clinical relevance: 8.7%

for strength and 5% for submaximal cardiorespiratory.

Minor outcomes: There were no differences between aquatics and land-based
interventions for muscle endurance (SMD = 0.13, 95% CI -0.54, 0.81, Analysis 2.8) or maximal
cardiorespiratory function (SMD = -0.36, 95% CI -1.04, 0.32, Analysis 2.9). None of the

studies reported on the minor outcome flexibility.

Withdrawals and Adverse Effects: adverse effects were poorly reported. Three studies did not
address adverse effects in their reports [1;129;134] and one study reported no adverse effects
[130]. In contrast, Assis [126] reported 10 adverse effects in the deep water running
intervention: muscle pain (n = 4), tinea pedis (n = 1), and unspecified (n=5), compared to 15 in
the land-based exercise intervention: muscle pain (n=12), shoulder impingement (n=1), bilateral
ankle arthritis (n=1), Baker Cyst (n=1). All cause attrition for aquatic exercise training vs land-
based group was: 4/30 vs 4/30 (Assis [126]); 1/25 vs 2/25 (de Melo Vitorino [129]); 2/33 vs
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0/30 (Evcik [130]); and 4/22 vs 6/22 (Jentoft [134]). The odds ratio showed no significant
between group differences (risk ratio = 0.91, 95% CI 0.43, 1.91, Analysis 2.15).

Additional evidence (Aquatic vs Land). The study conducted by Assis [126]could not be
meta-analyzed due to skewness of the data. Contrary to our findings the 15 weeks of training
employed in Assis [126] resulted in a reduction in pain intensity as measured by a visual
analogue scale. As well, a 40% improvement in the patient's global assessment response was
noticed in the deep water running group as compared to a land-based aerobic training program
matched for training frequency, intensity and duration. The wellness outcome in the aquatic
exercise intervention improved more rapidly than land-based exercise group; this was also true
for depression. In the area of physical fitness, Assis [126] did not find any significant between-
group differences for maximal cardiorespiratory function (which differs from findings by
Jentoft [134].

2.4.6.3 Aquatic vs Aquatic

Calandre [127] conducted a direct comparison of Ai Chi (Tai Chi in water) to stretching
in the water (81 participants). Ai Chi uses breathing plus the traditional movements: "Tai Chi is
performed standing in shoulder-depth water using a combination of deep breathing and slow,
broad movements of the arms, legs, and torso”. No statistically significant between-group
differences were observed for the three major outcomes measured: multidimensional function
outcome (SMD =-0.35, 95% CI -0.79, 0.09), pain (SMD = -0.37, 95% CI -081, 0.07), or
tenderness (SMD = 0.14, 95% CI -0.30, 0.58). There were no statistically significant
differences observed for mental health (SMD = -0.19, 95% CI -0.63, 0.24), fatigue (SMD = -
0.42, 95% CI -0.86, 0.03), depression (SMD = 0.16. 95% CI -0.28,0.60) and anxiety (SMD = -
0.25, 95% CI -0.68 0.19), but a statistical significant result was found favouring the Ai Chi was
observed in stiffness (SDM = - 0.62, 95% CI -1.07, - 0.17) and sleep (SMD =-0.45, 95% CI -
0.89, -0.01). No physical fitness outcomes were measured in Calandre [127]. The only outcome
approaching the 15% threshold for clinical relevance, was the stiffness value which was -14%
(average) favoring Ai Chi. Regarding adverse effects, Calandre [127] stated "Fifteen patients
withdrew from the trial... three of them belonging to the [Ai Chi] group due to adverse
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reactions: one case of chlorine hypersensitivity and two cases of pain exacerbation” (pg S16).
All cause attrition Calandre [127] was 10/42 vs 5/39 (odds ratio = 2.13, 95% CI 0.65, 6.90).

A single study in this category examined the effects of salinity of the water. In De
Andrade [128], (38 participants) one group performed aerobic exercise in an outdoor pool and
the other group performed the same aerobics program in sea water (no waves). Both groups
improved at post-treatment in all outcomes. However, there were no statistically significant
differences between the two groups with the exception of the Beck Depression Inventory (SMD
=-1.88, 95% CI -2.66, -1.10), favouring the sea intervention. Both groups showed important
changes in symptoms like pain, fatigue, tenderness, and sleep quality as well as wellness
outcomes of multidimensional function, physical function and mental health. No physical
fitness outcomes were measured in De Andrade [128]. None of the outcomes reached the 15%
threshold for clinical relevance. De Andrade [128] reported that there were "20 adverse events
(9 in pool group and 11 in the sea group). Nine patients reported muscle pain in pool group.
Two patients reported first-degree burn...one patient presented urinary infection, and eight
reported muscle pain in sea group (pg. 149). All cause attrition rates for pool vs sea water [128]
were 4/23 vs 4/23 (odds ratio = 1.00, 95% C1 0.22, 4.59).

The standardized mean differences (95% CIs) for both studies on wellness, symptoms

and physical fitness outcomes are summarized in Appendix 9.

2.4.6.4 Subgroup Analysis

The summary of subgroup analysis findings can be seen in Appendix 10. Regarding the
subgroup analyses, we must be cautious in interpreting the results as definitive. The natural
course of FM may help explain some of the results (i.e. more years living with FM, more or less
pain at baseline) however, credibility of subgroup effects is low due to the same concerns with
risk of bias, imprecision of results, and the low number of studies, and needs to be applied to
our interpretation. Nevertheless, the subgroup analyses may point to participant and
intervention related factors that may influence the effects of aquatic exercise and to potential

hypothesis generating ideas for future studies.

Participant Related Subgroups:
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Younger vs Older Age

The mean age of participants in three studies fell below median age (46.7 years) and were
classified in the younger category [2;136;138;143], and participants in three studies
[111;132;137] had ages above the median and were classified as older. On analysis of the
confidence intervals, two studies [131;136] could not be classified as the 90% confidence
intervals extended into both the younger and the older group (see Appendix 10). Aquatic

exercise produced:

e Less improvement in multidimensional function in the younger participants (SMD =
-0.33, 95% CI -0.64, -0.01) than in the older participants (SMD = -0.75, 95% CI
-1.12, -0.38)

e Less improvement in pain in the younger participants (SMD = -0.39, 95% CI -0.66, -
0.11) than in the older participants (SMD = -0.83, 95% CI -1.21, -0.45)

None of the studies in the younger category assessed muscle strength.

Short vs Long Disease Duration

The median value for disease duration was 9.5 years in studies comparing aquatic
training to control that provided data. Of the studies with weighted mean values less than the
median, three studies were classified as short disease duration [131;136;143] and three studies
as long disease duration [111;132;137]. On inspection of the confidence intervals, one study [2]
could not be classified as the 90% confidence intervals extended into both the lower and the
higher group (see Appendix 10). Aquatic exercise produced:

o smaller improvements in multidimensional function in the short disease duration
groups (SMD = -0.31, 95% CI -0.59, -0.03) as compared to the long disease duration
groups (SMD =-0.75, 95% CI -1.12, -0.38)

« similar improvements in pain in the short disease duration groups (SMD = -0.41,
95% CI -0.72, -0.10) as compared to the long disease duration groups (SMD = -0.83,
95% CI -1.21, -0.45)
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« smaller improvements in muscle strength in the short disease duration groups (SMD
= 0.32, 95% CI -0.10, 0.74) as compared to the long disease duration groups (SMD
=1.04, 95% C10.51, 1.57)

Low vs High Impact of FM on Wellness

The median value for multidimensional function score (the measure used for wellness)
was 62 in studies comparing aquatic training to control that provided data. Of the studies with
weighted mean values less than the median, two studies were classified as low levels of impact
on wellness [131;138], and three studies as high impact on wellness [111;136;143]. On
inspection of the confidence intervals, two studies [132;137] could not be classified as the 90%
confidence intervals extended into both the lower and the higher group (see Appendix 10).

Aquatic exercise produced:

« Similar improvements in multidimensional function in the low impact (SMD = -0.35,
95% CI -0.62, -0.09) and in the high impact groups (SMD =-0.47, 95% CI -0.93, -
0.02)

e Larger improvements in pain in the low impact (SMD = -0.61, 95% CI -1.04, -0.19)
compared to the high impact groups (SMD = -0.16, 95% CI -0.74, 0.42)

« Similar non-significant changes in strength: low: SMD = 0.39, 95% CI -0.13, 0.91;
high: SMD = 0.18, 95% CI -0.54, 0.90

Low vs High Pain at Baseline

The median value for pain was 70.9 in studies comparing aquatic training to control that
provided data. Three studies [2;132;137] were classified as “low baseline pain” and three
studies [111;138;143] were classified as “high baseline pain”. On inspection of the confidence
interval, one study [136] could not be classified because the 90% confidence interval extended

into both the lower group and the higher group (see Appendix 10). Aquatic exercise produced:
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Larger improvements in multidimensional function in the low pain groups (SMD = -
1.11, 95% CI -1.64, -0.58) than in the high pain groups (SMD = -0.57, 95% CI -0.89,
-0.25)

Similar improvements in pain in the low pain (SMD = -0.60, 95% CI -0.98, -0.23)
and in the high pain groups (SMD =-0.57, 95% CI -1.11, -0.03)

Larger improvements in muscle strength in the low pain groups (SMD = 1.04, 95%
C10.51, 1.57) compared to the high pain studies (SMD = 0.39, 95% CI -0.13, 0.91)

Intervention Related Subgroups
Length of Intervention

One study was less than seven weeks in length [131], three were 7 to 12 weeks in length
[2;132;138], and four were longer than 12 weeks [111;136;137;143].

There was no effect on multidimensional function in the shortest program (SMD = -
0.17, 95% CI -0.88, 0.53), a large effect in the intermediate intervention length
(SMD =-0.82, 95% CI -1.28, -0.36) and moderate effect in the longer studies (SMD
=-0.52, 95% CI -0.90, -0.14)

There was a small effect (SMD = -0.49, 95% CI -0.84, -0.14) on pain in the
intermediate intervention length and moderate effect in the longer studies (SMD = -
0.5, 95% C1 -0.80, -0.29)

There was no effect (SMD = 0.18, 95% CI -0.54, 0.90) on muscle strength in the
shortest programs, a large effect in the intermediate intervention length (SMD = 0.93,
95% CI1 0.22, 1.64) and moderate effect in the longer studies (SMD = 0.63, 95% CI
0.20, 1.06).

Accumulated Time in the Pool

The accumulated time (time in minutes x frequency x length of intervention) in the pool

was <1000 minutes in three studies [2;131;143], between 1000 minutes and 2000 minutes in
two studies [136;138] and more than 2000 minutes in three studies [111;132;137].
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e Multidimensional function: Accumulated time of less than 1000 minutes had a small
effect (SMD = -0.48, 95% CI -0.91, -0.05), 1000 to 2000 minutes had a small effect
(SMD =-0.33, 95% CI -0.64, -0.01) and accumulated time of more than 2000
minutes had a moderate effect (SMD = -0.75, 95% CI -1.12, -0.38).

o Pain: Accumulated time of less than 1000 minutes had a moderate effect (SMD = -
0.52, 95% CI -0.90, -0.13), 1000 to 2000 minutes had a small effect (SMD = -0.32,
95% CI -0.64, -0.00) and accumulated time of more than 2000 minutes had a large
effect (SMD =-0.82, 95% ClI -1.24, -0.41).

o Strength: Accumulated time of less than 1000 minutes had a small effect (SMD =
0.32, 95% CI -0.10, 0.74) whereas accumulated time of more than 2000 minutes had
a large effect (SMD = 1.04, 95% CI 0.51, 1.57).

Frequency of Pool Sessions per Week

The frequency of pool sessions was once per week in two studies [136;143], twice a

week in one study [2], and three times per week in five studies [111;131;132;137;138].

o Multidimensional function: Once a week had a small effect (SMD =-0.34, 95 % CI -
0.65, -0.03), while three times a week had a moderate effect (SMD = -0.64, 95% CI -
0.93, -0.35)

« Pain: Once a week had a small effect (SMD = -0.39, 95% CI -0.65, -0.12), twice a
week had a moderate effect (SMD = -0.59, 95% CI -1.14, -0.04), and three times a
week also had a moderate effect (SMD = -0.63, 95% CI -1.08, -0.17).

o Strength: Once a week had a small effect (SMD = 0.39, 95% CI -0.13, 0.91) while
three times a week had a moderate effect (SMD = 0.74, 95% CI 0.31, 1.16).

Exercise Intensity

Exercise intensity was: a) very light (< 57% predicted HRmax) in one study [2], b) light
to moderate (27 to 63% predicted HRmax) in two studies [137;138], c) moderate (64 to 76%
predicted HRmax) in two studies [131;132], d) light to vigorous (77 to 95% predicted HRmax) in
one study [111], and e) self-selected in two studies [136;143].
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Multidimensional function: interventions employing a light to moderate intensity had
a large effect (SMD = -0.89, 95% CI -1.40, -0.38), those using a moderate intensity
had a small effect (SMD = -0.39, 95% CI -0.92, 0.13), those using moderate intensity
had a moderate effect (SMD = -0.59, 95% CI -1.43, 0.24), and a self-selected
intensity had a small effect (SMD = -0.38, 95% CI -0.84, 0.07).

Pain: interventions using a very light exercise intensity had a moderate effect (SMD
=-0.59, 95% CI -1.14, -0.04), those a light to moderate intensity had a small effect
(SMD = -0.25, 95% CI -0.70, 0.20), a moderate intensity had a large effect (SMD = -
0.82, 95% CI -1.53, -0.12), a light to vigorous intensity had a large effect (SMD = -
1.12,95% CI -1.71, -0.54), and a self-selected intensity had a moderate effect (SMD
=-0.41, 95% CI -0.72, -0.10)

Strength: interventions having a light to moderate intensity had a large effect (SMD
=1.17, 95% CI 0.39, 1.96), a moderate intensity had a moderate effect (SMD = 0.56,
95% CI1 0.05, 1.06), and a self-selected intensity had a small effect (SMD = 0.39,
95% CI1-0.13, 0.91)

Temperature of the Pool

The temperature of the pool was 27 to 32 degrees Celsius (cool pool) in one study [2],
33 to 37 degrees Celsius (temperate pool) in five studies [111;132;136;137;143], and > 36

degrees Celsius (temperate pool) in two studies [131;138].

Multidimensional function: the temperate pool had a moderate effect (SMD = -0.60,
95% CI -0.97, -0.24), and the warm pool had a small effect (SMD = -0.47, 95% CI -
0.96, 0.03)

Pain: moderate effects were seen in the cool pool (SMD = -0.52, 95% CI -0.73, -
0.32) and the temperate pool (SMD =-0.57, 95% CI -0.81, -0.34), while the warm
pool had no effect (SMD = -0.16, 95% CI -0.74, 0.42)

Strength: the temperate pool had a moderate effect (SMD =0.71, 95% CI1 0.34, 1.08)
while the warm pool had no effect (SMD = 0.18, 95% CI -0.54, 0.90)
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2.5 Discussion

The effects of aquatic exercise training on FM have been investigated in an increasing
number of studies since the publication of our last review [26]. In this review, the role of
aquatic exercise training was found to be beneficial, particularly for FM symptoms. We
assumed the water allowed for ease of movement and therefore promoting better conditions to
exercise. However, the evidence does not yet support a standard aquatic exercise program for
individuals with FM due to variability in types of exercise and wide ranges in intensity,

duration and frequency of exercise recommendations.

A conflict of interest statement was not reported in seven articles [1;111;128-
130;133;138], two studies provided a "none to declare™ statement [2;127] and seven studies
[126;131;132;134;136;137;143] reported receiving support from different sources (e.g.,

European social funds, regional government grant, health department funding, etc.).

2.5.1 Summary of main results

This review is one part of a series of reviews examining the effects of physical activity
interventions for individuals with FM. Of the 84 studies we found that examined the effects of
physical activity, only 17 studies examined aquatic exercise training where individuals
remained in the water >50% of the time. Historical and modern beliefs about the effects of
exercising in warm water make this review particularly important. In addition, aquatic exercise
programs are offered in many communities. This review provides a valuable opportunity to
evaluate the effects of aquatic exercise training and the benefits, risks and harms regarding this

important and popular type of exercise. The main results of our review were as follows.

Aquatic vs control

Nine studies, including 513 female and six male participants diagnosed with FM
according to the ACR 1990 criteria compared aquatic exercise training to control. All programs
were supervised group interventions consisting of a mix of aerobic, resistance training and
flexibility exercise. Six interventions were conducted exclusively in the water, one included
70% of the time in the water, and in two studies participants were in the water 50% of the time.

One program was less than six weeks in duration, four were six to 12 weeks long, and four were
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more than 12 weeks in duration. Frequency of sessions was at least three times per week in
most studies. Average session duration was 45 minutes (range 30 to 70). The intensity of
exercise varied: three studies prescribed mild or self-selected intensities, four were mild to
moderate, one was mild to vigorous and in one study the intensity was not specified. While
none of the studies met ACSM criteria for aerobic or resistance training, one study met the
ACSM criteria for flexibility.

Eight studies were determined to be similar enough to be included in the meta-analyses
(one study appeared to be an outlier and was excluded from the meta-analyses). The meta-
analyses yielded two statistically significant effects in the wellness category favouring aquatic
exercise training: a moderate effect on multidimensional function and a small effect on self-
reported physical function. There was evidence of no effect for mental health, patient rated
global, self-efficacy, and clinician rated global. The meta-analyses also produced significant
results favouring aquatic exercise training in several symptoms outcomes: large effect on
stiffness and moderate effect on pain, sleep, and anxiety, and small effects on tenderness and
depression. When aquatic exercise training was compared to control, moderate effects were
seen in strength and submaximal cardiorespiratory function. No statistically significant effects
were seen in flexibility, maximal cardiorespiratory function, or in muscular endurance. These

results were clinically relevant for stiffness and muscle strength.

Aquatic exercise training vs land-based training

Four studies with 203 females and one male participant diagnosed with FM according to
ACR 1990 criteria compared aquatic exercise training to land-based training. All aquatic
exercise training programs were supervised group interventions with most being mixed
programs consisting of resistance, aerobic, flexibility training and relaxation components. The
land-based exercises followed the same protocols as the aquatic exercise training interventions.
One of the studies had a non-supervised home- based control program. Four aquatic
intervention studies were 100% water based, while one was based in the water 65% of the time.
Intervention duration was less than six weeks in two studies, between six to 12 weeks for one
study, and more than 12 weeks for another. Session frequency was three times a week in three

studies, two times per week in one study, and once weekly in one study. Average session
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duration was 60 minutes. Exercise intensity varied from very light, light to moderate, and light

to vigorous. No study met ACSM criteria for aerobic or resistance training.

Although we extracted data for 14 outcomes, only five could be meta-analysed - pain
and fatigue (four studies), self-reported physical function (two studies), mental health (two
studies) and depression (two studies). The meta-analyses yielded evidence of no effect in any
outcome. Among the nine outcomes that could not be meta-analyzed, there were no significant
differences in wellness outcomes, but there were statistically significant differences in one
study in symptoms, (i.e., a moderate difference in sleep favoring aquatic exercise training).
When aquatic exercise training interventions were compared to land-based interventions, one
statistically significant difference was found in physical fitness; based on one study there was a
moderate difference in strength favoring land-based training. No statistically significant
differences were found for pain, stiffness, tenderness, fatigue, depression or anxiety, muscle

endurance, maximal or submaximal cardiorespiratory function.

Aquatic vs aquatic exercise intervention

In this group, two studies were analyzed. Calandre [127] conducted a direct comparison
of stretching in the water to Ai Chi (Tai Chi in the water); De Andrade [128] conducted a
direct comparison of aerobic exercise in a pool to aerobic exercise in the sea. Among the 10
outcomes reported in these studies, the analyses yielded no statistically significant results in the
wellness outcomes (multidimensional, self-reported physical function and mental health). There
was a small effect size in symptoms - sleep (one study), a moderate effect size on stiffness (one
study) and a large effect on depression (one study). No physical fitness outcomes were

measured.

One study examined the effects of characteristics of the water [128]. While it is widely
accepted and traditionally used in some countries, mineral water used as a medium for aquatic
exercise training intervention in individuals with FM is recently seen in the literature. The
single study in our review examining the effects of exercise in mineral water showed greater
(but non-significant) improvement in evaluated parameters with the exception of depression
which had a large effect size favouring the mineral water intervention. No physical fitness

outcomes were measured.
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Is aquatic exercise training safe for and acceptable to individuals with FM

All cause attrition rates were not higher for aquatic exercise training intervention than
for comparators. When considering the evidence of adverse effects and attrition rates in the 16
included studies, individuals with FM were able to perform supervised aquatic exercise training
safely. However, given the small number of studies and the lack of detail provided by authors

on adverse effects, the evidence should be taken with caution.

Follow up data (aquatic vs control)

Follow-up data on the effects of exercise are important considering the chronic nature of
FM and because exercise training is a component of recommended management of FM.
Unfortunately, investigation on long term effects is limited. Few studies in our review re-
evaluated outcomes weeks or months after the completion of the intervention. However, three
studies examined long term follow up in the aquatic exercise training compared to control.
Although the studies belong to the same comparison group, the three studies had substantial
clinical heterogeneity: one compared aquatic exercise training to treatment as usual at 12
weeks, another compared aquatic exercise training to balneotherapy (specialized type of
control) at 12 weeks, and a third study compared aquatic exercise training to education

(specialized type of control) at 45 to 52 weeks. At follow-up, several patterns were observed:

e regression of improvements from post-test (T2) to follow-up (T3):
multidimensional function in one out of three studies (1/3), self-related physical
function 1/2, pain 1/3, fatigue 1/3, endurance 1/1

e maintenance of improvements observed at T2: pain 1/3, fatigue 1/3

e no change (no effect at either T2 or T3): multidimensional function 2/3, self-related
physical function 1/2, fatigue 1/3, tenderness 2/2, strength 1/1, maximal
cardiorespiratory 1/1, submaximal cardiorespiratory 1/1

e improvement at follow up T2 to T3: pain 1/3.

The literature on healthy individuals shows that when exercise training ceases, loss of
physical fitness gains occur over time. We can assume this is true for individuals with FM.

Pertinent questions about follow up that remain unanswered for individuals with FM include: a)
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do individuals continue to exercise and at what frequency/intensity/duration after the
intervention is finished? b) are wellness or symptom improvements that occurred during the
study maintained and are they linked to the amount of physical activity performed during
follow up?; c) if the exercise is discontinued, what happens to any gains in wellness and
symptoms? Further research monitoring physical activity behavior during follow up after

interventions is required to answer questions about the long term benefits of these interventions.

Subgroup Analyses

Regarding the subgroup analyses, we must be cautious in interpreting the results as
definitive. The same concerns about risk of bias, imprecision of results, and the low number of
studies apply to our interpretation. Nevertheless, the subgroup analyses may point to participant

and intervention related factors that may influence the effects of aquatic exercise.

Subgroups based on participant characteristics: The subgroup analysis shows that older
individuals (mean 48.2 to 51years) had greater improvements than younger individuals (mean
43.5 to 45.6 years) in the multidimensional function and pain outcomes. Similarly, individuals
who had a longer disease duration responded better than those with a shorter duration in
multidimensional function, pain, and strength. Because the upper limit of the 90% confidence
interval for the younger group was 46.7 compared to the lower limit of the older group being
46.5, the two subgroups likely differed in terms of menopausal status. It is unknown if
premenopausal women with FM respond differently to exercise than postmenopausal women
with FM. Another possible explanation for the findings may be that the older subgroup and the
subgroup with greater disease duration may have been more deconditioned at study entry;

consequently, they would be more likely to experience improvement with exercise.

The subgroups with lower baseline estimates for impact of the disease had better
outcomes for pain and strength, and subgroups with lower baseline estimates of pain had better
outcomes in multidimensional function and strength than their counterparts. A possible
explanation for these findings is that the participants with less pain and lower disease severity
were better able to perform exercise and reap the benefits than those with more severe disease

and more pain.
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Subgroups based on exercise volume: The subgroup analyses suggested that longer programs
(>12 weeks) had greater effects on multidimensional function, strength and pain than did
shorter programs (<7 weeks) and intermediate length programs (7 — 12 weeks). This is
consistent with findings regarding: accumulated time in the pool and frequency of pool
sessions; greater amounts of accumulated time (> 1000 minutes) and more frequent sessions (2

and 3 times per week) showed greater effects on multidimensional function, pain and strength.

Although the subgroup analyses related to exercise intensity were hampered by
overlapping categories, large effects were found in MDF, pain and strength when intensity was
started at light values (57 — 63% predicted HRmax) and progressed either to moderate (64-76%
predicted HRmax) or vigorous intensity (77-95% predicted HRmax). When the intensity was left
to the participants (self-selected) the effect was moderate in pain and small in MDF and
strength suggesting that without guidance regarding exercise intensity, participants may not
benefit as much from the exercise. Moderate intensity (64-76% HRmax) exercise produced a
moderate effect in MDF and strength. There were no data examining aquatic exercise
performed at vigorous activity and its effect on outcomes. Very light intensity (<57% HRmax)
was used in one study which demonstrated a moderate effect on pain.

Subgroups based on pool characteristics: Subgroup analyses showed that temperate pools
(33 to 36 Degrees Celsius) produced moderate effects on MDF, pain and strength; whereas,
warm pools (> that 36 Degrees Celsius) had a small effect on MDF and no effect on pain and
strength. The limited amount of evidence in these analyses impeded interpretation, but perhaps
warm pools may affect energy levels and reduce the participant’s ability to exercise with
sufficient intensity to produce long term effects. Unfortunately, other pool related factors
(chemical/mineral composition of the water, ambient temperature and humidity) could not be

examined as these data were not provided by most of the primary studies.

2.5.2 Overall completeness and applicability of evidence

2.5.2.1 Completeness
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There were 16 studies included in this review including a total of 881 individuals
diagnosed with FM (866 women and 15 men); 439 were assigned to aquatic exercise training.
Given the 9:1 female:male prevalence ratio of the disease [145] we were not expecting to find a
high number of male participants. However, additional studies focusing on interventions for
males will shed light on whether the aquatic exercise training interventions have similar effects

for men and women.

This review has included a growing body of research, as most included studies have
been published since 2000. There seems to be sufficient evidence in the aquatic vs control
comparison to confirm that this type of intervention has important short term effects on
individuals with FM. However, there were too few studies comparing aquatic interventions to
land-based exercise to make a definitive statement on which is more beneficial. There is great
variability in exercise protocols, especially in mode, intensity, and frequency. There seems to
be some consistency in the duration of the intervention (i.e., 60 minutes) and warm-up and cool
down periods (5 to 10 minutes) across studies. However, none of the studies met the American

College of Sports Medicine guideline criteria for aerobic or resistance training.

The ACSM guidelines [69] outline standard parameters to understand how much
exercise is enough to improve and maintain fitness and to gain other health benefits. ACSM
also reaffirms that regardless of initial level of physical conditioning of individuals, benefits of
exercise outweigh the risks. In this review, despite the exercise intervention variation of
included studies, the evidence shows that sedentary individuals with FM are able to perform
and benefit from exercise that meets the ACSM guidelines for healthy adults. Long term effects

have only recently begun to be investigated.

Until recently there has been a lack of agreement regarding core outcomes for
evaluating interventions in studies on FM; with inconsistent reporting on wellness, symptoms
and physical fitness outcomes. For example, one of the 16 studies reported effects on
dyscognition, a symptom regarded very important by individuals with FM. Similarly, one study
reported on patient rated and clinician rated global, 5/16 studies reported on strength, 4/16 on
endurance, 3/16 maximal cardiorespiratory function, and 4/16 on submaximal cardiorespiratory

function. The information on adverse effects is also poorly reported. Evidence of injuries,
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exacerbations or adverse effects is very important and needs to be reported in a consistent and

systematic form.

The effect of the characteristics of the water on the effects of exercise are still not well
explored; only one study investigated the effects of water characteristics. Given the popularity
of thermal waters in some countries and availability and access to sea water (compared to pool
access) in other geographic regions, effects of water temperature, chemical composition and

other characteristics of water warrants further attention.

2.5.2.2 Applicability of Evidence

Although aquatic exercise training has been shown to have many benefits, the optimal
aquatic exercise training protocol for achieving benefits in wellness, symptoms and fitness has
yet to be determined. All but one of the included studies in this review involved supervised
group exercise. It is not known if unsupervised aquatic programs or home based programs for

individuals with FM would yield the same results as seen in these studies.

While considering other factors that might alter the applicability of the findings, warm
water pools are not easily available in small, rural, or remote communities and therefore,
aquatic exercise training may need to be used in combination with other kinds of exercise
training. While this review deals with exercise protocols composed mostly of aquatic exercise
training (>50% in the water) -- four studies had interventions with less than 100% of the time in
the water. Therefore, results can only be generalized to similar settings. More studies in the area
of aquatic exercise training in mineral water will be valuable as many regions have access to

this water source but there is little current evidence to support this approach.

Most of the studies included in this review are European, American and South American
in origin. We believe this may represent a small portion of the research in the area available
worldwide. Participants were mostly middle age women, with few reports for any socio-
demographic backgrounds. Therefore our findings are not easily generalized beyond a middle
age Caucasian female population. Regardless of these limitations, the evidence of this review
aims to help health professionals to make evidence based decisions about the effects of the

aquatic exercise training intervention for individuals with FM in the context of their practice.
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Common health and safety concerns relating to operating aquatic exercise training
programs were not always mentioned in the included studies; however these must be
considered. These would include issues such as water treatment; risk of rash and other skin
problems; temperature of the water, environment and humidity; risk of dehydration; risk of
infections; handling slips, trips and falls; and the number and qualifications of personnel present

in the facility.

2.5.3 Quality of the evidence
Based on the aquatic vs control comparison, statistically significant benefits of aquatic

exercise training have been found in wellness, symptoms and physical fitness. The intervention
group sample sizes in the nine studies ranged from 15 to 57 participants. Although most of the
individual studies were underpowered, the meta-analyses in the aquatics vs control comparisons
for wellness and symptoms provided a sufficient pooled sample size to detect differences for
most variables. We found moderate quality evidence for benefits in multidimensional function
(wellness), self-reported physical function (wellness), pain (symptoms), and submaximal
cardiovascular (physical fitness). The rating of quality of the evidence was downgraded due to
potential limitations related to imprecision of the estimates (i.e. total cumulative sample size is
lower than 400). We also found low quality evidence for benefits in stiffness (symptoms) and
muscle strength (fitness). Once again, the rating of the quality of the evidence was downgraded
due to potential limitations related to imprecision and limitations related to unclear and low risk
of bias). Regarding harms, no serious injuries were reported, but reporting was poor in this
body of studies. Attrition ranged between 13% to 44% and adherence to the prescribed training

programs was generally poorly reported.

We rated the evidence as very low to low in the aquatic vs land-based comparisons
(rating of the quality of the evidence was downgraded because of limitations related to
imprecision (i.e., total cumulative sample size lower than 400), or limitations related to unclear
and low risk of bias, and heterogeneity of the sample). We found data for 14 outcomes; our
analyses identified significant differences for only two outcomes — one favoring land-based
exercise (muscle strength) and one favoring aquatic exercise (sleep). Based on these results, no

clear preference could be found for land-based vs water-based exercise.
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2.5.4 Potential biases in the review process

There are limitations inherent in the primary literature including incomplete description
of the exercise protocols, inadequate sample sizes, inappropriate designs for assessing mixed
exercise programs, and inadequate documentation of adverse effects and adherence to exercise

prescriptions. In our review process, we attempted to control for biases as follows:

« We did not limit our search to English-only publications

« We contacted primary authors for clarification and additional information where
indicated, although responses were not always obtained

« We examined clinical sources of heterogeneity

« Our description of the results was based on a careful consideration of intervention
characteristics, study population, methodological rigour, pre-identification of levels of
evidence and group discussion of evidence tables to reach consensus

« We used a multi-disciplinary team with expertise in critical appraisal, pain, clinical
rheumatology, physical therapy, exercise physiology, library sciences, and knowledge
translation

« Where researchers evaluated treatment effects at multiple points, we used the data

points closest to 12 weeks to standardize our comparisons

2.5.5 Agreements and disagreements with other studies or reviews

Over the past decade, there have been several reviews regarding aquatic exercise
training for FM. Based on their relevancy, we have chosen to comment on: Gowans [146],
Langhorst [147], Lima [148], McVeigh [149], and Perraton 2009 [150].

Gowans [146] reviewed eight RCTs published between 2000 and 2007 to determine the
physiological effects of exercise in warm water. Our review excluded one of the eight studies
because aquatic exercise training did not make up > 50% of the treatment time. It is not
surprising that our results are in general agreement with Gowans [146]. We do differ in our
findings related to long term effects: Gowans [146] suggested that exercise-induced
improvements in physical function, pain and mood may continue for up to two years. In our
review, only three studies of the aquatic vs control comparison had a follow up. Our results

were non-significant for physical function at the end of the intervention and follow up; pain

78



however, was less at the end of the intervention but had regressed to baseline values at follow
up. Gowans [146] pointed out that pool exercise may be better tolerated as an initial means of
exercise by individuals with arthritis in weight bearing joints (because of water buoyancy) or by
individuals who fear exercise will exacerbate their pain -- which may be the case in individuals
with FM. Gowans [146] also recommended that future studies should reassess subjects at
multiple time points to determine the time course of exercise-induced improvements and further

explore the effects of pool exercise on mood and sleep quality.

Langhorst [147] conducted a systematic review on 13 primary studies published to
December 2008 evaluating hydrotherapy (with and without exercise) in FM. Hydrotherapy
included spa, balneotherapy and thalassotherapy, and packing and compresses. Inclusion
criteria were poorly defined; for example it is not clear if nonrandomized studies were included.
Based on the range of types of interventions included, and differences in review methods, the
Langhorst [147] report differs considerably from our review. In contrast to our review,
methodological quality was assessed by the van Tulder score (we used the Cochrane Risk of
Bias Tool). Also in contrast to our review, Langhorst [147] found only two of 13 studies to
have adequate randomization, whereas we rated 11 out of 16 studies to have adequate sequence
generation. Despite these fundamental differences, Langhorst [147] also found evidence for
reduction of pain and improved health-related quality of life at the end of therapy. Langhorst
[147]also reported that there was moderate evidence that the reduction of pain and
improvement of Health Related Quality Of Life could be maintained at follow-up (median 14
weeks). Our results do not support this - in our review pain regressed to close to baseline values

at follow up evaluation.

Lima [148] conducted a systematic review on 18 studies published from 1950 to
December 2012, 14 of which overlap with this review. Lima [148], examined 10 outcomes
while this review investigated the effects of aquatic exercise on 21 outcomes. There are several
similarities in these reviews. For example, Lima [148] had three equally formed comparison
groups, both reviews agreed on the diversity of the outcome measures utilized, variation of
exercise programs, time of follow up, and incompleteness of information in RCTs. In both
reviews, subgroup analysis based on the duration of the intervention was undertaken, and
despite the use of different cut points in determining the subgroups both reviews concurred

longer intervention were more successful. In Lima’s [148] case durations longer than 20 weeks
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were most successful than shorter interventions; whereas, in our review, interventions longer

than 7 weeks were more successful than shorter interventions.

An important disagreement is seen in the terminology used within Lima’s review;
authors use interchangeably the terms ‘aquatic physical therapy’, ‘aquatic exercise programs’,
and ‘aquatic therapy’; as well, the conceptualization of the physical function outcome and the
test utilized to measure it differs in these reviews. Although both reviews utilized the Cochrane
risk of bias tools, there are differences in results regarding the rigor of the studies affecting the
conclusions of the reviews. Lima [148] points out that there is low methodological rigor in the
RCTs included. Our review shows low to unclear risk of bias for most studies with the

exception of blinding of personnel who deliver the intervention which is rated as high risk.

In agreement with our review, Lima’s [148] found significant results for aquatic vs
control group multidimensional function, stiffness and cardiorespiratory sub-maximal outcomes
(what he called physical function). Lima’s [148] analysis of follow up was conducted in two
studies and two outcome measures (pain and depression) we agree in one study and one
outcome measure (pain) showing the same results. Our findings do not support Lima’s [148]
recommendations related to water temperature; our evidence shows a moderate effect on
multidimensional function, pain and strength after exercising in temperate water (33-36 degrees
Celcius); whereas Lima [148] recommended temperature should not exceed 30/33 degrees
Celcius. Both reviews agree that three pool sessions per week is the most beneficial for
individuals with FM.

McVeigh [149] examined the effectiveness of hydrotherapy in the management of FM;
the literature search involved 10 major databases from 1990 -2006. McVeigh [149] found 10
studies meeting their criteria, five of which were included in our review. The authors arrived at
the conclusion that the mean methodological quality of studies included was 4.5/9 on the van
Tulder scale. Similar to our review, McVeigh [149] study defined aquatic interventions as
water-based interventions consisting of more than 50% of the treatment. However, in our
review the aquatic exercise training interventions had to be active, consisting in large part of
exercise in the water rather than soaking or floating in the water as with balneotherapy or some
spa interventions. Nevertheless, our results from the aquatic vs control comparison support

McVeigh's [149] conclusions that there are positive outcomes for pain, health-status and
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tenderness. However, this was not found to be the case when the aquatic exercise training
intervention was compared to a land-based intervention. In addition, McVeigh [149] presented
strong evidence for the use of hydrotherapy in the management of FM. Our results differ in that
we found strong evidence of an effect of the aquatic exercise training interventions in pain,
multidimensional function and submaximal cardiorespiratory outcomes; this was not true for

other wellness, symptoms or physical fitness outcomes in our review.

Perraton [150] conducted a systematic review of randomized controlled trials published
between 1998 and 2009 to summarize the components of hydrotherapy programs in individuals
with FM. Only trials that reported significant FM-related outcomes were included in this
review. Data relating to the components of hydrotherapy programs (exercise type, duration,
frequency and intensity, environmental factors, and service delivery) were analyzed. Eleven
RCTs were included in this review. Aerobic aquatic exercise featured in all 11 trials and the
majority of hydrotherapy programs included either a strengthening or flexibility component.
There was a strong overlap with our review, with nine of the 11 studies in Perraton [150]
included in our review. In agreement with Perraton [150], our included studies had a similar
composition of exercise mode which included either aerobic training on its own or in
combination with resistance training or flexibility. Great variability was noted in both the
environmental components (e.g., water temperature, depth) of hydrotherapy programs and
service delivery in Perraton [150] studies. In our review included programs were conducted in
group settings and mostly delivered by physiotherapists. Our review also found that aerobic
training, warm up and cool-down periods and relaxation exercises are common features of
hydrotherapy programs and that treatment duration is commonly 60 minutes. A frequency of
three sessions per week and an intensity equivalent to 60% — 80% maximum heart rate were the
most commonly reported exercise prescription parameters noted in Perraton [150]; our review
included study programs run 1-4 times per week at intensities ranging from 40% to 80%
maxHR. The chemical or mineral content of the water was not described in Perraton [150] and

that was also true for studies included in our review.

2.6 Conclusions
2.6.1 Implications for practice
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The improvement in wellness and symptoms resulting from aquatic exercise training
found in this review could be very important in the management of FM. The improvement in
pain may be due in part to the warmth of the water which provides immediate benefits for
muscle pain or stiffness [151] that often limit exercise tolerance on land. Because almost all the
participants in the primary studies were females, it is unclear if the results of the review can be
generalized to males. Exercise in water may be an appealing way to begin exercising especially
for participants who are deconditioned such as those in the primary studies in this review. As
such, exercise in warm water may be particularly beneficial as an initial means to exercise
without exacerbating pain for individuals with FM who have been sedentary. One may assume
that the sense of pleasure that arises from exercising in warm water may help with adherence
and influence compliance. However, without details on the characteristics of exercise actually
performed, we cannot be certain of the actual exercise volume performed by participants. We
can, however, take a broader look at exercise performed by comparing attrition rates, and we
note that there were no significant differences in attrition rates between water and land-based

interventions, suggesting both intervention were well tolerated and accepted by participants.

Heterogeneity among study protocols and inconsistencies in reporting exercise
parameters and outcomes makes interpretation of results challenging. Consequently, it is
unclear what exercise protocols (intensity, duration, frequency, mode, temperature and salinity
of the water), for aquatic training will yield optimal results for adults with FM. However, the
heterogeneity of protocols also leads us to speculate that the benefits of aquatic exercise

training are fairly robust as they were achieved in such a variety of conditions.

Results of this review may reinforce the benefits of using water for therapeutic treatment
of pain. Water as an exercise medium offers advantages and disadvantages: while some
exercises in water are made easier (e.g., jumping), others such as walking are more difficult.
Individualized therapeutic programs developed according to participants' baseline physical
activity levels and pain may be most beneficial.

Subgroup analyses suggested that programming may need to consider different
responses based on age, disease duration, disease severity and pain intensity when planning

exercise programs and when setting treatment goals. The length of the program allows for
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adaptation and conditioning, and may lead to behavioral change with regards to adapting a
physical activity routine. Regarding exercise intensity, the common approach of starting with
light intensity and progressing to moderate or vigorous intensity seems to be supported,
whereas leaving the intensity decisions completely to the participant (self-selected intensity)

does not seem to be as effective.

The subgroup analyses for length of intervention and accumulated time in the pool as
described in Appendix 10 have potential implications for practice. People with FM may need

to consider continuing with the intervention even when they appear to have little initial effect.

These analyses showed the intervention effect is higher when the intervention is longer either
in weeks or minutes. Also care providers may need to consider planning interventions with
sufficient dosage/duration to be effective. The dosage implications are an important factor for

future research.

2.6.2 Implications for research
Several implications for further research arose from this review. We have used the

EPICOT approach to describing implications for future research [152].

Evidence: There are insufficient studies to allow adequate meta-analysis of the effects of
aquatic exercise training compared to land-based interventions and other types of interventions.
The evidence in reduction of pain warrants further work; this is the most common symptom
complaint in this population. Long term effects are poorly understood. The sample size of

individual studies was generally small with only one study exceeding 50 participants per group.

In terms of methodological quality of RCTs, allocation concealment is not adequately
addressed in most studies. Therefore, it is not possible to assess the extent to which selection
bias may have occurred in these studies. The recent trend to publication of a priori trial
protocols will allow improved evaluation of selective reporting bias. The accumulation of more

studies will permit better evaluation of publication bias.

Population: The majority of the individuals included in our review were women; there is

no evidence to describe the effects of aquatic exercise training on men with FM. The population
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consisted primarily of middle age Caucasian women living in developed countries, which

makes results difficult to generalize to other contexts.

Information is scarce about individuals' beliefs and prior experiences with exercise which
may impact beliefs about and adherence to exercise. Most studies state that participants were
sedentary (without quantification) but there is no information about previous exercise
experience. As well there is little description of lifestyle physical activity prior to and during
exercise interventions which also may add to the total number of hours the individual is actively
moving and may contribute to the presence or absence of conditioning and symptoms. It is also

unclear if disease duration impacts adherence to exercise interventions.

Intervention: More detail with respect to exercise frequency, intensity and mode is needed
to more precisely identify exercise volume and to determine if the prescribed exercise protocol
meets current recommendations. Adherence to protocols needs to be tracked more carefully and
reported in detail to add to the understanding of individuals' tolerance to prescribed exercise.
Individuals may need to be coached to exercise in a gradually progressive manner to avoid
flare-ups and worsening of pain. However, optimal planned progression and intensity

recommendations are not clear.

Comparators: In this review aquatic exercise training was compared to control, land-
based and other type of interventions via direct comparison. The evidence would be

strengthened with more studies in each category.

Outcomes: Cognitive dysfunction is rated by many individuals with FM as their most
distressing symptom [153]; yet, it was measured by only one study in this review [111].
Another important outcome to clinicians and consumers (individuals with FM) are clinician and
patient global assessment [74] again measured in this review only by one set of researchers.
This may be due to the nature of our search not being set to capture this body of literature and

the fact that OMERACT recommendations are relatively new.

There was a tendency in the RCTs of this review to focus more on symptoms and less on
physical fitness outcome measures. This has an impact on the quality of the evidence in this
area. There was only one study in several instances presenting physical fitness outcomes which
did not allow us to meta-analyze results. This is an important issue when considering the

quality of evidence related to aquatic exercise training and FM.
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Improved documentation is needed in the area of adverse effects (injuries, exacerbations
and other associated adverse effects). Long-term outcomes need to be assessed at least to 12
weeks of follow up. It would also be helpful to know if positive outcomes lead to health related
behavioral change. This behavioral change (i.e., exercising on her/his own) needs to be

measured.

Timestamp: This review should be updated in 3 to 5 years.
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Appendix 1 - Glossary of Terms

Term

Definition

Balneotherapy

The term derived from the Latin word balneum which means bath.
Balneotherapy involves bathing in mineral or thermal water, and
sometimes exercise. Usually the natural spring or welled water is 20 C* or
higher

Biomarkers

In medicine, a biomarker is a term often used to refer to measurable
characteristic that reflects the severity or presence of some disease state.
It is often an indicator of a particular disease state or some other
psychological state of an organism.

Detraining

Losing the physical and health effects gained during exercise training by
stopping exercise

Exercise

Physical activity that is planned, structured, and repetitive and [that] has
as a final or intermediate objective the improvement or maintenance of
physical fitness [69]

Exercise
Training

Program that is designed to meet individual health and physical fitness
goals; a single exercise session should include a warm-up, stretching,
conditioning and cool down components. The rate of progression depends
on the individual's health status, exercise tolerance

Hydrotherapy

A warm water (above 30C) exercise intervention in which participant
immerse at waist or shoulder height

Mental health

The individual's level of psychological well-being or an absence of a
mental disorder. It may include the ability to enjoy life or adapt to
different circumstances and demands.

Multidimensiona
| function

A single score derived from either a general health questionnaire (e.qg.,
SF-36, EuroQol 5d) or a disease-specific questionnaire (FM Impact
Questionnaire) that attempts to summarize the many components of
health.

Muscle
endurance

The ability to produce force repetitively

Muscle strength

A physical test of the amount of force a muscle can generate.

OMERACT

OMERACT (Outcome Measures in Rheumatology) is an independent
initiative of international health professionals interested in outcome
measures in rheumatology. Over the last 20 years, OMERACT has served
a critical role in the development and validation of clinical and
radiographic outcome measures in rheumatoid arthritis, osteoarthritis,
psoriatic arthritis, FM, and other rheumatic diseases (www.omeract.org).
OMERACT is linked to the Cochrane Collaboration Musculoskeletal
Review Group where the outcomes endorsed by OMERACT are
recommended for use in Cochrane Systematic Reviews.

Physical Activity

Any bodily movement produced by skeletal muscles that results in energy
expenditure above resting (basal) levels. Physical activity broadly
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encompasses exercise, sports, and physical activities done as part of daily
living, occupation, leisure, and active transportation [69]

Physical Fitness

The ability to carry out daily tasks with vigor and alertness, without
undue fatigue and with ample energy to enjoy [leisure] pursuits and to
meet unforeseen emergencies. Physical fitness is operationalized as ‘‘[a
set of] measurable health and skill-related attributes.”’

Physical
Function

The capacity of an individual to carry out the physical activities of daily
living. Physical function reflects motor function and control, physical
fitness, and habitual physical activity and is an independent predictor of
functional independence, disability, morbidity.

PWC-170

Test that measures aerobic fitness. PWC stands for physical work
capacity. PWC-170 estimates the working capacity at a heart rate of 170
beats per minute. A cycle ergometer, clock and/or hear rate monitor are
needed.

Skewness

Not every distribution of data is symmetric - sets of data that are not
symmetric are said to be asymmetric. The measure of how asymmetric a
distribution can be is called skewness.

Sleep
disturbance

A score derived from a questionnaire that measures sleep quantity and
quality. The Medical Outcomes Survey Sleep Scale measures 6
dimensions of sleep (initiation, staying asleep, quantity, adequacy,
drowsiness, shortness of breath, snoring).

Patients' perceptions of "an abnormal™ physical, emotional, or cognitive

Symptoms state
Tenderness Pain evoked by tactile pressure

A combination of bathing in sea water in a marine climate with solar
Thalassotherapy

radiation and exercise
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Appendix 2
2011 ACSM Position Stand: Guidance for Prescribing Exercise

The following recommendations are from Garber 2011 [69]

Recommendations for Cardiorespiratory fitness

e Moderate intensity cardiorespiratory exercise training for >30 minutes/day on >5 days per
week for a total of >150 minutes per week, vigorous intensity cardiorespiratory exercise
training for >20 minutes/day on >3 days per week (=75 minutes/week), or a combination of
moderate and vigorous intensity exercise to achieve a total energy expenditure of >500 — 1000
MET min/week.

Recommendations for muscular fitness (strengthening)

« On 2-3 days per week, adults should also perform resistance exercises for each of the major
muscle groups, and neuromotor exercise involving balance, agility, and coordination.

« Two to four sets of resistance exercise per muscle group are recommended but even a single
set of exercise may significantly improve muscle strength and size.

« Rest interval between sets if more than one set is performed: 2-3 minutes

« Resistance equivalent of 60-80% of one repetition max (LRM) effort. For novices 60-70% of
1RM is recommended, for experienced exercises >80% may be appropriate.

« The selected resistance should permit the completion of 8-12 repetitions per set or the number
needed to induce muscle fatigue but not exhaustion.

« For people who wish to focus on improving muscular endurance, a lower intensity (<50% of
1RM) can be used with 15-25 repetitions in no more than 2 sets.

Recommendations for Flexibility

« A series of flexibility exercises for each major muscle—tendon groups with a total of 60
seconds per exercise on > 2 days per week is recommended. A series of exercises targeting the
major muscle-tendon units of the shoulder girdle, chest, neck, trunk, lower back, hips,
posterior and anterior legs, and ankles are recommended. For most individuals, this routine
can be completed within 10 minutes.

« Stretches should be held for 1-30 seconds at the point of tightness or slight discomfort. Older
persons may realize greater improvements in range of motion with longer stretching durations
(30-60 seconds). A 20%-75% maximum contraction held for 3-6 seconds followed by a 10 to
30 second assisted stretch is recommended for propioceptive neuromuscular facilitation (PNF)
techniques.

« Repeating each flexibility exercise two to four times is effective.
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. Fibromyalgia/

. Fibromyalgi$.tw.

. fibrositis.tw.
.or/1-3

. exp Exercise/

. Physical Exertion/
. Physical Fitness/

. exp Physical Endurance/

© 00 N O o A W N

. exp Sports/

10. Pliability/

11. exertion$.tw.

12. exercis$.tw.

13. sport$.tw.

14. ((physical or motion) adj5 (fitness or
therapy or therapies)).tw.

15. (physical$ adj2 endur$).tw.

16. manipulat$.tw.

17. (skate$ or skating).tw.

Appendix 4
Medline (OVID) Search Strategy

18. jog$.tw.

19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

96

swim$.tw.

bicycl$.tw.

(cycle$ or cycling).tw.
walk$.tw.

(row or rows or rowing).tw.
weight train$.tw.
muscle strength$.tw.
exp Yoga/

yoga.tw.

exp Tai Ji/

tai chi.tw.

Ai Chi.tw.

exp Vibration/
vibration.tw.
pilates.tw.

or/5-33

4 and 34



Appendix 5
Screening Selection Criteria
Level One screen

Based solely on the title of the report:

1. Does the study deal exclusively with Fibromyalgia? No — exclude, Yes or uncertain - go to
step two

2. Does it include Exercise? No — exclude, Yes or uncertain — go to step three

3. Does the study deal exclusively with Adults? No — exclude, Yes or uncertain — go to step
four

4. Isitan RCT? No — exclude, Yes or uncertain — Include

Level Two screen

Based solely on the abstract of the report:

1. Does the study deal exclusively with Fibromyalgia? No — exclude, Yes or uncertain - go to
step two

2. Does it include Exercise? No — exclude, Yes or uncertain — go to step three

3. Does the study deal exclusively with Adults? No — exclude, Yes or uncertain — go to step
four

4. Isitan RCT? No — exclude, Yes or uncertain — Include

Level Three screen

Based on the full text of the report:

1. Does the study deal exclusively with Fibromyalgia? No - exclude, Yes-go to step two,
Uncertain - add to list of questions for author and proceed to step two

2. Is the diagnosis of Fibromyalgia based on published criteria? No - exclude, Yes - go to step
three, Uncertain - add to list of questions for author and proceed to step 3

3. Does the study deal exclusively with Adults? No-exclude, Yes-go onto step 4, Uncertain -
add to list of questions for author and proceed to step 4

4. lIs it an RCT? (the study uses terms such as "random”, "randomized", "RCT", or
"randomization™ to describe the study design or assignment of subjects to groups) No -
exclude, Yes - go onto step 5, Uncertain - add to list of questions for author and proceed to
step 5

5. Does it include Exercise (the study involves at least one intervention that includes exercise)?
No - exclude, Yes - go on to step 6, Uncertain - add to list of questions for author and
proceed to step 6

6. Is between group data provided for the outcomes? No (the study contains ONLY FM, or b)
results are reported such that effects on FM cannot be isolated - exclude, Yes - include the
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study, Yes but uncertain about one or more of steps 1-5 reserve judgement until authors are
contacted

Level Four screen (classification of the study using team’s intervention listing)

1. Classification of Design
Number of interventions
Type of Comparisons:
Head to Head comparison?
Exercise to control?
Composite to control?
2. Control group
Classify type of control
3. Exercise
Enter the type of exercise interventions used in the study
Complete the naming of the intervention groups
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Altan 2004 [138]

Appendix 6
Characteristics of included studies

Methods

2 groups: aquatic exercises vs balneotherapy - both in mineral water.
Length: 12wks plus 12 wks follow-up Study Design: Randomized
clinical trial with parallel group

Participants

FEMALE:MALE 46:0, AGE: 43.14 (6.39) to 43.91 (6.26).
INCLUSION: diagnosis of FM according to ACR 1990. EXCLUSION:
rheumatoid disease, unstable hypertension, severe cardiopulmonary
problems, heat intolerance, psychiatric disorder affecting compliance,
abnormal blood count and chemistry, ESR, urinalysis. All patients were
instructed to discontinue nonsteroidal anti-inflammatory drug
medication throughout the study period.

Interventions

a) Aquatic exercise in heated pool (37 °C) (n=24)

Supervised aquatic Intervention: FREQUENCY: 3 times per week,
DURATION: 35 minutes, INTENSITY: 60-75% HRmax, MODE: FX
was performed to maximum length - active ROM plus static stretches:
Ae: jumping, walking back and forth in the pool. Out of the pool
exercises: bending back and forth, squatting, and relaxing with deep
breath. Slow swimming as part of relaxation.

b) No exercise-balneotherapy (n=22)

Supervised balneotherapy: FREQUENCY:: 3 times per wk.
DURATION: 35 minutes; Mode: women were instructed not to perform
any exercise during the sessions.

Outcomes

Pain, tender points, fatigue, sleep, stiffness, health related quality of life,
muscle endurance, patient-rated disability, clinician-rated disability,
depression.

Measurements at: Pre - Post: 12 weeks - Follow up: 24 wks

Congruence with
ACSM

No - only 20 minutes of aerobic activity

Injuries, a) Aquatic exercise in heated pool: none stated. b) Balneotheraphy: 3
Exacerbations, dropouts because of hypertension (n=1) and cardiac arrhythmia (n=2)
Other Adverse (other adverse)

Notes Country: Turkey Language: English. Author contacted: response

received. Funding sources/declaration of interest: none stated
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Arcos-Carmona 2011 [2]

Methods

2 groups: Experimental vs placebo. Length: 10wks. Study Design:
Randomized clinical trial with parallel group

Participants

FEMALE:MALE 53:0, AGE: 44.4 (9.25). INCLUSION: diagnosis of
FM according to ACR 1990.

EXCLUSION: memory loss, participating in other pharmacological
therapies, infectious diseases, hypotension and respiratory alterations
that could limit participation in the treatment.

Interventions

a) Experimental Group (28 °C) (n=27)

Supervised aquatic intervention: FREQUENCY': 2 times per wk,
DURATION: 60 minutes (30 minutes in the water and 30 minutes in
land following Jacobson relaxation); INTENSITY:40% of relative
medium; MODE:walks, jumps, grabbing, general mobility

b) Placebo (n=26)

Sham treatment with disconnected magnet therapy device.
Participants were lying prone and the machine was covered so the
they could not see the machine was disconnected. FREQUENCY: 2-
times per wk; DURATION: 10 minutes at cervical level, 10 minutes
lumbar level.

Outcomes

Sleep, pain, fatigue, health related quality of life, self-rated physical
function, mental health, anxiety, depression
Measurements at: Pre - Post: 10 weeks

Congruence with
ACSM

No - only 2 times per week

Injuries, Unspecified injuries, exacerbations or other adverse effects.
Exacerbations,

Other Adverse

Notes Country: Spain - Language: Spanish. Article translated - Author

contacted: response received. Funding sources/declaration of interest:
authors declared no conflict of interest (pg 401)
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Assis 2006 [126]

Methods

2 groups: deep water running vs land-based exercises. Length: 15
wks. Study Design: Randomized clinical trial with parallel group

Participants

FEMALE:MALE: 60:0 AGE: 42.17(10.05) to 43.43 (10.76).
INCLUSION: Diagnosis of FM (ACR1990), literate, and kept in an
unchanged drug regimen for the last 4 weeks before starting the
study. EXCLUSION: symptomatic cardiac failure, uncontrolled
thyroid disturbances, body mass index equal or greater than 40,
infectious contagious skin diseases, coronary, pulmonary, neurologic
and rheumatic diseases limiting or hindering their ability to exercise,
and those who had performed regular physical activity in the 6 weeks
before the trial were not included.

Years since onset of FM at entry/complaint duration: Deep water
running (DWR): 7years - land-based group: 5 years

Interventions

a) Deep water running in heated pool (28-31 °C) (n=30)
Supervised aquatic Intervention: FREQUENCY :3 times per wk.
DURATION: 60 minutes (warm up:10', Ae:40', cool down:10")
INTENSITY: 60-75% HRmax. Low to moderate (at researcher
calculated anaerobic threshold). MODE:DWR

b) Land-based exercise: (n=30)

Supervised land-based intervention: FREQUENCY : 3 times per wk;
DURATION: 60 minutes (Warm up:10', Ae:40', cool down:10";
INTENSITY: 60-75% HRmax. Intensity: moderate (at researcher
calculated anaerobic threshold); MODE: outdoor walking and

jogging.

Outcomes

Pain, patient rated global, health related quality of life, depression,
self-reported physical function, submaximal cardiorespiratory,
maximal cardiorespiratory, mental health, anxiety

Measurements at: Pre - Middle: 8 weeks - Post: 15 wks

Congruence with
ACSM

Not enough information to judge

Injuries, a) DWR: impingement syndrome; muscle pain (exacerbation)
Exacerbations, b) Land - based exercise: 2 events = bilateral ankle arthritis ,
Other Adverse Bakerys cyst; tinea pedis (injury); muscle pain (exacerbation)
Notes Country: Brazil - Article Language: English. Author contacted:

response received. Funding sources/declaration of interest: Supported
by a grant from FAPESP (Research Support Fund of the State of Sao
Paulo) (pg 57)
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Calandre 2010 [127]

Methods

2 groups: Stretching in the water vs Tai Chi in the water (Ai Chi).
Length: 6 wks - Follow up at 10 and 18 wks. Study Design:
Randomized clinical trial with parallel group

Participants

FEMALE: MALE 73:8; AGE 51 (8) to 49 (8.4).INCLUSION:
Diagnosis of FM (ACR1990).EXCLUSION: those who never attended
a swimming pool, had disease susceptible to worsen with warm water
exercise such as coronary disease, allergy to chlorine, etc. Participants
followed their pharmacological treatment during study and follow up
period.

Years since onset of FM at entry 14.1 (8.4) to 15.6 (8.7)

Interventions

a) Ai Chi (pool temperature 36 °C preceded by warm shower to
condition the body 34.5-35.5 °C) (n=42)

Supervised aquatic intervention. FREQUENCY: : 3 times per wk
DURATION: 60 minutes (first and last 10 minutes patient relax, 40
minutes exercises) INTENSITY: to individual needs depending on
degree of pain and fatigue MODE: patients were taught the 16
movements which constitute the Tai Chi therapy without the help of
any material - they use a combination of deep breathing and slow,
broad movements of the arms, legs and torso

b) Stretching in the water (pool temperature 36° C preceded by warm
shower to condition the body 34.5-35.5 °C) (n=39)

Supervised aquatic intervention. FREQUENCY: : 3 times per wk
DURATION: 60 minutes (first and last 10 minutes patient relax, 40
minutes exercises) INTENSITY: to individual needs depending on
degree of pain and fatigue MODE: in order to facilitate stretching
participants were given 1mt long wooden sticks, 1.5mt flexible tube.
Stretching was performed over muscles of main body areas: cervical,
upper and lower extremities and trunk.

Outcomes

Pain, fatigue, sleep disturbance, stiffness, tender points, health related
quality of life, physical function, depression, anxiety. Measurements at:
Pre - Post: 6 wks - Follow up 1: 10 wks - Follow up 2: 18 wks

Congruence with
ACSM

No applicable

Injuries, Injuries unspecified for either group;

Exacerbations, a) Ai Chi: pain exacerbation; chlorine hypersensitivity (n=1) (other
Other Adverse adverse)

Notes Country: Spain - Language: English. Author contacted: n/a. Funding

sources/declaration of interest: article states "none declared” (pg S-13)
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De Andrade 2008 [128]

Methods

2 groups: aerobic aquatic exercises vs aerobic aquatic exercises in sea
water (Thalassotherapy). Length: 12wks. Study Design: Randomized
clinical trial with parallel group

Participants

FEMALE:MALE: 23:0 AGE: 48.8(9.9) to 48.3 (8.9). INCLUSION:
diagnosis of FM (ACR1990), be without physical activity at least 3
months. EXCLUSION: pregnancy, infectious contagious skin disease,
coronary, pulmonary, neurological or other limiting rheumatic diseases.
Years since onset of FM at entry: not specified

Interventions

a) Aerobic aquatic exercises (28-33 °C) (n=23)

Supervised aerobic aquatic exercise in outdoor pool during summer
months . FREQUENCY:: once a day-3-times per week DURATION: 60
minutes (10 minutes stretching, 40 minutes low impact aerobic,10
minutes relaxation) INTENSITY:: training level was set at 50-75% of
VO2max. Or levels 12 to 13 on BORG scale MODE: racing against the
water resistance, bicycling simulation, stationary march, shoulders and
elbows bending and extension with dumbbells, punches in the air,
multidirectional kicks against water resistance, pushing and pulling
floater against water resistance, stepping and sinking the floaters with
feet and jumping jacks and low jumps using calf for leverage.

b) Aerobic aquatic exercises in sea water (Thalassotherapy) (n= 23)
Supervised aerobic thalassotherapy performed in sea water - no waves
and water stood at shoulder level of participants FREQUENCY:: once a
day-3 times per wk; DURATION: 60 minutes (10 minutes stretching, 40
minutes low impact aerobic-10 minutes relaxation); INTENSITY:
training level was set at 50-75% of VO2max. or levels 12 to 13 on BORG
scale MODE: racing against the water resistance, bicycling simulation,
stationary march, shoulders and elbows bending and extension with
dumbbells, punches in the air, multidirectional kicks against water
resistance, pushing and pulling floater against water resistance, stepping
and sinking the floaters with feed and jumping jacks and low jumps
using calf for leverage.

Outcomes

Pain, fatigue, tender points, sleep, health related quality of life,
depression, self-rated physical function, mental health. Measurements at:
Pre- Post: 12 wks

Congruence with
ACSM

No - only 3 times a week or 120 minutes of aerobic exercise

Injuries, a) Aquatic exercises: muscle pain (n=9) (exacerbation); urinary

Exacerbations, infection (n=1) (other adverse)

Other Adverse b) Aquatic exercises in sea water: first degree burn (n=2) (injuries);
muscle pain (n=8) (exacerbation);

Notes Country: Brazil Language: English. Author contacted: n/a. Funding

sources/declaration of interest: non stated
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de Melo Vitorino 2006 [129]

Methods 2 groups: Hydrotherapy vs Conventional Physiotherapy. Length: 3
wks. Study Design: Randomized clinical trial with parallel group
Participants FEMALE:MALE 25:0 ; AGE 48.9 (9.2) to 46.6 (8.4); INCLUSION:

diagnosis of FM according to ACR (1990). EXCLUSION: no
contraindications to pool treatment. Years since onset of
disease/symptoms: unspecified

Interventions a) Hydrotherapy (temperature unspecified) (n =19)
Supervised aquatic intervention. FREQUENCY: : 3 times per wk.
DURATION: 60 minutes (warm up: 5', FX: 6', AE: 30", FX: 6/,
Relax: 13) INTENSITY: unspecified. MODE: jumping walking,
sliding with arm movement vs resistance. Flexibility - unspecified
b) Conventional Physiotherapy (n=19)
Supervised conventional intervention. FREQUENCY:: 3 times per
week; DURATION: 60 minutes; (Infrared at beginning 10", FX 5' x
2; AE: 30', Relax: 10) INTENSITY: unspecified; MODE: AE:leg-
ergometry, FX-unspecified,

Outcomes Sleep, self-rated physical function, pain, fatigue, mental health.
Measurements at: Pre - Post: 3 wks

Congruence with No - Intensity unspecified

ACSM

Injuries, a) Hydrotherapy: unspecified injuries, exacerbations or adverse

Exacerbations, effects.

Other Adverse b) Conventional Physiotherapy: unspecified injuries, exacerbations
or adverse effects.

Notes Country: Brazil Language: English. Author contacted: n/a. Funding

sources/declaration of interest: none stated
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Evcik 2008 [130]

Methods

2 groups: Aquatic exercise program vs home-based exercise program.
Length: 5 wks plus 19 wks follow up. Study Design: Randomized
clinical trial with parallel group

Participants

FEMALES: MALES, 62:1 AGE: 42.8 (7.6) to 43.8 (7.7).
INCLUSION: diagnosis of FM according the ACR
(1990).EXCLUSION: severe cardiovascular disease, unstable
hypertension, malignancy, inflammatory joint disease, heat
intolerance and pregnancy, use of antidepressive or nonsteroidal anti-
inflammatory drugs, exercise regularly. Years since onset of FM at
entry (in years): 3

Interventions

a) Aquatic exercise program (33 °C) (n=31)

Supervised aquatic mixed program. FREQUENCY': 3 times per wk;
DURATION: 60 minutes (35 minutes aquatic- 20 minutes poolside
exercises such as warming up active range of motion and relaxation);
INTENSITY: unspecified; MODE: stretches, walking, jogging and
low impact swimming.

b) Home-based exercise program (n=30)

Exercises were demonstrated on one occasion and participants were
given written advice. FREQUENCY : 3 times per wk; DURATION:
60 minutes; INTENSITY: unspecified; MODE: aerobic, general
mobility, flexibility and relaxation.

Outcomes

Pain, tender points, fatigue, stiffness, sleep disturbance, paresthesia,
irritable bowel, pseudo Raynaud's, sicca symptoms, headache,
bladder dysfunction, depression, health related quality of life
Measurements at: Pre - Post: 4 weeks, Follow up 1: 12 wks, Follow
up 2: 24 wks

Congruence with
ACSM

Not enough information to judge - intensity not stated

Injuries, Authors stated "no side effects were observed during the program™ pg
Exacerbations, 886-87

Other Adverse

Notes Country: Turkey Language: English. Author contacted: Response

received. Funding sources/declaration of interest: none stated
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Gowans 2001 [131]

Methods

2 groups: Aerobic vs untreated control. Length: 23 wks. Study
Design: Randomized clinical trial with parallel group

Participants

FEMALE:MALE 44:6 AGE: 44.6 (8.7) to 49.9 (7.3); INCLUSION
meet diagnostic criteria and be willing to comply with the
experimental protocol EXCLUSION diagnosis of high blood pressure
or symptomatic cardiac disease, other serious systemic diseases (e.g.,
cancer, diabetes) intention of changing medications for anxiety or
depression or seek professional treatment for anxiety or depression
during the study period, and be enrolled in or intended to begin an
AE exercise program. Years since disease symptoms [Mean (SD)]:
6.4 (7) to 11.6 (10.4) years; duration of diagnosis: 3.2 (3.3) to 3.5
(3.2) years.

Interventions

a) Aerobic (warm water pool - temperature not specified) (n=27)
Classes for the first 6 weeks were conducted in a warm therapeutic
pool. At 7 week subjects progressed to 2 walking classes in a gym
and 1 pool class. Data for this review was extracted to represent the
aquatic exercise training at 6 week mark.

FREQUENCY: 3 hospital based classes per wk; DURATION: 30
minutes (20 minutes aerobic); INTENSITY: low to moderate 60-75%
age-adjusted HRmax; MODE: water (warm) walking/running
progressing to land walking/running

b) Wait list control (n=23): "continue ad libitum activity"

Outcomes

Depression, submaximal cardiovascular, anxiety, mental health,
tender points, strength, health related quality of life, self-efficacy.
Measurements at: Pre - Middle: 6 wks- Post: 23 wks

Congruence with
ACSM

No - only 20 minutes of aerobic exercise

Injuries, No reported injuries, exacerbations or other adverse effects.
Exacerbations,

Other Adverse

Notes Country: Canada Language: English. Author contacted: n/a. Funding

sources/declaration of interest: the work was supported by a grant
from the Toronto Hospital Auxiliary Women's Health Project on
Women and Arthritis (pg 528)
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Gusi 2006 [132]

Methods

2 groups: Aquatic exercise vs control. Length: 12 wks plus 12 wks
follow up. Study Design: Randomized clinical trial with parallel

group

Participants

FEMALE:MALE; 35:0.AGE: 51(9) - 51 (10). INCLUSION:
diagnosis of FM according the ACR (1990). EXCLUSION: any
severe disorder of the spine (e.g., prolapsed disk, spinal stenosis),
severe trauma, frequent migraines, peripheral nerve entrapment,
inflammatory rheumatic diseases, and severe psychiatric illness.
Participants with diseases the prevent physical loading, pregnant,
those who attended another psychological or physical therapy or
history of more than 30 minutes exercise session per week during 2
weeks in the last 5 years. Years since onset of disease/symptoms: 24
and 19 years

Interventions

a) Aquatic exercise (33 °C) (n=17)

Supervised exercises in waist high warm pool. FREQUENCY: 3
times per wk; DURATION: 60 minutes (10 minutes warm up, 2 x 10
minutes aerobic, 10 minutes strength, 10 minutes cool down);
INTENSITY': Aerobic 65-75% HRmax, Strength slow pace; MODE:
aerobic-unspecified; strength-low extremity exercises (knee flexion
and extension) against water resistance

b) Control (n=17)

The control group continue to follow normal daily activities, and did
not performed any form of exercise as those in the exercise group.

Outcomes

Pain, health related quality of life, self-reported physical function,
strength
Measurements at: Pre - Post: 12 wks - Follow up: 24 wks

Congruence with
ACSM

No - Only 20' 3 times per week

Injuries, No injuries, exacerbation or other adverse effects specified; authors
Exacerbations, mentioned " strength training in water did not aggravated the
Other Adverse symptoms" pg 71

Notes Country: Spain Language: English (2) and Spanish (2). Spanish

articles translated. Author contacted: response received. Funding
sources/declaration of interest: Support received from the European
Social Funds and Regional Government of Extremadura (pg 66)
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Hecker 2011 [1]

Methods

2 groups (hydrokinesiotherapy and kinesiotherapy). LENGTH: 23
wks. Study Design: Randomized clinical trial with parallel group

Participants

FEMALE:MALE = 24:0, AGE(yrs): 47.5 to 45.3 INCLUSION:
females with a diagnose of FM for at least 2 years, without diagnoses
of associated diseases, not engaged in regular physical activities and
that were not on any medication. EXCLUSION: patients with
pathologies that would prevent attending less than 75% of the visits
to either group. Also it were excluded the patients that were taking
any kind of medication as well those who started taking medication
during the study. DURATION OF ILLNESS (yrs):3 to 4.5.

Interventions

a) Hydrokinesiotherapy (32-34 °C) (n=12)

FREQUENCY:1 time per wk. DURATION: 60 minutes (15' FX, 15'
aerobic, 15" unloaded AROM, 15' flexibility) INTENSITY: 40% -
low intensity for the aerobic portion. MODE: AE working major
muscle groups of the lower limbs, upper limbs, trunk and neck.

b) Kinesiotherapy (n=12)

FREQUENCY: 1 time per wk. DURATION: 60 minutes (15' FX, 15'
AE, 15' unloaded AROM, 15’ flexibility) INTENSITY: 40% - low
intensity for the AE portion. MODE: AE working major muscle
groups of the lower limbs, upper limbs, trunk and neck.

Outcomes

Pain, Fatigue, Physical Function, Mental Health, Global well-being,
multidimensional function
Measurements at: Pre - Post: 23 weeks

Congruence with
ACSM

No - frequency 1 per week and no description of intensity

Injuries, No injuries, exacerbations or other adverse effects specified.
Exacerbations,

Other Adverse

Notes Country: Brazil Language: Portuguese. Article translated. Author

contacted: response received. Funding sources/declaration of interest:
none stated
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Ide 2008 [133]

Methods

2 groups: Aquatic respiratory exercise-based program vs control.
Length: 4 wks. Study Design: Randomized clinical trial with parallel

group

Participants

FEMALE:MALE 40:0 AGE 46.61 (9.8) to 45.47
(8.65).INCLUSION: diagnosis of FM according the ACR (1990),
time availability, means of transportation and acceptance of training
routine. EXCLUSION: the presence of musculoskeletal, respiratory,
neurological, cardiovascular, skin diseases or hydrophobia reported.
Participants enrolled in any other regular exercise activity or
institutionalised were excluded. Years since onset of
disease/symptoms: unspecified

Interventions

a) Aquatic respiratory exercise-based program (32 °C) (n=20)
Exercise program performed in a 1.05m deep heated pool -
participants were asked to keep their shoulders in the water.
FREQUENCY 4 times wk; DURATION:60 minutes (5 minutes
warm up walking, jogging and running, 45 minutes general exercises
and specific breathing patterns, 10 minutes cool down free floating
and breathing; INTENSITY:: unspecified. MODE: Shoulder, hip and
trunk movement combined with breathing exercises

b) Control (n=20)

Non-exercise program involved no exercises, no health related issues
and consisted of recreational card games, music and general interest
seminars FREQUENCY: 1 time wk DURATION: 60 minutes

Outcomes

Pain, dyspnea, tender points, anxiety, sleep disturbance, fatigue,
stiffness, health related quality of life, self-reported physical function,
mental health, depression, patient-rated global

Measurements at: Pre - Post: 4 weeks

Congruence with
ACSM

No - intensity unspecified

Injuries, No injuries, exacerbations or other adverse effects specified.
Exacerbations,

Other Adverse

Notes Country: Brazil Language: English. Author contacted: response

received. Funding sources/declaration of interest: none stated
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Jentoft 2001 [134]

Methods

2 groups: Aquatic exercise program vs land-based exercise program.
Length: 20 wks plus 6 months follow up. Study Design: Randomized
clinical trial with parallel group

Participants

FEMALE:MALE= 34:0, AGE: 39.4 (8.8) to 42.9(8.6). INCLUSION:
Diagnosis of FM (ACR 1990). EXCLUSION: Inflammatory
rheumatic disease, hypothyroidism, heart and lung disease,
pregnancy. Years since onset of disease/symptoms (years): 11.1

Interventions

a) Aquatic exercise program (34 °C) (n=18)

Supervised program based on an aquatic adaptation of the Norwegian
Aerobic Fitness Model. FREQUENCY:: 2 times wk; DURATION: 60
minutes; INTENSITY: 60-80% HRmax age adjusted; MODE:
dynamic muscle work accompanied by music (aerobic dance,
stretching, strengthening).

b) Land-based exercise program (n=16)

Supervised program based on the original form of the Norwegian
Aerobic Fitness Model. Strength for thighs and trunk: Gymnastic hall
with normal room temperature and a wooden floor was used.
FREQUENCY: 2 times wk; DURATION: 60 minutes; INTENSITY::
60-80% HRmax age adjusted; MODE: dynamic muscle work
accompanied by music (aerobic dance, stretching, strengthening).

Outcomes

Pain, fatigue, sleep, stiffness, tender points, patient global rating, self-
rated physical function, submaximal cardiovascular, maximal
cardiovascular, strength, endurance, self-efficacy, depression,
anxiety. Measurements at: Pre - Post: 20 wks - Follow up: 46 wks

Congruence with
ACSM

Not enough information to judge

Injuries, No injuries, exacerbations or other adverse effects specified.
Exacerbations,

Other Adverse

Notes Country: Norway Language: English. Author contacted: Response

received. Funding sources/declaration of interest: Support from the
Norwegian Ministry of Health and Social Affairs/Rogaland County
Council, Department of Health and Social Services, and by the
Haugesund Women's Public Health Association (pg 42)
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Mannerkorpi 2000 [143]

Methods

2 groups: Aquatic exercise program vs control. LENGTH: 24 wks
(includes 6 weeks of education). Study Design: Randomized clinical
trial with parallel group

Participants

FEMALE: MALE 57:0 AGE: 45(8) to 47 (11.6) INCLUSION:
Diagnosis of FM (ACR1990). EXCLUSION: rheumatic diseases,
severe somatic or psychiatric disorders, inability to understand
Swedish, chlorine allergy, plans to start other treatments during study
period. Years since onset of disease/symptoms: 8.4(6) to 8.9 (7.2)
years

Interventions

a) Aquatic exercise program (pool temperature - unspecified)
(n=28)

Supervised exercise program in groups of 6-10 participants.
FREQUENCY: 1 time per wk; DURATION: 35 minutes;
INTENSITY: self-selected below pain and fatigue threshold; MODE:
endurance, FX, coordination and relax

Supervised education program FREQUENCY:: 1 time per wk per 6
wks; DURATION: 60 minutes. The aim was to introduce strategies
to cope with FM symptoms and encourage physical activity. Based
on active participation of the patients

b) Control Group (n=29) treatment as usual

Outcomes

Submaximal cardiovascular, health related quality of life, pain, self-
rated physical function, stiffness, anxiety, depression, fatigue, mental
health, tender points, endurance, strength, flexibility, self-efficacy.
Measurements at: Pre - Post: 26 wks

Congruence with
ACSM

No - frequency 1 per week, intensity unspecified, session duration 35'
including all components

Injuries,
Exacerbations,
Other Adverse

"Main reasons for not starting or interrupting the program were lack
of time due to commitments relating to child care or employment, or
the occurrence of infection or injury" pg 2474

Notes

Country: Sweden Language: English. Author contacted: n/a. Funding
sources/declaration of interest: Supported by grants from the Swedish
Rheumatism Association the Vardal Foundation, and the
Lansforsakringsbolagen Research Foundation (pg 2473)
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Mannerkorpi 2009 [136]

Methods

2 groups (Pool and education and Education only), LENGTH: 20 wks
- follow up 48 to 52. Study Design: Randomized clinical trial with
parallel group

Participants

FEMALE:MALE = 134:0 MEAN POOLED AGE (yrs): 45.64 (22-60
minutes-max).INCLUSION: women with FM between ages of 18-60
years and pain at manual palpation at 11 out of 18 examined TPs
(ACR 1990).EXCLUSION: other severe somatic psychiatric
disorders such as stroke or schizophrenia, inability to understand
Swedish, allergy to chlorine, ongoing exercise therapy supervised by
a physical therapist, or plans to start such therapy during the study
period. DURATION of Symptoms (yrs + SD): 10.6 (7.2)

Interventions

a) Pool and Education group: (33 °C) (n= 68)

Pool - FREQUENCY:: 1 time per wk DURATION: 45 minutes total
INTENSITY:: participant determined at low to moderate - median
value for exertion (6-20) measured by Borg scale for perceived
exertion MODE: aquatic aerobic, walking, jogging on flotation
devise with arm movement. Aquatic flexibility/coordination: active
and passive arm/trunk movements. Additional breathing exercises
and body awareness. Education - FREQUENCY': 1 wk per 6 wks
DURATION: 6-1hr sessions MODE: discussions and practical
exercises (relaxation)

b) Education Group (n=66) FREQUENCY: 1 wk per 6 wks
DURATION: 6-1hr sessions MODE: discussions and practical
exercises (relax)

Outcomes

Multidimensional function, Pain, Fatigue, Tenderness, Self-reported
physical function, Mental Health, Depression, Anxiety, submaximal
cardiorespiratory function (outcome data specific to FM participants
received upon request). Measurements at: Pre - Post: 20 weeks

Congruence with
ACSM

No - 1 time per wk, 45 minutes total

Injuries, No injuries as reported from personal communication with the
Exacerbations, author. No severe exacerbations related to the program were
Other Adverse documented.

Notes Country: Sweden. Author contacted: Yes - responses received.

Funding sources/declaration of interest: Financial support was
provided by the Swedish Research Council, The Health and Medical
Care Executive Board of Vastra Gotaland Region, the Swedish
Rheumatism Association, the Lansforsakringsbolagens Research
Foundation, the Rheumatic Pain Society in Goteborg/RiG, the
Goteborg Region Foundation for Rheumatology Research/GSFR and
ALF at Sahlgrenska University Hospital (pg 759)
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Munguia-lzquierdo 2007 [111]

Methods

3 groups: Aquatic mixed - FM control - healthy control. Length: 16
wks. Study Design: Randomized clinical trial with parallel group

Participants

FEMALE: MALE 78:0 AGE (yrs + SD): 50(7), 46 (8) and 47(10)
INCLUSION: Diagnosis of FM (ACR1990). EXCLUSION: morbid
obesity, cardiopulmonary disease, uncontrolled endocrine or allergic
disturbances, severe trauma, frequent migraines, inflammatory
rheumatic disease, and severe psychiatric illness. Pregnant women,
those with restriction for physical loading, those who attended
another physical or psychological therapy, and those with a history of
regular physical activity more strenuous than slow-paced walking a
maximum of 2 times per week over 4 months prior to study entry
were excluded from final analysis. Years since onset of
disease/symptoms (years + SD): 14(10) to 14(9) (healthy group n/a)

Interventions

a) Aquatic mixed: (32 °C) (n=35)

Supervised aquatic mixed (at chest high): FREQUENCY: 3 times per
wk; Aerobic: DURATION: 20-30 minutes; INTENSITY: low to
vigorous in chest deep water (50-80% of predicted HRmax); Strength
for all major muscle groups: DURATION: 20-30 minutes:
INTENSITY: slow pace MODE: resistance from water and aquatic
materials

b) Healthy controls: (n=25) matched for age, weight, body mass
index, and educational and physical activity levels to FM
participants.

¢) FM control: (n=25) instructed not to change their habits regarding
physical activities during the period

Outcomes

Tender points, Pain, health related quality of life, cognitive function,
endurance, anxiety, sleep disturbance. Measurements at: Pre- Post: 16
wKks

Congruence with
ACSM

From review authors: No - aerobic duration was only 20-30 minutes;
3 times per wk

From authors: "The intervention program met the minimum training
standards of the American College of Sports Medicine" pg 826

Injuries, No injuries, exacerbations or other adverse effects specified.
Exacerbations,

Other Adverse

Notes Country: Spain Language: English (2). Author contacted: response

received. Funding sources/declaration of interest: Work supported by
the European Social Funds and Regional Government of Aragon (pg
824)
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Tomas-Carus 2008 [137]

Methods

2 groups: Aquatic mixed vs FM control. Length: 34 wks. Study
Design: Randomized clinical trial with parallel group

Participants

FEMALE:MALE 30:0 AGE (years + SD) : 50.7-50.9 (10.6-6.7)
INCLUSION: diagnosis of FM (ACR) EXCLUSION: history of
severe trauma, frequent migraines, peripheral nerve entrapment,
inflammatory rheumatic diseases; severe psychiatric illness, other
diseases that prevent physical loading and pregnancy, attendance at
another psychological or physical therapy or regular physical
exercise with more than one exercise session of 30 minutes per week
during a 2 week period in the last 5 years. Years since onset of
disease/symptoms (years + SD): 20.1 (8) for the exercise group and
19.4 (6.9) control.

Interventions

a) Aquatic mixed (aerobic-strength): (33 °C) (n=15)
FREQUENCY: 3 times per wk; DURATION: total 60 minutes in
waist deep warm water. AE: 20 minutes; INTENSITY: light to
moderate 60-65% HRmax; MODE: walking; ST and FX;
DURATION: 20 minutes; INTENSITY: 4 x 10 reps for each exercise
- "light loads™; MODE: lower extremity against water resistance,
raising arms with light loads and elastic bands

b) FM control: (n=15) The control group continue to follow normal
daily activities, and did not performed any form of exercise as those
in the exercise group.

Outcomes

Pain, fatigue, morning tiredness, stiffness, tender points, health
related quality of life, physical function, cardiovascular maximum
oxygen uptake, strength, endurance, flexibility, balance, anxiety,
depression. Measurements at: Pre - Post 32 wks

Congruence with
ACSM

No - Only 20 minutes, 3 times per wk

Injuries, No injuries, exacerbations or other adverse effects specified.
Exacerbations,

Other Adverse

Notes Country: Spain. Funding sources/declaration of interest: Study co-

financed by the Regional Government of Extremadura and the Health
Department (pg 251)
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Appendix 7
Characteristics of excluded studies

Author

Reasons for exclusion

Bailey 1999 [154]; Dal 2011 [155]; Dawson 2003 [156]; Gandhi
2000 [157]; Geel 2002 [158]; Gowans 2004 [159]; Han 1998
[160]; Hoeger 2011 [161]; Huyser 1997 [162]; Jones 2011 [163];
Kadetoff 2010 [164]; Karper 2001 [165]; Kesiktas 2011 [166];

Khalsa 2009 [167]; Kingsley 2010 [168]; Klug 1989 [169]; Lange

2011 [170]; Mannerkorpi 2002 [135]; Mason 1998 [171];
Meiworm 2000 [172]; Meyer 2000 [173]; Mobily 2001 [174];

Nielen 2000 [175]; Nijs 2004 [176]; Offenbacher 2000 [177]; Piso

2001 [178]; Pfeiffer 2003 [179]; Rooks 2002 [180]; Salek 2005
[181]; Suman 2009 [182]; Tiidus 1997 [183]; Thijssen 1992
[184]; Uhlemann 2007 [185]; Worrel 2001[186]; Zijlstra
2005[187]

Non RCT

Astin 2003 [188]; Casanueva-Fernandez 2012 [189]; Castro-
Sanchez 2011 [190]; daSilva 2007 [191]; Lorig 2008 [192];
Kendall 2000 [193]; Newcomb 2011 [194]; Oncel 1994 [195];
Vlaeyen1996 [196]; Williams 2010 [197]

Did not meet exercise
criteria or effect of
exercise could not be
isolated

Ahlgren 2001 [198]; Guarino 2001 {248}; Kingsley 2005 [199];
Peters 2002 [200]; Santana 2010 [201]; Thieme 2003 {320}

Not published FM
diagnosis confirmation

Matsumoto 2011 [202]

FM data could not be
isolated

Alentorn-Geli 2009 [203]; Bakker 1995 [204]; Carbonell-Baeza
2011 [205]; Carbonell-Baeza 2012 [206]; Finset 2004 [207];
McCain 1986 [208]; Mutlu 2013 [209]; Sigl-Erkel 2011 [210]

Proposal, protocol,
provision of data issues
(i.e. between group not
done),
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Appendix 10
Subgroups Analysis Based on Participant Related Characteristics

Subgroup  Study N Mean 90%CI LL 90%CI UL

Younger vs Older age

YOUNGER  Altan 2004 [138] 46 435  42.00 45.02
YOUNGER Arcos-Carmona 2011[2] 53 44.0  42.29 45.64
YOUNGER Mannerkorpi 2009 [130] 132 45.64 44.59 46.69
Mannerkorpi 2000 [143] 57 46.0  43.87 48.17
Gowans 2001[131] 31 473 4497 49.60
OLDER Munguia-lzquierdo [111] 53 48.2  46.52 49.85
OLDER Tomas-Carus [137] 30 50.8 48.19 53.41
OLDER Gusi [132] 34 510  48.37 53.63
Short vs Long disease duration

SHORT Gowans 2001[131] 31 89 6.4 115
SHORT Mannerkorpi 2000 [143] 57 8.7 7.2 10.1
SHORT Mannerkorpi 2009 [136] 132 5.1 4.4 59
Arcos-Carmona [2] 53 9.5 8.0 11.1
LONG Gusi [132] 34 215 191 23.9
LONG Munguia-lzquierdo [111] 53 14.0 11.9 16.1
LONG Tomas-Carus [137] 30 19.8 17.6 21.9
Low vs High Impact of FM at baseline

LOW Gowans 2001[131] 31 557 524 59.1
LOW Altan [138] 46 601 57.2 63.1
Gusi [132] 34 610 56.0 66.0
Tomas-Carus [137] 30 620 583 65.7
HIGH Mannerkorpi 2009 [136] 132 655 63.2 67.8
HIGH Munguia-lzquierdo [111] 53 66.0 62.8 69.3
HIGH Mannerkorpi 2000 [143] 57 68.0 65.6 70.4
Low vs High Pain at Baseline

LOW Arcos-Carmona [2] 53 57.5 56.3 58.8
LOW Tomas-Carus [137] 30 600 538 66.2
LOW Gusi [132] 34 635 564 70.6
Mannerkorpi 2009 [136] 132 70.9 68.3 73.5
HIGH Mannerkorpi 2000 [143] 57 755 71 79.9
HIGH Munguia-lzquierdo [111] 53 757 70.9 80.5
HIGH Altan [138] 46 771 728 81.5

119



[06'0 ‘¥S0-18T0
‘(0g) T

[es0'88°0-] LT0-
‘(1e) T

SY9aM / >

weabouad Jo yibua

%799 =21 '80'0 =d '26'Z =2IUD

%0 =21 '€6'0 =d 'T0°0 =140

a%2'99 =zl '60°0 = d '56'2 = 21UD

saouaJayip dnoabgns Joj 1591

[t60'cT0-16€0

[c00- ‘TT'T-] LG°0-

[S2'0- ‘68°0-] LG°0-

‘(89) T ‘(9gT) € “(191) € auljaseg 1e ured ybiH
[26T 1501 ¥0'T [e2°0- '86'0-] 09°0- [8s0- v9T-1TTT-
‘(v9) 2 ‘(L11) € ‘(v9) 2 aul|aseg 1e ured Mo

,auljaseq 1e ured

%0 =2159'0=d ‘TZ°0 = 21YD

EVE =21 ‘220 =0 25T =2UD

3%0 =21 ‘99°'0 =d ‘6T°0 = z1UD

saouaJayip dnoabgns 1oy 1591

[v20'0T0-1280

[sT0-‘28°0-115°0-

[ST'0- ‘1901 8¢°0-

'(88) 2 '(592) ¥ ‘(€0€) § [e101
[060 ‘¥50-18T°0 [ev0 ‘vL0-19T0- [c0'0- '€6°0-] Lt°0-

‘(08) T (9p) T ‘(L) e 10edw| ybIH
[T6'0‘cT'0-]16€0 [6T°0- ‘¥0'T-]1 T9°0- [60°0- '29°0-] 5€°0-

‘(89) T ‘(672) € ‘(922) € 10edw| Mo

paulaseq Je |AH Jo 1edw|

aELL =21 ‘700 =d ¥ =2UD

a%E'S9 =2l '60°0 =d '88'2 =2UD

a%T'0L=¢l'200=0d"¥E'E =2UD

saJuataplip dnoabqns 1oy 1531

[26T 1501 ¥0'T

[Gv0- ‘TZ'T-]1 £8°0-

[8c0- ‘ZT'T-152°0-

‘(¥9) ¢ ‘(211 € ‘(cen) € uoiresng Buo]
[v20'0T0-]2g0 [oT°0- ‘22 0-] T¥0- [c00- '6G°0-] TE0-
‘(889) ¢ ‘(991) 2 ‘(661) € uoleIng Hoys

1Nl Jo uolteang

a%T'TL=¢21'900=0d'9p'€ =2UD

a%2'S9 =21 '60°0=0d'/8C =YD

saJuataplip dnoabqns 1oy 1531

[Gv0- ‘TZ'T-]1 £8°0-

[8c0- ‘ZT'T-152°0-

(L11) € ‘(zen) € 18p|0
[T1T°0- '99°0-] 6€°0- [T0°0- 'v9°0-] €€°0-
'(802) € (28T) 2 1aBuno
90V
[10 %56l Ains [10 %s6] s [10 %s6] Ans
‘(syuedionged) saipns jo JaquinN  ‘(Ssiuedionaed) saipnis Jo JaquinN ‘(sjuedionged) saipnis Jo Jaquiny
yrbuaans ured uoIouUNy [eUOISUSWIPIINIA dnoabgns

Y1buaalS pue uled ‘uoiloun4 jeuoisuswipijniAl uo sansiialoeaeyd 19algns Jo s10a)3 — sisAjeuy dnoabgng

120



[¥00- ‘¥T'T-] 65°0-
‘(€9) T

(SnIs|aD oZ€ 01 /2) 100D

aanjesadwa] |ood

a%E9Z =¢1'92°0=d"'TLZ=21UD

707 =21 'GT0=0'229 =214yD

%0 =zl '97'0 = d ‘852 = zIYD

saouaJlayip dnoabgns 1oy 1591

[1670‘cT0-]16E0

[0T°0- ‘22701 Tv0-

[200 '¥8°0-]1 8¢°0-

‘(89) T ‘(997) T 0'(891) 2 Ausuaju| pa1oa|as-J|as
[vso- ‘127121 T- [¥2'0'er'1-1 650~
‘(€9) T (59) ¢ Ausuaju| a1eapoiN
[90'T 's0°0] 95°0 [2T0-'es'T-] 28°0- [eT'0 ‘z6'0-]1 6€°0-
‘(¥9) ¢ ‘(e) T ‘(89) T Aususju| snoobiA 01 1ybiI7
[96'T ‘6201 2T'T [0z'0'0L'0-] GZ°0- [8€0- ‘ov'T-] 68°0-
‘(08) T ‘91) ¢ ‘92) ¢ Auisusju| 8yespolA 01 1yB1
[¥00- ‘¥T'T-] 65°0-
‘(€9) T Ausuay] Wb A1sp

AlIsuaul as19.49x3

%S Y =21 '1€0=0d'S0'T =210

2%0 =21'090=0d'20'T =2UD

%6y =21 'LT0=0d"26'T =2UD

saJualajlip dnoabqns 1oy 1531

[oT'T ‘180l #7270

[£10-'80°'T-]1 £9°0-

[sg 0- '6°0-] ¥9°0-

'(v6) € "(€97) ¥ ‘(66T) S >99M Jad suolissas |ood 9.y |
[¥00- ‘¥T'T-] 65°0-
‘(€9) T oam Jad suoissas jood om
[T60'cT0-]16€0 [2T°0- '59'0-] 6€°0- [€0'0- '59'0-] ¥€'0-
‘(89) T ‘(812) T “(89T) 2 yoom Jad uoissas jood auQ

Aouanbau4 ssioa9x3

aELL =21 '70'0=d 'TF'¥ =2UD

El
%y'vy =2 'LT0=d'09'€ =21YD

a%S'0€ =2l ‘P20 =0d'88'¢ =2UD

saJuatapip dnoabqns 1oy 1531

[261T 1501 v0'T

[1v0- ‘vZ'1-] 28°0-

[8c0- ‘zT'T-]152°0-

‘(¥9) ¢ ‘(L11) € ‘(zz1) € [ood ul ulw 0002 <
[00°0- ‘¥9°0-] Z€'0- [To0- '¥9'0-] €€°0-

‘(gsT) 2 ‘(L6T) 2 |ood u1 ulw 000Z 01 000T
[v20'0T°0-] 280 [eT°0- ‘06°0-] 250~ [S0'0- ‘'T6°0-] 8%°0-

'(88) 2 ‘(0TT) 2 '(88) 2 Jood U1 ujw 00T >

|ood ay1 ul Wil parejnWNIIY

a%6'9 =zl '‘v€'0=d'ST'Z =210

a%0 =zl ‘280 =d 'S0°0 = 21U

28T =2l '620=d 'v¥'g =2I4D

saoualayip dnoabgns Joj 1se1

[90'T ‘0Z'0] £9°0

[62°0- ‘08°0-] ¥S'0-

[¥T°0- ‘06°0-] 25°0-

‘(88) ¢ ‘(6v72) ¥ ‘(962) ¥ SY9aM ZT <
[¥9°1 ‘zz0l €60 [¥1°0- ‘¥8'0-] 6¥°0- [og°0- '82'T-] 28°0-
‘(ve) T ‘(eeT) € ‘(08) ¢ SY88M 2T 01 /

121



" durjaseq je ured y3Iy,, Se POLJISSE[O 91dM JA0QE SO} PUB dUI[aseq je ured MOJ,, Se PAJISSE[d
9JaM UeIpaW 8y} MoJaq SaIpniS "exep papiaoid Teyy [04u0d 0} Bulures) oenbe Buitedwod saipnis ul 00T / 6°0L SeMm aulfaseq Je ured 104 anjeA uelpaw ayL ,
[SPOIAl S198)43 WOpUeY ‘93UBLIBA 8SIBAU| - POYIBW |RINSIIRIS 5

"QuIjaseq Je ssauf[om uo  joedwr Y31y, Se poIJISSL[O 9IoM URIPOW U} UBY) JOJeaI3 SonjeA uedwW pajy3rom saIpnys pue  joedwil Mo[,, S8 poIJISSE[O 9Iom UBIPAW U}
Uy} SS8] SaNfeA ueaw pajyBlam YL SaIpniS 00T / 29 Sem auljaseq Je (Ssauj|om 10} pasn ainsesw ay}) 8109S UOIOUNY [EUOISUBWIPIINW 10} SNJeA UeIpaw 8y L ,

- uonen Suor,, Se PIIJISSB[O 9Iom SIBIA GG < UONRIND ASBISIP YIM SAIpNIs pue  uoneIn( Moys,, S PIIJISSe[o dIom G 6 ULy}
SS9 sanjeA ueaw paybram Yyiim saipnis “erep papinold 1eys [0uod 01 Buluresy onenbe Burredw o9 saIpnIs Ul SIeaA G'G SeM UOIIRIND 3SeasIp 10) anjeA uelpaw ayl ,
[9POIN S198)J3 Paxid ‘IUeLIEA 8SISAU| - POYIBW [eINSITE)S 4

* JOP[O,, St PIIJISSE[O 9I9M UBIPIW I} dAOQE Sem 5. UBSW Y} YOIYM UI SOIPNYS pue , J93UNO0K,, Se PIIJISSe[d
alam /9 uey) JaBunoA abe uesw e YlIm Salpms “sieak / 9 Sem [043U09 01 Buluren snenbe Burredwod saipnis sy ul sjuedioilied Jo abe uesw Jo ueIpaw ay] ,

q%Z'6E =21 ‘02°0=d ‘G9'T = 21yD %0 =zl ‘27’0 =d v, T =21yD %0 =21 ‘99°0 = d ‘6T°0 = z1yD saouaJayip dnoabigns Joj Isa 1
[06'0 '7S°0-18T°0 [zv0'vL0-]19T0- [€0'0 '96°0-] L¥'0-
‘(08) T ‘(9v) 1 ‘(L1)z (SnIsjad ,9€ <) WIBAA
[80°T ‘vE'0] T2°0 [¥€0- ‘'18°0-] .50~ [¥2'0-'26'0-]1 09°0-

‘(zz1) € ‘(¢82) § ‘(062) S (snIs|aD ,9¢ - £¢) aresadwia |

122



[22T'€L0]€T°T (1D %G6 ‘wopuey ‘H-IN) oned ¥sly  ¥8p 8 uonLNY 02’1
[290 '29°0-100°0- (1D %G6 ‘wopuey ‘Al) 30uaiaid UesiN 'pIS 29T € aoueInpusg 89snIAl 6T'T
uoljouny
[27T'00T-1€20 (1D %G6 ‘Wopuey ‘Al) 80uaiaiiq Uesiy "pis 9 Z Alojesidsalolpied WNWIXe 8T'T
S|e101 ON (1D %G6 ‘wopuey ‘Al) souaiaiq Ues|A T uoiuboasAQ /T'T
[6T°0-'G6'0-1 26°0- (1D %G6 ‘wopuey ‘Al) 9usldyllq UBSIN ‘PIS  #/€ L ARIXuY 9T'T
[7T0- 2T'T-1€90- (1D %S6 ‘wopuey ‘Al) soualayig UesiN ‘pIS 0T Z desIS ST'T
S[e101 ON (1D %G6 ‘wopuey ‘Al) 30uaiajiq uesin T Alpaixel4 v1'1
[800- '28°0-157'0- (1D %G6 ‘wopuey ‘Al) souslayiqg UesiN ‘pIS  Z9E L uoissaida@ €T'T
[€T°0-'08°0-]1 27°0- (1D %G6 ‘wopuey ‘Al) 9ualdyllq UBSIN ‘PIS  89E / SsauJapusl ZT'T
[€T°0'52°0-1 T€0- (1D %G6 ‘wopuey ‘Al) 8duaiayig Ues\ 'PIS  6Z€ 9 anBie4 TT'T
[ov'ze '6£°€-1 ¥5'6 (1D 9%G6 ‘wopuey ‘Al) 30uaiajiq uesiy 88 Z Adoediyge- JI8S 0T'T
S[e101 ON (1D %G6 ‘wopuey ‘Al) s0uaiajiq uesiy T [eqo|b pajel ueiuld 6'7
[T0'Z '90°8-]1 €0°¢- (1D 956 ‘wopuey ‘AJ) 8duaiayigq UesiN  €¢ 4 UleaH [elUsIN 8'T
S[e101 ON (1D %G6 ‘wopuey ‘Al) s0uaiaiq uesiy T [eqo|b palel Juaned /'T
[cooy ‘Tv' LTl 22°TE (1D 9%G6 'Paxid ‘Al) duaiayig UesiN  ¥6T € Alojesidsalolpsed WNWIXeNQNS 9'T
[80¥T ‘Tv'2-1€8'S (1D 9G6 ‘wopuey ‘AJ) 8duaialjig Ues|N  ¢ST 4 yibuans 8JasniAl G'T
[€6°0- ‘52°Ge-] ¥£'8T- (1D 9G6 ‘wopuey ‘Al) aduaiayig UesiN O£z ¥ SSBULINS ¥'T
[8¥°2- ‘T2°0T-] 65°9- (1D %S6 ‘wopuey ‘Al) 9ouslayjig Ues|N  28¢ /] ured €7
[¥6°0- ‘22°2-1 SE- (1D 9G6 ‘wopuey ‘AJ) duaiayig Ues|N  G8Z G uonound [ealsAyd pauioday-4I8S Z'T
[88°2- '90°'6-] 16°G- (1D 9%G6 ‘wopuey ‘A|) souaiayig Ues|N  /9€ /] uonoun [euoISUSWIPRINIAI T'T
ayew1s3 10943 POYISIAl [eO1ISIIeIS  Med  SaIpmS

sasAeue pue eleq

(s1sAjeuy A1IARISUBS J81JR) |041U0D SA denby

123



6 XIpuaddy 8aS - a11enby SA onenby €

[T6°T ‘c0] 160 (1D %G6 'Paxid ‘H-IN) oney 1siy ~ /TZ 14 pue] sA OV T'ST'Z
Auo sjejoigns (1D 986 ‘Paxid ‘H-IN) oley sty 14 uonuNy ST°¢
s[e100 ON (1D 9%G6 ‘Wwopuey ‘Al) 80uaiadiq Ues|y "pis T AIXuy $T1°2
[29°0'88°0-] TT0- (1D %S6 ‘Wopuey ‘Al) 9ouslayiq Ues|N "pIS 6 Z uoissaidag €7°2
S[e101 ON (1D %56 ‘wopuey ‘Al) 80usIaiq ues|n T des|S 212
[8€°0 '¥5'0-180°0- (1D %G6 ‘Wopuey ‘Al) 80uslayiq UBsIN "PIS v/ Z UiesH [BIUSIN TT'Z
uonouny
S|e101 ON (1D %S6 ‘wopuey ‘Al) 92uaiayiq uean T Alojeaidsalolpied jewixewqns 0Tz
uonouny
S|e10] ON (1D %G6 ‘wopuey ‘Al) 92uaiaylq ueanN 1 Alojelidsalolpied WNWIXew 6°Z
S|e10l ON (1D 9%G6 ‘wopuey ‘Al) 8duaiaylq ues T aoueInpu3 8|IsnA 82
S[e101 ON (1D %G6 ‘wopuey ‘Al) 8ouaiayiq uesin T y1buans ajosniN /g
s[e101 ON (1D %G6 ‘wopuey ‘Al) 8duslaylld Ues|A "pIS T SSOUPNS 9'C
[S7°0 '0L°0-1 €T°0- (1D %G6 ‘Wopuey ‘Al) 8dusiayjid UesiN ‘pIS 69T % anbireq G'¢
s[e101 ON (1D %G6 ‘wopuey ‘Al) 8dualailiq Ues| "pIS T SSaUIBPUR L t'2
[e2'6 ‘2L0T-1GL0- (1D %56 ‘wopuey ‘Al) souslayig Ues|N 69T % ured €7
[€9'0 ‘e€'2T1-] G8'G- (1D 9G6 ‘PaxId ‘Al) 9dualapli Ues|A vl ¢ uonound [eaisAyd pauoday-4|8s 'z
S[e101 ON (1D 9%G6 ‘wopuey ‘Al) 80uaiajliq uesin T uorouN [euoIsUSWIPRININ T°Z
9lewns3 10943 POYIBIN |eo1snels  ued  salpms dnoabgns 40 swonNO

paseq-pue sA anenby ¢

124



2.8 Reference List

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Hecker CD, Melo C, Tomazoni SS, Lopes-Martins RAB, Leal Junior ECP. Analysis of
effects of kinesiotherapy and hydrokinesiotherapy on the quality of patients with
fibromyalgia -- a randomized clinical trial [Portuguese]. Fisioterapia em Movimento
2011;24(1):57-64.

Arcos-Carmona I, Castro-Sanchez A, Mataran-Penarrocha G, Guitierrez-Rubio A,
Ramos-Gonzalez E, Moreno-Lorenzo C. 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 [Effectos de un programa de
ejercicios aerobicos y tecnicas de relajacion sobre el estado de ansiedad, calidad del
sueno, depresion y calidad de vida en pacientes con fibromialgia: ensayo clinico
aleatorizado. Med Clin (Barc) 2011;137(9):398-401.

Martin-Nogueras A, Calvo-Arenillas J. Efficacy of physiotherapy treatment on pain and
quality of life in patients with fibromyalgia [Spanish]. Rehabilitation 2012;46(3):199-
206.

Lopez-Rodriguez MD, Castro-Sanchez AM, Fernandez-Martinez M, Mataran-
Penarrocha GA, Rodriguez-Ferrer ME. [Comparison between aquatic-biodanza and
stretching for improving quality of life and pain in pations with fibromyalgia.]. Aten
Primaria 2012 May 15.

Safiudo Corrales B, Galiano Orea D, Carrasco Pdez L, Saxton J. Autonomous nervous
system response and quality of life on women with fibromyalgia after a long-term
intervention with physical exercise [Spanish]. Rehabilitacion 2010;44(3):244-9.

Tomas-Carus P, Gusi N, Leal A, Garcia Y, Orega-Alonso A. The fibromyalgia
treatment with physical exercise in warm water reduces the impact of the disease on
female patients" physical and mental health. [Spanish]. Reumatologia Clinica
2007;3(1):33-7.

Tomas-Carus P, Raimundo A, Adsuar JC, Olivares P, Gusi N. Effects of aquatic
training and subsequent detraining on the perception and intensity of pain and number.
[Spanish]. Apunts Medicina de I'Esport 2007;154:76-81.

Tomas-Carus P, Raimundo A, Timon R, Gusi N. Exercise in warm water decreases
pain but no the number of tender points in women with fibromyalgia: A randomized
controlled trial. [Spanish]. Seleccion 2007;16(2):98-102.

Mease P. Fibromyalgia syndrome: review of clinical presentation, pathogenesis,
outcome measures, and treatment. J of Rheumatol Suppl 2005;75:6-21.

McNalley JD, Matheson DA, Bakowshy VS. The epidemiology of self-reported
fibromyalgia in Canada. Chronic Diseases in Canada 2006;27(1):9-16.

125



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Marcus DA, Deodhar A. Introduction. Fibromyalgia.New York: Springer Science +
Business Media; 2011. p. 3-7.

Marcus DA, Deodhar A. Non-medication Treatments. Fibromyalgia.New York, NY:
Springer Science + Business Media; 2011. p. 159-74.

Arnold LM, Fan J, Russell 1J, Yunus MB, Khan MA, Kushner I, et al. The
Fibromyalgia Family Study: A Genome-Wide Linkage Scan Study. Arthritis &
Rheumatism 2013 Apr 1;65(4):1122-8.

Staud R. Evidence of involvement of central neural mechanisms in generating
fibromyalgia pain. Curr Rheumatol Rep 2002 Aug;4(4):299-305.

Park JH, Niermann KJ, Olsen N. Evidence for metabolic abnormalities in the muscles
of patients with fibromyalgia. Curr Rheumatol Rep 2000 Apr;2(2):131-40.

Park J, Knudson S. Medically unexplained physical symptoms. Health Rep 2007
Feb;18(1):43-7.

Spaeth M. Fibromyalgia syndrome treatment from a multidimensional perspective. J
Musculoskeletal Pain 2010;18(4):373-9.

Moore R, Sheena D, Aldington D, Cole P, Wiffen PJ. Amitriptyline for neuropathic
pain and fibromyalgia in adults. Cochrane Database of Systematic Reviews 2012.

Derry S, Dipender G, Tudor P, Moore R. Milnacipran for neuropathic pain and
fibromyalgia in adults. Cochrane Database of Systematic Reviews 2012.

Moore R, Wiffen P, Derry S, McQuay H. Gabapentin for chronic neuropathic pain and
fibromyalgia in adults. Cochrane Database of Systematic Reviews 2011.

Wiffen P, Derry S, Moore R, Aldington D, Cole P, Rice-Andrew S. Antiepileptic drugs
for neuropathic pain and fibromyalgia - and overview of Cochrane reviews. Cochrane
Database of Systematic Reviews 2013.

Tort S, Urrutia G, Nishishinya MB, Walitt B. Monoamine oxidase inhibitors (MAOISs)
for fibromyalgia syndrome. Cochrane Database Syst Rev 2012;Apr 18;4:doi:
10.1002/14651858.CD009807.

Hauser W, Urrutia G, Tort S, Walitt B. Serotonin and noradrenaline reuptake inhibitors
(SNRIs) for fibromyalgia syndrome. Cochrane Database Syst Rev 2013;Jan 13;1:doi:
10.1002/14651858.CD010292.

Uceyler N, Sommer C, Walitt B, Hauser W. Anticonvulsants for fibromyalgia.

Cochrane Database Syst Rev 2013;0ct 16;10:CD010782:doi:
10.1002/14651858.CD010782.

126



[25] Ablin J, Buskila D, Amital H, Fitzcharles M, Shir Y, Henningsen PA. Paradigm
Change for Treatment Strategies for Fibromyalgia Syndrome Reflected By
Recommendations of Recent Evidence-Based Interdisciplinary Guidelines Developed
Independently in Three Countries. Arth Rheu 2013;65 (Suppl 10):839.

[26] Busch AJ, Schachter C, Overend T, Peloso P, Barber K. Exercise for fibromyalgia: a
systematic review. J Rheumatol 2008;35(6):1130-44.

[27] Bernardy K, Klose P, Busch A, Choy E, Hauser W. Cognitive behavioural therapies for
fibromyalgia. Cochrane Database of Systematic Reviews 2013.

[28] Deare J, Zheng Z, Xue C, Liu J, Shang J, Shang S, et al. Acupuncture for treating
fibromyalgia. Cochrane Database Syst Rev 2013;May 31; 5:CD007070: doi:
10.1002/14651858.CD007070.pub2.

[29] Goldenberg DL, Burckhardt C, Crofford L. Management of fibromyalgia syndrome.
JAMA 2004 Nov 17;292(19):2388-95.

[30] Hauser W, Thieme K, Turk DC. Guidelines on the management of fibromyalgia
syndrome - a systematic review. Eur J Pain 2010 Jan;14(1):5-10.

[31] Rooks DS. Talking to patients with fibromyalgia about physical activity and exercise.
Current Opinion in Rheumatology 2008;20(2):208-12.

[32] Turk DC. Suffering and Dysfunction in Fibromyalgia Syndrome. J Musculoskeletal
Pain 2002;10(1-2):85-96.

[33] Bennett RM, Clark SR, Goldberg L, Nelson D, Bonafede RP, Porter J, et al. Aerobic
fitness in patients with fibrositis. A controlled study of respiratory gas exchange and
133xenon clearance from exercising muscle. Arthritis Rheum 1989;32(4):454-60.

[34] Bennett RM, Clark SC, Walczyk J. A randomized, double-blind, placebo-controlled
study of growth hormone in the treatment of fiboromyalgia. Am J Med 1998
Mar;104(3):227-31.

[35] Carville SF, rendt-Nielsen S, Bliddal H, Blotman F, Branco JC, Buskila D, et al.
EULAR evidence-based recommendations for the management of fibromyalgia
syndrome. Ann Rheum Dis 2008 Apr;67(4):536-41.

[36] Hauser W, Klose P, Langhorst J, Moradi B, Steinbach M, Schiltenwolf M, et al.
Efficacy of different types of aerobic exercise in fiboromyalgia syndrome: a systematic
review and meta-analysis of randomised controlled trials. Arthritis Res Ther
2010;12(3):R79.

[37] McLoughlin MJ, Stegner AJ, Cook DB. The Relationship between Physical Activity
and Brain Responses to Pain in Fibromyalgia. J Pain 2011 Feb 16.

[38] Bates A, Hanson N. Aquatic exercise therapy. Philadelphia: W.B. Saunders Co.; 1996.

127



[39]
[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Vargas LG. Aquatic Therapy: Interventions and applications. Idyll Arbor; 2004.
Geytenbeek J. Evidence for effective hydrotherapy. Physiotherapy 2002;88(9):514-29.

Charter of Physiotherapists. The definition of aquatic physiotherapy. Aqualines The
Hydrotherapy Association of Chartered Physiotherapists 2009;21(2):6.

Verhagen AP, Cardoso JR, Bierma-Zeinstra SM. Aquatic exercise and balneotherapy in
musculoskeletal conditions. Best Pract Res Clin Rheumatol 2012 Jun;26(3):335-43.

Bartels EM, Lund H, Hagen KB, Dagfinrud H, Christensen R, Danneskiold-Samsoe B.
Aquatic exercise for the treatment of knee and hip osteoarthritis. Cochrane Database
Systematic Reviews 2007;(4).

Cardoso JR, Atallah +N, Cardoso APA, Carvalho SS, Garanhani MM, Lavado EL, et
al. Aquatic therapy exercise for treating rheumatoid arthritis. The Cochrane Library
2008.

Cole AJ, Becker BE. Comprehensive Aquatic Therapy. 2nd ed. Philadelphia, PA.:
Elsevier Inc.; 2004.

Verhagen AP, Bierma-Zeinstra SM, Cardoso JR, de Bie RA, Boers M, de Vet HC.
Balneotherapy for rheumatoid arthritis. Cochrane Database of Systematic Reviews
2003;(4):CD000518.

Dagfinrud H, Hagen R, Kvien TK. Physiotherapy interventions for ankylosing
spondylitis (Review). The Cochrane Database of Systematic Reviews 2004 2006;(4):1-
37.

Verhagen AP, Bierma-Zeinstra SM, Boers M, Cardoso JR, Lambeck J, de Bie RA, et
al. Balneotherapy for osteoarthritis. Cochrane Database Syst Rev 2007;0ct
17(4):CD006864.

Sova R. Aquatics : the complete reference guide for aquatic fitness professionals.
Boston: Jones and Bartlett; 1992.

Schmidt-Wilcke T, Clauw DJ. Fibromyalgia: from pathophysiology to therapy. Nat Rev
Rheumatol 2011 Sep;7(9):518-27.

Pillemer SR, Bradley LA, Crofford LJ, Moldofsky H, Chrousos GP. The neuroscience
and endocrinology of fibromyalgia. Arthritis Rheum 1997 Nov;40(11):1928-39.

Tander B, Gunes S, Boke O, Alayli G, Kara N, Bagci H, et al. Polymorphisms of the
serotonin-2A receptor and catechol-O-methyltransferase genes: a study on fibromyalgia
susceptibility. Rheumatol Int 2008 May;28(7):685-91.

Crofford LJ. The hypothalamic-pituitary-adrenal stress axis in fibromyalgia and chronic
fatigue syndrome. Z Rheumatol 1998;57 Suppl 2:67-71.

128



[54]

[55]

[56]

[57]
[58]

[59]
[60]

[61]

[62]

[63]

[64]

[65]

[66]

Griep EN, Boersma JW, de-Kloet ER. Altered reactivity of the hypothalamic-pituitary-
adrenal axis in the primary fibromyalgia syndrome [see comments]. J Rheumatol 1993
Mar;20(3):469-74.

Cuatrecasas G, Riudavets C, Guell MA, Nadal A. Growth hormone as concomitant
treatment in severe fibromyalgia associated with low IGF-1 serum levels. A pilot study.
BMC Musculoskelet Disord 2007;8:119.

Jones KD, Deodhar P, Lorentzen A, Bennett RM, Deodhar AA. Growth hormone
perturbations in fibromyalgia: a review. Semin Arthritis Rheum 2007 Jun;36(6):357-79.

Glass JM. Fibromyalgia and cognition. J Clin Psychiatry 2008;69 Suppl 2:20-4.

Glass JM, Williams DA, Fernandez-Sanchez ML, Kairys A, Barjola P, Heitzeg MM, et
al. Executive function in chronic pain patients and healthy controls: different cortical
activation during response inhibition in fiboromyalgia. J Pain 2011 Dec;12(12):1219-29.

Lue FA. Sleep and fibromyalgia. J Musculoskeletal Pain 1994;2(3):89-100.

Rooks DS, Gautam S, Romeling M, Cross ML, Stratigakis D, Evans B, et al. Group
exercise, education, and combination self-management in women with fibromyalgia: a
randomized trial. Arch Intern Med 2007;167(20):2192-200.

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al. The
American College of Rheumatology preliminary diagnostic criteria for fiboromyalgia
and measurement of symptom severity. Arthritis Care Res (Hoboken ) 2010
May;62(5):600-10.

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Hauser W, Katz RS, et al.
Fibromyalgia Criteria and Severity Scales for Clinical and Epidemiological Studies: A
Modification of the ACR Preliminary Diagnostic Criteria for Fibromyalgia. J
Rheumatol 2011;38(6):1113-22.

Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier C, Goldenberg DL, et al.
The American College of Rheumatology 1990 Criteria for the Classification of
Fibromyalgia. Report of the Multicenter Criteria Committee. Arthritis Rheum
1990;33(2):160-72.

Smythe HA. Fibrositis and other diffuse musculoskeletal syndromes. In: Kelley WN,
Harris ED, Jr., Ruddy S, Sledge CB, editors. Textbook of rheumatology. 1 ed.
Philadelphia: WB Saunders; 1981.

Yunus M, Masi AT, Calabro JJ, Miller KA, Feigenbaum SL. Primary fibromyalgia
(fibrositis): clinical study of 50 patients with matched normal controls. Semin Arthritis
Rheum 1981;11:151-71.

Yunus M, Masi AT, Calabro JJ, Shah IK. Primary fibromyalgia. Am Fam Physician
1982;25(5):115-21.

129



[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

Yunus MB. Primary fibromyalgia syndrome: current concepts. Compr Ther
1984;10:21-8.

American College of Sports Medicine. ACSM's Guidelines for Exercise Testing and
Prescription Nineth Edition. 9th ed. Lippincott Williams & Wilkins; 2013.

Caspersen CJ, Powel KE, Christenson GM. Physical activity,exercise and physical
fitness: definitions and distinctions for health-related research.Public Health Rep 1985;
100(2):126-31 In Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ,
Lee IM, et al. American College of Sports Medicine position stand. Quantity and
quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal,
and neuromotor fitness in apparently healthy adults: guidance for prescribing exercise.
Med Sci Sports Exerc 2011 Jul;43(7):1334-59.

Mease P, Arnold LM, Choy EH, Clauw DJ, Crofford LJ, Glass JM, et al. Fibromyalgia
syndrome module at OMERACT 9: domain construct. J Rheumatol 2009
Oct;36(10):2318-29.

Arnold LM, Crofford LJ, Mease PJ, Burgess SM, Palmer SC, Abetz L, et al. Patient
perspectives on the impact of fibromyalgia. Patient Educ Couns 2008 Oct;73(1):114-
20.

Mease PJ, Arnold LM, Crofford LJ, Williams DA, Russell 1J, Humphrey L, et al.
Identifying the clinical domains of fibromyalgia: Contributions from clinician and
patient Delphi exercises. Arthritis Rheum 2008 Jul 15;59(7):952-60.

Carville SF, Choy EH. Systematic Review of Discriminating Power of Outcome
Measures Used in Clinical Trials of Fibromyalgia. J Rheumatol 2008 Sep
15;35(11):2094-105.

Choy EH, Arnold LM, Clauw DJ, Crofford LJ, Glass JM, Simon LS, et al. Content and
criterion validity of the preliminary core dataset for clinical trials in fibromyalgia
syndrome. J Rheumatol 2009 Oct;36(10):2330-4.

Choy EH, Mease PJ. Key symptom domains to be assessed in fibromyalgia (outcome
measures in rheumatoid arthritis clinical trials). Rheum Dis Clin North Am 2009
May;35(2):329-37.

Higgins J and Green S. Cochrane Reviews.[cited 17-9-2013]. Available from:
http://handbook.cochrane.org/

Burckhardt CS, Clark SR, Bennett RM. The fibromyalgia impact questionnaire:
development and validation. J Rheumatol 1991;18(5):728-33.

Ware JE, Snow KK, Kosinski M, Gandek B, New England Medical Center

Hospital.Health Institute. SF-36 health survey: manual and interpretation guide. The
Health Institute, New England Medical Center; 1993.

130


http://handbook.cochrane.org/

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

Busija L, Pausenberger E, Haines TP, Haymes S, Buchbinder R, Osborne RH. Adult
measures of general health and health-related quality of life: Medical Outcomes Study
Short Form 36-Item (SF-36) and Short Form 12-1tem (SF-12) Health Surveys,
Nottingham Health Profile (NHP), Sickness Impact Profile (SIP), Medical Outcomes
Study Short Form 6D (SF-6D), Health Utilities Index Mark 3 (HUI3), Quality of Well-
Being Scale (QWB), and Assessment of Quality of Life (AQoL). Arthritis Care Res
(Hoboken) 2011 Nov;63 Suppl 11:S383-S412.

Wolfe F, Hawley DJ. Measurement of the quality of life in rheumatic disorders using
the EuroQol. Br J Rheumatol 1997 Jul;36(7):786-93.

Meenan RF, Mason JH, Anderson JL, Guccione AA, Kazis LE. AIMS2: The content
and properties of a revised and expanded Arthritis Impact Measurement Scales Health
Status Questionnaire. Arth Rheu 1992;1(1):1-10.

Burckhardt CS, Anderson KL. The Quality of Life Scale (QOLS): reliability, validity,
and utilization. Health Qual Life Outcomes 2003;1:60.

Diener E, Emmons RA, Larsen RJ, Griffin S. The Satisfaction With Life Scale. J Pers
Assess 1985 Feb;49(1):71-5.

Heinrichs DW, Hanlon TE, Carpenter WT, Jr. The Quality of Life Scale: an instrument
for rating the schizophrenic deficit syndrome. Schizophr Bull 1984;10(3):388-98.

Devins GM, Dion R, Pelletier LG, Shapiro CM, Abbey S, Raiz LR, et al. Structure of
lifestyle disruptions in chronic disease: a confirmatory factor analysis of the Iliness
Intrusiveness Ratings Scale. Med Care 2001 Oct;39(10):1097-104.

Dixon S, Bird H. Reproducibility along a 10 cm visual analogue scalescale. Annals of
the Rheumatic Diseases 1981;40:87-9.

de Boer AG, van Lanschot JJ, Stalmeier PF, van Sandick JW, Hulscher JB, de Haes JC,
et al. Is a single-item visual analogue scale as valid, reliable and responsive as multi-
item scales in measuring quality of life? Qual Life Res 2004 Mar;13(2):311-20.

Buckelew SP, Huyser B, Hewett JE, Parker JC, Johnson JC, Conway R, et al. Self-
efficacy predicting outcome among fibromyalgia subjects. Arthritis Care Res
1996;9(2):97-104.

Bergner M, Bobbitt RA, Carter WB, Gilson BS. The Sickness Impact Profile:
development and final revision of a health status measure. Med Care 1981
Aug;19(8):787-805.

Huskisson EC, Jones J, Scott PJ. Application of visual-analogue scales to the
measurement of functional capacity. Rheumatol Rehabil 1976 Aug;15(3):185-7.

Huskisson EC, Sturrock RD, Tugwell P. Measurement of patient outcome. Br J
Rheumatol 1983;22:86-9.

131



[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

Lorig K, Chastain RL, Ung E, Shoor S, Holman HR. Development and evaluation of a
scale to measure perceived self-efficacy in people with arthritis. Arth Rheu
1989;32(1):37-44.

Anderson KO, Dowds BN, Pelletz RE, Edwards WT, Peeters Asdourian C.
Development and initial validation of a scale to measure self- efficacy beliefs in
patients with chronic pain. Pain 1995;63(1):77-84.

Callahan LF, Brooks RH, Pincus T. Further analysis of learned helplessness in
rheumatoid arthritis using a "Rheumatology Attitudes Index". J Rheumatol
1988;15(3):418-26.

Buchheld N, Grossman P, Walach H. Measuring mindfulness in insight meditation
(Vipassana) and meditation-based psychotherapy: The development of the Freiburg
Mindfulness Inventory (FMI). Journal for Meditation and Meditation Research
2001;1(1):11-34.

WebMD Network. Mental health and mental illness.[cited 10-10-2012]. Available
from: http://www.medicinenet.com/mental_health_psychology/article.htm

Derogatis LR, Unger R. Symptom Checklist-90-Revised. Published Online: Corsini
Encyclopedia of Psychology; 2010.

McNair PM, Lorr M, Droppleman LF. POMS manual. 1981. San Diego, California,
Educational and Industrial Testing Service.

Dupuy HJ. The psychological general well-being (PGWB) index. In: Wenger N, editor.
Assessment of quality of life in clinical trials of cardiovascular therapies.New York: Le
Jacq; 1984. p. 170-83.

Merskey H, Bogduk N. Classifications of chronic pain: Descriptions and definitions of
chronic pain syndromes and definitions of pain terms. Seattle, WA: IASP; 1994.

Boomershine CS. A comprehensive evaluation of standardized assessment tools in the
diagnosis of fibromyalgia and in the assessment of fibromyalgia severity. Pain Res
Treat 2012;2012:653714.

Wolfe F. Fatigue assessments in rheumatoid arthritis: comparative performance of
visual analog scales and longer fatigue questionnaires in 7760 patients. J Rheumatol
2004 Oct;31(10):1896-902.

Buysse DJ, Reynolds CF, 11l, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep
Quiality Index: a new instrument for psychiatric practice and research. Psychiatry Res
1989 May;28(2):193-213.

Smith MT, Wegener ST. Measures of sleep: the Insomnia Severity Index, Medical

Outcomes Study (MOS) Sleep Scale, Pittsburgh Sleep Diary (PSD), and Pittsburgh
Sleep Quality Index (PSQI). Arthritis Care & Research 2003;49(S5):5184-S196.

132


http://www.medicinenet.com/mental_health_psychology/article.htm

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry 1960
Feb;23:56-62.

Dadabhoy D, Crofford LJ, Spaeth M, Russell 1J, Clauw DJ. Biology and therapy of
fibromyalgia. Evidence-based biomarkers for fiboromyalgia syndrome. Arthritis Res
Ther 2008;10(4):211.

Gracely RH, Grant MA, Giesecke T. Evoked pain measures in fibromyalgia. Best Pract
Res Clin Rheumatol 2003 Aug;17(4):593-609.

World Health Organization. Depression.[cited 2-10-2012]. Available from:
http://www.who.int/topics/depression/en/

WebMD Network. Generalized Anxiety Disorder.[cited 10-10-2012]. Available from:
http://www.medicinenet.com/anxiety/article.htm

Bond AJ, Shine P, Bruce M. Validation of visual analogue scales in anxiety.
International Journal of Methods in Psychiatric Research 1995;5(1):1-9.

Munguia-lzquierdo D, Legaz-Arrese A. Exercise in warm water decreases pain and
improves cognitive function in middle-aged women with fibromyalgia. Clin Exp
Rheumatol 2007;25(6):823-30.

American College of Sports Medicine. ACSM's Guidlines for Exercise Testing and
Prescription. 8th ed. 2009.

Howley ET. Type of activity: resistance, aerobic and leisure versus occupational
physical activity. Med Sci Sports Exerc 2001 Jun;33(6 Suppl):S364-S369.

Heyward VH. Advanced fitness assessment and exercise prescription. 3 ed.
Champaign, IL: Human Kinetics; 2010.

Trew M, Everett T. Human movement: An introductory text. 5th ed. Edinburgh:
Elsevier Churchill Livingstone; 2005.

Noonan V, Dean E. Submaximal exercise testing: clinical application and
interpretation. Phys Ther 2000 Aug;80(8):782-807.

Lefebvre C, Manheimer E, Glanville J. Searching for studies. In: Higgins JPT, Green S,
editors. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.0 ed.
The Cochrane Collaboration; 2011.

(Version 5.0) [Computer software] [computer program]. The Nordic Cochrane Centre,
The Cochrane Collaboration; 2008.

Philadelphia Panel. Philadelphia Panel evidence-based clinical practice guidelines on
selected rehabilitation interventions: overview and methodology. Physical Therapy
2001 Oct;81(10):1629-40.

133


http://www.who.int/topics/depression/en/
http://www.medicinenet.com/anxiety/article.htm

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

Engauge Digitizer - Digitizing Software [computer program]. Version 4.1 2002.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat Med
2002 Jun 15;21(11):1539-58.

Sterne JA, Egger M, Smith GD. Systematic reviews in health care: Investigating and
dealing with publication and other biases in meta-analysis. BMJ 2001 Jul
14;323(7304):101-5.

Cohen J. Statistical power analysis for the behavioral sciences. 2 ed. Hillsdale,NJ:
Lawrence Erlbaum Associates; 1988.

Deeks JJ, Higgins JPT, Altman DG. Analysing data and undertaking meta-analyses. In:
Deeks JJ, Higgins JPT, Altman DG, editors. Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0. The Cochrane Collaboration; 2011.

Schiinemann H.J., Oxman AD, Higgins JPT, Vist G.E., Glasziou P, Guyatt GH.
Presenting results and 'Summary of findings' tables. Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 [updatedMarch 2011. The Cochrane
Collaboration; 2011.

Assis MR, Silva LE, Alves AM, Pessanha AP, Valim V, Feldman D, et al. A
randomized controlled trial of deep water running: clinical effectiveness of aquatic
exercise to treat fibromyalgia. Arthritis Rheum 2006 Feb 15;55(1):57-65.

Calandre EP, Rodriguez-Claro ML, Rico-Villademoros F, Vilchez JS, Hidalgo J, gado-
Rodriguez A. Effects of pool-based exercise in fibromyalgia symptomatology and sleep
quality: a prospective randomised comparison between stretching and Ai Chi. Clin Exp
Rheumatol 2009 Sep;27(5 Suppl 56):521-S28.

De Andrade SC, De Carvalho RFPP, Soares AS, De Abreu Freitas RP, De Madeiros
Guerra LM, Vilar MJ. Thalassotherapy for fibromyalgia: A randomized controlled trial
comparing aquatic exercises in sea water and water pool. Rheumatology International
2008;29(2):147-52.

de Melo Vitorino DF, de Carvalho LBC, do Prado GF. Hydrotherapy and conventional
physiotherapy improve total sleep time and quality of life of fibromyalgia patients:
Randomized clinical trial. Sleep medicine 2006;7(3):293-6.

Evcik D, Yugit I, Pusak H, Kavuncu V. Effectiveness of aquatic therapy in the
treatment of fibromyalgia syndrome: A randomized controlled open study.
Rheumatology International 2008;28(9):885-90.

Gowans SE, deHueck A, Voss S, Silaj A, Abbey SE, Reynolds WJ. Effect of a
randomized, controlled trial of exercise on mood and physical function in individuals
with fibromyalgia. Arthritis Rheum 2001 Dec;45(6):519-29.

134



[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

Gusi N, Tomas-Carus P, Hakkinen A, Hakkinen K, Ortega-Alonso A. Exercise in
waist-high warm water decreases pain and improves health-related quality of life and
strength in the lower extremities in women with fibromyalgia. Arthritis Rheum 2006
Feb 15;55(1):66-73.

Ide MR, Laurindo LMM, Rodrigues-Junior AL, Tanaka C. Effect of aquatic respiratory
exercise-based program in patients with fiboromyalgia. APLAR Journal of
Rheumatology 2008;11(2):131-40.

Jentoft ES, Kvalvik AG, Mengshoel AM. Effects of pool-based and land-based aerobic
exercise on women with fibromyalgia/chronic widespread muscle pain. Arthritis
Rheum 2001 Feb;45(1):42-7.

Mannerkorpi K, Ahlmen M, Ekdahl C. Six- and 24-month follow-up of pool exercise
therapy and education for patients with fibromyalgia. Scandinavian Journal of
Rheumatology 2002;31(5):306-10.

Mannerkorpi K, Nordeman L, Ericsson A, Arndorw M. Pool exercise for patients with
fibromyalgia or chronic widespread pain: a randomized controlled trial and subgroup
analyses. J Rehabil Med 2009 Sep;41(9):751-60.

Tomas-Carus P, Gusi N, Hakkinen A, Hakkinen K, Leal A, Ortega-Alonso A. Eight
months of physical training in warm water improves physical and mental health in
women with fibromyalgia: a randomized controlled trial. J Rehabil Med
2008;40(4):248-52.

Altan L, Bingol U, Aykac M, Koc Z, Yurtkuran M. Investigation of the effects of pool-
based exercise on fibromyalgia syndrome. Rheumatology International 2004;24(5):272-
7.

Tomas-Carus P, Hakkinen A, Gusi N, Leal A, Hakkinen K, Ortega-Alonso A. Aquatic
training and detraining on fitness and quality of life in fibromyalgia. Med Sci Sports
Exerc 2007;39(7):1044-50.

Gowans SE, deHueck A, Abbey SE. Measuring exercise-induced mood changes in
fibromyalgia: A comparison of several measures. Arthritis Care Res 2002;47(6):603-9.

Munguia-lzquierdo D, Legaz-Arrese A. Assessment of the effects of aquatic therapy on
global symptomatology in patients with fibromyalgia syndrome: A randomized
controlled trial. Arch Phys Med Rehabil 2008;89(12):2250-7.

Tomas-Carus P, Gusi N, Hakkinen A, Hakkinen K, Raimundo A, Ortega-Alonso A.
Improvements of muscle strength predicted benefits in HRQOL and postural balance in
women with fibromyalgia: an 8-month randomized controlled trial. Rheumatology
(Oxford) 2009 Sep;48(9):1147-51.

135



[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

Mannerkorpi K, Nyberg B, Ahlmen M, Ekdahl C. Pool exercise combined with an
education program for patients with fibromyalgia syndrome. A prospective, randomized
study. J Rheumatol 2000 Oct;27(10):2473-81.

Ide MR, Laurindo LMM, Rodrigues-Junior AL, Tanaka C. Effect of aquatic respiratory
exercise-based program in patients with fiboromyalgia. APLAR Journal of
Rheumatology 2008;11(2):131-40.

Bartels EM, Dreyer L, Jacobsen S, Jespersen A, Bliddal H, Danneskiold-Samsoe B.
[Fibromyalgia, diagnosis and prevalence. Are gender differences explainable?]. Ugeskr
Laeger 2009 Nov 30;171(49):3588-92.

Gowans SE, deHueck A. Pool exercise for individuals with fibromyalgia. Current
Opinion in Rheumatology 2007;19(2):168-73.

Langhorst J, Musial F, Klose P, Hauser W. Efficacy of hydrotherapy in fibromyalgia
syndrome--a meta-analysis of randomized controlled clinical trials. Rheumatology
(Oxford) 2009;48(9):1155-9.

Lima T, Dias J, Mazuquin B, daSilva C, Pereira Nogueira R, Pasqual Marques A, et al.
The effectiveness of aquatic physical therapy in the treatment of fibromyalgia: a
systematic review with meta-analysis. Clin Rehabil 2013;27(10):892-908.

McVeigh JG, McGaughey H, Hall M, Kane P. The effectiveness of hydrotherapy in the
management of fibromyalgia syndrome: a systematic review. Rheumatol Int 2008
Dec;29(2):119-30.

Perraton L, Machotka Z, Kumar S. Components of effective randomized controlled
trials of hydrotherapy programs for fibromyalgia syndrome: A systematic review. J
Pain Res 2009;2:165-73.

Bender T, Karagulle Z, Balint G, Gutenbrunner C, Balint PV. Hydrotherapy,
balneotherapy, and spa treatment in pain management. Rheumatol Int 2005;25(3):220-
4,

Brachaniec M, DePaul V, Elliott M, Moor L, Sherwin P. Partnership in action: an
innovative knowledge translation approach to improve outcomes for persons with
fibromyalgia. Physiother Can 2009;61(3):123-7.

Jones KD, Liptan GL. Exercise interventions in fibromyalgia: clinical applications from
the evidence. Rheum Dis Clin North Am 2009;35(2):373-91.

Bailey A, Starr L, Alderson M, Moreland J. A comparative evaluation of a fibromyalgia
rehabilitation program. Arthritis Care Res 1999;12(5):336-40.

Dal U, Cimen OB, Incel NA, Adim M, Dag F, Erdogan AT, et al. Fibromyalgia
syndrome patients optimize the oxygen cost of walking by preferring a lower walking
speed. J Musculoskeletal Pain 2011;19(4):212-7.

136



[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

Dawson KA, Tiidus PM. Physical activity in the treatment and management of
fibromyalgia. Critical Reviews in Physical and Rehabilitation Medicine 2005;17(1):53-
64.

Gandhi N. Effect of an exercise program on quality of life of women with fibromyalgia.
Microform Publications , University of Oregon , Eugene , Or, 2000, 1microfiche (67
fr) : negative ; 11 x 15 cm 2000;11 x 15 cmm.

Geel SE, Robergs RA. The effect of graded resistance exercise on fibromyalgia
symptoms and muscle bioenergetics: a pilot study. Arthritis Rheum 2002 Feb;47(1):82-
6.

Gowans SE, deHueck A, Voss S, Silaj A, Abbey SE. Six-month and one-year followup
of 23 weeks of aerobic exercise for individuals with fibromyalgia. Arthritis Care &
Research 2004;51(6):890-8.

Han SS. [Effects of a self-help program including stretching exercise on symptom
reduction in patients with fioromyalgia]. Taehan Kanho 1998 Jan;37:78-80.

Hoeger Bement MK, Weyer A, Hartley S, Drewek B, Harkins AL, Hunter SK. Pain
perception after isometric exercise in women with fibromyalgia. Arch Physl Med
Rehabil 2011;92(1):89-95.

Huyser B, Buckelew SP, Hewett JE, Johnson JC. Factors affecting adherence to
rehabilitation interventions for individuals with fibromyalgia. Rehabilitation
Psychology 1997;42:75-91.

Jones KD. Nordic walking in fibromyalgia: a means of promoting fitness that is easy
for busy clinicians to recommend. Arthritis Res Ther 2011 Feb 16;13(1):103.

Kadetoff D, Kosek E. Evidence of reduced sympatho-adrenal and hypothalamic-
pituitary activity during static muscular work in patients with fibromyalgia. J Rehabil
Med 2010 Sep;42(8):765-72.

Karper WB, Hopewell R, Hodge M. Exercise program effects on women with
fibromyalgia syndrome. Clinical Nurse Specialist 2001 Mar;15(2):67-75.

Kesiktas N, Karagulle Z, Erdogan N, Yaz, oglu K, Imaz H, et al. The efficacy of
balneotherapy and physical modalities on the pulmonary system of patients with
fibromyalgia. Journal of Back and Musculoskeletal Rehabilitation 24[1], 57. 2011.

Khalsa KPS. Bodywork for fibromyalgia: alternative therapies soothe the pain.
Massage & Bodywork 2009;2009(May/June):80-9.

Kingsley JD, McMillan V, Figueroa A. The effects of 12 weeks of resistance exercise
training on disease severity and autonomic modulation at rest and after acute leg
resistance exercise in women with fibromyalgia. Arch Phys Med Rehabil 2010
Oct;91(10):1551-7.

137



[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

[181]

Klug GA, McAuley E, Clark S. Factors influencing the development and maintenance
of aerobic fitness: lessons applicable to the fibrositis syndrome. J Rheumatol Suppl
1989;19:30-9.

Lange M, Krohn-Grimberghe B, Petermann F. [Medium-term effects of a multimodal
therapy on patients with fibromyalgia. Results of a controlled efficacy study][German
article]. Schmerz 2011;25(1):55-61.

Mason LW, Goolkasian P, McCain GA. Evaluation of multimodal treatment program
for fibromyalgia. J Behav Med 1998;21(2):163-78.

Meiworm L, Jakob E, Walker UA, Peter HH, Keul J. Patients with fibromyalgia benefit
from aerobic endurance exercise. Clin Rheumatol 2000;19(4):253-7.

Meyer BB, Lemley KJ. Utilizing exercise to affect the symptomology of fibromyalgia:
a pilot study. Med Sci Sports Exerc 2000 Oct;32(10):1691-7.

Mobily KE, Verburg MD. Aquatic therapy in community-based therapeutic recreation:
pain management in a case of fiboromyalgia. Therapeutic recreation journal
2001;35(1):57-69.

Nielens H, Boisset V, Masquelier E. Fitness and perceived exertion in patients with
fibromyalgia syndrome. Clin J Pain 2000 Sep;16(3):209-13.

Nijs J, Van Parijs M. Long-term effectiveness of pool exercise therapy and education in
patients with fibromyalgia. Journal of Chronic Fatigue Syndrome 2004;12(3):73-9.

Offenbacher M, Stucki G. Physical therapy in the treatment of fibromyalgia.
Scandinavian Journal of Rheumatology 2000;29(Supplement): 78-85.

Piso U, Kuther G, Gutenbrunner C, Gehrke A. Analgesic effects of sauna in
fibromyalgia. [German]. Physikalische Medizin Rehabilitationsmedizin Kurortmedizin
2001;11(3):94-9.

Pfeiffer A, Thompson JM, Nelson A, Tucker S, Luedtke C, Finnie S, et al. Effects of a
1.5-day multidisciplinary outpatient treatment program for fibromyalgia: a pilot study.
American journal of physical medicine & rehabilitation 2003;82(3):186-91.

Rooks DS, Silverman CB, Kantrowitz FG. The effects of progressive strength training
and aerobic exercise on muscle strength and cardiovascular fitness in women with
fibromyalgia: a pilot study. Arthritis Rheum 2002 Feb;47(1):22-8.

Salek AK, Khan MM, Ahmed SM, Rashid MI, Emran MA, Mamun MA.. Effect of
aerobic exercise on patients with primary fiboromyalgia syndrome. Mymensingh Med J
2005 Jul;14(2):141-4.

138



[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

Suman AL, Biagi B, Biasi G, Carli G, Gradi M, Prati E, et al. One-year efficacy of a 3-
week intensive multidisciplinary non-pharmacological treatment program for
fibromyalgia patients. Clin Exp Rheumatol 2009;27(1):7-14.

Tiidus PM. Manual massage and recovery of muscle function following exercise: a
literature review. J Orthop Sports Phys Ther 1997;25(2):107-12.

Thijssen E, de KE. Evaluatie van een zwemprogramma voor patienten met
fibromyalgie. Ned Tijdschr Fysiother 1992;102(3):71-5.

Uhlemann C, Strobel I, Muller-Ladner U, Lange U. Prospective clinical trial about
physical activity in fibromyalgia. [German]. Aktuelle Rheumatologie 2007;32(1):27-
33.

Worrel LM, Krahn LE, Sletten CD, Pond GR. Treating fibromyalgia with a brief
interdisciplinary program: initial outcomes and predictors of response. Mayo Clin Proc
2001 Apr;76(4):384-90.

Zijlstra TR, van de Laar MA, Bernelot Moens HJ, Taal E, Zakraoui L, Rasker JJ. Spa
treatment for primary fibromyalgia syndrome: a combination of thalassotherapy,
exercise and patient education improves symptoms and quality of life. Rheumatology
2005;44:539-46.

Astin JA, Berman BM, Bausell B, Lee WL, Hochberg M, Forys KL. The efficacy of
mindfulness meditation plus Qigong movement therapy in the treatment of
fibromyalgia: a randomized controlled trial.[see comment]. J Rheumatol 2003
Oct;30(10):2257-62.

Casanueva-Fernandez B, Llorca J, Rubio JBI, Rodero-Fernandez B, Gonzalez-Gay
MA. Efficacy of a multidisciplinary treatment program in patients with severe
fibromyalgia. Rheumatology International 2012;32(8):2497-502.

Castro-Sanchez AM, Mataran-Penarrocha GA, Arroyo-Morales M, Saavedra-
Hernandez M, Fernandez-Sola C, Moreno-Lorenzo C. Effects of myofascial release
techniques on pain, physical function, and postural stability in patients with
fibromyalgia: a randomized controlled trial. Clinical Rehabilitation 2011;25(9):800-13.

da Silva GD, Lorenzi-Filho G, Lage LV. Effects of yoga and the addition of Tui Na in
patients with fibromyalgia. J Altern Complement Med 2007;13(10):1107-13.

Lorig KR, Ritter PL, Laurent DD, Plant K. The internet-based arthritis self-
management program: A one-year randomized trial for patients with arthritis or
fibromyalgia. Arthritis & Rheumatism 2008;59(7):1009-17.

Kendall SA, Brolin MK, Soren B, Gerdle B, Henriksson KG. A pilot study of body
awareness programs in the treatment of fiboromyalgia syndrome. Arthritis Care Res
2000;13(5):304-11.

139



[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

[205]

Newcomb LW, Koltyn KF, Morgan WP, Cook DB. Influence of preferred versus
prescribed exercise on pain in fibromyalgia. Medicine and Science in Sports and
Exercise 2011;43(6):1106-13.

Oncel A, Eskiyurt N, Leylabadi M. The results obtained by different therapeutic
measures in the treatment of generalized fibromyalgia syndrome. Tip Fakultesi
Mecmuasi 1994;57(4):45-9.

Vlaeyen JW, Teeken-Gruben NJ, Goossens ME, Rutten-van Molken MP, Pelt RA, Van
Eek H, et al. Cognitive-educational treatment of fibromyalgia: a randomized clinical
trial. 1. Clinical effects. J Rheumatol 1996 Jul;23(7):1237-45.

Williams DA, Kuper D, Segar M, Mohan N, Sheth M, Clauw DJ. Internet-enhanced
management of fiboromyalgia: a randomized controlled trial. Pain 151[3], 694-702.
2010.

Ahlgren C, Waling K, Kadi F, Djupsjobacka M, Thornell L, Sundelin G. Effects on
physical performance and pain from three dynamic training programs for women with
work-related trapezius myalgia. Journal of Rehabilitation Medicine 2001 Jul;33(4):162-
9.

Kingsley JD, Panton LB, Toole T, Sirithienthad P, Mathis R, McMillan V. The effects
of a 12-week strength-training program on strength and functionality in women with
fibromyalgia. Arch Phys Med Rehabil 2005;86(9):1713-21.

Peters S, Stanley I, Rose M, Kaney S, Salmon P. A randomized controlled trial of
group aerobic exercise in primary care patients with persistent, unexplained physical
symptoms. Family Practice 2002 Dec;19(6):665-74.

Santana JS, Almeida AP, Brandao PM. [The effect of Ai Chi method in fibromyalgic
patients]. Cien Saude Colet 2010 Jun;15 Suppl 1:1433-8.

Matsumoto S, Shimodozono M, Etoh S, Miyata R, Kawahira K. Effects of thermal
therapy combining sauna therapy and underwater exercise in patients with
fibromyalgia. Complementary Therapies in Clinical Practice 2011;17(3):162-6.

Alentorn-Geli E, Moras G, Padilla J, Fernandez Sola J, Bennett RM, Lazaro Haro C, et
al. Effect of acute and chronic whole-body vibration exercise on serum insulin-like
growth factor-1 levels in women with fibromyalgia. J Altern Complement Med
2009;15(5):573-8.

Bakker C, Rutten M, van Santen-Hoeufft M, Bolwijn P, van Doorslaer E, van der
Linden S. Patient utilities in fiboromyalgia and the association with other outcome
measures. J Rheumatol 1995;22:1536-43.

Carbonell-Baeza A, Aparicio VA, Ortega FB, Cuevas AM, Alvarez IC, Ruiz JR, et al.
Does a 3-month multidisciplinary intervention improve pain, body composition and

140



[206]

[207]

[208]

[209]

[210]

physical fitness in women with fibromyalgia? British Journal of Sports Medicine
2011;45(15):1189-95.

Carbonell-Baeza A, Ruiz JR, Ortega FB, Munguia-lzquierdo D, Alvarez-Gallardo IC,
Segura-Jimenez V, et al. Land- and water-based exercise intervention in women with
fibromyalgia: the al-Andalus physical activity randomised controlled trial. BMC

Musculoskelet Disord 2012;(1471-2474 (Electronic)):doi: 10.1186/1471-2474-13-18.

Finset A, Wigers SH, Gotestam KG. Depressed mood impedes pain treatment response
in patients with fibromyalgia. J Rheumatol 2004 May;31(5):976-80.

McCain GA. Role of physical fitness training in the fibrositis/fibromyalgia syndrome.
Am J Med 1986;81(3A):73-7.

Mutlu B, Paker N, Bugdayci D, Tekdos D, Kesiktas N. Efficacy of supervised exercise
combined with transcutaneous electrical nerve stimulation in women with fibromyalgia:
a prospective controlled study. Rheumatol Int 2012 Apr 11.

Sigl-Erkel T. A randomized trial of tai chi for fibromyalgia. [German]

Studienbesprechung zu tai chi (taiji) bei fibromyalgie. Chinesische Medizin
2011;26(2):112-6.

141



CHAPTER THREE

AN UMBRELLA SYSTEMATIC REVIEW WITH SYNTHESIS OF BEST EVIDENCE

142



3 Manuscript #2
The second manuscript aimed to summarize the effects of physical activity interventions

for adults with FM as presented in systematic reviews from 2007 to 2012. Given the proliferation
of review articles in the last 5 to 10 years, this step was deemed to be timely and important. Also,
we considered the relevance of reviews’ information for influencing clinical practice and

decision making.

This manuscript was circulated among co-authors and researcher committee members in
December 2013. Since then, an abstract was submitted and accepted to the Current
Rheumatology Reviews Journal. A potential citation of the manuscript is as follow:

Bidonde J, Busch AJ, Bath B, Milosavljevic S. Physical Activity for Adults with
Fibromyalgia: An Umbrella Systematic Review with Synthesis of Best Evidence. Curr

Rheum Reviews [Year], [Issue], [pages]

Contributions of authors

JB: screening studies, data extraction (9 systematic reviews for this manuscript), participated in
discussion regarding methods, selection of outcome measures, assessment of risk of bias,

methodological analysis, writing and reviewing manuscript and approving the final manuscript.

AB: screening studies, data extraction, participating in discussion regarding methods, assessment

studies’ quality, reviewing manuscript, and approving the final manuscript.

BB, SM: data extraction and appraisal of JB and AB authored reviews, reviewing manuscript,
reviewing drafts and approving the final draft of the manuscript.
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Citation example: Bidonde J, Busch AJ, Bath B, Milosavljevic S. Physical Activity for Adults
with Fibromyalgia: An Umbrella Systematic Review with Synthesis of Best Evidence. Curr
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Abstract

The objective of this umbrella systematic review was to identify, evaluate, and synthesize
systematic reviews of physical activity interventions for adults with fibromyalgia (FM) focussing
on four outcomes: pain, multidimensional function (wellness or quality of life), physical function
(self-reported physical function or measured physical fitness) and adverse effects. A further
objective was to link these outcomes with details of the interventions so as to guide and shape
future practice and research. Electronic databases including Medline, EMBASE, CINHAL,
AMED, the Cochrane Library, and DARE, were searched for the January 1% 2007 to March 31%
2012 period. Nine systematic reviews (60 RCTs with 3816 participants) were included. Meta-
analysis was not conducted due to the heterogeneity of the sample. We found positive results of
diverse exercise interventions on pain, multidimensional function, and self-reported physical
function, and no supporting evidence for new (to FM) modalities (i.e. gigong, tai chi). There
were no adverse effects reported. The variability of the interventions in the reviews prevented us
from answering important clinical questions to guide practical decisions about optimal modes or
dosages (i.e. frequency, intensity, duration). Finally, the number of review articles is
proliferating, leading researchers and reviewers to consider the rigor and quality of the
information being reviewed. As well, consumers of these reviews (i.e. clinicians, individuals

with FM) should not rely on them without careful consideration.

Keywords: adult, best evidence, fibromyalgia, interventions, physical activity, synthesis,

systematic review, umbrella review
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3.1 Background
Fibromyalgia (FM), a disorder of unknown etiology, is reported to be “the third most

common rheumatic condition after low back pain and osteoarthritis [1].” The prevalence of this
disorder is estimated to be 2 to 3% worldwide, affecting women more frequently than men [2].
Individuals with FM report pain and other symptoms that affect their day-to-day social and work
life. Silverman and colleagues [3] pointed out that the economic impact of fibromyalgia disorder
is significant, similar to rheumatoid arthritis, and added “more emergency department utilization,
physician and physical therapy visits than individuals with rheumatoid arthritis.”[3]
Fibromyalgia is associated with generalized body pain and tenderness [4;5], and many other
symptoms including fatigue, lack of or disturbed sleep (wakening un-refreshed), stiffness,
depression, and cognitive problems [6]. Even when the optimal treatment of FM is not
straightforward, individuals with FM can benefit from pharmacological and non-
pharmacological interventions (including physical activity). There is evidence suggesting low
dose antidepressants, cardiovascular exercise, cognitive behavioural therapy, and patient
education are effective in the management of FM [2;7]. This umbrella systematic review focuses
on evidence from systematic review articles published in the last five years evaluating physical
activity interventions for the management of FM.

Despite a need for information regarding effective interventions, health professionals are
often overwhelmed by the growth of literature on the topic. A strategy to address this issue is to
access/refer to/utilize/turn to review articles on the topic. Historically, it is accepted that
systematic reviews of high quality randomized controlled trials (RCTSs) yield the highest level of
evidence regarding effectiveness of an intervention [8]. Systematic reviews often present a
rigorous and complete overview of primary research on a particular topic. The essential aim of a
systematic review is ““...to minimize bias in locating selecting, coding, and aggregating
individual studies” [9]. Systematic reviews draw out best available evidence and therefore have
an important role in evidence-based healthcare [10]. Systematic reviews of interventions provide
clinicians with opportunity to identify, understand and implement best available interventions
into clinical practice, inform decision making, plan future research agendas, or help strengthen
the link between research evidence and optimal health care. Knowledge synthesized from
reviews can improve patient care if it is utilized and applied appropriately in clinical, policy, and

administrative settings [11]. Despite the potential value of systematic review articles to

146



clinicians and policy makers, it is essential to recognize systematic reviews can be of variable
quality and scope [12;13]. In order to benefit from these reviews, a critical step for clinicians,
health professionals, researchers, and consumers is the ability to distinguish and appraise their
quality.

A review of reviews (also called ‘umbrella review’) provides an evaluation and synthesis
of published reviews and should be considered as a new level in the hierarchy of evidence. An
umbrella review provides an efficient way to access a body of research, and is a logical way to
contrast and compare information and interpret results. An umbrella review, as an overarching
approach, synthesizes and allows the creation of a summary of several individual review articles
into a single document. It also compiles evidence on the benefits and harms from multiple
reviews, identifies information gaps [14], and describes the quality of the evidence.

The purpose of this umbrella review was to evaluate the quality of systematic reviews of
physical activity interventions for adults with FM and to comprehensively describe and
synthesize their findings. It focuses on four outcomes: pain, multidimensional function (MDF)
(i.e. wellness or quality of life), physical function (self-reported physical function or physical
fitness), and adverse effects. A further objective of the review was to link these outcomes with

details of the interventions so as to guide and shape future practice and research.

3.2 Methods

This umbrella systematic review was guided by the procedures described in the Preferred
Reporting Items for Systematic Review and Meta-Analyses (PRISMA) guidelines [15]. PRISMA
recommends the conduct of systematic reviews to be published in the study protocol. However,
even when all other procedures were followed, there was no published protocol to guide this
review as recommended by PRISMA.

For the purpose of this umbrella review, we focused on existing systematic reviews of
RCTs that evaluate physical activity interventions for the treatment of FM. Although there is no
standard definition of a systematic review (SR) [16] we followed the key characteristics of a
systematic review as stated by Cochrane Collaboration [17]. Although the definitions of physical
activity and exercise have been discussed in Chapter 1, as a reminder physical activity is defined

as any bodily movement produced by the contraction of skeletal muscles that substantially
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increases energy expenditure and exercise is planned, structured, and repetitive exercise for the

purpose of improving or maintaining one or more components of physical fitness [18].

3.2.1 Sources and Searches

The search strategy was carried out with the assistance of a medical librarian specializing
in systematic reviews to identify all published reviews in the area of physical activity
interventions for adults with FM. Six electronic databases utilized in the health fields including,
Medline, EMBASE, CINHAL, AMED, the Cochrane Library, and DARE, were searched for the
January 1% 2007 to March 31 2013 period. Examples of key topic areas in the search strategy
were ‘physical activity’, ‘exercise’ or ‘physical activity interventions’, ‘fibromyalgia’ or
‘fibromyalgia syndrome’, and ‘review’ or ‘systematic review’ or ‘meta-analysis’. The
computerized complete search strategy is summarized and presented in Appendix 1. The search
was not restricted by specific languages. Reference lists from retrieved reviews were also

examined to identify additional reviews.

3.2.2 Study Selection

Two authors (JB & AB) independently screened titles and abstracts to identify relevant
studies. Potentially relevant full-text articles were obtained and assessed independently against
inclusion criteria by the same two investigators. The PICO-TS framework (population,
intervention, comparison, outcome, time, and study type) was used to evaluate the suitability of
trials for inclusion (see Table 3.1). We included full text reports of systematic reviews of
intervention studies which: a) cited their purpose as investigating the effect of physical activity
interventions for adults diagnosed with FM, b) were published in English, Spanish or French (JB
was literate in all three and could translate as needed), and c¢) included analysis on primary
articles dealing with adults diagnosed with FM according to accepted and published criteria [19-
25], and d) meeting at least three of five criteria of a systematic review according to Cochrane

Collaboration (described below).
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Table 3.1. PICO-TS criteria.

Population | Adults of either gender diagnosed with FM according to a published criteria

Intervention | Any intervention in which participants perform a program of regular physical

activity over a period of time

Comparison | Any control or comparison group

Outcomes | Multidimensional function (i.e. well-being or quality of life), pain, physical
function (self-report or observational test), or adverse effects.
Time frame | January 2007 to March 2013

Study Type | Systematic Review (meeting at least three of five criteria characterizing a

systematic review) of RCTs

Reviews were identified by assessing five essential features of SRs described by the
Cochrane Collaboration [6;26]. We treated these features (i.e., items) as an instrument to
determine suitability for inclusion. The items, each assigned a score of one, were: a) a focused
question (i.e. contains PICO-TS statement); b) a comprehensive, systematic and explicit search
(i.e. more than one database and other sources searched, keywords or mesh terms given); c) the
use of explicit criteria to include and exclude RCTs; d) explicit methods of extracting and
synthesising study findings (quantitative) and e) inferences made were evidence based. Reviews
were evaluated and a score was assigned; scores ranged from 0 to 5, with one point for each
item. Reviews having a score of three points or higher were considered to be SRs and included in
this review. Exclusion criteria were: (1) SR assessment of less than three points, (2) those that
did not fit all PICO-TS, and (3) clinical practice guidelines. Examples of reviews that were
excluded were narrative reviews, reviews with no identified search strategy, and reviews of

aquatic interventions that did not involve bodily movement (i.e., soaking in the water).

3.2.3 Quality Assessment

The quality of included reviews was independently assessed using the AMSTAR
methodological quality measurement tool [27;28] by pairs of authors (AB+JB and SM+BB).
Based on a pilot test of the AMSTAR tool and communication with the AMSTAR’s developer,
descriptions for items were refined and operationalized. The eleven AMSTAR items were

scored (yes/no) to evaluate the adequacy of the important components of the method: search,
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selection criteria, validity assessment, and synthesis. To avoid conflict of interest, authors (AB,
JB) did not assess the SRs they had authored.

Interrater reliability analysis using Kappa statistic [29] was calculated using SPSS

software version v 20 to determine consistency among raters. The following equation was used:

_ Pr(a) — Pr(e)
' L P ) T e, G.1)

where Pr(a) is the relative observed agreement among rater or ‘reviewers’, and Pr(e) is the
hypothetical probability of chance agreement, using the observed data to calculate the
probabilities of each observer randomly saying each category. If the raters are in complete
agreement then k = 1. If there is no agreement among the raters other than what would be
expected by chance (as defined by Pr(e)), k = 0. We interpreted Kappa statistics using the
Landis and Koch approach [30]: value of 0 = poor, 0.01 to 0.20 = slight, 0.21 to 0.40 = fair, 0.41
to 0.60 = moderate, 0.61 to 0.80 = substantial, 0.81 to 1 = almost perfect/ perfect agreement.

3.2.4 Data Extraction

Data were extracted at two levels; first we extracted data regarding the reviews, and then
we went beyond what was presented in the reviews and carefully inspected the included studies

(RCTs). The following data were extracted:

3.2.4.1 Details of the characteristics of the reviews:

We extracted the following details from the reviews: a) author(s), b) year of publication,
c) research question(s), d) comparators included (all types including head to head interventions),
e) number of databases searched, f) period searched (in years), g) number of RCTs included, h)
outcomes investigated in agreement with this review goals, i) age of participants included, j)
duration of disease, and k) a brief summary of the characteristics of the included reviews.
Regarding item g, we counted the number of included RCTs instead of number of separate
publications (RCTSs); whereas some review authors counted each publication as a separate study.
Where this was the case, there were discordances between authors’ count and our count. For
example, Lima indicated that 27 RCTs were reviewed; whereas, after double and sometimes

quadruple research publications for the same study were removed, we counted the total number
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of studies in Lima as 18. Appendix 2 shows the references for all publications (primary and

companion articles).

3.2.4.2 Overlap among RCTs included in the included Systematic Reviews

We investigated the degree to which the reviews shared the same RCTs (overlap) and the

number of RCTs that were unique to each review.

3.2.4.3 Data Synthesis: Analysis and classification of RCTs

A detailed inspection of included RCTs in each review was undertaken to identify and
classify the interventions and the comparators brought together (and/or pooled). In order to
accomplish this task, included studies were sought and read; following a simple in-house
abbreviation system the interventions were then represented (i.e. flexibility = FX, aerobics = AE,
aquatics = AQ, mixed = MX, etc., see List of Abbreviations page xii). We completed this
classification for the included studies in each review with the aim to understand the clinical
characteristics of the interventions pooled in the reviews. Classification and differentiation of the
interventions are highly relevant for health practitioners; attention to classification of the

interventions is not frequently provided in reviews nor is it considered in the AMSTAR tool.

In addition, data related to exercise training variables such as: a) exercise frequency b)
length of the intervention in minutes c) intensity d) duration of the intervention and follow up,
and pool temperature were extracted.

3.2.4.4 Findings and conclusions from SRs

Quantitative or narrative data were extracted for the outcomes of interest (i.e., pain,
multidimensional function, physical fitness, and adverse effects) including effect sizes and 95%
confidence intervals provided by meta-analyses when applicable. Cohen’s categories [31] (i.e.,
0.20 to 0.49 small effect, 0.50 to 0.79 moderate effect, and > 0.80 large effect) were used to

interpret standardized mean differences (SMDs) when available.

3.3 Results

3.3.1 Search Results
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The literature search identified 17 reviews, which were retrieved; all were in in English.
Four reviews did not meet inclusion criteria and were excluded [32-35]. Full texts of 13 reviews
were further screened for systematic review status. Out of these 13 reviews, only nine had three
or more features of a systematic review as defined by the Cochrane Collaboration and met our
inclusion criteria: five reviews scored five points [36-40], three reviews scored four points [41-
43] and one scored three points [44]. Results of the search and screening are presented in the
PRISMA diagram (Figure 3.1) and in Table 3.2.

3.3.2 Quality Assessment — AMSTAR

The quality assessment of the nine reviews is presented in Table 3.3. The quality of the
reviews varied significantly (range 1 to 10) with three studies having high values (8, 10, 10)
[36;37;41] four studies medium values (5,5,7,7) [38;40;42;44] and two studies scoring lower
values (1,4) [39;43].

The Kappa analysis of inter-rater agreement on the use of the AMSTAR tool indicated
there was moderate agreement among observers (overall Kappa = 0.600) for the nine included
reviews (see Table 3.3). The itemized analysis shows there were perfect agreements in questions
10 and 11 and almost perfect for question five, substantial agreements in questions one, four,
seven and nine , moderate agreement in questions two and three, slight agreement in question

eight, and fair agreement in question six.
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Figure 3.1. Study flow diagram of selected reviews.
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3.3.3 Key features of the Reviews

The review components (i.e., question under review, intervention, number and years of
databases searched, number of studies included, outcomes included, number of participants
included, age and disease duration) are compiled in Table 3.4. An in depth description of
interventions in the primary studies compared can be seen in Appendix 3. Below is a summary
of the key features of the included reviews:

e Review questions investigated the effects of specific mode of physical activity (e.g.,
aerobic, resistance, aquatics, Qigong, yoga) in seven reviews, or a specific outcome
irrespective of intervention type (i.e., multidimensional function, pain) in two reviews.

e The years searched in the included reviews ranged from inception of the database to 2013
in three reviews [36;37;39], inception to 2009 in Hauser and Ramel [40;41], ‘up to Feb
2011’ [38] and specific years (1980 to 2008) in Kelley [42] and McVeigh [44] (1990 -
2006). Mist [43] did not specified years of the search.

e The number of databases searched varied between five and 13, and the number of RCTs
included ranged from four to 35.

e The population under study was predominantly female adults diagnosed with FM with
the exception of Chan [38], Hauser [41] and Mist [43] who each included an RCT
involving children (8 to 18 years old).

e RCTs compared an intervention to a control group (e.g., treatment as usual, education,
waiting list), a similar type intervention (i.e., strength vs flexibility) either utilizing a
similar or a different medium (e.g., water, land); or a non-exercise intervention (e.g.,
cognitive behavioural therapy, medication).

o Eight reviews investigated the effect of an intervention on multidimensional function
[36-39;41-44] with one focussing on multidimensional function exclusively [42]; eight
reviews investigated the effect of the intervention on pain [36-41;43;44] with one
focussing on pain exclusively [40]. Effects of the intervention on physical function were
investigated by six reviews [36-39;41;44]. Adverse effects were reported in six reviews
[36;37;39;41,43;44]. The median number of participants included in the reviews was 670
(range from 219 to 2494). This number may not be precise as some authors had

companion articles and had counted participants more than once.
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The reporting of age was different among the reviews: some authors reported mean years
and standard deviations, others minimum and maximum range, median, etc.

Duration of FM was not reported in three reviews [39;41;43] and varied from 4 months to
42 years in the remaining reviews.

Of the 9 reviews two were from Canada [36;37], one from China [38], one from
Germany [41], one from England [44], one from Brazil [39], and three from the United
States [40;42;43]; all middle to high income countries (the authors’ institutional
affiliation was used to determine precedence of the review).

Conflict of interest statement /competing interest / disclosure of funding or financial
contribution provided in the following reviews: Bidonde [35], Busch [36], Chan [37],
Hauser [40], Kelley [44], Lima, Mist [42], and Ramel [39]. No comments were found in
McVeigh [43].
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3.3.4 Other important components of the nine reviews

Bidonde review [36]

Definition of the intervention: Aquatic exercise was defined as exercise conducted in a
vertical position where participants spent more than50% of the time in water. The
interventions were mixed (i.e., two or more components such as flexibility, strength)
Stratification (subgroup analysis and long term effects): Inspection of the (meta)
analyses showed that the authors tried to control for clinical heterogeneity by pooling

studies based on similar interventions. The analyses were stratified as follows:

1.Comparisonl (aquatic vs control): Aquatic was compared to a traditional control group
(e.g., treatment as usual) or a specialized type of control (e.g., education, soaking in water
with no exercise). Bidonde noted the following decisions regarding meta-analyses: for
Gowans 2001 [49] the data collected at six weeks (phase of the intervention when
participants spend more than 50% of the time in the water) were used, for Mannerkorpi
2009 [50] only data for FM condition only were used, and data from Ide 2008 [51] was

excluded after noting clinical heterogeneity confirmed using sensitivity analysis.

2.Comparison 2 (aquatic vs land): Aquatic interventions were compared to similar
interventions on land. Meta-analyses were performed for pain (n=4) and physical
function outcomes (n=2). Bidonde excluded one study [52] from meta-analyses based on

skewness of the data as reported in RCT publication.

3.Comparison 3 (aquatic vs other type of aquatic): included two different and unique
comparisons that took place in the water. No meta-analysis was possible due to the
heterogeneity of the interventions. Both studies reported results for MDF and pain and

only one reported effects on physical function.

Subgroup analysis: Subgroup analyses were carried out for:

a) Participant related characteristics: 1) Age: younger vs old age; 2) Disease
duration: short vs long disease duration; 3) Impact of the Disease: low vs high

impact of FM; 4) Pain: low vs high pain at baseline;
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b) Intervention related characteristics: 1) Length of the intervention; 2)

Accumulated time: 3) Frequency: 4) Intensity; 5) Pool Temperature.

Long Term effects: Analyses were provided for wellness (multidimensional, self-
reported, physical function), symptoms (pain, tenderness, stiffness, and fatigue) and
physical fitness (strength, endurance, cardiorespiratory maximal, and cardiorespiratory

submaximal).

Statistical heterogeneity was controlled in the aquatic vs control group by the sensitivity
analysis and by using a random effects model. The researchers described the number of
studies in each comparison group was insufficient to test for publication bias (less than 10

studies in each comparison).

Conclusions: Bidonde concluded that there was low to moderate quality evidence that
aquatic training is beneficial for improving multidimensional, pain, and physical fitness
in adults with FM. Authors also concluded that there is very low to low quality evidence
suggesting that there were no differences in benefits between aquatic and land-based
exercise. Regarding adverse effects, authors stated that no serious adverse effects

resulting from aquatic training were reported in any of the included RCTs.

Busch review [37]
Definition of the intervention: Resistance training intervention was defined as exercise
performed against a progressive resistance (loading) with the intention of improving

muscle strength, muscle endurance and/or power.

Stratification: Busch presented three comparisons: resistance vs control, resistance vs
aerobics, and resistance vs flexibility. Studies in each stratum were clearly similar
therefore presenting low risk of clinical heterogeneity. Authors stated too few studies

were found to undertake publication bias analysis.

Conclusions: Busch concluded that there is low quality evidence that moderate to high
intensity resistance improves MDF, physical function or pain in women with FM. Busch
concluded that there is low quality evidence that aerobic is superior to moderate intensity

resistance for improving MDF in women with FM. There is low quality evidence that
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low intensity resistance is superior to flexibility exercise training in women with FM for
improvements of pain and MDF. There is low quality evidence that women with FM can

safely perform moderate to high intensity resistance.
Chan review [38]

Definition of the intervention: Chan’s included studies presented different types of
Qigong. Qigong was defined as “a general term for a large range of traditional Chinese
energy exercises and therapies and a form of Chinese medical practice” Chan later added
that there are two forms of Qigong, “internal Qigong which is self-directed and involves
the use of movements, meditation an control of breathing pattern whereas external
Qigong is usually performed by a trained practitioner using their hands to direct qi energy

onto the patient for treatment.”
Stratification/subgroup analysis: none

Conclusion: The authors acknowledged there was great variability in the dosage and the
quality of the Qigong exercise across studies. Chan concluded that “it is still too early to
draw a conclusion about the effectiveness of Qigong exercise for FM” (p 646). Authors
acknowledged average sample size in the studies was low, increasing the probabilities of
type Il errors, and intention to treat analysis was only used in one RCT, suggesting the
possibility of bias existing in included studies. A source of clinical heterogeneity in this
review may have been introduced by including participants of any age (one study
including children) [53]. In addition, selective publishing and reporting may be a major

cause of bias on the included studies.
Hauser’s review [41]

Definition of the intervention: Aerobic exercise was defined as a protocol in which: a) at
least 50% of the training sessions consisted of aerobic exercise, b) “the reported target
heart rate was at least 40% maximum heart rate (HRmax)’or the exercise involved “at least
one-sixth of the skeletal muscles”, and c) the length of aerobic exceeded the time with
other types of exercise the time spent stretching and/or strengthening in mixed exercise

protocols.
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The authors presented main characteristics of the studies including length and intensity of
the aerobic intervention. However, documentation of synthesis of the above
characteristics (i.e 40% HR max, one-sixth of skeletal muscles involved or more than
50% aerobic in mixed exercise interventions) remains unclear. For example, in Martin
1996, exercise included 20 minutes of aerobic and 20 minutes of either strength or
flexibility. It is, unclear how benefits of the intervention could be attributed solely to the
effects of aerobic exercise.

Stratification (and subgroup analysis): Aerobic interventions were compared to a control
group or between land-based vs water-based. In this review ‘control’ was loosely defined
and included things like therapy as usual, non-supervised pool activities, strengthening
exercises, education, biofeedback, usual care, cognitive behavioural therapy, supervised
relaxation, supervised stretching, and hot packs among others.

Subgroup analysis for the effect on pain at post treatment included:

a) Type of exercise (land-based, water based, mixed), b) type of exercise (aerobic only,
aerobic combined with other exercise), ¢) duration of the intervention (less than 7 weeks,
7 to 12 weeks, more than 12 weeks), d) frequency of training, e) total duration aerobic

exercise, f) intensity of aerobic, and g) type of control group.

Hauser evaluated statistical heterogeneity, the impact of risk of bias in primary studies on
effects of aerobic and mixed exercise (sensitivity analysis) and the potential for
publication bias. No evidence of publication bias was found in this review. Although
statistical heterogeneity was ruled out, it is quite likely that there was considerable
clinical heterogeneity present in the meta-analyses (e.g., including studies of participants

of ‘any age’ led to inclusion of one study of children).

Conclusion: Hauser and colleagues concluded that an aerobic programme for individuals
with FM should consist of land-based or water-based exercises of light to moderate
intensity, two or three times per week for at least four weeks and that the patient should
be motivated to continue exercise after participating in an exercise programme. Although
Hauser assessed the quality of individual studies, there is no direct reference to study

quality in author’s conclusions.
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Kelley review [42]

Definition of the intervention: The interventions were “exercise only intervention group
(aerobic, strength training, or both), community-accessible exercise intervention defined
as those interventions that could be performed and made available to non-

institutionalized persons in community settings, and exercise intervention of at least four

weeks...”

Conclusions: Kelley concluded that exercise improves multidimensional function in
women with FM and that research in men and optimal exercise programs are needed.
Although Kelley assessed the quality of individual studies, it did not appear to have been
considered in stating these conclusions. By reducing the outcome measure to one, Kelley
helped reduce measurement heterogeneity. However, Kelley included a study [54] that
had not published criteria for the diagnosis of FM — which increases heterogeneity of the
pooled interventions. Furthermore, there is a risk of increased clinical heterogeneity by
combining different modes of exercise. Kelley’s results provided evidence that exercise
improves multidimensional function; however the review adds little our understanding of
the optimal intervention for fibromyalgia due to the heterogeneity of the interventions

evaluated.
Lima’s review [39]

Definition of the intervention: Lima did not provide either the definition of ‘aquatic
physical therapy’ or the time participants spent in the water. Despite calling the
intervention ‘physical therapy’ the reader is left wondering why and what operational

definitions author used.

Stratification (and subgroup analysis): Inspection of the (meta) analyses showed that the
authors tried to control for clinical heterogeneity by pooling studies based on similar
interventions. Lima used a fixed or random effects statistical model for meta-analysis

according to the heterogeneity of the pooled studies.

The analyses were stratified as follows:
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1.Comparison 1 (Aquatic vs no treatment) is partitioned into three sub-comparisons
according to length of the intervention. This comparison shows aquatic mixed
interventions — with two or more components - compared to controls (e.g., groups
receiving treatment as usual or specialized types of controls like education). Meta-
analyses were performed for several outcomes including pain, MDF, and physical

function.

2.Comparison 2 (aquatic vs land) shows aquatic mixed interventions — with three
components (i.e. aerobic, flexibility, strength) — compared to similar interventions on
land. Meta-analysis was performed on pain variable. One of the studies included in this
comparison [52] presents data in interquartile ranges. The authors did not mention how

they have dealt with the skewedness of the data in their analysis.

3.Comparison 3 (aquatic vs other) shows six different and unique comparisons. No meta-

analysis was possible due to the heterogeneity of the interventions.

Subgroup Analysis: Lima evaluated aquatic vs control for durations of a) 4-8 week, b) 9-

20 weeks, and c¢) more than 20 weeks.

Follow up Analysis: An aquatic vs control follow up analysis of two studies was included
by Lima. These studies were formed by two diverse interventions.

Conclusion: Lima concluded that an aquatic ‘physical therapy’ intervention of 20 weeks
or longer was effective for three outcomes when compared to the control group. Author
suggests the studies reviewed have a high risk of bias showing flaws in allocation
concealment, blinding of the assessors and analysis. Researchers highlighted the lack of
standardization and variety of outcome measures utilized, the variation of the exercise
programs, time of follow up and incompleteness of the information played a role in

providing accurate results.
McVeigh’s review [44]

Definition of the intervention: McVeigh defined hydrotherapy as interventions in which
50% of the time is spent in the water; however, structured physical activity or exercise

training was not a required component of the intervention. McVeigh’s included 4 RCTs
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with an exercise intervention (aerobic, strength and flexibility compared to control, land
intervention and education). Ziljstra’s study [55] (who included an exercise intervention)

was not considered in this review as this author’s design is not an RCT.
Stratification/subgroup analysis: none

Conclusion: The researchers stated that the heterogeneous nature of the interventions
prevented them from conducting a meta-analysis and their conclusions were general
without differentiating between studies with or without exercise. McVeigh concluded
that there was strong evidence for the effectiveness of hydrotherapy in the treatment of
FM with improvement in pain, health status, and tenderness even though the authors
stated that “most studies failed to report or include an ITT analysis or conceal treatment
allocation” pg 125. McVeighs’ conclusion highlights the use of “hydrotherapy” and
acknowledges the heterogeneous nature of the interventions reviewed which prevents the
researchers from making specific recommendations. Although, the quality of individual

studies was assessed they were not considered in stating these conclusions.
Mist’s review [43]

Definition of the intervention: Exercise was defined as “planned, structured physical
activity whose goal is to improve one or more of the major components of fitness —
aerobic capacity, strength, flexibility, or balance” pg 248 Complementary and alternative
medicine was defined as a “group of diverse medical and health care systems, practices,

and products that are not generally considered to be part of conventional medicine” (pg
248).

Stratification: Mist presented four groups.

Qigong: In the first group, six Qigong intervention studies were combined including a
mixed of Qigong and mindfulness, internal and external, a home program, Qigong by
itself and combined with body awareness compared to control, daily activities or
education. It should be noted that one study included children increasing the clinical

heterogeneity of the sample.
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Tai Chi: the second group investigated the effects of tai chi intervention and included
five studies; two of which were RCTs with eight and 10 forms each vs education and

control.

Yoga: yoga interventions were investigated next— only one RCT was included in this
group of three; the study combined yoga with mindfulness vs a wait list control group.

Other: 3 studies were included with one RCT addressing a Pilates intervention vs a

control home exercise program.

Conclusion: Mist included two study designs -- RCTs and time series trials designs,
thereby introducing increased heterogeneity and made it problematic to understand the
effects of the combined studies. In spite of the potential for heterogeneity, meta-analysis
was performed for Qigong, tai chi, yoga and other interventions. Forest plots are
presented for each exercise modality; however, we are uncertain what outcomes the

authors have used to present their meta-analysis.

Mist has identified a number of potential interventions for the management of FM,
however, caution is needed while considering Mist’s results as part of the body of
knowledge of FM and physical activity at the present time. There are important
methodological issues in this review that need the authors’ attention before we can
entertain the idea of arriving at conclusions regarding the effectiveness of these

interventions.
Ramel’s review [40]

Definition of the intervention: Ramel’s question led to the inclusion of RCTs that
reported original data comparing exercise versus usual care, education and wait list
controls and which measured a specific outcome (pain). Authors acknowledged the
heterogeneity in treatment type and duration.

Stratification/subgroup analysis: none

Conclusions: Ramel concluded that six to 24 weeks of strength training, pool, and multi-
component exercises may be helpful in the management of pain. Although this finding is
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important, the heterogeneity of the included studies adds little to our understanding of
what intervention is more likely to reduce pain in individuals with FM. Despite the
methodological limitations, the quality of the studies was rated as moderate; their meta-
analysis supports the evidence that physical activity may have a positive effect on pain
relief in adults with FM in the short term. Assessed quality of individual studies was

considered in stating these conclusions.

3.3.5 Overlap

A total of 60 RCTs were included in these nine reviews; 29 (48%) of them overlapped

among reviewers and 31 (52%) were ‘unique’ or reviewed only by one author.

The overlap by review is presented bellow and also and also in Table 3.5:

e Bidonde [36] included 16 RCTs; nine overlapped with Hauser, three with Kelley, 14
with Lima, four with McVeigh; and two with Ramel.

e Busch [37] included five RCTs; one overlapped with Hauser and one with Ramel.

e Chan [38] included four RCTs, one of which overlapped with Hauser and three with
Mist

e Hauser [41] included 35 RCTs; nine overlapped with Bidonde, one with Busch, one
with Chan, six with Kelley, eight with Lima, two with McVeigh, and seven with
Ramel.

e Kelley [42] included seven RCTs, three overlapped with Bidonde, six with Hauser,
three with Lima, one with McVeigh, and two with Ramel.

e Lima[39] included 18 RCTs, 14 overlapped with Bidonde, eight with Hauser, three
with Kelley, four with McVeigh, and two with Ramel.

e McVeigh [44] included 10 studies, only those RCTs that included exercise (n=4)
were examined in this review: four overlapped with Bidonde, two with Hauser, one
with Kelley, four with Lima, and two with Ramel.

e Mist [43] included 16 studies but only nine RCTs were considered in this review:

three studies overlapped with Chan.
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e Ramel [40] included 10 RCTs, two overlapped with Bidonde, one with Busch, seven
with Hauser, two with Kelley, two with Lima, and two with McVeigh.

Table 3.5 Number of RCTs overlapped among reviews.

Bidonde
(in Busch Chan  Hauser Kelley Lima  McVeigh Mist  Ramel
press) 2013 2012 2010 2010 2013 20082 2013° 2009
n=16 n=>5 n=4 n=35 n=7 n=18 n=4/10 n=9/16 n=10

Bidonde (in press) 0 0 9 3 14 4 0 2
Busch 2013 0 0 1 0 0 0 1
Chan 2012 0 0 0 0 3 0
Hauser 2010 9 1 1 6 8 0 7
Kelley 2010 3 0 0 6 3 0 2
Lima 2013 14 0 0 8 3 0 2
McVeigh 20082 4 0 0 2 1 0 2
Mist 20013° 0 0 3 0 0 0
Ramel 2009 2 1 0 7 2 2 2 0

aMcVeigh included 10 studies but only 4 RCTs with an exercise component were included in this review.

®Mist included 16 studies but only 9 RCTs were included in this review.

Bidonde [36], Busch [37], Chan [38], Hauser [41], Kelley [42], Lima [39], McVeigh [44], Mist [43], and Ramel
[40]

3.3.6 Data synthesis

3.3.6.1 Main findings of RCTs on systematic reviews:

The effects of physical activity interventions (mean differences and SMD results reported
for intervention vs control group only) were quantified as mean differences or SMDs with 95%
confidence intervals (i.e., meta-analyzed) in seven reviews, reported in terms of significance
testing in two reviews, and measured but unclearly reported in one review. Results are presented
for pain, multidimensional function, physical function outcomes (Table 3.6) and attrition and
adverse effects (Table 3.7 and 3.8).

Pain: Results of four meta-analyses show (significant and positive) effects on pain. The
magnitude of the effects varied as follows: Hauser [41] included 21 RCTs in their analysis and
found a small statistically significant effect for aerobic - mixed exercise interventions (SMD = -
0.31 [-0.46,-0.16]); Ramel [40] included 10 RCTs of aquatic mixed, land mixed, strength,

aerobic and composite interventions and also found a small statistically significant effect on pain
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(SMD = 0.45 [0.09, 0.80]), Bidonde [36] found a moderate statistically significant effect for
aquatics interventions vs control (SMD =-0.53 [-0.76,-0.31], seven RCTSs), and Busch [37]
reported non-statistically significant effect for resistance training vs control (SMD = -1.89 [-3.86,
0.07], two RCTs). The two reviews without meta-analysis [38;44] reported the effect on pain as
being inconsistent for Qigong (three RCTs, Chan) and ‘positive’ for hydrotherapy (four RCTs
with pool based exercise, N = 135). With the exception of Qigong and resistance, the evidence

supports benefits of exercise training (of multiple kinds) for pain reduction.

Multidimensional Function: Four reviews meta-analyzed this outcome and one presented
data for one study. Reviews reported effects favouring the intervention as the following: a small
statistically significant effect for aerobic - mixed exercise (SMD = -0.40 [-0.60, -0.20], 24 RCTs,
[41]); a small statistically significant effect for exercise of any type (SMD = -0.34 [-0.53,-0.14],
five RCTs, [42]; and a moderate statistically significant effect for aquatic exercise (SMD = -0.55
[-0.83, -0.27], seven RCTs, [36]). Busch [37] and Lima [39] both reported large statistically
significant effects; Busch [37] found only one RCT which evaluated exercise training on
multidimensional function (SMD =-1.27 [-1.83, -0.72) and Lima [39] three RCTs (MD =-1.35
[-2.04, -0.67]). Chan [38] found inconsistent results for the effects of Qigong on
multidimensional function (three RCTSs); while McVeigh [44] reported ‘positive effects’ for
hydrotherapy with exercise in three of four RCTs. Thus, with the exception of Qigong, seven
reviews found positive results for physical activity interventions on multidimensional function
for individuals with FM.

Physical Function: Four reviews presented a meta-analyses of the physical function
outcome and reported the following effects: small statistically significant effect for aquatic
exercise (SMD =-0.44 [-0.76, -0.11], five RCTs, self-reported physical function [36]), a
moderate statistically significant effect for aerobic - mixed exercise (SMD = -0.52 [-0.66, -0.37],
15 studies, any measure of physical fitness,[41]), a moderate statistically significant effect for
resistance exercise (SMD = -0.50 [-0.89,-0.11], three RCTs, self-reported physical function), and
a large statistically significant effect for aquatic physical therapy (MD = 43.55 [3.83, 83.28], two
RCTs, 6 minute walk test [39]). Chan [38] did not find any significant effect of Qigong on
physical function (two RCTs) while McVeigh [44] reported ‘significant effects’ were found in
physical function (three RCTs). Although there are limitations in how this outcome was
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measured and reported, evidence on exercise interventions (i.e. aquatic, resistance, aerobic,
mixed or new to FM) gives us confidence to express that there are benefits for individuals with

FM with regards to physical function.

Attrition and Adverse effects

Attrition, or the reduction of the number of participants in research, occurs when cases
are lost from a sample over time which consequently leads to loss of data and potential bias [56].
Reasons for withdrawal from the RCTs in these reviews are summarized in Table 3.7. Reporting
of adverse effects in these reviews has not been described systematically and in a standardized
way (see Table 3.8). Given that the reporting of adverse effects is so patchy in this body of
literature, attrition or withdrawals (number of study participants who drop out and reasons) may
temporarily serve as an indication for potential harms derived from the interventions until
adverse effects get reported comprehensively.

Table 3.7 Results of analyses of attrition as reported in the included reviews.

Bidonde (in “All cause attrition rates were not higher for aquatic exercise training
press) intervention than for comparators.”
Busch 2013 “Based on evidence across all included studies...attrition rates are not

higher for resistance intervention than for comparators. There were no
statistically significant differences between attrition rates between the
interventions”

Chan 2012 “...details of dropouts and withdrawals were described in all included
RCTs. Intwo RCTs ITT analysis was planned but was not performed due to
high dropout rates...” (pg 645)

Hauser 2010 16 studies reported attrition rates, with a median of 67% (range 27 to 90%)

(pg 6)

Kelley 2010 “the percentage of dropouts ranged from 5.6% to 46.7% in the exercise
groups and 0% to 63% in the control group”(pg 5)

Lima 2013 Not reported

McVeigh 2008  Three studies failed to specify if all participants completed the study and
two studies had dropout rates of 22.7% and 21.8%

Mist 2013 “...832 participants were enrolled in 16 studies and 81% completed the
studies without differential attrition by study arm or exercise modality”
Ramel 2009 High dropout rates may be an important issue as a couple of trials with high

dropouts found insignificant changes to pain (pg 192)

Bidonde [36], Busch [37], Chan [38], Hauser [41], Kelley [42], Lima [39], McVeigh [44], Mist [43], and Ramel
[40]
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Table 3.8 Results of analyses of adverse effects as reported in the included reviews

Chan 2012
Kelley 2010 &
Ramel 2009

No comment or reports on adverse effects

Bidonde (in
press)

“When considering the evidence of adverse effects and attrition rates in the
16 included studies, individuals with FM were able to perform supervised
aquatic exercise training safely. However, given the low number of studies
and the lack of detail provided by authors on adverse effects, the evidence
should be taken with caution.”

Busch 2013

In general, adverse effects were poorly recorded, but no serious adverse
effects were reported.

“Only two of the three studies provided information on adverse effects of
resistance training. Valkeinen 2004 reported “after the initial phase of
training, the patients did not complain of any unusual exercise-induced pain
or muscle soreness” (p 227). Kayo 2011 reported that no instances of attrition
due to adverse effects were observed during the study. Hakkinen 2001 did not
report on adverse effects. Bircan 2008 stated, “no patient experienced
musculoskeletal injury...during the intervention” (p.529). Jones indicated
there were “no adverse events or injuries during the intervention” (p. 1045).
However, Jones 2002 further stated “six participants (3 per group)
experienced a worsening of one or more of the following pain measures: FIQ
VAS for pain, total myalgic score, and number of tender points”

Hauser 2010

“11 studies reported on side effects. Five studies reported that no side effects
occurred, and six studies reported an increase of symptoms leading to a drop
out in some cases. Only 6 patients assigned to aerobic were designated to
have an adverse events possibly related to exercise (metatarsal stress fracture,
plantar fasciitis, ischialgia, transient knee pain) pg 6. Side effects were
inconsistently reported. No definitive statement on the safety of aerobic in
FM is therefore possible.

Lima 2013

“adverse events/reactions or side effects related to the use of the pool were
mentioned in some studies as: muscle pain, tinea pedis, chlorine
hypersensitivity, and exacerbation of the concomitant illnesses” (page 901)

McVeigh
2008

“two (studies) reported no side effects and three reported adverse effects
including mild and transient rash, sunburn and mild gastroenteritis and a
deterioration in shoulder function” (page 125).

Mist 2013

“..only one study reported negative side effects (increased shoulder pain and
plantar fasciitis) in two study participants (Lynch). All studies reported that
there were no serious adverse events” (pg257)

Bidonde [36], Busch [37], Chan [38], Hauser [41], Kelley [42], Lima [39], McVeigh [44], Mist [43], and Ramel

[40].
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Table 3.6. Results of meta-analyses of intervention vs control on pain, multidimensional
function and physical function as reported in the included reviews.

Author Intervention

Pain.

SMD [95% ClI], effect
size descriptor?
(number of studies,
number of
participants)

Multidimensional
Function.

SMD /MD [95% Cl],
effect size descriptor?
(number of studies,
number of participants)

Physical Function.

SMD /MD [95% Cl], effect
size descriptor® (number of
studies, number of
participants, test)

Reviews having Meta-analysis

Bidonde Aquatics SMD -0.53 [-0.76,- SMD -0.55 [-0.83,-0.27],  SMD -0.44 [-0.76,-0.11],
(in Exercise 0.31], moderate effect ~ moderate effect favouring  small effect favouring the
press) favouring the aquatic the aquatic exercise (7, aquatic exercise (5, 285, self-
exercise (7, 382) 367) reported physical function)
Busch Resistance SMD -1.89 [-3.86, SMD -1.27 [-1.83,-0.72],  SMD -0.5 [-0.89,-0.11],
2013 Exercise 0.07], large effect large effect favouring moderate effect favouring
favouring RET (2,81) RET (1, 60) RET - (3 studies, N =107,
SRPF)
Hauser  Aerobic and SMD -0.31 [-0.46,- SMD -0.40 [-0.60, -0.20], SMD -0.52 [-0.66, -0.37],
2010 Mixed 0.16], small effect small effect favouring the  moderate favouring the
favoring exercise (21,  exercise (24, 587) intervention (15, 429, any
484) measure of physical fitness)
Kelley Exercise (any n/a SMD -0.34 [-0.53,-0.14], n/a
2010 mode) small effect favouring
exercise (5, 332)
Lima Aguatic Outcome measured MD -1.35 [-2.04,-0.67], MD 44.55 [3.83, 83.28],
2013 Exercise but data not provided large effect favouring favouring the intervention (2,
aquatic intervention (3, 88, 6MWT)
118)
Mist Mode newly ~ Outcome measured — Outcome measured — Outcome measured — unclear
2013 applied to FM  unclear reporting unclear reporting reporting
Ramel Exercise (any  SMD 0.45 [0.09,0.80], n/a n/a
2009 mode) small effect favoring

exercise (10, 513)

Reviews having qualitative synthesis only

Inconsistent findings
in 2 studies: not
significant in one
study (SF36 bodily
pain with N= 128),
and significant
improvement in one
study (VNS with N =
57)

Inconsistent findings in 3
studies: not significant in
two studies (FIQ with N=
128, SF36 with N = 36),
and significant
improvement in one study
(QOL with N =57)

Non-significant findings in
two studies (6 MWT N =
128, Chair test N = 36)

Chan Qigong

2012

McVeigh  Hydrotherapy
2008P

Positive effects in two
studies: (VAS with N
=35, FIQ VAS with N
=69)

Positive effects in 3
studies (FIQ with N = 46,
FIQ with N = 69, EQ-5D
with N = 35), and not
significant in one (FIQ
with N = 44)

Positive effects in 3 studies
(6 MWT with N =46 and N
= 69, Isokinetic strength with
N = 35, and grip strength
with N = 44)

aCohen’s categories [31]° only four primary studies considered.
6MWT: 6 minute walk test; AE: aerobic; AQ: aquatic; Cl: confidence interval; EQ-5D: health status questionnaire;
F1Q: fibromyalgia impact questionnaire; HRQOL/QOL health related quality of life or quality of life; n=number of
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studies included; N=number of participants included; RET resistance exercise training; SF-36: short form 36 (test);
SMD: standardized mean difference; SRPF: self-reported physical function; VAS: visual analogue scale

Authors: Bidonde [36], Busch [37], Chan [38], Hauser [41], Kelley [42], Lima [39], McVeigh [44], Mist [43], and
Ramel [40]

3.3.6.2 Parameters: Frequency, Intensity, and Duration

The research evidence to date supports the effectiveness of exercise in the management
of FM. However, it is unclear what are most appropriate parameters supporting these
interventions. This has led to uncertainty when prescribing and recommending exercises for
individuals with FM in clinical practice. The following section presents important information
for clinicians regarding exercise prescription for FM: first, a synthesis (including 60 RCTSs) of
commonly known exercise parameters such as frequency, intensity, time (length in weeks or
minutes) that respond to questions like how often, how long, how hard the exercise should be
performed. Second, we present sub-group comparisons carried out by three review authors

highlighting effects of the interventions in this umbrella review outcomes of interest.

A detailed look at exercise parameters of interventions for all included studies showed
that majority were performed three times a week, at a moderate intensity, between 31 to 60
minutes for a period between seven to 12 weeks. The break down descriptive information for

each parameter is summarized below (Table 3.9).

Frequency of exercise (sessions per week) of the 60 RCTs showed a clear pattern with
majority exercising two (n=15) and three (n=27) times a week. Some authors did not specify
how many times a week (n=3); while few exercised one time a week (n=9) or more than three

times a week (n=6) (see Figure 3.2a).

Intensity of exercise was classified following the ACSM percentage heart rate max (%
HR max - Very light less than 57, light 57-63; moderate 64-76; vigorous 77-95) categories. If the
intensity was given as either a numerical or written range (i.e. 60-75 % HRmax, low to moderate)
we calculated the average number to place the study within a category. The intensity was
unspecified in 12 studies, not applicable such as the use of Qigong in six studies, self-determined
in six studies, very light in three studies, light in two studies, moderate in 25 studies, and

vigorous in six studies.
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Session duration (time in minutes of exercise per session) was unspecified in one study;
less than 30 minutes in 12 studies; between 31 and 60 minutes in 38 studies, and lasting more

than 60 minutes (sometimes combined with other modalities) in nine studies (see Figure 3.2b).

Length of the intervention (in weeks): The median number of weeks for the 60 RCTs was
12 weeks (range: 3 to 34); 12 RCTs exercised individuals less than seven weeks; 24 RCTs
between 7 and 12 weeks; seven RCTs between 13 and 19 weeks and 16 RCTs’ length was higher
than 20 weeks (see Figure 3.2c).
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3.3.6.3 Findings: Sub-Group comparisons on exercise parameters

Three reviews (Bidonde [36], Hauser [41] and Lima [39]) presented subgroup
comparisons on exercise parameters (frequency, intensity, accumulated time of the intervention
and length of the interventions) with SMDs and confidence intervals. Bidonde and colleagues
[36] presented additional sub-group analysis by age, duration of FM disorder, impact of the
disease at baseline, and baseline pain. These sub-group analyses are not presented here. Sub-
group analysis was conducted for the aquatic vs control group in Lima [39] and Bidonde’s
review [36], and was not specified in Hauser’s review [41]. Although these results are very
promising, they are often based on a small number of studies and need to be interpreted with

caution.

Analysis of the frequency of the interventions (see Table 3.10) showed that the more days
exercising the more benefits were gained by individuals; exercising three times/ week showed
significant results in all three outcomes (MDF, PF and pain ) moderate effects were reported in
Bidonde’s [36] outcomes ( MDF, PF, and pain) and a small effect for pain in Hauser’s analysis
[41]. However, one and two times/week also showed significant results with small and moderate
effects for MDF and pain. Assuming these individuals were deconditioned at baseline, it is not
surprising that adding a day or two of physical activity will produce changes in symptoms.

There were no studies exercising more than three times/week in Bidonde’s review [36] and no
significant results were found by Hauser (results not shown) [41].
Table 3.10. Sub-group analysis: Effect of frequency of training on pain, multidimensional

function and physical function in Hauser [41] and Bidonde [36]. Values presented in SMD [95%
CI] (number of studies included in the analysis).

No
Outcome  studies 1time/week?® 2time/week? 3time/week?
Bidonde MDF 2,0,5,0 -0.34[-0.65, -0.03] N/A -0.64[-0.93, -0.35
Bidonde PF(ST)  1,0,3,0 NS N/A 0.74 [0.31, 1.16]
Bidonde Pain 1140 -0.39[-0.65,-0.12] -0.59[-1.14,-0.04] -0.63[-1.08, -0.17]
Hauser®  Pain 1,2,8,2 NS -0.69[-0.95, -0.27]  -0.35[-0.62, -0.09]

MDF: multidimensional function; PF: physical function; ST: strength; NS = not significant N/A = not applicable
aV/alues expressed as positive/negative following the direction of the measurement tool. In the case of MDF and pain
lower values means improvement, in the PF (ST) higher values means improvement.

bHauser presents study arms; we have estimated the number of studies by dividing that number by half.
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Intensity of the intervention (Table 3.11) was reported by Bidonde [36] and Hauser [41]
using the same units of measurement (%HRmax and self-selection) but applying a different
division. While Hauser [41] divisions were self-selected, very low intensity (i.e. less than 50%
HRmax) and low to moderate intensity (i.e. 50 to 80% HRmax Or what he called more than 50%
HRmax), Bidonde [36] used self-selected and the ACSM’s criteria (i.e. very light less than 57%,
light 57-63%, etc.).

Overall, when the intensity of exercise was self-selected, a small effect for pain with
similar values (and number of studies) was found in Hauser [41] and Bidonde [36]; no
significant results for MDF and PF were reported by Bidonde [36]. Hauser [41] reported no
significant effects for pain when the intensity was set to less than 50% HRmax, and small effects
for pain when the intensity was set more than 50% HRmax; Bidonde [36], however, reported a
moderate effect for pain when the intensity was set very light (less than 57% HRmax) and a large
effect for both moderate (64-76% HRmax) and light to vigorous intensities (57-95% HRmax).
Bidonde [36] reported a large effect on MDF when the intensity was from light to moderate (57-
76% HRmax) and no significant results for intensities set from light to vigorous (57-95% HRmax)
and moderate (64-76% HRmax) (results not shown). In the physical function outcome (strength),
Bidonde [36] reported a large effect when the intensity was set from light to moderate (57- 63%

HRmax) and a moderate effect for moderate intensity (64-76% HRmax).

It should be noted that while interpreting and presenting results regarding intensity,
intensity is typically set in ranges (i.e. from 60 to 80 % HRmax). In this case, we shall assume
participants started at 60% and progressed to 80% through the course of the intervention, but
authors seldom report details of the intensity progression, monitoring results of HR, and/or
whether the participants reached the target intensity.
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Table 3.11. Sub-group analysis: Effects of exercise intensity on pain, multidimensional function
and physical function in Hauser [41] and Bidonde [36]. Values presented in SMD [95% ClI]
(number of studies included in the analysis).

Very light® Light® Moderate® Vigorous®
Outcom  No Self-Selected® <57 HRmax 57-63 HRmax  64-76 HRmax ~ 77-95
e studies HRmax
Bidonde MDF 2,0,2 NS N/A -0.89 [-1.40, -0.38] ‘
MDF 1 NS
MDF 2 | NS
3idonde PF(ST) 1.2 NS ‘ 1.17 [0.39, 1.96]
PF(ST) 2 0.56[0.05,
1.06]
Bidonde Pain 2,1,0,1 -0.41[-0.72, -0.59 [-1.14, -0.82 [-1.53,
-0.10] -0.04] -0.12]
Pain 2 NS
Pain 1 -1.12 [-1.71, -0.54]
Hauser?  Pain 2,1,10 -0.42 [-0.77, NS >50% -0.26 [-0.42, -0.11]
-0.07]

MDF= multidimensional function, PF=physical function, ST = strength, NS = no significant; N/A = not applicable
@Hauser: study presents study arms; we have estimated the number of studies by dividing that number in half.
bValues expressed as positive/negative following the direction of the measurement tool. In the case of MDF and pain
lower values means improvement, in the Physical Function (ST) higher values means improvement.

Bidonde [36] and Hauser [41] carried out subgroup analyses on the effects of exercise
duration (<1000 minutes, 1000 to 2000 minutes, > 3000 minutes) and found that longer
intervention (more than 2000 minutes) yielded the best results in terms of MDF, physical
function and pain (Table 3.12).

Three systematic reviews (Bidonde [36], Hauser [41] and Lima [39]) analyzed the effects
of the intervention by length in weeks (Table 3.13). Hauser [41] and Bidonde [36] had the same
divisions (less than seven weeks, seven to 12 weeks, and more than 12 weeks) while Lima’s [39]
subgroups were set at 4 to 8 weeks, 9 to 20, and more than 20 weeks. Lima’s results [39] were
presented in mean differences; we transformed the data presented in the reviews to standardized
mean differences using RevMan computer software [123] for ease of comparison. Table 3.13
presents the standard mean differences and its magnitude (interpretation) by length of

intervention in weeks.
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Table 3.12. Sub-group analysis: Effect of total duration in minutes of exercise (session/week x
weeks) in minutes on pain, multidimensional function and physical function in Hauser [41] and
Bidonde [36]. Values presented in SMD [95% CI] (number of studies included in the analysis).

Number 1000 to 2000
Outcome  of studies? <1000 minutes minutes > 2000 minutes
Bidonde  MDF 2,2,3 -0.48[-0.91, -0.05] -0.33[-0.64, -0.01] -0.75[-1.12, -0.38]
Bidonde  PF(ST) 20,2 NS N/A 1.04[0.51, 1.57]
Bidonde  Pain 2,23 -0.52[-0.90, -0.13] -0.32[-0.64, -0.00] -0.82[-1.24, -0.41]
Hauser*  Pain 5,44 -0.47[-0.86,-0.08]  -0.36[-0.59,-0.13] NS

MDF = multidimensional function; NS = not statistically significant; N/A = not applicable, PF = physical function;
ST = strength.

aValues expressed as positive/negative following the direction of the measurement tool. In the case of MDF and
pain lower values means improvement, in the PF (ST) higher values means improvement.

® The unit of analysis in Hauser was “study arm”. To estimate the number of studies for Hauser, we have assumed
there were two arms in each study.

Table 3.13. Sub-group analysis: Effect of duration in weeks on multidimensional function,
physical function, and pain in Bidonde [36], Hauser [41], and Lima [39].

Duration  Multidimensional Physical Function Pain
Function
Short
4-8wks - L: NS L: NS
<7 wks B: NS B: NS H: large, -1.16 [-1.86, -0.48]
@)
Medium
7-12wks B:large, -0.82 [-1.28,-0.36] (2)  B:large, 0.93 [0.22, 1.64] (2) H: small, -0.24 [-050, -0.02]
(6)
B: small, -0.49 [-0.84, -0.14]
®)
9-20wks L:NS -- L: NS
Long
12+ wks B: moderate, -0.52 [-0.90, -0.14] B: moderate, 0.63 [0.20, 1.06] (3)  H: small, -0.24 [-0.40, -0.08]
(4) (6)
B: moderate, -0.54 [-0.80, -
0.29] (4)
20+ wks L:moderate, -0.77 [-1.15,-0.39]  L: small, 0.46 [0.04, 0.89] (2) L: NS
©)

Values presented in SMD [95% CI] (hnumber of studies included in the analysis). NS = not statistically significant;
B=Bidonde [36], H=Hauser [41] L=Lima [39]

aV/alues expressed as positive/negative following the direction of the measurement tool. In the case of
multidimensional function and pain lower values means improvement, for strength higher values means
improvement
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PHauser presents study arms; we have estimated the number of studies by dividing that number in half.
¢ Cohen’s categories on magnitude of effect <.2 no effect, .2 to .49 small effect, .5 to .79 moderate effect, > .8 large
effect.

Pain was analyzed by the three authors. Hauser [41] was the only one reporting a large
effect for the short period (one study). Bidonde [36] and Hauser [41] reported small effects for
the seven to12 week period and Lima’s results were not significant in the 8-20 period. While
Hauser [41] has a small effect for those interventions larger than 12 weeks (six studies), Bidonde
[36] reported a moderate effect (four studies) and Lima [39] found no significant results (three

studies). This is quite surprising given that Bidonde [36] and Lima [39] overlap in 14 studies.

As promising as the above sub-group analysis might appear to be, we should be aware
that the analyses were conducted differently and therefore what is presented contains intrinsic
differences. For example, Bidonde [36] indicated the use of change score values in the meta-
analysis; Hauser [41] did not specify what was used by stating that “standardized mean
differences were calculated by means and standard deviations or change scores for each
intervention (pg 3)” and Lima [39] did not specify what was used in their analysis. Despite the
overlap in the number of studies among these three authors, this can explain some of the
discrepancies in the results.

Looking at the classification and grouping of interventions in these reviews, it may be
reasonable to think that by reducing clinical heterogeneity and combining interventions of
similar characteristics, as well as standardizing reporting and outcomes a more defined and
specific knowledge associated to the outcomes under investigation may emerge. Despite the
disparity and variance in the results of the included studies, most findings stress the merits of

exercise training in the management of FM.

3.4 Discussion

To our knowledge this is the first umbrella systematic review in the area of physical
activity and FM. This umbrella systematic review identified 13 reviews of physical activity for
adults with FM. Of these, nine systematic reviews (including 60 RCTs and 3816 participants)
met the selection criteria and were included in the synthesis of best evidence. Given the clinical

and methodological heterogeneity of the reviews, we decided it was inappropriate to combine
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them statistically. Nevertheless, the main finding of our synthesis shows there is substantial and
convincing evidence that exercise training of diverse modes (i.e., aquatic, resistance, aerobic,
mixed physical activity interventions) improves pain, multidimensional and physical function
outcomes for individuals with FM. Conversely, the evidence is inconclusive for new (to FM)
modalities of exercise interventions for FM (i.e. yoga, Pilates, TaiChi) due to paucity of research

in the area and methodological flaws.

Failure to include operational definitions, a weakness of some of these nine reviews,
creates ambiguity regarding the ‘effectiveness’ of the ‘intervention’. Given this weakness and
other methodological limitations (i.e. lack of a priori design, scientific quality used in
formulating conclusions, provision of included and excluded studies), conclusions remain
tentative; there is need for a common classification and description of the interventions. The
evidence suggests that exercising in ‘moderation’ may yield benefits for people with
fibromyalgia. Most interventions had a frequency of three times a week, lasted 31 to 60 minutes,
were performed at an intensity of light to moderate, and had a duration of more than seven
weeks. Sub-group analyses were performed in three reviews with a small number of included
studies. These analyses are very promising as this type of information advances our knowledge
about the specific details of the interventions. Exercise performed with a light to moderate (57 to
76% HRmax) intensity is effective for multidimensional function, physical function and pain.
Very light intensity as well as self-selected intensity had smaller effect sizes but were also
effective. A frequency of three times a week was effective for all outcomes (MDF, PF and pain);
this was true for 2 times a week for pain and one time a week including MDF for interventions.
A pool temperature of 33 to 36 was effective for MDF, PF, and pain. Pain also improved when

exercise was done in water temperatures between 27 and 32 degrees Celsius.

Adverse event reporting is a critical element of RCTs publications as this helps guide the
implementation of new therapeutic approaches in clinical practice. Poor reporting of adverse
events can cause overestimation or underestimation of the effect of an exercise intervention
leading to incomplete or erroneous messages to individuals with FM and their care providers.
Adverse events’ reporting in the FM and exercise area is still weak; the reporting is often
suboptimal and unstandardized. Meanwhile, attrition rates should help to uncover adverse events.

Withdrawals can occur due to life events (e.g. lack of childcare, work related reasons),
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intervention-related events (e.g. injury) or disease specific events (e.g. exacerbations of
symptoms). Important information on adverse events can be gleaned from participants’
withdrawals and reasons often reported by authors. It would be expected that both the control
and intervention group would have withdrawals due to life event and disease-related reasons;
however, the intervention group will also sustain withdrawals for intervention specific reasons.
Thus, the differences between the attrition rates in the control and the intervention groups can be
seen as an indicator or be attributed to adverse events. If this assumption is valid, the differences
between attrition rates could be used as an indication for adverse events. While some authors
reported no differences in attrition between training intervention and comparators [36], others
presented the information in percentages that ranged from 6% to 90% [41-44]. We encourage
researchers (and journals) to adopt a standardized adverse reporting system and apply it to
publications related to exercise interventions for individuals with FM. Adverse event reporting
standards should be established to ensure consistency and provide critical information for
clinicians and decision making professionals to monitor the symptoms and safety of the

interventions.

3.4.1 Methodological Concerns

These nine reviews were published relatively close in time, so predictably we found there
was 48% RCTs overlap among them which means researchers are accessing the same pool of
articles. There were, however, 52% ‘unique’ (or reviewed only by one author) RCTs of which a
great percentage corresponds new (to FM) modalities (i.e. yoga, Pilates, TaiChi). While overlap
can occur at any of the PICO levels (i.e. population, intervention, comparators, outcome) this
review only explored how often a publication was reviewed by authors.

The degree of overlap in the separate reviews is a function of the overlap in the review
questions. Indeed, if two reviews were to have identical questions, one would expect a complete
overlap and lack of congruence would point to flaws in the search and selection process. The
ability to replicate results strengthens our confidence in the results; therefore, one could argue
that in these reviews there is a degree of replication of reviews (represented by the overlap),
despite different methods of critique and analysis. Although each author contributed to the

overall understanding of the field, these overlap shows emerging issues of construct and internal
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validity. Whilst an overlap may be unavoidable, this might raise the question of whether
systematic reviews can be relied upon to reflect the state of the evidence. Also, such discordance
might cause difficulties for decision makers (including clinicians, policymakers, researchers, and
individuals with FM) and loss of trust on systematic reviews. More concerning than the issue of
overlap is that some reviews “double counted” individual studies or failed to distinguish between
the primary publication (the one that reports the results of the primary outcomes) and secondary
publications (where other aspects of randomized trial’s findings are published). We found
evidence for this error in four reviews. In some reviews, a study was double counted thus

distorting the results of the synthesis of results (count of subjects, meta-analysis).

Due to methodological limitations of these reviews and their intrinsic differences we
decided that it was inappropriate to combine the information statistically. Undertaking a meta-
analysis would only be appropriate if participants, interventions, comparisons and outcomes are
judged to be sufficiently similar to ensure answers are clinically meaningful. Some of the
included reviews did not follow or did not present clear and sound principles of combining data
in a meta-analysis. In our view, this reduces the validity, credibility and precision of the
cumulative knowledge on FM and physical activity interventions based on methodologically
different reviews. Transparent and clear review conduct and reporting will result in higher

quality reviews that might facilitate statistically combination of data in the future.

3.4.2 Evidence Based Practice

An important observation refers to confidence in results presented in systematic reviews,
their direct applicability to clinical settings, and their potential to influence evidence based
practice. In 2003, Van Tulder, a member of the editorial board of the Cochrane Back Review
Group, stated, “systematic reviews represent one of the key advances in medical science in the
past 10 years and offer the real opportunity to lead to changes in medical practice worldwide.”
The classification of levels of evidence which are generally accepted designate results of
systematic reviews at the top of the hierarchy of evidence [124]. This umbrella systematic
review found that there has been an increase number of RCTs publications for aquatics, aerobics
and mixed exercise interventions, and new forms of exercise interventions for FM like Qigong,

tai chi, Pilates, etc. Due to the growing number of reviews in this area we were able to confirm
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that there is a need, to synthesise the information in the physical activity and FM field. We find
this growth in reviews to be both timely and logical given the number of RCTs published in the
last decades. Yet, according to our findings, a number of review articles in the area were
medium to low quality. In agreement with Moher [16] we found inconsistency in the quality the
reviews and a significant difference between “Cochrane reviews and non-Cochrane reviews in
the quality of reporting several characteristics.” This is a concern given the preferential status
and degree of influence that SRs have on evidence based decisions in health care. As the number
of individual studies are gathered and presented in review articles, we believe that it is critical for
those who produce systematic reviews to strive for the highest standard of quality; we fear,
otherwise, is type of evidence are a disservice as they will mislead clinicians, clinical guidelines

developers, granting agencies, people with FM, and other relevant decision makers.

Integrating the results from the quality of the evidence to results from the
quantitative/descriptive analysis strengthens the conclusions and recommendations of reviews.
All reviews evaluated and documented the quality of the included studies but only two [36;37]
reminded readers of the quality of the included studies in formulating conclusions. Seven
reviews [38-44] failed to account for sources of potential biases, imprecision, or other
methodological dangers in their conclusions. Furthermore, the use of generic call to action from
researchers in some of the included reviews is problematic. This is represented mostly by an end
phrase such as “future large, long-term, rigorous...studies are needed...” [40] “more studies of
longer duration and better quality are needed....” [42], “further rigorously designed RCTs are
required ...” [38]. Reporting related of areas that need to be addressed will help the research on
FM and physical activity to move forward; clearer and specific directions from

researchers/reviewers are required.

3.4.3 Strengths and Limitations of the study

There are several strengths of this umbrella systematic review. First, we used a
comprehensive search strategy, developed and implemented by a health science librarian as part
of a larger project examining the effectiveness of physical activity interventions for individuals
with FM. Second, duplicate screening and quality assessments were conducted. Third, a
validated instrument (AMSTAR) was used to assess the methodological quality of included

reviews. Fourth, we retrieved data from the reviews as well as primary studies to obtain a broad
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view of the field. Although we only found a small number of systematic reviews (9), we were
able to identify and extract detailed descriptions of interventions from 60 RCTs included in the

reviews.

Clinicians, and individuals with FM, would like to know the optimal features of an
exercise program; unfortunately, given the nature of the research available, we were unable to
make specific recommendations. However, results of sub-group comparisons are promising and
begin to shed some light on exercise parameters (i.e. types, intensities, frequencies of diverse
exercise training modalities) and their relative effectiveness. The number of studies included in
the sub-group analysis is small, so it is possible results do not represent all people with FM and

may need revision as further research accumulates.

When it comes to exercise preferences, we know that one size does not fit all so it is
important to understand effects of different modes of exercise, as well as the effect of the
intervention across sub-groups within those with FM. Factors such as severity of disorder, co-
morbid conditions, and age, as well as variable levels of access to facilities, equipment and/or
instruction in various types of exercise modality may influence the adoption and planning of
exercise interventions. We have provided detailed descriptions of the interventions in this body
of literature. By scrutinizing the details provided and the results of sub-group analyses the
development and provision of more meaningful recommendations for exercise will be possible.
Conclusions could not be made on the basis of statistically significant changes and clinical
differences, which serve as important foundations of evidence base practice. Thus, our lack of
statistical results warrants further reviews carefully considering the interventions (homogeneity

of trials and similarity of interventions) combined in this area.

The main weakness of this umbrella systematic review is that the quality of the data upon
which it relies was not strong. This umbrella review presented information of all eligible
reviews regardless of its quality as assessed using AMSTAR. The pre-existence of high quality
reviews with sufficient uniformity of methods and quality of the evidence is needed for an
umbrella review to be truly useful in making health care treatment and delivery decisions.
Although we believe the information presented is useful, we found, there was insufficient high
quality (reviews) evidence regarding physical activity interventions for adults with FM to be

confident in their estimates. A difficulty in this umbrella review was to present information of
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all eligible systematic reviews regardless of the quality derived from the AMSTAR scores. The
AMSTAR tool used in this review, served to evaluate the quality of the reviews but not without

its challenges. Further development of this or other tools is necessary.

The potential for biases (reviewer bias, information bias) was present in this review.
Every possible effort was made to minimize biases and ensure the validity of our findings. For
example, collaboration with the last two authors (BB & SM) bring objectivity and reliability to
the information provided, an external reviewer was invited to assess first two authors reviews,
last two authors were delegated the task of describing first two authors reviews’ interventions.
Our goal was to present information and results that accurately represent in the effects of
exercise interventions in the target population. It is conceivable that numerous other factors
account for variability in the response to exercise (e.g., baseline physical activity, medications,
motivation, socio-demographics, culture); however, the ability to discriminate what and how
other factors account for the response to exercise was beyond the scope of this project and is
potentially an area for future research.

Although we performed a comprehensive literature search, the selection of reviews was
limited to the past five years and three languages. The databases searched covered non-English
language sources; however the inclusion of further non-English language databases might have
helped to identify additional reviews. There was a review published in German that was not
included, since none of the authors could translate it. Considering the substantial number of new
trials published in this topic over the past few years, it is possible that there are reviews we have
not included. Even though reviews should be updated regularly, new studies are constantly
published, and most reviews are seldom or never updated. Another issue is that all types of
interventions may not be covered by a review, and thus important primary studies/interventions

might be overlooked.

3.4.4 Implications for Research

We have used the EPICOT approach to describing implications for future research [125].
We anticipate that results from this umbrella systematic review will inform researchers, guide

groups and policymakers on the evidence of the effectiveness of physical activity interventions
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in the management of FM. This umbrella review provided the opportunity to inspect not only the
reviews but the studies upon which they were conducted. The recommendations below,

therefore, deal with not only the conduct of reviews but the provisions of exercise interventions.

Evidence: There were limitations regarding the homogeneity of the reviews that
prevented us to meta-analyse the effects of interventions on our outcomes of interest. A better
description of research procedures and training protocols of individual RCTs, is needed in future
research to address all aspects of potential bias more adequately. Reviewers need to be more
explicit about how data has been handled (i.e. SMDs, MDs, change scores, means) and analyzed

to allow comparisons among reviews possible.

Population: The nine reviews included mainly middle-aged women living in developed
countries, which make findings difficult to generalize to other populations and settings while at
the same time brings awareness of the need for studies coming from other parts of the world. If
systematic reviews aim to help policy makers, and practitioners to make informed decisions,

greater focus should be placed on making the sample representative of the population.

Intervention: More detail and standardization in reporting exercise frequency, duration,
intensity, and mode is needed to identify exercise volume more precisely and to determine if the
prescribed exercise protocols meet current recommendations as per ACSM guidelines.
Researchers undertaking exercise interventions are encouraged to describe physical activity and
exercise parameters (i.e. type, intensity, duration) and characteristics of individuals recruited. In
other words the assumptions of homogeneity and similarity of interventions have to be

considered when combining studies to ensure results are valid and clinically relevant.

Comparators: In this review, several comparators were used and sometimes review
authors unintentionally have misguided the readers in their comparisons. Standardization of
what constitute a ‘control’ group or ‘head to head’ comparison, etc. is advised. Clarifying the

particulars about the comparators will increase the potential for valid findings in the area.

Outcomes: As researchers, we must improve documentation of adverse effects (injuries,
exacerbations of fiboromyalgia, and other associated adverse effects). Assessment of adherence
to frequency and intensity of exercise should be an integral part of the results section of all RCTs
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and review articles studying effects of exercise interventions. Further research should aim to
elucidate a dose-response relationship. Formal follow-up periods are needed to assess stability
of responses, as well as consideration to whether people are exercising and at what volume
during follow up. In addition, further work to validate a set of outcome measures for
fibromyalgia research, such as has been initiated by OMERACT, is desirable to allow
comparisons across studies and elucidation of the more effective interventions. Determination of
the minimum clinically important difference and responsiveness of the core measures is also

necessary. Finally, the long term effects of exercise training warrants further consideration.

3.4.5 Implications for practice

The interventions reviewed and combined in the included reviews were oftentimes
clinically diverse. If future systematic reviews are more precise in evaluating clinical
heterogeneity (e.g. specific details of the population and interventions) this may help elucidate
the principles of how and what makes physical activity beneficial for individuals with FM and
better inform clinical practice. Follow ups (post interventions evaluation) of physical activity on
FM were uncommonly found (21/60 studies). The lack of evidence on long term effects of

physical activity warrants further investigation.

Any causal relationship between physical activity interventions and adverse effects is not
substantiated by current evidence. Adverse events have been loosely reported and the message
about harm derived from physical activity for individuals with FM is vague. In agreement with
Hauser [41], we believe the creation of a standardized method of reporting adverse effects is
necessary. Unfavourable events, increase of FM symptoms, or other signs associated with the use

of a particular physical activity intervention need to be systematically documented and reported.

3.5 Conclusion

In conclusion, this umbrella systematic review identified and summarized information
from nine systematic reviews and found positive results for diverse exercise interventions on
pain, multidimensional function, and self-reported physical function and no evidence of positive
results for alternative and complementary physical activity interventions at this point. Adverse

effects reported suggested there was no serious harm performing physical activity for individuals
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with FM. There are however, methodological weaknesses in some of these reviews which

reduce applicability of the research to clinical practice.

Although it appears there are benefits, the lack of specificity prevents us to answer simple
questions that health professionals and individuals with FM may ask regarding which particular
elements and modes of exercise, as well as doses and frequency of delivery can improve the

outcomes of interest.

Finally, the number of review articles is proliferating and thus researchers and reviewers
need to consider the rigor and quality of the information being reviewed. As well, consumers of
these reviews (i.e. clinicians, individuals with FM) should not rely on the findings and

recommendations uncritically.
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APPENDIX 1

Search Strategy Results

Database and Coverage Search Date Number of Number of
references references after
Retrieved Deduplication
Cochrane Library August 15, 2012
Cochrane Reviews Jan 2012 — March 2013 87 83
DARE 21 21
Trials 88 88
Methods Studies 1 1
Technology Assessments 0 0
Economic Evaluations 1 1
Issue 8, 2012
Ovid Medline(R) 2007-2013 August 15, 2012 151 5
Jan 2012 — March 2013
Embase Classic + Embase 2007- August 15, 2012 126 50
2013 Jan 2012 — March 2013
CINAHL 2007-2013 August 15, 2012 22 21
Jan 2012 — March 2013
Web of Knowledge 2007-2013 August 15, 2012 63 54
Jan 2012 — March 2013
PubMed 2007-2013 August 15, 2012 46 46
Jan 2012 — March 2013
Trip database 2007-2013 August 15, 2012 29 28
(www.tripdatabase.com) Jan 2012 — March 2013
AMED (ovid) 2007-2013 August 15, 2012 8 8
Jan 2012 — March 2013
PEDro 2008 — 2013
Dissertation Abstracts (ProQuest)
WHO International Clinical Trials 11
Reqgistry Platform
Totals 665 410
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APPENDIX 2

Primary (P) and Companion (C) studies

P/
Author C Publication Title (English)

Strength training induced adaptations in neuromuscular function of
Hakkinen 2001 [82] P premenopausal women with fibromyalgia: comparison with healthy women.

Effects of strength training on muscle strength, cross-sectional area,

maximal electromyographic activity, and serum hormones in premenopausal
Hakkinen 2002 [83] C  women with fibromyalgia.

Effect of a randomized, controlled trial of exercise on mood and physical
Gowans 2001 [49] P function in individuals with fibromyalgia.

Measuring exercise induced mood changes in fibromyalgia: a comparison of
Gowans 2002 [75] C  several measures.

Six month and one-year follow-up of 23 weeks of aerobic exercise for
Gowans 2004 [76] C individuals with fibromyalgia

Exercise in waist-high warm water decreases pain and improves health-

related quality of life and strength in the lower extremities in women with
Gusi 2006 [77] P FM
Tomas-Carus 2007 [79] C Agquatic training and detraining on fitness and quality of life in FM

The fibromyalgia treatment with physical exercise in warm water reduces
Tomas-Carus 2007 [78] C the impact of the disease (Spanish)

Effects of aquatic training and subsequent detraining on the perception and

intensity of pain and number of sensitive points in women with FM
Tomas-Carus 2007 [80] C  (Spanish)

Exercise in warm water decreases pain and improves cognitive function in
Munguia lzquierdo 2007 [100] P  middle-aged women with fibromyalgia.

Assessment of the effects of aquatic therapy on global symptomatology in

patients with fibromyalgia syndrome: A randomized controlled trial.
Munguia lzquierdo 2008 [101] C

Exercise in warm water decreases pain but not the number of tender points
Tomas-Carus 2007 [112] P in women with FM - an RCT (Spanish)

Cost-utility of an 8-month aquatic training for women with FM: a
Gusi 2008 [111] C randomized controlled trial

Eight Months of Physical training in warm water improves physical and
Tomas-Carus 2008 [113] C  mental health in women with FM: a randomized controlled trial

Improvements of muscle strength predicted benefits in HRQOL and postural

balance in women with fibromyalgia: an 8-month randomized controlled
Tomas-Carus 2009 [114] C trial
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APPENDIX 3
Exercise interventions pooled and/or compared by review author

1. Bidonde review [36]: 16 RCTs, three comparison groups

Included Studies Group 1 Group 2

AQ vs Control

Altan 2004 [58] AQ MX (AE+FX+Relax) Bal

Arcos Carmona 2011 [60] AQ+Land MX (AE + Relax in Control (placebo Magnet
land) therapy)

Gowans 2001-02-04

[49:75:76] AQ AE+Land AE Control (TAU)

Gusi 2006 [77-80] AQ MX (AE+ST) Control

Mannerkorpi 2000 [94] AQ MX (AE+FX) ED

Mannerkorpi 2009[50] AQ MX (AE+ FX +Coord) + ED ED

Munguia lzquierdo 2007 -08

[100;101] AQ MX (AE+ST) Control (FM)

Ifgas “Carus 2007 [111- A Mix (AE+ST) Control

AQ vs Land

de Melo Vitorino 2006 [70]  AQ Mx (AE +ST+ Relax) MX (AE+Relax)

Evcick 2008 [72] AQ MX (AE+FX+Relax) MX (AE+ ST+ FX+ Relax)

Hecker 2011 [84] AQ MX (AE+ FX+ROM) MX (AE+ FX+ ROM)

Jentoff 2001[85] AQ MX (AE+FX+ST) MX (AE+ST+FX)

AQ vs AQ

Calandre 2009 [64] AiChi (Tai Chi in water) AQ FX

de Andrade 2008 [69] AQ AE AQ (AE) SPA
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2.

Busch’s review [37]: five RCTs, three comparison groups

Included Studies Group 1 Group 2 Group 3
RET vs Control

Hakkinen 2001-02 [82;83] RET Fibromyalgia RET Healthy Control
E/laillgallgg? 2004 - 05 RET Fibromyalgia RET Healthy Control
Kayo 2011 [89] RET AE Control
RET vs AE

Bircan 2008 [62] RET AE

Kayo 2011 [89] RET AE Control
RET vs FX

Jones 2002 [86] RET FX

Chan’s review [38]: four RCTs included, data not combined statistically

Included Studies

Group 1 Group 2

Astin 2003 [61]

Qigong and mindfulness Education/support

meditation
Haak 2008 [81] Qigong (Internal and External) Control (waiting list)
Mannerkorpi 2004 [95] Qigong plus body awareness Daily Activities
Stephens 2008 (not adults) Qigong AE

[53]
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4. Hauser review [41] : 35 RCTs included, three comparisons presented in this review

Included Studies Group 1 Group 2 Group3 Group 4
AE vs Control (pain)
Comp (Vib+ MX
Alentorn 2008 [57] MX (AE+ FX+ Relax) (AE+ FX+ Relax)) Control
Altan 2004 [58] AQ MX (AE+FX+ Bal
Relax)
Bircan 2008 [62] AE ST
Comp (Biof+
MX (AE+ST+FX+ Relax+MX Control (ED/
Buckelew 1998 [63] Posture (AE+ST+FX, Biof+Relax .
. . Attention)
+Biomechanics) Posture+

Biomechanics))

Fontaine 2007 [73]

LPA (likely mostly
aerobic)

ED

Gusi 2006 [77-80]

AQ MX (AE+ ST)

Control

Comp Meds+MX

Meds+Placebo (Diet

Placebo med+MX

Control: Placebo

Jones 2008 [87] (AE+ ST+FX+Relax)  recall) (AE+ST+FX+Rel M_ed + placebo
ax) Diet recall
McCain 1988 [97] AE FX
Mengshoel 1992 [98] AE Dance Control
Munguia lzquierdo 2007 -
08 [100:101] AQ MX (AE+ST) Control (FM) Control (Healthy)
Nichols 1994 [102] AE Control
Noregard 1997 [103] AE MX (AE+ FX+ ST) Thermotherapy
AE weekly
Ramsay 2000 [104] AE home program supervised
Rivera Redondo 2004 AQ+Land MX CBT
[106] (AE+ST+FX)
Rooks 2007 [107] MX (AE+FX) MX (AE+ST+EX)  FSHC FSHCYMX(ST+
AE+FX)
Schachter 2003[108] AE long bout AE short bout Control (TAU)
Sencan 2004 [109] AE Meds Control
Ifﬂas' Carus 2007[111- A5 Mx (AE+ST) Control
Valim 2003 [115] AE FX
Van Santen 2002 [119] MX (AE+FX+ST) Biof Control
Wigers 1996 [122] AE SMT Control (TAU)

AE vs Control (multidimensional function)

Comp (Vib+MX

Alentorn 2008 [57] MX (AE+FX+Relax) (AE+EX+Relax) Control
AQ MX
Altan 2004 [58] ( A(\?E+FX+Relax) Bal
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Da Costa 2005[68]

AQ+LD MX (AQ
AE+ Land AE+ST)

Control (TAU)

Etnier 2009 [71]

MX (AE+ST+FX)

Control -Delayed
entry

Fontaine 2007 [73]

LPA (likely mostly
aerobic)

ED

Gowans 2001-02-04
[49;75;76]

AQ AE+Land AE

Control (TAU)

Gusi 2006 [77-80]

AQ MX (AE+ST)

Control

Ide 2008 [51]

AQ Comp (AE+Relax)

Control (Supervised
~PA Recreational
Activities)

Comp Meds+MX

Meds+Placebo (Diet

Placebo med+MX

Control: Placebo

Jones 2008 [87] (AE+ ST+EX+Relax) recall) (AE+ST+FX+Rel M_ed + placebo
ax) Diet recall
. Comp AE (AQ +/or
King 2002 [90] AE (AQ +/or Land) Land)+ED ED Control
Mannerkorpi 2000 [94] AQ MX (AE+FX) ED
Martin 1996 [96] MX (AE+ST+FX) Relax
Munguia lzquierdo 2007-
08 [100:101] AQ MX (ST+AE) Control (FM) Control (Healthy)
Nichols 1994 [102] AE Control
Noregard 1997 [103] AE MX (AE+FX+ST) Thermotherapy
Richards 2002 [105] AE MX (Relax+ FX)
. AQ+Land MX (AE+
Rivera Redondo 2004 [106] ST+ FX) CBT
Rooks 2007[107] MX (AE+FX) MX (AE+ST+EX)  FSHC FSHC+MX(ST+
AE+FX)
Schachter 2003[108] AE long bout AE short bout Control (TAU)
Stephens 2008 (~Adults) AE Qigong
[53]
Ifgas ~Carus 2007 [111- - A X (AE+ST) Control
Valim 2003 [115] AE FX
Valkainen 2008 [118] MX (AE+ST) C (AAU)
van Santen 2002 [119] MX (AE+FX+ST) Biofeedback Control

AE vs Control (physical fitness)

Bircan 2008 [62]

AE

ST

Fontaine 2007 [73]

LPA (likely mostly
aerobic)

ED

Gowans 2001-02-04
[49;75;76]

AQ AE+Land AE

Control (TAU)

Jones 2008 [87]

Comp Meds+MX

(AE+ST+FX+Relax)

Placebo med MX

(AE+ST+FX+Relax)

Meds+Placebo
(Diet recall)

Control: Placebo
Med + placebo
Diet recall
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Comp AE (AQ +/or

King 2002 [90] AE (AQ +/or Land) Land)+ED ED Control
McCain 1988 [97] AE FX
Noreegaard 1997 [103] AE MX (AE+FX+ST) Thermotherapy

. AQ+Land MX
Rivera Redondo 2004 [106] (AE+ST+EX) CBT
Rooks 2007[107] MX (AE+FX) MX (AE+ST+FX)  FSHC isé'ig;')v'x(sn
Schachter 2003[108] AE long bout AE short bout Control (TAU)
Iﬂr]‘as' Carus 2007[111- A Mx (AE+ST) Control
Valim 2003 [115] AE FX
Valkainen 2008[118] MX (AE+ST) Control (AAU)
van Santen 2002 [119] MX (AE+FX+ST) Biof Control
Wigers 1996 [122] AE SMT Control (TAU)

5. Kelley’s review [42]: seven RCTs included, one analysis
Included studies Group 1 Group 2 Group 3 Group 4

AQ+Land MX
Da Costa 2005 [68] (AQ_AE+ Land_AE, Control (TAU)
ST)

Gowans 2001-02-04
[49:75:76] AQ AE+Land AE Control (TAU)
Gusi 2006 [77-80] AQ MX (AE+ST) Control

. Comp AE (AQ
King 2002 [90] AE (AQ +/or Land) ED +/or Land)+ED Control
Kingsley 2005 [54] ST Control

Munguia lzquierdo 2007 —

08 [100;101]

AQ MX (AE+ST)

Control (FM)

Control (Healthy)

Schachter 2003[108]

AE long bout

AE short bout

Control (TAU)
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Lima’s review [39]: 18 RCTs included, three comparison groups

Included Studies

Group 1

Group 2

AQ vs Control

4-8 weeks

Gowans 1999 [74]

Comp (AQ AE+ED)

Control (Wait list)

Gowans 2001-02-04

[49:75:76] AQ AE+Land AE Control (TAU)
AQ vs Control 9-20 weeks

Gowans 2001-02-04

[49:75:76] AQ AE+Land AE Control (TAU)

Gusi 2006 [77-80]

AQ MX (AE+ST)

Control

Munguia lzquierdo 2007 -08
[100;101]

AQ MX (AE+ST)

Control (FM)

Tomas -Carus 2008 [111-114]

AQ MX (AE+ST)

Control

AQ vs Control

20 weeks or more

Gowans 2001-02-04

[49:75:76] AQ AE+Land AE Control (TAU)
Mannerkorpi 2000 [94] AQ MX (AE+FX) ED
Tomas- Carus 2007 [111-114] AQ MX (AE+ST) Control
AQ vs Control / Follow up
. Comp ((AQ-AE+Land-based
Cedraschi 2004 [67] unspec) +Relax +ED) Control
Gusi 2006 [77-80] AQ MX (AE+ST) Control
AQ vs Land
Assis 2006 [52] AQ AE AE

de Melo Vitorino 2006 [70]

AQ MX (AE+ST+Relax)

MX (AE+Relax)

Hecker 2011 [84]

AQ MX (AE+FX+ROM)

MX (AE+FX+ROM)

Jentoff 2001 [85]

AQ MX (AE+ST+FX)

MX (AE+ST+FX)

Evcick 2008 [72]

AQ MX (AE+FX+ Relax)

MX (AE+ST+FX+Relax)

AQ vs Other

Altan 2004 [58] AQ MX (AE+FX+Relax) Bal
(de) Andrade 2008 [69] AQ AE AQ-AE SPA
Calandre 2009 [64] Ai Chi (Tai Chi in water) FX

Ide 2008 [51]

AQ Comp (AE+Relax)

Control (Supervised ~PA rec
activities)

Rivera Redondo 2004 [106]

AQ+LD MX (AE+FX+ST)

CBT

Silva 2008 [110]

AQ MX (AE+FX)

TENS
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7.

Veigh’s review [44]: four/10 RCTs with exercise included

Included Studies Group 1 Group 2

Gowans 2001-02-04 AQ-AE+Land AE Control (TAU)
[49;75;76]

Gusi 2006 [77-80] AQ-MX (AE+ST) Control

Jentoff 2001 [85] AQ-(AE+ST+FX) MX (AE+ST+FX)
Mannerkorpi 2000 [94] AQ-MX (AE+FX) ED

Mist’s review [43]: nine RCTs/17 included studies, four comparison groups

Included studies Group 1 Group 2

Qigon comparison

Qigong and mindfulness

Astin 2003 [61] ED/support

meditation
Haak 2008 [81] Qigong (Internal and External) Control (waiting list)
Liu 2012 [92] Qigong (home program) Control (sham Qigong)
Lynch 2012 [93] Qigong Control (waiting list)
Mannerkorpi 2004 [95] Qigong plus body awareness Daily Activities
Yoga comparison
Carson 2010-12 [65;66] Yoga with mindfulness wait list control
Tai Chi comparison
Jones 2012 [88] 8-form Tai Chi ED
Wang 2010 [121] 10 form Tai Chi control

Other CAM exercises comparison

Control (TAU) + home exercise
Altan 2009 [59] Pilates program
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9. Ramel’s review [40]: 10 RCTs, one comparison

Included Studies Group 1 Group 2 Group 3 Group 4
AQ+Land MX
Da Costa 2005 [68] (AQ_AE, Control (TAU)
Land_AE+ST)
Gusi 2006, Tomas -Carus
2007,2007,2007 [77-80] AQ MX (AE+ST)  Control
Hakkinen 2001-02 [82;83] ST (FM) Control (FM) ST (Healthy)
Comp (MX
Lemstra 2005 [91] AE+FX+ST)+ED+ Control
SMC, Massage)
Mannerkorpi 2000[94] AQ MX (AE+FX) ED
Mengshoel 1992 [98] AE Dance Control
Rooks 2007[107] MX (AE+FX) MX (AE+ST+FX)  FSHC '(:SSTH +C,:A+El\ﬂl>:<X)
Schachter 2003[108] AE long bout AE short bout Control (TAU)
Valkainen 2008 [118] MX (AE+ST) Control (AAU)
Wigers 1996 [122] AE SMT Control (TAU)
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Discussion and Conclusions

4.1 Broad aim and specific objectives

The broad aim of this dissertation was to evaluate the effectiveness of physical activity
interventions for individuals with FM with the aim to contribute to a more complete and
individualized management of the disorder. Given the complexity of FM and the dearth of
research in the area, the specific objectives of this work were formulated considering clinical and
methodological issues of emerging research, as well as health delivery and policy implications.

Many of these factors were reviewed in chapters one, two and three.

The personal suffering for those with FM and the societal burden of FM are evident.
Therefore, the healthcare system has a duty to provide treatment according to the best efficacy
data available to date. This dissertation represents an integrated approach to research that was
developed as a partnership between the researcher, a team of collaborators (including clinicians)
and consumers. Consumers in the team represented the voice, perspective, ideas, interest and
values of patients and users of this information; their participation warranted changes that will
meet other consumer’s interests. Consumers have argued for this research to be relevant and
helped in the dissemination of findings prompting the acceptance of it into non-academic
settings. Thus, the needs and expectations of stakeholders involved in the creation of the
knowledge needed to be considered when planning the objectives, methods and design of the

research.

The objectives of this project were: To synthesize the evidence on the effectiveness of: a)
Aquatic exercise interventions for adults with FM as reported in RCTs, and b) exercise
interventions for adults with FM as reported in systematic reviews. Two approaches were used to
achieve the aforementioned objectives: a (Cochrane) systematic review to address the first

objective and an umbrella systematic review to address the second objective.

4. 2 Principal Findings

4.2.1 Effectiveness of Physical Activity Interventions for Individuals with FM (Chapter 2
& 3)
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Chapter two presented results derived from a Cochrane systematic review aiming to
evaluate the benefits and harms of aquatic exercise training in adults with FM. Sixteen RCTs
(divided into three groups) examined aquatic interventions, with a total of 866 women and 15
men, and 24 outcomes. Meta-analyses, sensitivity analyses and sub-group analyses were
conducted. The quality of the RCTs was evaluated following the Cochrane guidelines and
incorporated into conclusion. Aquatic exercise training was compared to control (9 studies), to
land exercise training (five studies), and two studies compared two types of aquatic
interventions. Low to moderate quality evidence was found to suggest that aquatic exercise
training is beneficial for improving wellness, symptoms and fitness and that no serious adverse
effects result from the intervention. Very low to low quality evidence suggests that there are no
differences in benefits between aquatic and land exercise training except in muscle strength
(evidence favoring land) and sleep (one study favoring aquatic). No adverse effects were
reported. The aquatic vs other aquatic group (sea vs pool and pool vs pool) yielded a small
significant effect on sleep (one study), moderate effect on stiffness (one study) and large effect

on depression (one study).

An evaluation and synthesis of systematic reviews of physical activity interventions for
adults with fibromyalgia (FM) focussing on four outcomes: pain, multidimensional function
(wellness or quality of life), physical function (self- physical function or physical fitness) and
adverse effect were presented in Chapter 3. Nine systematic reviews (60 RCTs with 3816
participants) published from January 2007 to March 2013 were included. Meta-analysis was not
conducted due to the heterogeneity of the sample, however evidence of positive results of diverse
exercise interventions on pain, multidimensional function, and self-reported physical function
were found. The evidence for new to FM interventions remains to be understood. Reported
evidence on adverse effects showed there was no harm performing physical activity for
individuals with FM. The uniqueness of the interventions themselves (the variability of the
programs) in the reviews prevented us from answering important clinical questions to guide
practical decisions about optimal modes and dosages (i.e. frequency, intensity, duration) of
exercise. Finally, the number of review articles is proliferating and thus researchers and
reviewers need to consider the rigor and quality of the information being reviewed and
presented. As well, consumers of these reviews (i.e. clinicians, individuals with FM and policy

makers) should not rely on them uncritically.
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4.3 Overall Strength and Limitations

A strength of the work described in this dissertation relates to the comprehensive
inclusion and analysis of RCTs and reviews, as well as the inclusion of outcomes of interest
recommended by a group of experts in the field of FM formed by clinicians and consumers. This
dissertation has made a contribution to the field of physical activity and FM as a result of sound
design and strong argumentation supported by current and relevant literature. The findings of this
dissertation have elucidated effective physical activity modalities and expand our knowledge of

feasible interventions to include in the management of FM.

Another strength of the work is the researcher was able to conduct meta-analyses which
permitted the inference of the aquatic exercise training intervention effectiveness compared to
control (usual care, wait list, etc.) or a similar intervention carried out on land or water. Although
numbers were small, clearer and more practical results regarding optimal features of exercise

interventions are starting to emerge after conducting sub-group comparisons.

The first manuscript arose from a collaborative relationship with a highly regarded
organization and is undergoing a meticulous peer review and editorial process and, thus,
provides soundness and high quality evidence to consumers and health providers. Equally, the
second manuscript has undergone detailed scrutiny and considered every possible path to avoid
researcher related biases and will be submitted to a peer review journal/process. Consumer
involvement in health care is widely recognized. Consumers (people with fibromyalgia) were
actively involved in the first study and were consulted at all stages of the review and
development of the manuscript. We believe their involvement complemented the perspective of
the authors (clinicians and researchers) resulted in a review that is more relevant, readable and

understandable to other consumers and certainly see their involvement as a strength of this work.

A weakness of this dissertation (or manuscripts) is the limited number of high quality
RCTs and reviews with sufficient uniformity of methods to provide truly useful information and
to produce high quality evidence in the area. Even though some of the conclusions could not be
made on the basis of statistically significant changes or were not clinically significant, results
from this dissertation serve as an important foundation for evidence based practice and warrant

further research in the area. In addition to structured supervised physical activity, other factors
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such as lifestyle, comorbidities, or baseline physical activity information, were not considered in

this dissertation, but may help further the results.

Although physical activity interventions have been shown to have many benefits, the
optimal training protocol for achieving benefits in wellness, symptoms and fitness has yet to be
determined. It is not known if unsupervised individual or home based programs for individuals
with FM would yield the same results as seen in these studies. Although a very comprehensive
search strategy was carried out, most of the studies included in chapters two and three are
European, North and South American in origin. This may represent a portion of the research in
the area available worldwide. Participants in the manuscripts of this dissertation were mostly
middle age women. Variables known to provide information about health inequalities (i.e. race,
ethnicity, culture, religion, socioeconomic status, education) are not always provided, therefore
were not extracted. Thus, our findings are not easily generalized beyond a middle age Caucasian
female population. As health professionals aim towards achieving the highest level of health
possible for all groups, broadening the spectrum of information in the physical activity and FM

will help achieving a desired state of health equity among individuals with this disorder.

Clinical significance speaks of the practical importance of results to consumers
(individuals with the disease) and health care providers. Although not many clinical significant
results were found, this dissertation has set the groundwork for future studies. As well as, this
work was able to point out at gaps in the research. Our results cannot be prescriptive at this
point, but they are strong enough to encourage practitioners to continue recommending

individuals with FM to exercise.

There are limitations in summarizing evidence. Even though reviews should be updated
regularly, new studies are steadily been published, and most reviews are seldom or never
updated. Another issue is that all types of interventions may not be covered by a review, and thus

important primary studies/interventions might be overlooked.

Although this dissertation focused only on the effectiveness of exercise interventions for
individuals with FM, the researcher only used RCTs which is only one type of evidence. To
broaden our understanding, additional research designs should be given consideration; attention

should be given to synthesis of observational studies and/or qualitative studies. This could
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provide data on effectiveness of the interventions over time as well as bring the voice of the
participants to light. Different research designs may be able to identify the individual influence
of other interventions (pharmacologic, complementary) that occur concurrently in multifactorial
complex disorders such as FM. Non-experimental designs such as an observational design might
be able to track the onset and progression of adverse events and the incidence of these adverse
events, as well as the effects of the intervention on major outcomes that affect individual’s
quality of life. Qualitative studies may highlight beliefs and worldviews, the insider experience
of the disorder, understanding of barriers and facilitators of health behaviours such as the
adoption of healthy lifestyle, awareness of access to healthcare and community interventions by
vulnerable groups, insight from participants that will help us understand the reasoning behind

data to date.

Although the most effective physical activity interventions for FM remains unknown,
these nine reviews presented many physical activity options from aquatic, resistance, aerobic to
new intervention modalities for individuals with FM. Although beyond the scope of this review,
there is important information that can be linked to health care cost. From a health care cost
perspective Spaeth [1] showed that a small increase in scores of measurements commonly used
in assessing FM symptoms (i.e. FIQ score from 78.9 to 81.5 — while maximum score is 100 and
higher values mean worsening of symptoms, one point in the Brief Pain Inventory) increases
health care costs. Despite the variability in the results, there was consensus among these reviews
that some of these interventions could lead to improvements in multidimensional function, pain
and physical function, and, thus, considering the limitations of translating this into clinical
practice, the value of physical activity in the management of FM as a cost-effective public health
measure should not be unrecognised. Taking a broader view, based on an abundance of health
science research reviewed to date clearly shows that regular physical activity promotes good
health and helps prevent chronic diseases; these long term health outcomes were not examined in

the reviews included in this umbrella review.

4.3 Implications and Future Directions
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Several implications for further research arise from this dissertation. We have used the

EPICOT approach to describing implications for future research [2].

Evidence: The main role of a non-pharmacological intervention such as physical activity
is to help in the management of the disorder by alleviating or improving wellness, symptoms or
function. Even though the number of studies described and evaluated in this work was relatively
small, the findings of this dissertation will have implications for further research, practice and
policy. The evidence of physical activity effectiveness is growing but not conclusive; further
research is needed to more fully understand potential mechanisms by which improvements
occurred and longer term impacts of the interventions in individuals with FM. As well there are
other benefits associated with physical activity such as helping mental health and mood,
promoting better sleep, controlling weight, helping or reducing risks of other health conditions,

strengthening bones, muscles and preventing falls in older adults, and boost energy [3].

This dissertation presents the first umbrella review in the area of physical activity and
FM, however, it is important to acknowledge that this manuscript has set the stage for future
similar work and illustrates how to advance high quality work in the area. Furthermore, the
Cochrane team with whom the researcher collaborated for the first manuscript is planning an
overview of reviews similar to what is described in this work. As this is an ongoing area of
research, access to high quality reviews with control or comparison groups that allow meta-
analysis of the information is much more desirable. A similar publication to what is presented in
this dissertation, with Cochrane reviews only, would provide much more robust evidence of the

effectiveness of physical activity interventions for individuals with FM.

A major value of this dissertation is its contribution to FM management. The synthesis of
evidence has taken clinician and consumers preferences into consideration, and supports the use
of exercise interventions. If evidence from this dissertation ought to be translated into action
knowledge needs have to be identified, the knowledge would need to be adapted to the local
context, barriers and facilitators identified and also the intervention need to be tailored to specific

barriers for change.

Population: Not surprisingly, most of the participants in this dissertation included women

who were middle age, Caucasian, and living in developed countries. This limits generalization of
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the findings. Other demographic characteristics (family status) settings (general population,

clinical settings) socio-economic status, education, and race were not considered.

It is important to remember that individuals who participated in the studies reviewed in
this dissertation RCTs did so voluntarily; they were self-selected volunteers. This type of
research may attract individuals who believe in the benefits of a physical activity, are involved in
community groups, are or have being involved in physical activities, and are emotionally and
physically willing to go through interventions such as the ones described in this dissertation.
These individuals may differ in important ways from people with FM in general. Last, the
emergence of the new diagnosis criteria proposed by the ACR [4;5] may influence the

demographic characteristics of individuals with FM participating in research in the future.

In Canada, a country with a universal health system, the management of FM is a key
priority as well as the finding of evidence-based strategies to deal with the disorder. Canada, a
country inhabited by individuals from diverse ethnic origins, is proud of its diversity. Findings
from this dissertation invite improvements in research of diverse sub-populations. This will
allow the identification and assessment of the burden of the disorder and lead to successful and

meaningful initiatives for such subgroups.

Intervention: Even when is not possible to give specific parameters for exercise
effectiveness today, it is essential to work towards a better understanding of factors that facilitate
the achievement of desired outcomes among physical activity interventions. Thus, determining
potential ‘characteristics” (such as time living with the disorder or baseline pain levels) may help
to alert clinicians and policy makers to plan optimal care choices that may ultimately yield the
desired outcomes. Sub-group analysis has started to shed light on particular characteristics of the
interventions that may allow sustainability of them. Determining these characteristics will likely

be an important consideration in achieving expected outcomes of an intervention.

Given the limitations of the current research we were unable to present optimal physical
activity intervention features for individuals with FM. Appropriate analysis and interpretation of
information is only possible if the key attributes/information is described. Standardization of
parameters of the interventions, for example, is one area where researchers could have a valuable

contribution and role. Insight into the individual’s achieved and target goals could help our
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understanding of the area as a whole. Furthermore, the information described in this dissertation
could be used as an initial point for the creation of standards or guidelines of the effectiveness of
physical activity interventions for the management for FM. Physical activity includes activity
that ‘contract muscles’ in a light to moderate intensity and is part of daily life like household
(sweeping and cleaning), workplace (lifting boxes, walking or doing stairs), or lifestyle activities
(gardening, carrying a basket of groceries or laundry). These activities are less predictable or
performed routinely, and may not be sufficiently prolonged or intensive and are more difficult to
study, but at a certain threshold, they may be effective in bringing health benefits. Perhaps the
prevalence of FM may be reduced in more physically active groups. Exercise — a specific form
of physical activity — is performed with the intention of acquiring or improving health benefits
and fitness and can be accomplished through activities such as aerobics, strength, flexibility, etc.
Although this dissertation focused on exercise training interventions (activities performed with a
purpose) it will be interesting to understand how physical activity and exercise correlate in the
life of individuals with FM. It may be feasible that by engaging in structured and regular
exercise, day to day activities of daily living may improve. Even though this study does not
present detailed answers to questions about exercise for FM, it does provide reassuring
information for clinicians about effectiveness of some interventions on wellness, MDF, physical

function and adverse events.

Outcomes: This dissertation utilized a series of outcomes recommended by OMERACT
and individuals with FM [6], and designated some as major outcomes (being the most common)
and other ones as minor. Yet the ways outcomes were measured was highly variable which
creates difficulties for combining and reporting them. For example pain, it is commonly assessed
by the visual analog scale (a scale 200mm or 10cm in length and anchored by the extremes of the
characteristics being assessed) but other methods commonly used include short form McGill pain
questionnaire [7], sub-scales of questionnaires like the SF-36 [8], FIQ [9] etc. Detailed
descriptions of outcome measures used in research need to be included and ideally standardized
to facilitate the pooling of the data and assessment of effectiveness of the intervention in a

particular outcome of interest.

It is worth mentioning some of the OMERACT outcomes [6] are scarcely reported in the

literature. Dyscognition was found only in one of the 16 studies included in the first manuscript
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of this dissertation. This is a clear example of a discrepancy between what individuals with FM

believe is significant and what researchers have measured in physical activity RCTs.

Adherence to an intervention is critical for its effectiveness. There is now some evidence
about possible reasons for withdrawal; however, adherence and adverse effects understanding are
important factors to investigate. As research furthers our knowledge about treatment
effectiveness, adherence, withdrawal, and adverse effects need to be reported systematically. A
clearer understanding of adverse effects and how to prevent them, will help us design

interventions addressing specific barriers to achieve expected outcomes.

The researcher hopes findings of this dissertation will be translated and adopted into
clinical practice. As health professionals and researchers, our goal is to provide individuals with
the best care available. However, the (slow) translation of research findings into sustainable
improvements in the clinical settings remains challenging and an obstacle to improving quality
of care. A key to this process is the presence of partnerships or collaboration between the
researcher, clinicians and consumers, as well as health care organizations in the future. These
partnerships strengthen and facilitate discussions on methods, tools and outcomes for achieving
the goal of advancing FM and physical activity clinical research translation and implementation.
They have also helped to accelerate the impact of the research on health care practice by utilizing
different strategies like disseminating knowledge to audiences including practitioners,
individuals with FM, and policymakers through workshops, poster presentations, web
announcements; identifying information important for health care delivery or supporting the
development and refinement of strategies to translate findings of this dissertation into practice.
In conclusion, in an era of health care reform, particularly in the area of primary care services,
exploring and evaluating traditional and emerging physical activity interventions effectiveness
can be of paramount importance for individuals with FM. Researchers must continue to identify
factors associated with effectiveness of the interventions in order to better understand the needs
of the individuals with FM. There has been much discussion in Canada about the need to engage
individuals in physical activity. The results of this dissertation can serve to highlight aspects of

how physical activity is key in the provision of a holistic management of FM.

226



4.4 Reference List

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Spaeth M. Epidemiology, costs, and the economic burden of fibromyalgia. Arthritis
Research & Therapy, 117. 20009.

Brachaniec M, DePaul V, Elliott M, Moor L, Sherwin P. Partnership in action: an
innovative knowledge translation approach to improve outcomes for persons with
fibromyalgia. Physiother Can 2009;61(3):123-7.

Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity: the
evidence. Canadian Medical Association Journal 2006 Mar 14;174(6):801-9.

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, Mease P, et al. The
American College of Rheumatology preliminary diagnostic criteria for fibromyalgia and
measurement of symptom severity. Arthritis Care Res (Hoboken ) 2010 May;62(5):600-
10.

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Hauser W, Katz RS, et al.
Fibromyalgia Criteria and Severity Scales for Clinical and Epidemiological Studies: A
Modification of the ACR Preliminary Diagnostic Criteria for Fibromyalgia. J Rheumatol
2011;38(6):1113-22.

Choy EH, Arnold LM, Clauw DJ, Crofford LJ, Glass JM, Simon LS, et al. Content and
criterion validity of the preliminary core dataset for clinical trials in fibromyalgia
syndrome. J Rheumatol 2009 Oct;36(10):2330-4.

Melzack R. The McGill Pain Questionnaire: major properties and scoring methods. Pain
1975;1(3):277-99.

Ware JE, Snow KK, Kosinski M, Gandek B, New England Medical Center
Hospital.Health Institute. SF-36 health survey: manual and interpretation guide. The
Health Institute, New England Medical Center; 1993.

Burckhardt CS. The Fibromyalgia Impact Questionnaire (FIQ), An Historical and
Methodological Primer. 2006. 2-9-2006.

227



	FrontEnd_August3a
	SecondEnd_July3a

