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A B S T R A C T

Background

Fibromyalgia is characterized by chronic widespread pain that leads to reduced physical function. Exercise training is commonly
recommended as a treatment for management of symptoms. We examined the literature on resistance training for individuals with
fibromyalgia. Resistance training is exercise performed against a progressive resistance with the intention of improving muscle strength,
muscle endurance, muscle power, or a combination of these.

Objectives

To evaluate the benefits and harms of resistance exercise training in adults with fibromyalgia. We compared resistance training versus
control and versus other types of exercise training.

Search methods

We searched nine electronic databases (The Cochrane Library, MEDLINE, EMBASE, CINAHL, PEDro, Dissertation Abstracts, Current
Controlled Trials, World Health Organization (WHO) International Clinical Trials Registry Platform, AMED) and other sources for published
full-text articles. The date of the last search was 5 March 2013. Two review authors independently screened 1856 citations, 766 abstracts
and 156 full-text articles. We included five studies that met our inclusion criteria.

Selection criteria

Selection criteria included: a) randomized clinical trial, b) diagnosis of fibromyalgia based on published criteria, c) adult sample, d) full-text
publication, and e) inclusion of between-group data comparing resistance training versus a control or other physical activity intervention.

Data collection and analysis

Pairs of review authors independently assessed risk of bias and extracted intervention and outcome data. We resolved disagreements
between the two review authors and questions regarding interpretation of study methods by discussion within the pairs or when necessary
the issue was taken to the full team of 11 members. We extracted 21 outcomes of which seven were designated as major outcomes:
multidimensional function, self reported physical function, pain, tenderness, muscle strength, attrition rates, and adverse eCects. We
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evaluated benefits and harms of the interventions using standardized mean diCerences (SMD) or mean diCerences (MD) or risk ratios or Peto
odds ratios and 95% confidence intervals (CI). Where two or more studies provided data for an outcome, we carried out a meta-analysis.

Main results

The literature search yielded 1865 citations with five studies meeting the selection criteria. One of the studies that had three arms
contributed data for two comparisons. In the included studies, there were 219 women participants with fibromyalgia, 95 of whom were
assigned to resistance training programs. Three randomized trials compared 16 to 21 weeks of moderate- to high-intensity resistance
training versus a control group. Two studies compared eight weeks of progressive resistance training (intensity as tolerated) using free
weights or body weight resistance exercise versus aerobic training (ie, progressive treadmill walking, indoor and outdoor walking), and
one study compared 12 weeks of low-intensity resistance training using hand weights (1 to 3 lbs (0.45 to 1.36 kg)) and elastic tubing versus
flexibility exercise (static stretches to major muscle groups).

Statistically significant diCerences (MD; 95% CI) favoring the resistance training interventions over control group(s) were found in
multidimensional function (Fibromyalgia Impact Questionnaire (FIQ) total decreased 16.75 units on a 100-point scale; 95% CI -23.31 to
-10.19), self reported physical function (-6.29 units on a 100-point scale; 95% CI -10.45 to -2.13), pain (-3.3 cm on a 10-cm scale; 95% CI
-6.35 to -0.26), tenderness (-1.84 out of 18 tender points; 95% CI -2.6 to -1.08), and muscle strength (27.32 kg force on bilateral concentric
leg extension; 95% CI 18.28 to 36.36).

DiCerences between the resistance training group(s) and the aerobic training groups were not statistically significant for multidimensional
function (5.48 on a 100-point scale; 95% CI -0.92 to 11.88), self reported physical function (-1.48 units on a 100-point scale; 95% CI -6.69
to 3.74) or tenderness (SMD -0.13; 95% CI -0.55 to 0.30). There was a statistically significant reduction in pain (0.99 cm on a 10-cm scale;
95% CI 0.31 to 1.67) favoring the aerobic groups.

Statistically significant diCerences were found between a resistance training group and a flexibility group favoring the resistance training
group for multidimensional function (-6.49 FIQ units on a 100-point scale; 95% CI -12.57 to -0.41) and pain (-0.88 cm on a 10-cm scale;
95% CI -1.57 to -0.19), but not for tenderness (-0.46 out of 18 tender points; 95% CI -1.56 to 0.64) or strength (4.77 foot pounds torque on
concentric knee extension; 95% CI -2.40 to 11.94). This evidence was classified low quality due to the low number of studies and risk of
bias assessment. There were no statistically significant diCerences in attrition rates between the interventions. In general, adverse eCects
were poorly recorded, but no serious adverse eCects were reported. Assessment of risk of bias was hampered by poor written descriptions
(eg, allocation concealment, blinding of outcome assessors). The lack of a priori protocols and lack of care provider blinding were also
identified as methodologic concerns.

Authors' conclusions

The evidence (rated as low quality) suggested that moderate- and moderate- to high-intensity resistance training improves
multidimensional function, pain, tenderness, and muscle strength in women with fibromyalgia. The evidence (rated as low quality) also
suggested that eight weeks of aerobic exercise was superior to moderate-intensity resistance training for improving pain in women with
fibromyalgia. There was low-quality evidence that 12 weeks of low-intensity resistance training was superior to flexibility exercise training
in women with fibromyalgia for improvements in pain and multidimensional function. There was low-quality evidence that women with
fibromyalgia can safely perform moderate- to high-resistance training.

P L A I N   L A N G U A G E   S U M M A R Y

Resistance training (such as weight-li5ing) for fibromyalgia

Research question

What are the eCects of resistance exercise training for people with fibromyalgia on wellness, symptoms, fitness, and adverse eCects?

Background

What problems does fibromyalgia cause? People with fibromyalgia have chronic, widespread body pain, and oGen have fatigue (feeling
tired), stiCness, depression and problems sleeping.

What is resistance training? Resistance training is exercise that involves liGing weights, or using machines or elastic bands that provide
resistance to movement.

- This review only looked at resistance training programs supervised by a trained professional.

- We compared resistance training to no exercise and to other types of exercise.

Study characteristics

AGer looking for all related studies in March 2013, we found 5 studies with 219 women with fibromyalgia. Ninety-five (95) of these women
did resistance training.

Resistance exercise training for fibromyalgia (Review)
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Only three studies looked at wellness, symptoms, and fitness in 54 women with fibromyalgia who did resistance training and 53 women
with fibromyalgia who did not do resistance training.

The 54 women with fibromyalgia who did resistance training:

- did supervised resistance training sessions using exercise equipment, free weights, and body weight

- exercised 2 to 3 times a week

- exercised for 16 to 21 weeks.

Key results: what happened to women with fibromyalgia who took part in resistance training for 16 to 21 weeks compared to those
who did not do resistance training during this time period?

Overall well-being (multidimensional function) on a scale of 0 to 100 units

Women who did resistance training rated their well-being 25 units better while women who did not do resistance training rated their well-
being 8 units better.

Therefore, women who did resistance training rated their well-being 17 units better at the end of the studies than those who did not do
resistance training.

Physical function (ability to do normal activities) on a scale of 0 to 100 units

Women who did resistance training rated their ability to do normal activities 8 units better while women who did not do resistance training
rated their ability to do normal activities 2 units better.

Therefore, women who did resistance training rated their ability to function 6 units better at the end of the studies than women who did
not do resistance training.

Pain on a scale of 0 to 10 units

Women who did resistance training rated their pain 3.5 units better while women who did not do resistance training rated their pain 1 unit
better.

Therefore, women who did resistance training rated their pain 2.5 units better at the end of the studies than women who did not do
resistance training.

Tenderness estimated by number of points (out of 18) perceived as painful with 4 kilograms of pressure

Women who did resistance training had 4 fewer tender points while women who did not do resistance training had 2 fewer tender points.

Therefore, women who did resistance training had 2 fewer tender points at the end of the studies than women who did not do resistance
training.

Muscle strength

Women who did resistance training could liG 28 kilograms more while women who did not do resistance training could liG 1 kilogram more.

Therefore, women who did resistance training could liG 27 kilograms more at the end of the studies than women who did not do resistance
training.

Dropping out (number of women out of 100 who dropped out of the studies)

Thirteen women who did resistance training dropped out while 4 women who did not do resistance training dropped out.

Therefore, 9 more women out of 100 who did resistance training dropped out of the studies than women who did not do resistance training.

Conclusions

For women with fibromyalgia, resistance training for 16 to 21 weeks likely improves

- ability to do normal activities

- pain, tenderness, muscle strength and overall well-being.

Quality of the evidence

Resistance exercise training for fibromyalgia (Review)
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- Because so few studies have been done so far, more research is likely to change these results.

- While we do not have exact information about side eCects experienced by women with fibromyalgia during the studies, no injuries were
reported.

- We do not know if the results would be the same for men, because only women took part in the studies.

Resistance exercise training for fibromyalgia (Review)
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Summary of findings for the main comparison.   Resistance training compared with control for fibromyalgia

Resistance training compared with control for fibromyalgia

Patient or population: Individuals with fibromyalgia.

Settings: Finland, Brazil.

Intervention: Resistance training - supervised group exercise.

Comparison: Control.

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Resistance training

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Multidimensional func-
tion 
FIQ Total Score.

Scale 0-100 (lower
scores indicate greater
health)
Follow-up: 16 weeks

The mean change
(post minus pre) in
multidimensional
function in the con-
trol group was

-8.16 FIQ units 1

The mean change
(post minus pre) in
multidimensional
function in the inter-
vention group was

-24.91 FIQ units 1

- 60

(1 study2)

⊕⊕⊝⊝

low 3,4
SMD -1.27 (95% CI -1.83 to -0.72)8

Absolute difference5 -16.75 FIQ units
(95% CI -23.31 to -10.19)

Relative per cent change6 26% (95% CI
15.96% to 36.51%) better in exercise

group7

NNTB 2 (95% CI 1 to 3)

Self reported physical
function 
Health Assessment
Questionnaire and SF-36
Physical Function Score

Scale 0-100 (converted
so lower scores indicate
better health)
Follow-up: 16-21 weeks

The mean change
(post minus pre) in
self reported phys-
ical function in the
control groups was

-2.01 units 1

The mean change
(post minus pre) in
self reported phys-
ical function in the
intervention groups
was

-7.67 units 1

- 107

(3 studies2)

⊕⊕⊝⊝

low 9,10
SMD -0.5 (95% CI -0.89 to -0.11) 11

Absolute difference -6.29 units (95% CI
-10.45 to -2.13)

Relative per cent change 14.48% (95%
CI 4.9% to 24.1%) better in exercise
groups

NNTB 5 (95% CI 3 to 22)

Pain 
Visual analog scale

The mean change
(post minus pre) in
pain in the control
groups was

The mean change
(post minus pre) in
pain in the interven-
tion groups was

  81

(2 studies2)

⊕⊕⊝⊝

low 9,10,12
SMD -1.89 (95% CI -3.86 to 0.07)8

Absolute difference -3.33 cm (95% CI
-6.35 to -0.26)
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Scale 0-10 cm (lower
scores indicate less pain)
Follow-up: 16-21 weeks.

-0.99 cm 1 -3.53 cm 1 Relative per cent change 44.6% (95%
CI 3.5% to 85.9%) better in exercise

groups7

NNTB 2 (95% CI 1 to 34)

Tenderness 
Tender point count and
myalgic scores

Scores converted to ten-
der points, 0-18 (lower
scores indicate less ten-
derness)
Follow-up: 16-21 weeks

The mean change
(post minus pre) in
tenderness in the
control groups was
-2.0 tender points
1

The estimated mean
change (post minus
pre) in tenderness
in the intervention
groups was

-3.5 tender points 1

- 107

(3 studies2)

⊕⊕⊝⊝

low 9,10,12
SMD -0.73 (95% CI -1.12 to -0.33)8

Absolute difference -1.84 tender points
(95% CI -2.6 to -1.08).

Relative per cent change 12.8% (95%
CI 7.49 to 18.0%) better in the exercise
groups

NNTB 4 (95% CI 3 to 7)

Muscle strength 
Maximum concentric
leg extension (load mea-
sured in kg).
Follow-up: 21 weeks

The mean change
(post minus pre) in
muscle strength in
control groups was

0.44 kg 1

The mean change
(post minus pre)
in muscle strength
in the intervention
groups was

27.71 kg 1

- 47

(2 studies2)

⊕⊕⊝⊝

low 9,10,12
SMD 1.67 (95% CI 0.98 to 2.35).8

Absolute difference 27.32 kg (95% CI
18.28 to 36.36)

Relative per cent change 25% (95% CI

17% to 33%) better in exercise groups7

NNTB 2 (95% CI 1 to 3)

Adverse effects See comment See comment Not estimable - See comment No complaints of any unusual exer-
cise-induced pain or muscle soreness.
No instances of attrition due to ad-
verse effects (2 studies)

All-cause attrition 
Dropout rates.
Follow-up: 16-21 weeks

39 per 1000 134 per 1000

(95% CI 30 to 439)

RR 3.50 (0.79 to
15.49)

107

(3 studies2)

⊕⊕⊝⊝

low 9
Absolute difference 9% (95% CI -2% to
20%)

Relative per cent change 250% (95% CI
-21% to 1449%)

Not statistically significant

*The basis for the assumed risk (eg, the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

CI: confidence interval; FIQ: Fibromyalgia Impact Questionnaire;NNTB: number needed to treat for an additional beneficial outcome; RR: risk ratio;SF: Short Form;SMD:
standardized mean difference.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
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Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
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.

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

1 Improvement.
2 Only women were studied.
3 Low risk of bias.
4 Evidence based on one small study.
5 Absolute diCerence = mean change in resistance training group(s) minus mean change in control group(s).
6 Relative change = absolute diCerence divided by mean of baseline scores in both groups: (∆eg - ∆cg) / {[(μeg • neg ) + (μcg • ncg )]/ N}.

7 Clinically relevant diCerence (> 15%).
8 Large eCect (SMD > 0.80) favoring the resistance training group(s).
9 At least one study had from incomplete documentation of study methods.
10 Wide confidence intervals.
11Moderate eCect (SMD 0.50 to 0.79) favoring the resistance training group(s).
12 Statistical heterogeneity (I2 > 50%).
 
 

Summary of findings 2.   Resistance training compared with aerobic training for fibromyalgia

Resistance training compared with aerobic training for fibromyalgia

Patient or population: Individuals with fibromyalgia.

Settings: Brazil and Turkey.

Intervention: Resistance training, supervised group exercise.

Comparison: Aerobic training, supervised group exercise.

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Aerobic Training Resistance Training

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments7

Multidimensional func-
tion 
FIQ Total Score. Scale
0-100 (lower scores indi-
cate greater health)
Follow-up: 8 weeks

The mean change
(post minus pre) in
multidimensional
function in the aer-
obic training group
was

-21.33 FIQ units 1

The mean change
(post minus pre) in
multidimensional
function in the resis-
tance training group
was

-15.85 FIQ units 1

- 60

(1 study2)

⊕⊕⊝⊝

low 3,4
SMD 0.43 (95% CI -0.08 to 0.94)6

Absolute difference5 5.48 FIQ units
(95% CI -0.92 to 11.88)

Not statistically significant
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8

Self reported physical
function 
SF-36 Physical Func-
tion Scale. Scale 0-100
(higher scores indicate
greater health)
Follow-up: 8 weeks

The mean change
(pre to post) in self
reported physical
function in the aero-
bic training groups
was

5.81 SF-36 units 1

The mean change
(post minus pre) in
self reported physical
function in the resis-
tance training groups
was

4.54 SF-36 units 1

- 86

(2 studies2)

⊕⊕⊝⊝

low 4
SMD -0.11 (95% CI -0.53 to 0.31). 6

Absolute difference -1.48 SF-36

units (95% CI -6.69 to 3.74)6

Not statistically significant

Pain 
Visual analog scale.
Scale 0-10 cm (lower
scores indicate less pain)
Follow-up: 8 weeks

The mean change
(post minus pre) in
pain in the aerobic
training groups was

-3.57 cm 1,2

The mean change
(post minus pre) in
pain in the resistance
training groups was

-2.7 cm 1

- 86

(2 studies2)

⊕⊕⊝⊝

low 4
SMD 0.53 (95% CI 0.10 to 0.97)8

Absolute difference 0.99 cm (95%
CI 0.31 to 1.67)

Relative per cent change7 12.9%
(95% CI 4.05% to 24.05%) better in
the aerobic training groups

NNTB 5 (95% CI 3 to 24)

Tenderness 
Tender point count and
myalgic scores. Scores
converted to tender
points, 0 to 18 (lower
scores indicate less ten-
derness)
Follow-up: 8 weeks

The mean change
(post minus pre) in
tenderness in the
aerobic training
groups was
-5.15 tender

points1

The mean change
(post minus pre) in
tenderness in the
resistance training
groups was

-4.9 tender points 1

- 86

(2 studies2)

⊕⊕⊝⊝

low 4
SMD -0.13 (95% CI -0.55 to 0.3)6

Absolute difference -0.67 tender
points (95% CI -1.68 to 0.33)

Not statistically significant

Adverse effects See comment See comment Not estimable See comment See comment No "worsening of pain or fear of ex-
ercise-induced pain", "no patient
experienced musculoskeletal in-
jury...during the intervention" (2
studies)

All-cause attrition 
Dropout rates
Follow-up: 8 weeks

89 per 1000 89 per 1000 
(22 to 296)

Peto OR 1 
(0.24 to 4.23)

90

(2 studies2)

⊕⊕⊝⊝
low

Absolute difference 0% (95% CI
-12% to 12%)

Relative per cent change 0%

Not statistically significant

*The basis for the assumed risk (eg, the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; FIQ: Fibromyalgia Impact Questionnaire;OR: odds ratio; RR: risk ratio;SF: Short Form;SMD: standardized mean difference.

GRADE Working Group grades of evidence
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9

High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
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.
Very low quality: We are very uncertain about the estimate.

1 Improvement pretest to post-test.
2 Only women were studied.
3 Evidence derived from one study.
4 Wide confidence intervals.
5 Absolute diCerence = mean change in resistance training group(s) minus mean change in control group(s).
6 Not statistically significant.
7 Relative change = absolute diCerence divided by mean of baseline scores in both groups: (∆eg - ∆cg) / {[(μeg • neg ) + (μcg • ncg )]/ N}.

8 Moderate eCect (SMD 0.5 to 0.79) favoring aerobic exercise.
 
 

Summary of findings 3.   Resistance training compared with flexibility exercise for fibromyalgia

Resistance training compared with flexibility exercise for fibromyalgia

Patient or population: Individuals with fibromyalgia.

Settings: USA.

Intervention: Resistance training.

Comparison: Flexibility exercise.

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Flexibility exercise Resistance training

Relative effect
(95% CI)

No of Partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Multidimensional
function 
FIQ Total. Scale 0-100
(lower scores indicate
greater health)
Follow-up: 12 weeks

The mean change in
multidimensional
function in the flexi-
bility group was

-3.78 FIQ units 1

The mean change in
multidimensional
function in the resis-
tance training group
was

-10.27 units 1

- 56
(1 study)

⊕⊕⊝⊝

low 2, 3
SMD -0.55 (95% CI -1.09 to -0.02) 6

Absolute difference 4 -6.49 FIQ units
(95% CI -12.57 to -0.41)

Relative per cent change5 13.6%
(95% CI 0.9% to 26.4%) better in re-
sistance group

Not statistically significant
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1
0

Pain 
VAS 0-10 cm (lower
scores indicate less
pain)
Follow-up: 12 weeks

The mean change
(post minus pre) in
pain in the flexibility
group was

-1.01 cm 1

The mean change
(post minus pre) in
pain in the resistance
training group was

-1.89 cm 1

- 56
(1 study)

⊕⊕⊝⊝

low 2,3
SMD -0.66 (95% CI -1.2 to -0.12)6

Absolute difference -0.88 cm (95% CI

-1.57 to -0.19)1,2

Relative per cent change 14% (95%
CI 3.0% to 24.8%) better in the resis-
tance group

Not statistically significant

Tenderness 
Tender point count,
scores 0-18 (lower
scores indicate less
tenderness)
Follow-up: 12 weeks

The mean change
in tenderness in the
flexibility group was

-1 tender points 1

The mean change in
tenderness in the re-
sistance training group
was

-1.46 tender points 1

- 56
(1 study)

⊕⊕⊝⊝

low 2,3
SMD -0.22 (95% CI -0.74 to 0.31)7

Absolute difference -0.46 tender
points (95% CI -1.56 to 0.64)

Not statistically significant

Strength 
Maximal isokinetic
strength of nondom-
inant knee extension
measured in foot-

pounds8 
Follow-up: 12 weeks

The mean change in
strength in the flexi-
bility group was

9.7 foot-pounds 1

The mean change in
strength in the resis-
tance training group
was

14.47 foot-pounds 1

- 56
(1 study)

⊕⊕⊝⊝

low 2,3
SMD 0.34 (95% CI -0.18 to 0.87).7

Absolute difference 4.77 foot-
pounds (95% CI -2.40 to 11.94)

Not statistically significant

Adverse effects "No adverse events or injuries during the intervention" but "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" (1 study)

All-cause attrition 
Dropout rates
Follow-up: 12 weeks

214 per 1000 214 per 1000 RR 1.00 (0.37
to 2.73)

56
(1 study)

⊕⊕⊝⊝

low 2,3

Absolute difference 0%

Relative per cent change 0%

Not statistically significant

*The basis for the assumed risk (eg, the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; FIQ: Fibromyalgia Impact Questionnaire; RR: risk ratio; SMD: standardized mean difference; VAS: visual analog scale.

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
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.
Very low quality: We are very uncertain about the estimate.
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1
1

1 Improvement
2 Evidence based on one small study
3 Refer to 'Risk of bias' assessment
4 Absolute diCerence = mean change in resistance training group(s) minus mean change in control group(s).
5 Relative change = absolute diCerence divided by mean of baseline scores in both groups: (∆eg - ∆cg) / {[(μeg • neg ) + (μcg • ncg )]/ N}.

6 Moderate eCect (SMD 0.5 to 0.79) favoring the resistance exercise group.
7 Not statistically significant.
8 A foot-pound is a unit of force used to rotate an object about an axis (1 foot-pound = 1.3558 Newton meters).
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B A C K G R O U N D

Description of the condition

Fibromyalgia is a chronic syndrome marked by widespread
muscular tenderness and pain (Mease 2005; Wolfe 1990). Most
people with fibromyalgia experience concurrent gastrointestinal
(eg, abdominal pain, irritable bowel syndrome) and somatosensory
symptoms (eg, hyperalgesia, allodynia, paresthesias) in addition
to disturbances in sleep, mood, and cognition (Burckhardt
2005; Mease 2005). The myriad of symptoms significantly aCects
quality of life and results in both physical and psychosocial
disability with far-reaching implications for family, employment,
and independence (Burckhardt 1993; Burckhardt 2005; Mease
2005). Moreover, people with fibromyalgia are oGen intolerant
of physical activity and tend to have a sedentary lifestyle that
increases the risk of additional morbidity (Park 2007; RaGery 2009).
Because of the presence of extensive somatic complaints and
disability, people with fibromyalgia have a greater number of
physician visits yearly and more specialists enlisted in their care
(Park 2007).

The prevalence of fibromyalgia in the US has been estimated
at 2% of the population with a greater representation among
females than males (3.4% female to 0.5% male) (Wolfe 1995). The
Canadian statistics are similar to the US wherein the self reported
prevalence of fibromyalgia has been estimated at 1.1% across all
ages, again with female diagnoses outnumbering male diagnoses
(1.83% female to 0.33% male) (McNalley 2006). Prevalence rates
among some European countries (France, Germany, Italy, Portugal,
Spain) are estimated to range between 1.4% (France) and 3.7%
(Italy) with fibromyalgia diagnoses being twice as common in
females (Branco 2010). However, similar to other rheumatologic
conditions, the prevalence of fibromyalgia in China is substantially
lower than in Western countries at about 0.05% (Zeng 2008).

To date, there is no definitive etiology or pathophysiology for
fibromyalgia. However, current evidence supports the model
of central amplification of pain perception that is both
developed and maintained by a variety of factors influencing
neurotransmitter and neurohormone dysregulation (Bennett 1999;
Clauw 2011; Desmeules 2003). Based on this theory, treatment
and management of fibromyalgia requires multiple modalities
and an integrative multidisciplinary approach that includes
pharmacologic and other therapies (eg, exercise, cognitive therapy,
relaxation, education) (Bernardy 2013; Birse 2012; Burckhardt 2005;
Carville 2008; Häuser 2013; Moore 2012; Seidel 2013; Tort 2012;
Williams 2012).

Until recently, the standard for diagnosing fibromyalgia has been
the American College of Rheumatology (ACR) 1990 criteria (Wolfe
1990). According to this method, a diagnosis of fibromyalgia is
appropriate when a person has experienced widespread pain
lasting more than three months and pain can be elicited at 11 of 18
specific tender points (TP) on the body using 4-kg tactile pressure.
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 fibromyalgia related to sleep, mood,
cognition, and physical function (Mease 2005; Mease 2009).

A newer preliminary diagnostic tool also shows promise in
improving upon current ACR standards and eliminates the need
for the physical TP exam (Wolfe 2010). This measure, the ACR

2010 criteria, includes a Widespread Pain Index (WPI, 19 areas
representing the anterior and posterior axis and limbs) and a
Symptom Severity scale (SS, 0 to 12 scale) containing items
related to secondary symptoms such as fatigue, sleep disturbances,
cognition, and somatic complaints. Scores on both measures
are used to determine whether a person qualifies with a 'case
definition' of fibromyalgia. An individual is classified as having
fibromyalgia when a) WPI > 7 and the SS > 5, or b) WPI = 3 to 6
and SS > 9. This tool has been found to classify 88.1% of cases that
meet ACR criteria correctly, and it allows for ongoing monitoring of
symptom change in people with current or previous fibromyalgia
diagnoses (Wolfe 2010). Although the measures focusing on TP
counts have been widely applied in clinic and research settings, the
method described by Wolfe 2010 shows promise to classify people
with fibromyalgia more eCiciently while allowing for improved
monitoring of disease status over time. Wolfe and colleagues
have further developed the ACR 2010 criteria by eliminating the
physicians's estimate of the extent of somatic symptoms and
substituting the sum of three specific self reported symptoms
(Wolfe 2011).

Description of the intervention

This review focuses on resistance-training-only interventions
(hereaGer referred to as resistance training), which has been found
to have numerous benefits including increased muscle strength,
muscle endurance, and muscle power in healthy individuals
throughout the lifespan (ACSM 2009b; Chodzko-Zajko 2009;
Faigenbaum 2009; Nelson 2007). Resistance training may be
especially important to protect individuals against the loss of lean
body mass and subsequent impairments and activity limitations
that occur with aging (Chodzko-Zajko 2009; Nelson 2007). In
addition, parameters such as balance, coordination, speed, and
agility may also be enhanced with this form of training (ACSM
2009b; Asikainen 2004).

Resistance training is frequently administered concurrently with
other types of exercise training (aerobic and flexibility training);
we only selected studies describing resistance-training-only
interventions. All types of resistance training (ie, prescriptions that
target muscle strength, endurance, power, or a combination of
these) were included in this review. The intensity and duration
needed to produce adaptations depend on a variety of factors
including the fitness level of the individual starting a resistance
training intervention and the desired adaptation; typically
neuromuscular resistance training adaptations are apparent by
12 weeks or less in healthy novices. By definition, training
interventions include a progressive component; as the body adapts
to a given stimulus, an increase in the stimulus is required for
further adaptations and improvements. Thus, if the load or volume
is not increased over time, progress will be limited.

The resistance load can be applied using various types of
equipment (eg, free weights, elastic bands/tubing, weight
machines), or simply by using the weight of a body segment
or segments against gravity to provide resistance. Training for
improvements in strength (ie, the ability to produce force), typically
involves prescription of higher loads (eg, 60% to 70% of one
repetition maximum (RM, see Table 1 - Glossary) for novices, 80% to
100% of 1 RM for more advanced individuals) and fewer repetitions
(8 to 12 repetitions for novices and six repetitions or fewer for
individuals accustomed to training) (ACSM 2009b; Garber 2011;
Appendix 1). In comparison, for muscle endurance (ie, the ability to

Resistance exercise training for fibromyalgia (Review)
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produce force repetitively), training involves relatively light loads
(40% to 60% of 1 RM) and greater repetitions (15 or more). Training
to improve muscle power (ie, the ability to produce force quickly)
involves exercise using light-to-moderate loads (60% or less of 1
RM) over one to six repetitions with high movement velocities.

How the intervention might work

Although the precise etiology of fibromyalgia is not known, physical
deconditioning is believed to play a role in the susceptibility
to fibromyalgia. People with fibromyalgia typically present with
reduced muscular strength and endurance, which is accompanied
by greater levels of muscle fatigue compared with healthy
sedentary women (Kingsley 2009). This may contribute to the
substantial level of physical disability noted in fibromyalgia
(Hawley 1991; RaGery 2009).  Improved muscular performance
(strength, endurance, and power), coordination, and posture are
recognized benefits of regular resistance training (ACSM 2009b),
and can enhance a person's ability to perform daily activities and
counteract disability.

Several researchers have described metabolic findings in muscle
tissue from individuals with fibromyalgia that are consistent
with physical deconditioning (Bengtsson 1986a; Bengtsson 1986b;
Bennett 1989; Elvin 2006; Jubrias 1994; Lund 1986; Park 1998).
Deconditioning could be linked to the etiology of fibromyalgia by
increasing an individual's vulnerability to microtrauma during daily
exposure to mechanical strain related to posture or physical activity
(Smythe 1981). The metabolic adaptations induced by resistance
training that have been observed in healthy individuals (Costill
1979; Deschenes 2002; Holloszy 1984), may normalize some of
these findings (Mizelle 2011), thus contributing to improvements
in pain. Therefore, exercise may contribute to a reduction in
pain through improving resilience to the process of muscle
microtrauma, repair, and adaptation during exercise. Resistance
exercise also aCects pain in healthy individuals. Koltyn 1998 has
demonstrated a transient increase in pain threshold (ie, lower pain
ratings) immediately aGer one bout of resistance exercise in healthy
individuals and Knutzen 2007 reported that progressive resistance
training may reduce pain in older adults.

Other adaptations to long-term resistance training include
decreased cortisol response to stress (Braith 2006), along with
decreased anxiety, depression, and insomnia in clinical depression
(Brosse 2002; Dunn 2001; King 1997; Singh 1997). Singh 1997
speculated that the improvements in depression may be due to the
eCects that exercise has on "the hormonal milieu, neurotransmitter
levels and sympathetic and parasympathetic nervous system
activity". If indeed, resistance training can normalize the response
to stress, and reduce pain perception, anxiety, depression and
insomnia, this would be valuable for individuals with fibromyalgia.

Exercise training, including resistance training that is being
examined in this review, should be considered not only for disorder-
specific eCects but also from the perspective of whether training
aCects overall health. Muscle strengthening activity is important
in preventing age-related loss of muscle mass, bone, and physical
function (Chodzko-Zajko 2009; Nelson 2007). Some research also
suggests that in the general population, muscle strength and
power capabilities are predictive of all-cause and cardiovascular
mortality, independent of an individual's aerobic fitness level
(Braith 2006; FitzerGerald 2004; Katzmarzyk 2002). Therefore,
individuals with fibromyalgia may improve their overall health and

reduce risks associated with other chronic diseases by engaging in
resistance training on a regular basis.

Why it is important to do this review

It is important to evaluate whether resistance training has
beneficial eCects on fibromyalgia symptoms and whether
resistance training will result in neuromuscular adaptations seen
in healthy individuals. It is also important to document what
harms may be associated with resistance training interventions
in people with fibromyalgia and to determine whether resistance
training should be recommended as a safe, eCective component
of fibromyalgia management. It is also important to evaluate
whether resistance training is more or less eCective than other
types of exercise training. Some researchers have suggested that
resistance training may be feared by individuals with fibromyalgia
(van Koulil 2007), and that special care may be needed to avoid
delayed-onset muscle soreness (DOMS) when designing exercise
protocols in this population (Jones 2002). In addition to reporting
on injuries and other adverse events, this review will report on
attrition rates and adherence to training protocols as these may
indicate the acceptability of this form of intervention for individuals
with fibromyalgia.

O B J E C T I V E S

To evaluate the benefits and harms of resistance training in adults
with fibromyalgia.
Specific comparisons that were assessed in this review included:

• resistance training versus control conditions (eg, treatment as
usual, wait list control, physical activity as usual);

• resistance training versus other physical activity intervention.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We selected randomized clinical trials (RCT) that compared a
resistance training intervention versus another exercise training
protocol, versus an untreated control, or versus a non-exercise
intervention. We included studies if the words randomly, random
or randomization were used to describe the method of assignment
of subjects to groups (see protocol: Busch 2001a).

Types of participants

We included studies that examined adults with fibromyalgia in the
review. We selected those studies that used published criteria for
the diagnosis of fibromyalgia (Smythe 1981; Yunus 1981; Yunus
1982; Yunus 1984; Wolfe 1990). Although some diCerences exist
between the diagnostic criteria, for the purpose of this review all
were considered acceptable and comparable.

Types of interventions

Intervention: We defined resistance training as exercise performed
against a progressive resistance on a minimum of two days
per week (on nonconsecutive days) with the intention of
improving muscle strength, muscle endurance, muscle power or
a combination of these. We did not set a specific minimum
intervention duration. We placed no restriction on the type of
equipment used to produce the load; included studies could
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use a variety of equipment for resistance training including free
weights, elastic bands or tubing, and exercise machines, as well as
calisthenics that use the weight of a body segment or segments
moving against gravity as the load for the exercise.

Comparators: We were interested in comparisons in three
categories: a) untreated control conditions (treatment as usual,
activity as usual, wait list control, and placebo), b) other types of
exercise or physical activity interventions (eg, aerobic, flexibility),
and c) other resistance training interventions (head-to-head
comparisons).

Types of outcome measures

Until recently, there was no consensus on outcomes to guide
research on the eCectiveness of interventions for fibromyalgia. In
2004, a group of clinicians and researchers under the auspices
of the Outcome Measures in Rheumatoid Arthritis Clinical Trials
(OMERACT) initiative, set about to improve outcome measurement
in fibromyalgia through a data-driven interactive consensus
process used previously for other rheumatic diseases (Mease
2009). Over the course of the next five years, patient focus
groups (Arnold 2008), patient and clinician Delphi exercises
(Mease 2008), a systematic literature review and analysis of
outcomes used in fibromyalgia intervention trials (Carville 2008a),
and analyses of psychometric properties of outcomes (ie, face,
construct, content and criterion validity in fibromyalgia) (Choy
2009a), were conducted. Based on these eCorts, OMERACT has
recommended the following core set of outcomes for inclusion
in all fibromyalgia clinical trials: pain, fatigue, multidimensional
function, tenderness, and quality of sleep (Choy 2009b; Mease
2009). OMERACT designated two additional outcomes, depression
and dyscognition, as important but not core, and placed anxiety,
morning stiCness, imaging, and biomarkers on the agenda for
further research (Choy 2009b).

In this review, we have extracted data for 24 outcomes, which
include all the outcomes considered important by OMERACT (Choy
2009b). We categorized the 24 outcomes into four main categories:
wellness, fibromyalgia symptoms, physical fitness, and safety and
acceptability.

• In the wellness category, we extracted six outcomes:
multidimensional function, patient rated global, clinician rated
global, self-reported physical function, self-regulation eCicacy,
and mental health.

• In the symptom category of outcomes, we extracted
data for eight symptoms experienced by individuals with
fibromyalgia: pain, fatigue, sleep disturbance, stiCness,
tenderness, depression, anxiety, and dyscognition.

• In the physical fitness category, we extracted eight outcomes
associated with physiologic adaptation to exercise training:
muscle strength, muscle endurance, muscle power, muscle/
joint flexibility, muscle fiber activation, muscle size, maximum
cardiorespiratory function, and submaximal cardiorespiratory
function.

• The final category of outcomes was conceptualized as safety
and acceptance of resistance training. This category consisted
of one outcome associated with possible harms - injuries,
exacerbations of fibromyalgia or other adverse eCects; while
another outcome - attrition rates, served as a proxy for lack of
acceptability of resistance training.

1. 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
array of tasks or characteristics to yield one summary score (eg,
Short Form - 36 items (SF-36)), and single-item tests on which the
respondent is asked to rate their status in an area of health using
one item (eg, a visual analog scale (VAS) on which the respondent
places a mark on a 10-cm line between worst health at one end and
best health at the other).

• Multidimensional function - The outcome multidimensional
function consisted of multidimensional indices used to measure
general health status or health-related quality of life, or both.
Similar to Choy 2009b, we collapsed measures to measure
general health status or health-related quality of life (or
both) into one outcome.  When included studies used more
than one instrument to measure multidimensional function,
we preferentially extracted data for Fibromyalgia Impact
Questionnaire - Total (FIQ-total), followed by the SF-36 total, the
SF-12 total, the EuroQol-5D, the Arthritics Impact Measurement
Scales total (AIMS total), the Quality of Life Scale, and the Illness
Intrusiveness questionnaire.

• Self reported physical function - Self reported physical
function focuses the basic actions and complex activities
considered "essential for maintaining independence, and those
considered discretionary that are not required for independent
living, but may have an impact on quality of life" (Painter
1999). We classified this outcome in the wellness category of
outcomes because it is dependent on several factors (physical,
sensory, environmental, and behavioral factors) (Painter 1999),
and as a self report measure, represents the impact of
these multiple factors on the individual's ability to meet
the physical demands of daily life. Because cardiorespiratory
fitness; neuromuscular attributes such as muscular strength,
endurance, and power; and muscle and joint flexibility are
important determinants of physical function, this outcome is
highly relevant as an outcome of exercise interventions. We
preferentially extracted data for the FIQ (English or translated)
physical impairment scale followed by the Health Assessment
Questionnaire (HAQ) disability scale, the SF-36/Rand 36 Physical
Function; the Sickness Impact Profile - Physical Disability, and
the Multidimensional Pain Inventory household chores scale.

• Patient-rated global - Patients' rating of global well-being are
commonly assessed by Likert or VAS. They are highly sensitive
to change (Choy 2009a; Mease 2009), and appear to be reliable.
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;
and self perceived health status - numeric rating scale.

• Clinician rated global - Global assessments of disease severity
by physicians and other health professionals using a Likert or
VAS are commonly used clinical settings. We used clinician-rated
disease severity (VAS).

• Self eGicacy - We used self eCicacy-physical function.
Instruments found in this review were: the Arthritis Self-ECicacy
Scale (Lorig 1989), the chronic Pain Self-ECicacy (Anderson
1995), the Fibromyalgia Attitudes Index (Callahan 1988), and the
Freiburg Mindfulness Inventory (Buchheld 2001).
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• Mental health - The US 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" (www.medicinenet.com/
mental_health_psychology/page2.htm). In focus groups
conducted by Arnold 2008, participants reported that their
physical and emotional ability to complete tasks of daily living
was severely limited by fibromyalgia because of pain, lack of
energy, fatigue, and depression. Participants also expressed
feelings of embarrassment, frustration, guilt, isolation, and
shame. We used: SF-36/Rand 36 Mental Health; psychosocial
scale (Sickness Impact Profile); Global Severity Index of the
Symptom Checklist 90 - revised (SCL-90-R); Profile Mood States
(POMS); Psychological General Well-being (PGWB) total score.

2. Outcomes representing fibromyalgia symptoms

This category of outcomes includes nine symptoms associated with
fibromyalgia.

• 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" (Merskey 1994). 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 one study, we preferentially extracted: pain VAS (FIQ Pain,
FIQ-Translated, McGill pain VAS, current pain) followed by the
Numerical Pain Rating Scale, the SF-36/Rand 36 Bodily Pain
scale, and the Pain Severity scale of the Multidimensional Pain
Inventory.

• Tenderness - Tenderness was defined as discomfort produced
as an evoked response to mechanical pressure (Dadabhoy 2008;
Gracely 2003). Although there are concerns that measures of
tenderness can be biased by cognitive and emotional aspects
of pain perception, many studies have supported the utility
of measurement of tenderness in fibromyalgia using either TP
counts or pain pressure threshold (Dadabhoy 2008). A TP is
identified when pressure of 4 kg is perceived as painful. 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
six of the 18 ACR TPs) and the total myalgic score (sum/mean of
ordinal rating of response to thumb pressure across 18 TPs).

• Fatigue - Fatigue is recognized by individuals with fibromyalgia
and clinicians alike as an important symptom in fibromyalgia.
Fatigue can be measured in a global manner as when an
individual rates their fatigue on a single-item scale, or as a
multidimensional tool that breaks the experience of fatigue
down 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
(Boomershine 2012). We accepted both unidimensional and
multidimensional measures for this outcome. When included
studies used more than one instrument to measure fatigue,
we preferentially extracted the fatigue VAS (FIQ/FIQ-Translated
Fatigue, or single-item fatigue VAS), followed by the SF-36/Rand
36 Vitality subscale, the Chalder Fatigue Scale (total), the Fatigue
Severity Scale and the Multidimensional Fatigue Inventory.

• Sleep disturbance - Sleep problems are almost universal in
fibromyalgia, occurring in 95% of people (Boomershine 2012).

Measurement of sleep disturbance is challenging and there has
been a lack of consensus on the most valid measures (Choy
2009a; Choy 2009b). When included studies used more than
one instrument to measure sleep, we preferentially extracted
the Pittsburg Sleep Quality Index followed by the Sleep Quality
VAS, Sleep Quantity: nights/week, hour/night, hours of good-to-
disturbed sleep, and the Hamilton Depression Sleep Items.

• StiGness - In focus groups conducted by Arnold 2008,
individuals with fibromyalgia "...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 stiCness". The only measure we encountered for stiCness was
the FIQ stiCness VAS.

• Depression - Depression is a common mental disorder
characterized by 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 (WHO 2012). In focus groups
conducted by Arnold 2008, the emotional disturbances most
commonly experienced by participants with fibromyalgia
included depression and anxiety. A complete understanding
of depression and how best to assess it in fibromyalgia
trials is still uncertain and is an active research issue (Mease
2009). However, because people with significant depression are
commonly excluded from fibromyalgia intervention studies, the
discriminatory power of these instruments is underestimated
(Choy 2009b). We preferentially extracted Beck Depression
Inventory (BDI) Cognitive/ACective subscale scores followed by
BDI total, BDI without fibromyalgia Symptoms; Beck Depression
Scale, short form translated SF; Hamilton Depression Scale;
Center for Epidemiologic Studies-Depression (CES-D) FIQ/FIQ
translated - depression; Mental Health Inventory subscale
depression; AIMS - depression subscale; Hospital Anxiety and
Depression Q-depression; Symptom Checklist 90 - depression;
and the PGWB depression score.

• Anxiety - Anxiety is a feeling of apprehension
and fear characterized by physical symptoms such
as palpitations, sweating, irritability, and feelings of
stress (www.medicinenet.com/anxiety/article.htm). Some
participants in OMERACT focus groups exploring key symptoms
in fibromyalgia reported that acute anxiety and panic were
disruptive to activities that they were trying to complete
(Choy 2009b). We preferentially extracted data for anxiety using
the anxiety scale of the AIMS, followed by the State Anxiety
Inventory; the Hospital Anxiety and Depression Q-anxiety; the
Beck Anxiety Inventory; the Mental Health Inventory anxiety
subscale; the SC-90 - anxiety scale; PGWB anxiety score; and the
FIQ anxiety scale.

• Dyscognition - Dyscognition pertains to diCiculty with cognitive
tasks especially memory and thought processes. Although
this outcome was identified as important as an outcome
on fibromyalgia trials by OMERACT (Choy 2009b), it is rarely
measured in studies of physical activity interventions for
individuals with fibromyalgia.
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3. Outcomes representing physical fitness/neuromuscular
adaptation

This category consisting of eight outcomes is associated with
physiologic adaptation to exercise training. There are several
facets to physical fitness including: cardiovascular endurance, body
composition, muscle strength, muscle endurance, flexibility, agility,
coordination, balance, power, reaction time, and speed  (ACSM
2009a). Given the nature of the intervention, outcomes reflecting
physical fitness are highly relevant.

• Muscle strength - Muscular strength is a measure of a muscle's
ability to generate force. It is generally expressed as maximal
voluntary contraction (MVC) for isometric measurements and as
the 1RM for dynamic isotonic measurements (Howley 2001), and
peak torque for isokinetic measurements. For the purpose of this
review, when more than one measure of strength was reported
we preferentially extracted dynamic tests over isometric tests,
lower limb over upper limb tests, and contraction of extensor
muscles over flexor muscles.

• Muscle endurance - Muscular endurance is the ability of a
muscle group to exert submaximal force for extended periods;
it can be assessed for static or dynamic muscular contractions
(Heyward 2010). 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 tests or fatigue curve), followed
by lower extremity static endurance including fatigue curve,
number of squats performed in 60 seconds, fatigue index (the
ratio of mean power in last five repetitions to the mean power
in first five 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 rate of doing muscle work (Trew 2005). Power is
the product of force (torque) and speed of movement [power =
(force x distance)/time] (ACSM 2009b). For the purpose of this
review, 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
three repetitions doing squats).

• Muscle/joint flexibility - Flexibility is the ability of a joint
or a series of joints to move fluidly through its complete
range of motion (ROM) (Heyward 2010). It is important in the
ability to carry out activities of daily living. Flexibility depends
on several specific variables, including joint geometry, and
the distensibility of the joint capsule, ligaments, tendon, and
muscles spanning the joint (Heyward 2010). Flexibility is joint
specific, so no single test can evaluate total body flexibility. For
the purpose of this review, the following were used: sit and
reach test, forward reach test, and ROM measures (when there
were multiple ROM measures we took the first measure in the
researcher's data table).

• Muscle fiber activation - Muscle fiber activation (recruitment)
occurs progressively; the level of activation is related to
the degree of eCort required (Sale 1987). For this review,
we extracted data from electromyographic recordings during
isometric contractions of lower extremity contractions.

• Muscle size - One eCect of strength training is an increase
in the size of the muscle tissue. Muscle size and strength are

oGen positively correlated. The increase in size of the muscle
(also known as exercise-induced hypertrophy) results from
an increase in the total amount of contractile proteins, the
number and size of myofibrils per fiber amount of connective
tissue surrounding the muscle fibers (Heyward 2010). For this

review, we extracted data on cross-sectional area (cm2) of the
quadriceps muscle.

• Maximum cardiorespiratory function - Cardiorespiratory
endurance is the ability of the heart, lungs and circulatory
system to supply oxygen and nutrients to working muscles
eCiciently. Rhythmic, aerobic-type exercises involving large
muscle groups are recommended for improving cardiovascular

fitness. Maximal oxygen uptake (VO2 max) is accepted as the best
criterion to measure cardiorespiratory fitness. Maximal oxygen
uptake is the product of the maximal cardiac output (liters of
blood/minute) and arterial-venous oxygen diCerence (milliliters
O2/liter of blood). Maximal tests have the disadvantage of

requiring the participant to exercise to the point of volitional
fatigue and oGen require medical supervision and emergency
equipment. For this reason, maximal exercise testing is not
always feasible in health and fitness settings. For this review, we
preferentially extracted data from maximal or symptom-limited
treadmill or cycle ergometer tests in units of milliters/kilogram/
minute, energy expended, peak workload or test duration. We
also accepted data from exercise tests that yielded predicted
maximum oxygen uptake.

• Submaximal cardiorespiratory function - Measuring VO2 max
requires expensive laboratory equipment and considerable
amounts of time as well as a high level of motivation on the
part of the participant. Submaximal tests to predict or estimate

VO2 max are similar except that they are terminated at some
predetermined point (usually based on heart rate intensity or
perceived exertion). Assumptions associated with submaximal
exercise testing include: a) a steady-state heart rate is reached
at each exercise intensity, and there is a linear relationship
between heart rate, oxygen uptake and work intensity; b) the
mechanical eCiciency on the cycle or treadmill is constant for
all individuals; and c) the maximum heart rate for participants
of a given age is similar (Heyward 1998). In this review, we
preferentially extracted data from work completed at a specified
exercise heart rate (eg, PWC170 test), followed by distance
walked in six minutes (meters), the two-minute walk test
(meters), walking time for a set distance (seconds), anaerobic
threshold test, and timed walking distance (eg, Quarter Mile
Walk Test).

Major outcomes

We designated seven of the 24 outcomes as major outcomes:

• multidimensional function (wellness);

• self reported physical function (wellness);

• pain (symptoms);

• tenderness (symptoms);

• muscle strength (fitness);

• attrition rates;

• adverse eCects (injuries, exacerbations of pain and other
symptoms, other adverse events).
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Minor outcomes

We designated the 17 remaining outcomes as minor outcomes.
There were four wellness outcomes, six symptom outcomes, and
seven physical fitness outcomes.

Minor wellness outcomes:

• patient-rated global;

• mental health;

• self eCicacy;

• clinician-rated (single-item instrument).

Minor symptom outcomes:

• fatigue;

• sleep disturbance;

• stiCness;

• depression;

• anxiety;

• dyscognition.

Minor physical fitness outcomes:

• muscle endurance;

• muscle power;

• muscle fiber activation (EMG);

• muscle size (cross-sectional area of muscle);

• maximum cardiorespiratory function;

• submaximal cardiorespiratory function;

• muscle/joint flexibility.

Search methods for identification of studies

Interventions in this review are part of a comprehensive search
for all physical activity interventions. The citations found in the
electronic searches were screened and then classified by type
of exercise training (eg, aerobic, resistance, flexibility and yoga,
aquatic exercise, mixed exercise and composite interventions, and
innovative exercise interventions).

Electronic searches

We searched the following databases from database inception to
5 March 2013 using current methods outlined in Chapter 6 of
the Cochrane Handbook for Systematic Reviews of Interventions
(Lefebvre 2011). We applied no language restrictions. Full search
strategies for each database are found in the appendices as
indicated in the list.

• MEDLINE (Ovid) 1946 to 5 March 2013 (Appendix 2);

• EMBASE (Ovid) EMBASE Classic + EMBASE 1947 to 4 March 2013
(Appendix 3);

• The Cochrane Library 2013 Issue 2
(www.thecochranelibrary.com/view/0/index.html) (Appendix
4):
◦ Cochrane Database of Systematic Reviews;

◦ Database of Abstracts of Reviews of ECects (DARE);

◦ Cochrane Central Register of Controlled Trials (CENTRAL);

◦ Health Technology Assessment Database (HTA);

◦ NHS Economic Evaluation Database (EED).

• CINAHL (EBSCO) 1982 to 5 March 2013 (Appendix 5);

• PEDro (www.pedro.org.au/), accessed 5 March 2013 (Appendix
6);

• Dissertation Abstracts (Proquest), accessed 5 March 2013
(Appendix 7);

• Current Controlled Trials, accessed 5 March 2013 (Appendix 8);

• World Health Organization (WHO) International Clinical Trials
Registry Platform (www.who.int/ictrp/), accessed 5 March 2013
(Appendix 9);

• AMED (Allied and Complementary Medicine) (Ovid) 1985 to
February 2013 (accessed 5 March 2013) (Appendix 10).

Searching other resources

Two review authors independently searched reference lists from
key journals, identified articles, meta-analyses and reviews of all
types of treatment for fibromyalgia with all promising or potential
references scrutinized and appropriate titles added to the search
output.

Data collection and analysis

Review team

The review team was made up of 11 members, including two
consumers, and one librarian, and nine review authors. Review
authors came from the following backgrounds: physical therapy,
kinesiology, and dietetics. Review authors 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) to extract data. The team
met monthly to discuss progress, to clarify procedures, and to
make decisions regarding inclusion/exclusion and classification of
outcome variables and to work collaboratively in the production of
this review.

Selection of studies

Two review authors independently examined the titles and
reviewed abstracts of studies generated from searches using a set
of criteria (see Appendix 11 - Screening and Classification Criteria
- Level 1 and Level 2). We retrieved full-text publications for all
potential abstracts. We translated the methods and results sections
for all non-English reports. Two review authors then independently
examined the full-text reports and translations to determine if
the study met the selection criteria (see Appendix 11 - Screening
and Classification Criteria - Level 3). We resolved disagreements
and questions regarding interpretation of inclusion criteria by
discussion with partners unless the pair agreed to take the issue to
the team.

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. AGer the data were extracted,
the review authors reviewed the data together and reached a
consensus. We frequently encountered questions regarding the
acceptability of outcome measures used in the studies; we referred
these questions to the team for resolution if not solved with
partners.
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Assessment of risk of bias in included studies

We followed the procedure to assess bias recommended in the
Cochrane Handbook for Systematic Reviews of Interventions. 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 (Higgins 2011c). 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 risk of bias, high risk of bias or
unclear risk of bias (either lack of information or uncertainty over
the potential for bias). In a consensus meeting, we discussed and
resolved disagreements among the review authors. If we could not

reach consensus, we referred the issue to the review team who
made the final decision. Due to the nature of the intervention,
blinding of study participants and care providers is very diCicult.

Measures of treatment eGect

The outcome measures of interest were most oGen presented
as continuous data with pre-test means, post-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 for Systematic Reviews of
Interventions (Figure 1). We used Review Manager 5 (RevMan 2012)
analysis soGware to (1) calculate eCect sizes in the form of mean
diCerences (MD), standardized mean diCerences (SMD) and 95%
confidence intervals (CI) for continuous outcomes; risk ratios (RR)
and Peto odds ratio (OR) and 95% CI for dichotomous outcomes,
and (2) generate forest plots to display the results.

 

Figure 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 2011c).

 
Unit of analysis issues

This review of RCTs included studies with two or more parallel
groups. We preferentially used data (mean change scores) from
intention-to-treat analysis, so that the number of observations
in the analyses matched the number of individuals that were
randomized. However, in some cases, the researchers presented
data for completers only, in which case, the number of individuals
whose data were analyzed was less than the number of individuals
that were randomized. In trials with three arms, if the control group
was used as a comparator twice within the same analysis, we
halved the sample size of the control group.

Dealing with missing data

When numerical data were missing, we contacted the authors of
studies, requesting additional data required for analysis. When data
were available only in graphic form, we used Engauge version.
4.1 (Mitchell 2002), to extrapolate means and standard deviations
by digitizing data points on the graphs. When unavailable, we
calculated the standard deviations of the change scores using the
formulae in Higgins 2011c (see Figure 1). The correlation between
baseline and end of study measurements was estimated at 0.8.

We contacted authors using open-ended questions to obtain the
information needed to assess risk of bias or the treatment eCect
(Bircan 2008; Hakkinen 2001; Jones 2002).

Assessment of reporting biases

We found too few studies to assess reporting bias.

Data synthesis

When two or more sets of data were available for the same
outcome, we used the Review Manager analyses to pool the data
(meta-analysis, fixed-eCect model) (RevMan 2012). In order to

carry out meta-analysis, we performed transformation of the point
estimates of outcomes: a) to express results in the same units
(eg, centimeters were transformed to millimeters), or b) to resolve
diCerences 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). To evaluate the magnitude of the eCect, we used Cohen's
guidelines (small eCect = 0.2 to 0.49, moderate eCect = 0.5 to 0.79,
large eCect > 0.79) (Cohen 1988).

Subgroup analysis and investigation of heterogeneity

We found too few studies to conduct subgroup analysis. We
assessed statistical heterogeneity among the trials using the

heterogeneity statistics (Chi2 test and I2 statistic). We considered

P values < 0.10 or I2 > 50% to be indicative of significant

heterogeneity. Where P value < 0.10 or I2 > 50% (or both), we used
a random-eCects model instead of the fixed-eCect model for meta-
analysis. In addition, in the case of statistical heterogeneity, we
scrutinized the studies for sources of clinical heterogeneity and
methodologic diCerences.

Sensitivity analysis

We found too few studies to conduct sensitivity analysis.

'Summary of findings' tables

We used Grade-Pro (version 3.6) (Schünermann 2009) to prepare
'Summary of findings' tables with the seven major outcomes for
each of the three comparisons - resistance training versus control,
resistance training versus aerobic training, and resistance training
versus flexibility exercise. In the 'Summary of findings' tables, we
integrated analysis concerning the quality of evidence and the
magnitude of eCect of the interventions. We applied the GRADE
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Working Group grades of evidence, which considers the risk of bias
and the body of literature to rate quality into one of four levels.

• High quality: Further research is very unlikely to change our
confidence in the estimate of eCect.

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

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

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

Quality ratings were made separately for each of the seven major
outcomes. Because of the comprehensive nature of the outcome
variable - 'multidimensional function', we gave it primacy over
all the other variables and chose it as the variable to highlight
in the 'Summary of findings' table and the lay summary. We
carried out calculations based on the guidelines of the Cochrane
Musculoskeletal Review Group.

When we found statistically significant results, we calculated
numbers needed to treat for an additional beneficial outcome
(NNTB) and for an additional harmful outcome (NNTH). We also
evaluated the clinical relevance of the eCects in major outcomes
by calculating the absolute and relative diCerence in change from
a pooled baseline in the intervention group as compared with the
change from a pooled baseline in the control or comparison group.
We calculated the pooled baseline as follows:

Pooled baseline = (X1 pren1 + X2 pre n2) / (n1 + n2)

Relative diCerence (%) = MD/pooled baseline

where the MD was calculated by Review Manager (RevMan 2012),
X1 pre and X2 pre are the pre-test means in the experimental and

the control groups, respectively, and n1 and n2 are the number of

participants in the experimental and control groups, respectively.
In keeping with the practice of the Philadelphia Panel, we used 15%
as the level for clinical relevance (Philadelphia 2001).

R E S U L T S

Description of studies

Results of the search

The search resulted in 1856 citations. We excluded 1090
studies on citation screening and 605 studies based on abstract
screening (see Figure 2). On examination of full-text articles, we
excluded 58 studies because they did not meet the selection
criteria related to: a) diagnosis of fibromyalgia (five studies), b)
physical activity intervention (10 studies), c) study design (34
studies), or d) outcomes (nine studies). Ninety-eight research
publications described 84 RCTs with physical activity interventions
for individuals with fibromyalgia. We screened the 84 RCTs to
identify studies that compared interventions that were exclusively
resistance training interventions versus control groups or other
interventions with the result that an additional 79 trials were
screened out (see Table 2). Five additional studies are awaiting
classification.
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Figure 2.   Study flow diagram (note: a Discrepancy between the number of articles and studies denotes that
multiple papers have described the same study).
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Figure 2.   (Continued)

 
Included studies

Seven research publications met our selection criteria and were
included for analysis (Bircan 2008; Hakkinen 2001 (Primary);
Hakkinen 2002 (Secondary); Jones 2002; Kayo 2011; Valkeinen
2004 (Primary); Valkeinen 2005 (Secondary)). As Hakkinen 2002
(Secondary) reported on additional variables from the Hakkinen
2001 (Primary) study, the two reports were counted as one study
for analysis (hereaGer both reports are identified as Hakkinen
2001). Likewise, Valkeinen 2005 (Secondary) reported on additional
variables to the Valkeinen 2004 (Primary) study and this pair was
also counted as one study (hereaGer both reports are identified
as Valkeinen 2004).  Thus, although there were seven separate
publications, there were only five included studies. In total, there
were 241 participants in the included studies and of these, there
were 219 women with fibromyalgia (note: two studies, Hakkinen
2001 and Valkeinen 2004, had comparison groups consisting of
healthy women). One hundred and sixty-six of the 219 women
with fibromyalgia were assigned to exercise interventions: 95 to
resistance training, 43 to aerobic training, and 28 to flexibility
training. We were hampered by missing data pertaining to

characteristics of the study, assessment of risk of bias, assessment
of exercise interventions, outcome data, or a combination of these,
in all included studies. We requested additional information from
all authors and received responses to our queries from four of the
five authors (Bircan 2008; Hakkinen 2001; Jones 2002; Kayo 2011).

Excluded studies

Following screening of citations and abstracts, we excluded 106
studies based on examination of full-text reports.  We based
exclusions on unmet criteria (44 studies) related to: a) diagnosis
(seven studies), b) study design (26 studies), c) intervention (five
studies), d) lack parallel data (six studies) (see Characteristics of
excluded studies), and e) duplicate studies identified progressively
across multiple searches (62 studies).

Risk of bias in included studies

Results of the risk of bias assessment are provided in the
Characteristics of included studies table and in Figure 3 and Figure
4.
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Figure 3.   Risk of bias summary: review authors' judgments about each risk of bias item for each included study.
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Figure 4.   Risk of bias graph: review authors' judgments about each risk of bias item presented as percentages
across all included studies.

 
Allocation

Four of the five included studies used an acceptable method of
random sequence generation (computer-generated sequence, coin
toss, drawing of cards or lots) and were rated low risk (Bircan
2008; Jones 2002; Kayo 2011; Valkeinen 2004). Although two
studies (Bircan 2008; Kayo 2011) used opaque sealed envelopes
to conceal allocation and were rated as low risk, the remaining
three included studies were rated as unclear risk as they did not
provide suCicient information to determine allocation methods
and whether treatment allocation was concealed.

Blinding

No specific information regarding blinding of the care provider or
participants was provided in any of the included studies; however,
in exercise studies, blinding of participants and care providers
is very rare. Performance and detection bias were rated as high
risk for the five studies. Two studies blinded outcome assessors
to participant group assignment (Jones 2002; Kayo 2011), one
study did not (Bircan 2008), and the other included studies did not
provide specific information about blinding of outcome assessors:
the studies were rated as low (Jones 2002; Kayo 2011), high (Bircan
2008), and unclear risk (Hakkinen 2001; Valkeinen 2004).

Incomplete outcome data

Three studies were rated as low risk related to incomplete outcome
data; two studies had no dropouts (Hakkinen 2001; Valkeinen
2004), and one study used an intention-to-treat analysis (Kayo
2011). There was insuCicient information provided by Jones 2002
to determine whether incomplete outcome data were adequately
addressed. Missing outcome data were balanced in numbers across
intervention groups, with similar reasons for missing data across
groups, suggesting low risk of bias in Bircan 2008. Attrition rates
were reported to be 18% (6/34 participants) in Jones 2002 and 13%
(2/15 participants) in Bircan 2008.

Selective reporting

It was diCicult to assess selective reporting bias because a priori
research protocols were not available for any of the reviewed
studies. Three studies were rated as having a high risk of selective
reporting because some of the reported outcome measures were
not prespecified and point/variability estimates were not provided
for all outcomes (Hakkinen 2001; Kayo 2011; Valkeinen 2004).
Another study was also rated as high risk because it compared
the eCects of resistance training and aerobic training yet did not
evaluate results for muscle strength, muscle endurance, or muscle
power (Bircan 2008).

Other potential sources of bias

The studies appear to be free of other serious potential sources
of bias. Only one of the included studies reported diCerences
between intervention groups at baseline that could have biased
final results; Kayo 2011 reported a significantly longer disease
duration in the control group. Kayo 2011 included the greatest
number of participants (analyzed 30 per group). Small sample
sizes are associated with low power and it is possible that
detection of treatment eCects were missed. Poor adherence is
also a potential source of bias in exercise studies. Two studies
reported attendance at organized exercise sessions (Bircan 2008;
Jones 2002), but none of the included 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 training actually
performed by participants. Overall, we rated the risk due to other
sources as low.

EGects of interventions

See: Summary of findings for the main comparison Resistance
training compared with control for fibromyalgia; Summary of
findings 2 Resistance training compared with aerobic training
for fibromyalgia; Summary of findings 3 Resistance training
compared with flexibility exercise for fibromyalgia
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All studies but one (Kayo 2011) used the end of the intervention
as the final data collection point. None of the interventions
extended beyond 21 weeks. Kayo 2011 measured the eCects of
physical activity midway through the intervention (eight weeks),
immediately following the intervention (16 weeks) and followed
study participants for an additional period of 12 weeks aGer the
supervised intervention concluded. The results related to eCects
of the interventions have been grouped below to correspond to
objectives of the review.

Resistance training versus control

Two of the three studies that compared resistance training versus
control were very similar in structure - both studies (Hakkinen
2001; Valkeinen 2004) described 21-week resistance training
interventions that were congruent with American College of Sports
Medicine (ACSM) guidelines (Garber 2011). Both studies had three
arms: a) women with fibromyalgia carrying out the resistance
training intervention, b) women with fibromyalgia in a control
group, and c) healthy women carrying out resistance the training
intervention. Both studies used similar resistance machines and
intensities (moderate- to high-intensity levels). Sample sizes for
the fibromyalgia exercise group, the fibromyalgia control group,
and the healthy control group were 11, 10, and 12, respectively, in
Hakkinen 2001; and 13, 13, and 11, respectively, in Valkeinen 2004.
The fibromyalgia control group in Valkeinen 2004 continued with
their normal medication and daily activities; however, Hakkinen
2001 did not describe the fibromyalgia control group conditions
with respect to medications or activity. A key diCerence between
the two studies was age of the study participants - in Hakkinen 2001
the participants were premenopausal women, while Valkeinen
2004 studied older women (mean age of participants in the exercise
group was 60.2 ± 2.5 years). The results of the comparisons of the
fibromyalgia training groups and the fibromyalgia control groups
will be considered in this section.

The third study, Kayo 2011, compared three 16-week interventions:
a resistance training group who used body weight against gravity
and free weights as resistance with exercise load and intensity
increased every two weeks to tolerance (n = 30), an aerobic exercise
group who did moderate-intensity indoor and outdoor walking (n
= 30), and an untreated control group (n = 30). Outcomes were
measured at baseline, eight weeks, 16 weeks (post-intervention),
and 28 weeks (follow-up). The results of the comparison between
the resistance training group and the control group at 16 weeks will
be considered in this section.

Hakkinen 2001 provided data for five major outcomes (self reported
physical function, pain, tenderness, muscle strength, and attrition),
and seven minor outcomes (patient-rated global, fatigue, sleep,
depression, muscle power, muscle size and muscle activation).
Valkeinen 2004 presented data on five major outcomes (self
reported physical function, tenderness, muscle strength, adverse
eCects, and attrition) and two minor outcomes (muscle size and
muscle activation). In their published report, Kayo 2011 provided
data for four major outcomes (multidimensional function, pain,
adverse eCects, and attrition), but upon request, they supplied
data for two additional major outcomes (self reported physical
function and tenderness). Kayo 2011 provided data for two minor
outcomes (mental health and fatigue). Kayo 2011 was the only
study to include a follow-up point aGer the resistance training
protocol was completed (12 weeks). Thus, meta-analyses were
carried out on five major outcomes (self reported physical function,

pain, tenderness, muscle strength, and attrition) and three minor
outcomes (fatigue, muscle size, and muscle activation) and were
restricted to postintervention analysis only.

Major outcomes: Among the major outcomes, large eCects (SMD >
0.79) favoring resistance training were found for multidimensional
function (MD -16.75 FIQ units on a 100-point scale, 95% CI -23.31
to -10.19, 1 study, 60 of 60 participants analyzed, Analysis 1.1),
pain (MD -3.30 cm on 10-cm VAS, 95% CI -6.35 to -0.26, 2 studies,
81 participants, Analysis 1.3), and muscle strength (MD 27.32 kg,
95% CI 18.28 to 36.36, 2 studies, 47 of 47 participants analyzed,
Analysis 1.5); while a moderate eCects favoring resistance training
were found in self reported physical function (MD -6.29 less on 100-
point scale, 95% CI -10.45 to -2.13, 3 studies, 107 of 107 participants
analyzed, Analysis 1.2) and tenderness (MD -1.84 out of 18 TPs, 95%
CI -2.6 to -1.08, 3 studies, 107 of 107 participants analyzed, Analysis
1.4). Relative to the control groups these represented incremental
improvements of 26% in multidimensional function, 15.9% in self
reported physical function, 44.6% in pain, 12.6% in tenderness, and
25% in muscle strength in the resistance groups.

Only two of the three studies provided information on adverse
eCects of resistance training (eg, injuries, exacerbations or other
adverse eCects related to exercise). Valkeinen 2004 reported, "aGer
the initial phase of training, the patients did not complain of
any unusual exercise-induced pain or muscle soreness" (page
227). Although Kayo 2011 expected to find "worsening of pain or
fear of exercise-induced pain", they reported that no instances
of attrition due to adverse eCects were observed during the
study. While Hakkinen 2001 did not report on adverse eCects, the
lack of dropouts among the women who undertook this high-
intensity resistance exercise regimen suggests that individuals with
fibromyalgia can tolerate resistance training exercise. All-cause
attrition rates for the resistance groups (n1/N1) versus control
groups (n2/N2) were 0/11 versus 0/10 (Hakkinen 2001), 0/13 versus
0/13 (Valkeinen 2004), and 7/30 versus 2/30 (Kayo 2011). The pooled
RR for attrition in the intervention groups compared with the
control groups at the end of the intervention was 3.50 (95% CI 0.79
to 15.49).

Minor outcomes: Large eCects favoring resistance training were
found for several minor outcomes: patient-rated global well-being
(MD -40.00 mm on a 100-mm scale, 95% CI -54.31 to -25.69, relative
diCerence 91%, 1 study, 21 of 21 participants analyzed, Analysis
1.7), fatigue (MD -14.66 on a 100-unit scale, 95% CI -20.55 to
-8.77, relative diCerence 22.4%, 2 studies, 81 of 81 participants
analyzed, Analysis 1.6), depression (MD -3.70, 95% CI -6.37 to -1.03,
relative diCerence 57%, 1 study, 21 participants of 21 analyzed,
Analysis 1.9), muscle power (MD 2 cm higher on a squat jump, 95%
CI 1 to 3, relative diCerence 12%, 1 study, 21 of 21 participants
analyzed, Analysis 1.10), and muscle activation (MD 40.92 μVs
more on integrated EMG, 95% CI 33.5 to 48.34, relative diCerence
35.2%, 2 studies, 47 of 47 participants analyzed, Analysis 1.13).
No diCerences were found in mental health (Analysis 1.8), sleep
(Analysis 1.11), or muscle size (Analysis 1.12). Although the SMD for
muscle size was 0.48, due to the high variability in these data, this
was not statistically significant.

Regarding eCects on fitness, Valkeinen 2004 stated that their results
"clearly show changes in fitness and the trainability of muscles" in
people with fibromyalgia. In addition, Hakkinen 2001 and Valkeinen
2004 found no diCerences in magnitude and timing of adaptations
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of the neuromuscular system to strength training during the 21-
week resistance training program in women with fibromyalgia
compared with healthy women performing the same routine. The
researchers also found a similar response in systemic growth
hormone levels during an acute bout of exercise in participants with
fibromyalgia and healthy controls.

Quality of evidence: These data indicate that resistance training
has positive eCects on wellness, symptoms, and physical fitness
without serious adverse eCects, but due to the limited number
of studies, the paucity of study participants, and the risk of
bias findings for these studies, this evidence is categorized as
low-quality evidence (see Summary of findings for the main
comparison).

Long-term eGects: Kayo 2011 was the only study to investigate
retention of eCects following the intervention. Kayo 2011 did not
report any details about the activities of the participants during the
follow-up period. They found that diCerences favoring resistance
training in multidimensional function (MD -10.67 on a 100-point
scale, 95% CI -17.88 to -3.46), fatigue (MD -9.11 on a 100-point scale,
95% CI -16.18 to -2.04), and pain (MD -0.85 cm on 10-cm scale, 95%
CI -1.77 to 0.07) were retained at week 28 (12 weeks aGer end of
intervention). No diCerences were found at follow-up in tenderness
(MD -1.92 tenderness rating, 95% CI -7.06 to 3.22), self reported
physical function (MD 1.00 on a 100-point scale, 95% CI -5.04 to 7.04)
or mental health (MD 0.54 on a 100-point scale, 95% CI -7.01 to 8.09).

Resistance training versus aerobic training

Bircan 2008 compared the eCects of eight weeks of resistance
training (n = 13) involving free weights and body weight resistance
to major muscle groups versus aerobic interventions (n = 13,
treadmill walking). Both the aerobic training group and resistance
training groups met three times per week. Women in the aerobic
group walked on a treadmill for 20 to 30 minutes each session
at 60% to 70% of predicted maximum heart rate, while those
in the resistance training group used body segment loads, free
weights, or both to perform exercises, progressing from four to
five repetitions to 12 repetitions over the course of the program.
Attendance was not reported to be a problem with participants
attending all supervised exercise sessions over the eight-week
program. Kayo 2011 compared the eCects of resistance training
(n = 30, free weights and body weight resistance to major muscle
groups) versus aerobic training (n = 30, indoor and outdoor walking)
at eight weeks (mid-test), 16 weeks (post-test), and 26 weeks (12
weeks aGer the conclusion of the intervention).

Since both Bircan 2008 and Kayo 2011 provided data at eight
weeks, we used eight-week data in our assessment of resistance
versus aerobic training. Bircan 2008 provided data for five
major outcome measures: self reported physical function, pain,
tenderness, adverse eCects, and attrition; and six minor outcome
measures: mental health, fatigue, sleep, depression, anxiety, and
cardiorespiratory submaximal. Kayo 2011 provided data for six
major outcomes: multidimensional function, self reported physical
function, pain, tenderness, adverse eCects, and attrition; and two
minor outcomes: mental health and fatigue. Thus, meta-analyses
were carried out on four major outcomes (self reported physical
function, pain, tenderness, and attrition) and two minor outcomes
(fatigue and mental health). Kayo 2011 included a follow-up point
aGer the exercise training protocols were completed (12 weeks).

Major outcomes: Our analyses showed a moderate diCerence
between resistance and aerobic training favoring aerobic training
for pain (MD 0.99 cm on a 10-cm VAS, 95% CI 0.31 to 1.67,
relative diCerence 12.94%, 2 studies, 86 of 90 participants analyzed,
Analysis 2.3). No significant diCerences were found between the
resistance training interventions and the aerobic interventions for
multidimensional function measured by FIQ total (MD 5.48 on a 100-
point scale, 95% CI -0.92 to 11.88, 1 study, 60 of 60 participants
analyzed, Analysis 2.1), self reported physical function measured by
SF-36 Physical Function Scale (MD -1.48 on a 100-point scale, 95% CI
-6.69 to 3.74, 2 studies, 86 of 90 participants analyzed, Analysis 2.2)
or tenderness measured using TP counts and myalgic scores (SMD
-0.13, 95% CI -0.55 to 0.30, 2 studies, 86 of 90 participants analyzed,
Analysis 2.4).

Although Kayo 2011 expected to find "worsening of pain or fear of
exercise-induced pain", they reported that no instances of attrition
due to adverse eCects were observed during the study. Likewise,
Bircan 2008 stated, "no patient experienced musculoskeletal
injury...during the intervention" (page 529). All-cause attrition-
rates for the resistance training groups (n1/N1) versus aerobic
training groups (n2/N2) in the included studies were: 2/15 versus
2/16 (Bircan 2008) and 7/30 versus 8/30 (Kayo 2011) to yield a Peto
OR of 1.00 (95% CI 0.24 to 4.23, Analysis 2.11).

Minor outcomes: A large eCect (SMD > 0.79) was found favoring
aerobic training for sleep (Analysis 2.7), but no diCerences were
found between resistance and aerobic training for fatigue (Analysis
2.5), mental health (Analysis 2.6), depression (Analysis 2.8), or
anxiety (Analysis 2.9).

Long-term eGects: Based on Kayo 2011, positive eCects favoring
aerobic training emerged at 12 weeks aGer the conclusion of the
intervention for self reported physical function (SMD 0.68, 95% CI
0.16 to 1.20) and mental health (SMD 0.58, 95% CI 0.06 to 1.10).
However, the positive eCects for pain favoring aerobic training
found aGer eight weeks were no longer statistically significant (SMD
0.41, 95% CI -0.10 to 0.92) 12 weeks aGer the conclusion of the
intervention.

Quality of evidence: Although these data indicate that aerobic
training may have advantages over resistance training in pain
(short term) and physical function (short term) and mental health
(emerging 12 weeks post-intervention), this evidence is categorized
as low-quality evidence (see Summary of findings 2).

Resistance training versus flexibility exercise

Jones 2002 compared a 12-week resistance training program (n =
28) designed to be sensitive to peripheral and central dysfunctions
versus a stretching intervention (n = 28) consisting of static
stretching exercises; the same 12 muscle groups were targeted
in both programs. Resistance training utilized hand weights (up
to 3 lb (1.4 kg)) and elastic tubing. Jones 2002 provided data for
six major outcomes - multidimensional function, pain, tenderness,
strength, adverse eCects, and attrition, and five minor outcomes -
self eCicacy, sleep, depression, anxiety, and muscle/joint flexibility.
No meta-analyses were possible for this comparison.

Major outcomes: Jones 2002 found a moderate-sized eCect
favoring resistance training for multidimensional function using
FIQ total (scale 0 to 100) (MD -6.49, 95% CI -12.57 to, -0.04, 1 study, 56
of 68 participants analyzed, Analysis 3.1, relative diCerence 13.6%)
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and VAS pain (MD -0.88 cm on a 10-cm scale, 95% CI -1.57 to
-0.19, 1 study, 56 of 68 participants analyzed, Analysis 3.2, relative
diCerence 14%). No between-group diCerences were found for
tenderness (number of TPs) (MD -0.46, 95% CI -1.56 to 0.64, 1 study,
56 of 68 participants analyzed, Analysis 3.3) or muscle strength
(MD 4.77, 95% CI -2.40 to 11.94, 1 study, 56 of 68 participants
analyzed, Analysis 3.4). Jones 2002 indicated that there were "no
adverse events or injuries during the intervention" (page 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" (page 1045). All-cause attrition-rates for the
resistance group (n1/N1) versus flexibility group (n2/N2) were: 6/28
versus 6/28, RR 1.00 (95% CI 0.37 to 2.73, Analysis 3.11).

Minor outcomes: Jones 2002 found a large eCect favoring
resistance training on fatigue (Analysis 3.6) and sleep (Analysis 3.7).
However, there was a moderate eCect favoring the flexibility group
on the hand-to-scapula test reflecting muscle and joint flexibility
(MD 0.30 on a 4-point scale, 95% CI 0.01 to 0.59, 1 study, 56 of
68 participants analyzed, Analysis 3.10). No diCerences were found
in self eCicacy (Analysis 3.5), depression (Analysis 3.8), or anxiety
(Analysis 3.9).

Quality of evidence: Considering there is only one study in this
category, there was very-low-quality evidence that 12 weeks of
low-intensity resistance training yielded greater improvements in
wellness, and symptoms, fitness, safety, and acceptability than
does flexibility exercise (see Summary of findings 3).

D I S C U S S I O N

Summary of main results

This review was one part of a larger review examining the eCects
of physical activity interventions for individuals with fibromyalgia.
Of the 78 studies that we found that examined the eCects
of physical activity, only five provided resistance training-only
interventions. The paucity of such studies makes this review
particularly important. With the emphasis on multidisciplinary
management for fibromyalgia, this review provides a valuable
opportunity to isolate the eCects of resistance training and delivers
factual information about the benefits and risks regarding an
important type of exercise to healthcare professionals and people
with fibromyalgia. The main results of our review were as follows.

Resistance training compared with control. There was low-
quality evidence that resistance training using moderate- to high-
intensity levels for 16 to 21 weeks has positive eCects on wellness
(multidimensional function, self reported physical function, and
patient-rated global well-being), symptoms (pain, tenderness,
fatigue, and depression) and physical fitness (muscle strength,
muscle power, and muscle activation). There was low-quality
evidence that some improvement was retained for an additional
12 weeks following the conclusion of the supervised intervention
in wellness (multidimensional function) and some symptoms
(fatigue, but not pain and tenderness).

Resistance training compared with aerobic training. Low-quality
evidence suggested that moderate-intensity resistance training
was not as eCective as aerobic training; there were greater
improvements in the aerobic training groups in symptoms (pain

and sleep but not tenderness, depression or anxiety) than in the
resistance training group.

Resistance training compared with flexibility training. Low-
quality evidence suggested that low-intensity resistance training
was more eCective than flexibility exercise in wellness
(multidimensional function) and symptoms (pain, fatigue, sleep,
but not tenderness, depression or anxiety). There was also low-
quality evidence that 12 weeks of low-intensity resistance training
does not result in diCerences in muscle strength compared with
flexibility training; however, flexibility training appeared to yield
greater improvement in muscle and joint flexibility than did
resistance training.

Safety and acceptability. Based on evidence across all included
studies, there was low-quality evidence that suggested that
resistance training was acceptable (attrition rates were not higher
for resistance intervention than for comparators), and that women
with fibromyalgia could safely perform resistance training (no
serious adverse eCects were reported).

Overall completeness and applicability of evidence

Completeness: There were only five studies included in this
review; with only 95 women (and no men) with fibromyalgia
in total assigned to resistance training exercise. Given the lack
of agreement on core outcomes to evaluate in trials examining
interventions for fibromyalgia until recently, researchers have not
been consistent in reporting on wellness and symptom outcomes.
For example, multidimensional function was only measured in two
of the five studies. Indeed one study did not report eCects on
pain and no studies measured stiCness, clinician-rated global or
dyscognition.

Given the nature of the intervention, an additional set of outcomes
focusing on physical fitness must be considered. One would
expect that muscle strength would have been universally assessed;
however, only three of the five studies addressed this important
outcome. Neither Bircan 2008 nor Kayo 2011 measured outcomes
related to muscle performance (ie, muscle strength, endurance or
power) in their trials designed to compare the eCects of resistance
training and aerobic exercise.

In terms of physical fitness outcomes, the most thorough appraisals
were carried out by Hakkinen 2001 and Valkeinen 2004. Hakkinen
2001 found that women in the fibromyalgia training group
demonstrated gains in muscle strength and power and increases
in neuromuscular activity to the same degree as women in the
healthy training group, indicating comparable ability to train the
neuromuscular system in women with fibromyalgia. Similarly,
Valkeinen 2004 demonstrated that resistance training among
postmenopausal women with fibromyalgia led to improvements
in physical fitness outcomes (strength, muscle activation, muscle
size) in an equivalent manner to healthy postmenopausal women.

Unaccustomed resistance exercise is frequently accompanied by
delayed onset muscle soreness (DOMS), even in healthy individuals
(Cheung 2003). This phenomenon can result in symptoms on
palpation or with movement ranging from insignificant muscle
tenderness to severe debilitating muscle pain that usually peaks
24 to 72 hours post-exercise (Cheung 2003). The etiology of DOMS
is thought to be multifactorial (Lewis 2012), and related to the
repair process in response to microscopic exercise-induced muscle
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damage (Cheung 2003). Some clinicians have suggested that
exercise prescription for individuals with fibromyalgia should avoid
eccentric exercise (Jones 2002), as eccentric exercise is known to
produce greater levels of DOMS (Cheung 2003). Indeed, Jones 2002
designed their program to minimize eccentric work for this reason.
Unfortunately, measurements that would clarify the presence or
absence of DOMS in response to exercise were not carried out
in these five studies, thus this review cannot contribute to our
understanding of DOMS or eccentric exercise causing DOMS in
individuals with fibromyalgia. Nevertheless, since exercise that
emphasizes or overloads eccentric contractions causes more DOMS
than concentric does, it would be wise to minimize this type
of exercise (eg, plyometrics) or loads specifically chosen to train
muscle eccentrically.

Clinicians and patients alike would like to know the optimal
features of resistance training protocols. Given the research
available, we are unable to make specific recommendations about
optimal protocols for resistance training (types of resistance,
intensities, frequencies, progression schemes) or to compare the
eCectiveness of resistance training versus other forms of exercise
training.

General applicability of the findings: All included studies in
this review involved supervised group exercise. It is not known if
unsupervised individuals with fibromyalgia would get the same
results as seen in these studies. This review deals with exercise
protocols composed entirely of resistance exercise; the review
does not address the eCects of mixed exercise interventions that
include other types of exercise (eg, aerobic, flexibility) for more than
purposes of warm-up or cool-down.

There are many factors that need to be considered in determining
important change including: a) the  perspective of the audience
- individuals with fibromyalgia, clinicians, policy makers all may
have unique interpretations, b) the impact that baseline status has
on the interpretation of change, c) the sensitivity and stability of the
measure, d) the application to individual versus groups (Dworkin
2008; Philadelphia 2001). A consensus statement that oCers
guidance in this area is the Initiative on Methods, Measurement,
and Pain Assessment in Clinical Trials (IMMPACT). This initiative
recommended the following benchmarks for interpreting changes
in pain intensity on a 0 to 10 numerical rating scale in chronic
pain clinical trials: a) 10% to 20% decrease is minimally important,
b)   greater than 30% decrease is moderately important, and
c) greater than 50% decrease is substantial (Dworkin 2008).  In
keeping with this categorization, resistance training yields clinically
important diCerences in pain intensity that fall between minimal
and moderate (29%), and if we apply similar standards to the
other outcomes, important improvements are noted in several
outcomes reflecting wellness and symptoms. The Philadelphia
Panel developed the standard of 15% relative benefit based
on extensive input by rheumatology and biostatistics experts
(Philadelphia 2001). This is consistent with Bennett 2009, who
indicated that a minimal clinically important change in the FIQ total
score (multidimensional function) was at least a 14% reduction.
Despite the paucity of data, our results suggest that 16 to 21
weeks of moderate- to high-intensity resistance training provides
clinically relevant eCects for wellness (multidimensional function
26%, patient-rated global 91%), symptoms (pain 29%, fatigue
greater than 33%) and muscle strength (25%) as compared with
usual treatment. Using the 15% relative diCerence as the standard,

clinically important diCerences were found between 12 weeks
of low-intensity resistance training and flexibility training in one
primary outcome: fatigue (23%); in contrast, no clinically important
diCerences were found when comparing eight weeks of moderate-
intensity resistance training versus aerobic training.

The absence of injuries or adverse events observed in high-intensity
(Valkeinen 2004), moderate-intensity (Bircan 2008), and intensity-
as-tolerated (Kayo 2011) interventions suggests that women with
fibromyalgia can safely perform resistance training. The lack of
dropouts in Hakkinen 2001 (moderate- to high-intensity exercise
regimen, n = 10) also support this conclusion. Kingsley 2011,
who examined the cardiovascular and autonomic eCects of a
12-week resistance training program in premenopausal women
with fibromyalgia (n = 9), also suggests that resistance training
is "a safe and eCective modality for increasing maximal strength
without adversely altering vascular function in women with and
without fibromyalgia" (page 261). One of the included studies
involved postmenopausal women, so there is some evidence that
older women with fibromyalgia can also safely tolerate high-
intensity resistance training (Valkeinen 2004). Not surprisingly,
Hakkinen 2001 and Valkeinen 2004 support the use of supervised
resistance training programs as a safe and eCective means of
improving outcomes in both pre- and postmenopausal women with
fibromyalgia.

Despite the low-quality evidence, the large eCect sizes for a
number of outcome measures reflecting wellness, symptoms, and
physical fitness reach the standard for clinical importance, and
in the absence of serious adverse events, we believe resistance
training is a promising treatment for individuals with fibromyalgia.
Recognizing that resistance training may yield improvements in
wellness and symptoms can help promote this type of exercise
as part of a balanced conditioning program for people with
fibromyalgia, and decrease fear avoidance for this group with
respect to possible increases in muscular tenderness post exercise.
It is especially relevant to note that older (postmenopausal)
women with fibromyalgia have the neuromuscular capability to
make strength gains, which can help to improve and maintain
functional mobility with aging and reduce fall risk (Jones 2009). A
balanced conditioning program can also help to reduce the risk of
comorbidity and promote a more active lifestyle (Jones 2008; Jones
2009).

Because the sample sizes of these studies were very small, it was
unclear whether the people recruited represent all people with
fibromyalgia. It is possible that many people will not consider or
tolerate resistive exercise and, therefore, intervention may only
benefit a subset of people (ie, selection bias).

Specific questions regarding applicably of resistance training:
Overall, the comparison between low-intensity resistance training
and flexibility training demonstrated more favorable eCects related
to resistance training, despite the absence of improvement in
muscle strength. It is possible that the resistance or progression
of resistance was too low to achieve a training stimulus. As well,
testing methods were not specific to the type of training exercises
used so that strength gains could be obscured (Morrissey 1995).
In addition, because participants did not receive a familiarization
session on the dynamometer prior to initial testing, there may have
been a learning eCect that resulted in improvements in strength in
both groups on their second tests. We believe that low attendance
may also have contributed to the lack of diCerence in strength
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between the groups. Jones 2002 commented that "85% of the
participants attended 13 or more classes"; however, this could
mean that the majority of participants attended only slightly more
than 50% of the 24 supervised sessions.

In this review we encountered statistical heterogeneity when
meta-analyzing two of the major outcomes (pain and tenderness)
in the resistance training versus control comparison; however,
there was consistency in the direction of the eCect (all studies
favored the resistance training). The day-to-day variability in
pain in individuals with fibromyalgia may partially explain the

statistical heterogeneity (I2 = 93%), but the resistance training
programs used in Hakkinen 2001 and Kayo 2011 were diCerent
in several ways including duration (21 versus 16 weeks), type of
resistance used (isokinetic exercise machine versus free weights)
and nature of exercise (strength progressing to strength and
power training versus strength training throughout). Despite these
diCerences, both were well-supervised, progressive high-intensity
interventions and we deemed them similar enough to meta-
analyze. The statistical heterogeneity in the meta-analysis of

tenderness (I2 = 58%) between Hakkinen 2001 and Valkeinen
2004 cannot be attributed to the exercise programs as they were
identical, but may relate to the diCerence in age of the participants
- Hakkinen 2001 included only premenopausal women whereas
Valkeinen 2004 included only postmenopausal women.

Quality of the evidence

There were limitations inherent in the included studies including
incomplete description of the exercise protocols, inadequate small
sample sizes, and inadequate documentation of adherence to
exercise prescriptions. Concerns about small sample sizes and
the small number of RCTs is partially counterbalanced by the
magnitude of the SMDs for several important outcomes.

Potential biases in the review process

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. Our questions were asked in an open-ended
fashion so as to avoid leading questions or answers;

• our multidisciplinary team had a range of expertise: ie, in library
science, critical appraisal, pain, clinical rheumatology, exercise
physiology, and knowledge translation;

• two members of our multidisciplinary team also had the
perspective of consumers (ie, one team member had
fibromyalgia and another team member had another rheumatic
disease);

• intention-to-treat data were used preferentially.

Agreements and disagreements with other studies or
reviews

Since the early 2000s, there have been several reviews and clinical
practice guidelines regarding exercise for fibromyalgia. Based on
their relevancy, we have chosen to comment on four: Brosseau
2008; Busch 2008; Jones 2009; and Winkelmann 2012.

Using rigorous methodology (The Cochrane Collaboration methods
and Ottawa methods group procedures), Brosseau 2008 found

and evaluated clinical trials examining the eCects of resistance
(strengthening) exercises in the management of fibromyalgia.
In their review, five trials were evaluated; however, Hakkinen
2002 (Secondary) and Valkeinen 2005 (Secondary) were counted
as separate trials. Due to this classification, the number of
subjects across all trials was over-reported in Brousseau. Using
their methodology, the following Grade A evidence-based clinical
practice guidelines related to strengthening exercises were
generated: benefits in muscle strength, pain relief, physical
disability, and depression (all classed as clinically important
benefits) at the end of 21 weeks (strengthening versus control); and
benefits in quality of life (clinically important benefit) at the end
of 12 weeks (strengthening versus flexibility training). Our results
were consistent with Brosseau 2008.

Jones 2009 provides a synopsis on current evidence related to
exercise and fibromyalgia, with a focus on guidelines for clinicians
with respect to exercise prescription and exercise resources for
people with fibromyalgia. Jones 2009 describes one strength study
where subjects with fibromyalgia (n = 10) performed resistance
training twice per week for 16 weeks (Figueroa 2008). They were
compared with a control group of sedentary health individuals (n
= 9) and results showed people with fibromyalgia had perturbed
heart rate variability (no further definition provided); however,
aGer the intervention, the subjects with fibromyalgia improved
in total power, cardiac parasympathetic tone, pain, and muscle
strength. In terms of recommendations for resistance exercise
for people with fibromyalgia, Jones 2009 advises the importance
of minimizing eccentric loading in order to reduce unnecessary
strain and possible discomfort for people with fibromyalgia (Gibson
2006 as cited by Jones 2009). In addition, Jones 2009 advise
that strength training loads be less than 50% of one-repetition
maximum using weights that are lighter than age-predicted norms
and that loads be kept close to midline and work done on a
'parallel plane', with reduced repetitive movements for smaller
muscle groups. They advise doing single sets of six repetitions to
begin and increasing this slowly. In our review, all five included
studies applied progressive resistance exercise starting at a lower
level and progressing, but Jones 2002 probably started with low
resistance and did not progress to intensity levels attained in
the other studies. Although all studies in this review employed
dynamic exercises, Jones 2002 was the only study in which the
resistance exercises were modified to reduce the eccentric phase.
Our review does not support the Jones 2009 recommendation
regarding eccentric exercise. Although avoiding the eccentric phase
could potentially minimize DOMS, eccentric contractions may have
particular advantages for connective tissue and are specifically
recommended in exercise regimens designed to prevent and
manage tendonopathy (Crosier 2002; Hibbert 2008). In addition,
it should be noted that eccentric contractions are an inherent
component of most activities of daily living.

Our group previously conducted a broad review of the eCects of
exercise for fibromyalgia (Busch 2008). Although there were 34
research publications included in this previous review, only three
separate investigations dealt specifically with resistance training
for people with fibromyalgia (Hakkinen 2001; Jones 2002; Valkeinen
2004). Analyses of these three studies resulted in the following
findings in favor of resistance training: large reductions in pain,
the number of TPs, and depression; large improvements in global
well-being; and moderate (non-significant) eCects on objective
measures of physical function. Results of the current review,
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which took advantage of upgraded methodology and focused
on seven major outcomes, similarly found favorable large eCects
for resistance training (versus control) on pain and patient-rated
global well-being. However, the current analysis also revealed a
small eCect for self reported physical function favoring resistance
training (over a control group) and large eCects for muscle strength
and muscle power. The current investigation included information
about the eCects of resistance training compared with aerobic
training and flexibility exercises, which was not included in our
previous review. In addition, the current study used the GRADE
evaluation to rate included papers, which was not available when
the last review was published.

As part of a scheduled update to the German S3 guidelines
on fibromyalgia syndrome by the Association of the Scientific
Medical Societies ('ArbeitsgemeinschaG der WissenschaGlichen
Medizinischen FachgesellschaGen'), Winkelmann 2012 reviewed
the eCectiveness of resistance training for fibromyalgia. They
identified six RCTs (Altan 2009; Hakkinen 2001; Jones 2002; Kingsley
2005; Rooks 2007; Valkeinen 2008), and generated the following
recommendation: Low- to moderate-intensity strength training
should be employed and indicated that there is evidence for a
training frequency of 60 minutes twice a week. Although we do not
dispute the recommendation, the mismatch between our included
studies and those of Winkelmann 2012 is interesting. Altan 2004
was excluded from our review because we determined that pilates
are better classified as a mixed exercise because they contain
substantial aerobic and stretching components. Likewise, Rooks
2007 and Valkeinen 2008 had a substantial aerobic component
included in the intervention. All three studies have been earmarked
for a review on mixed exercise interventions, which our team plans
to conduct. Kingsley 2005 was excluded because we were unable to
verify that a published criteria for the diagnosis of fibromyalgia had
been used. Our review included three studies (Bircan 2008; Kayo
2011; Valkeinen 2004), which were not included by Winkelmann
2012.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

We have found evidence in outcomes representing wellness,
symptoms, and physical fitness favoring resistance training over
usual treatment and over flexibility exercise, and favoring aerobic
training over resistance training. Despite large eCect sizes for many
outcomes, the evidence has been decreased to low quality based
on small sample sizes, small number of randomized clinical trials
(RCTs), and the problems with description of study methods in
some of the included studies.

This review provides evidence that 16 to 21 weeks of moderate- to
high-intensity supervised group resistance training using resistance
machines or free weights and body weight for resistance has
several large and clinically important positive eCects on wellness,
symptoms, and physical fitness of women with fibromyalgia. There
is evidence that eight weeks of aerobic exercise may be superior
to moderate-intensity resistance training for reducing pain and
improving sleep in women with fibromyalgia. There is evidence
that 12 weeks of low-intensity resistance training results in greater
improvements than flexibility exercise in women with fibromyalgia
in multidimensional function, pain, fatigue, and sleep. There is
evidence that women with fibromyalgia can tolerate and benefit
from resistance training.

Typically, management of fibromyalgia is multidisciplinary. In
the studies included in this review, emphasis was placed on
exercise. In one study (Kayo 2011), exercise was administered
as a single modality (medication use was discontinued during
the study). Bircan 2008 and Valkeinen 2004 allowed participants
to continue their medication at entry, and Valkeinen 2004 also
allowed participants to continue their normal daily activities and
visit medical professionals if needed. In the two remaining studies,
no information was provided about co-interventions (Hakkinen
2001; Jones 2002). Uncontrolled co-interventions act as a threat to
validity in two ways - first, the eCects attributed to the experimental
intervention may in fact be produced by the co-intervention, and
second, the co-intervention may interact with the experimental
intervention to modify its eCects. It is hoped that the use of a
control group helped to reduce the former and the consistency
of the findings of Hakkinen 2001, Kayo 2011, and Valkeinen 2004
provides reassurance that the exercise is an eCective treatment
with or without other co-interventions.

Aside from very general recommendations, we cannot make
specific recommendations about the optimal design of resistance
training protocols (types of resistance, intensities, frequencies,
progression schemes).

Implications for research

Several implications for further research arose from this review.
We have used the EPICOT approach to describing implications for
future research (Brachaniec 2009).

Evidence: There are insuCicient high-quality studies to allow
adequate meta-analysis of the eCects of resistance training on
symptoms, and physical function in individuals with fibromyalgia.
A better description of research procedures or training protocols, or
both, is needed in future research to address all aspects of potential
bias more adequately.

Population: The five studies included in this review recruited only
women; research is needed to clarify the eCects of resistance
training on males with fibromyalgia. Researchers undertaking
exercise interventions are encouraged to describe physical fitness
levels and physical activity participation of participants recruited
to these studies. Population was mainly formed by middle-aged
white women living in developed countries (Europe n = 3, Brazil n
= 1, and US n=1), which make results diCicult 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.

Intervention: More detail with respect to 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.

Comparators: In this review, resistance training was compared
with aerobic exercise and flexibility exercise; however, there was
only one study in each of these grouping. More research of this type
is needed.

Outcomes: Improved documentation is needed in the area
of adverse eCects (injuries, exacerbations of fibromyalgia, and
other associated adverse eCects). Assessment of adherence to
frequency and intensity of exercise should be an integral part
of the results section of all RCTs studying eCects of exercise
interventions. Further research is needed to elucidate a dose-
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response relationship. Formal follow-up periods are needed to
assess stability of responses. In addition, further work to validate
a set of outcome measures for fibromyalgia research, such as
has been initiated by OMERACT, is needed to allow comparisons
across studies and elucidation of the more eCective interventions.
Determination of the minimum clinically important diCerence
(MCID) and responsiveness of the core measures is also needed.

Timestamp: The need for an update of this review should be
reviewed in three to five years.
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Characteristics of included studies [ordered by study ID]

 

Methods Randomized trial, 2 groups (aerobic exercise group, resistance exercise group), LENGTH: 8 wk.

Participants FEMALE:MALE = 26:0, AGE (yrs (SD)): 46 (8.5) to 48.3 (5.3).

DURATION OF ILLNESS (yrs (SD)): 3.85 (3.31) to 4.62 (5.22).

INCLUSION: Women who met ACR 1990 diagnostic criteria for fibromyalgia (Wolfe 1990).

Bircan 2008 
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EXCLUSION: Presence of serious cardiovascular, pulmonary, endocrine, neurologic or renal disease, in-
flammatory rheumatic disease, or participation in a physical therapy or exercise program in the last 6
months.

Interventions 1) Resistance training group (randomized n = 15, completed and analyzed n = 13): frequency: 3/wk,
duration: 40 min (30-min resistance exercise), intensity: unspecified 4-5 reps progressed to 12 reps,
method: free weights or body weight resistance exercise in standing, sitting, and lying for upper and
lower limb muscles and trunk muscles.

2) Aerobic training group (randomized n = 15, completed and analyzed n = 13): frequency: 3/wk; dura-
tion: 20 min progressing to 30 min; intensity: low to moderate; method: treadmill walking.

Outcomes Measurements: Pre- and post-intervention (8 wks): sleep disturbance (VAS), fatigue (VAS), tenderness
(tender point count), cardio-respiratory function submaximal (6-min walk), anxiety (HAD Anxiety scale),
depression (HAD Depression scale), self reported physical function (SF-36 Physical functioning scale),
mental health (SF-36 Mental Health Scale), pain (VAS)

Congruence with ACSM
Guidelines for Resistance
Training (yes/no)

Guidelines for healthy adults: No (frequency - yes, type - yes, rep - no, starts too low, sets - unclear, in-
tensity - unclear, progression - yes).

Guidelines for older adults: Unclear (frequency - yes, type - yes, rep - yes, intensity - unclear, progres-
sion - yes)

Notes Adverse effects: page 529: "No patient experienced musculoskeletal injury or exacerbation of fi-
bromyalgia related symptoms during the intervention".

Attrition: Resistance training: n = 2 (13.33%), aerobic training: n = 2 (13.33%).

Adherence: Not specified.

Co-interventions: Both groups "were allowed to continue their medication at entry; however treat-
ment had to remain stable for 1 month prior to entry to the study" (p. 528).

Communication with author: Correction to data in table 2 confirming data for pain, sleep, fatigue are
in centimeters (email 8 May 2013).

Country: Turkey (paper published in English).

Funding, conflict of interest: No information was available.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "Participants were randomly assigned to an AE group or a SE group" (AE: aer-
obic exercise; SE: strengthening exercise) Bircan 2008 (p. 528). In email com-
munication with the author (29 June 2012), the authors clarified as follows,
"The patients were assigned to groups by the random allocation rule. As the
sample size was planned to be 30, special cards were prepared for each treat-
ment (15 were labelled as A and 15 as B), the cards were inserted into opaque
envelopes, and the envelopes were shuffled. Patients were assigned to groups
during the study by drawing lots among these envelopes after the initial evalu-
ations were done."

Allocation concealment
(selection bias)

Low risk Although no information was provided in the publication, in email communi-
cation with the author (29 June 2012), we learned that, "The patient's group
was determined after all initial evaluations of the patient were done. The in-
vestigators did not know what the next treatment allocation would be."

Blinding (performance
bias and detection bias) 

High risk Although no information was provided in the publication, in email commu-
nication with the author (29 June 2012), we learned, "Participants, outcome

Bircan 2008  (Continued)
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All outcomes assessors and people that delivered the intervention were not blind to study
groups."

Blinding of outcome as-
sessment (detection bias)

High risk Only 1 variable was measured by an assessor (6-min walk) - in email commu-
nication (29 June 2012), we learned that this outcome was not blinded (see
above).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Missing outcome data balanced in numbers across intervention groups, with
similar reasons for missing data across groups. It is unclear why intention-to-
treat analysis was not used.

Selective reporting (re-
porting bias)

Low risk All outcomes specified on Bircan 2008, page 528 appear in data tables. Accord-
ing to email communication with the authors: "There were not any outcomes
measured but not reported in the paper." (29 June 2012).

Other bias Low risk Based on the data provided, there is no indication that there are other impor-
tant risks of bias.

Bircan 2008  (Continued)

 
 

Methods Randomized trial, 3 groups (fibromyalgia resistance exercise group, fibromyalgia control group, healthy
resistance training group). LENGTH: 4-wk baseline control phase for all groups followed by a 21-wk in-
tervention phase.

Participants FEMALE:MALE = 33:0, AGE (yrs (SD)): 37 (6) to 39 (6).

DURATION OF ILLNESS (yrs (SD)): 12 (4).

INCLUSION: Diagnosis: fibromyalgia (ACR criteria; Wolfe 1990), pre-menopausal women.

EXCLUSION: Unspecified.

Interventions 1) Fibromyalgia resistance training group (fibromyalgia: n = 11) frequency: 2/wk; duration: dura-
tion of each session not provided, intensity: moderate-to-heavy progressive resistance (15-20 reps
at 40-60% of 1 RM progressing to 5-10 reps at 70-80% of 1 RM; from wk 7 on: 30% of leg exercise per-
formed rapidly with 40-60% RM); method: 6-8 dynamic resisted exercises using David 200 dynamome-
ter to upper extremity, lower extremity, and trunk muscle groups.

2) Fibromyalgia control group (fibromyalgia: n = 10) Controls maintained their normal low-intensity
recreational physical activities but did not participate in the strength training.

3) Healthy resistance training control group (healthy: n = 12) A training group made up of sedentary
healthy women (without fibromyalgia) was also a part of this study. Data from this group were not ana-
lyzed in this review.

Outcomes Measurements: 4 wks pre-intervention, immediately pre-intervention, immediately postintervention
(21 wks). Patient-rated global well-being (VAS), pain (VAS), tenderness (tender point count), fatigue
(VAS), muscle strength (maximum bilateral (1 RM) concentric leg extension), sleep (VAS), self reported
physical function (Health Assessment Questionnaire), muscle power (squat jump), muscle fiber activa-
tion (EMG), muscle size (cross-sectional area), depression (Beck Depression Index).

Congruence with ACSM
Guidelines for Resistance
Training (yes/no)

Guidelines for healthy adults: Yes (frequency - yes, type - yes, reps - yes, sets - yes, intensity - yes, pro-
gression - yes).

Guidelines for older adults: Yes (frequency - yes, type - yes, reps - yes, intensity - yes, progression -
yes).

Notes Adverse effects: None reported.

Hakkinen 2001 
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Attrition: n = 0 (0%), aerobic training: n = 0 (0%)

Adherence to exercise protocol: Not specified

Data for this study were extracted from 2 reports: Hakkinen 2001 (Primary); Hakkinen 2002 (Se-
condary). Additional data were obtained from the authors on the following outcome measures: maxi-
mum bilateral (1 RM) concentric leg extension, squat jump vertical, and tender points. The authors also
clarified the timing of the assessments. 

The researcher reported that there were no dropouts. The author attributed this to intensive process
for habituating participants to the study methods and cultural values unique to Finland where the
study took place (personal communication). Also of note, prior to entry into the study, the "subjects
in all groups were habitually active (such as walking, swimming, biking, skiing) but they had no back-
ground in strength training" (page 1288, Hakkinen 2002 (Secondary)).

Co-interventions: No information was provided about co-interventions.

Country: Finland.

Funding, conflict of interest: As reported by the authors: "This study was supported in part by grants
from Finnish Social Insurance Institution and the Yrjö Jahnsson Foundation". No information was avail-
able regarding conflict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No information regarding how participants were randomized.

Allocation concealment
(selection bias)

Unclear risk No procedure was described.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Insufficient information, but it is unlikely that participants and care providers
were blinded.

Blinding of outcome as-
sessment (detection bias)

Unclear risk No information on blinding of outcome assessors was provided.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No dropouts reported. Table 1 in Hakkinen 2001 showed the sample size for
both groups. We assume that these values are consistent for before and after
treatment. Data on tenderness, which was not available in the research report,
was provided by the study authors upon request.

Selective reporting (re-
porting bias)

Low risk Although the study protocol was unavailable, between the primary, the com-
panion paper and the response from the authors, all the variables measured
have been accounted for.

Other bias Low risk Based on the data provided, there is no indication that there are other impor-
tant risks of bias.

Hakkinen 2001  (Continued)

 
 

Methods Randomized trial, 2 groups (resistance exercise group, flexibility exercise group). LENGTH: 12 wk.

Participants FEMALE:MALE = 56:0, AGE (yrs (SD): 46.4 (8.6) to 49.2 (6.3).

Jones 2002 
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DURATION OF ILLNESS (yrs (SD)): 6.9 (6.6) to 7.7 (5.5).

INCLUSION: Diagnosis: fibromyalgia (ACR criteria; Wolfe 1990), women only, ages 20-60 yrs.

EXCLUSION: Current or past history of cardiovascular, pulmonary, neurologic, endocrine, or renal dis-
ease that would preclude exercise program; current use of medications that would affect normal phys-
iologic response to exercise; current cigarette smoking, score = 29 on Beck Depression Scale modified
for fibromyalgia, current participant in a regular exercise program.

Interventions 1) Resistance exercise group (n = 28): frequency: 2/wk; duration: 60 min; intensity: progressed from 4
to 12 reps; method: supervised dynamic resistance exercise for lower and upper limbs and trunk using
hand weight (1-3 lb (0.45-1.36 kg)) and elastic tubing; minimization of eccentric work (a videotape to
guide home practice of the strengthening exercise regimen was provided to participants).
2) Flexibility exercise group (n = 28): frequency: 2/wk; duration: 60 min; flexibility for lower limbs and
trunk; intensity: n/a, method: supervised static stretches (a videotape to guide home practice of the
flexibility exercise regimen was provided to participants).

Outcomes Measurement pre- and post-intervention (12 wks). Multidimensional function (FIQ total score), pain
(FIQ VAS), tenderness (tender point count), fatigue (FIQ VAS), muscle strength (maximum isokinetic
strength of nondominant knee extension), sleep (FIQ VAS), muscle/joint flexibility (hand-to-neck, hand-
to-scapula movement), depression (Beck Depression Inventory), anxiety (Beck Anxiety Inventory), cop-
ing/self efficacy (Arthritis Self Efficacy Scale).

Congruence with ACSM
Guidelines for Resistance
Training (yes/no)

Guidelines for healthy adults: No (F - yes, type - yes, reps - unclear, sets - unclear, I - no, progression -
unclear).

Guidelines for older adults: No (F- yes, type - yes, repetitions - unclear, I - unclear).

Notes Adverse effects: There were no occurrences of adverse events or injury during the intervention and
incidence of worsening of pain or tenderness was the same in both groups (n = 3 in each group) (page
1045).

Attrition: Authors stated that they had a low attrition rate (9%) (page 1045); however, following analy-
sis of the data and communication with author (email 19 July 2010), the attrition from each group was
not specified. The data were: 12/68 (17.64%) either dropped out or did not meet adherence criteria for
inclusion. Resistance training n = 6 (17.64%), flexibility training n = 6 (17.64%).

Adherence to exercise protocol: "Class attendance records by the exercise instructor indicated that
85% of the participants (n = 58) attended 13 or more classes" (page 1043); however, "the strengthening
intervention was not monitored to assure that subjects progressively increased the load throughout
the 12 weeks. Instead, participants were encouraged to listen to their bodies and increase the intensity
as they thought they could tolerate it." (pages 1045, 1046).

Co-interventions: No information was provided about co-interventions.

Country: US.

Communication with author: Additional data were obtained from the authors to clarify the content
and delivery of the intervention (eg, videotapes, education, the exercise level at completion), the num-
ber randomized, and specifics related to dropouts.

Funding, conflict of interest: As reported by the authors: "Supported by an Individual National Re-
search Service Award (#1F31NR07337-01A1) from the National Institutes of Health, a doctoral disserta-
tion grant (#2324938) from the Arthritis Foundation, and funds from the Oregon Fibromyalgia Founda-
tion". No information was available regarding conflict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Jones 2002  (Continued)
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Random sequence genera-
tion (selection bias)

Low risk "Randomization was accomplished with a coin flip" (page 1042).

Allocation concealment
(selection bias)

Unclear risk Insufficient information in the research report.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Insufficient information, but it is unlikely that participants and care providers
were blinded.

Blinding of outcome as-
sessment (detection bias)

Low risk "Data were collected by an exercise science technician (strength and body fat)
or the principal investigator (all other measures). Both were blinded to group
assignment" (Jones 2002, page 1042).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Reasons for missing outcome data unlikely to be related to true outcome (for
survival data, censoring unlikely to be introducing bias).

Authors stated that the participants who dropped out lived far from the fitness
center (page 1045).

Selective reporting (re-
porting bias)

Low risk The study protocol was not available but it was clear that the published re-
ports included all expected outcomes, including those that were prespecified.

Other bias Low risk There may be a risk related to poor adherence to the exercise regimen. "85%
of the participants attended only slightly more than 50% of the 24 supervised
sessions" (Jones 2002, page 1043). The low attendance may have contributed
to low power (ie, type 2 error).

Jones 2002  (Continued)

 
 

Methods Randomized trial, 3 groups (walking group, strengthening exercise group, control group). LENGTH: 16
wks with follow-up for an additional 12 wks.

Participants FEMALE:MALE = 90:0, AGE (yrs (SD)): 46.1 (6.4) to 47.7 (5.3).

DURATION OF ILLNESS (yrs (SD)): 4 (3.1) to 5.4 (3.5).

INCLUSION: women ages 30-55 yrs and agreed to participate in an exercise program 3 times/wk for 16
wks and to discontinue medications for fibromyalgia 4 wks before the start of the study and who had at
least 4 yrs of schooling.

EXCLUSION: women with any contraindications to exercise on the basis for clinical rheumatologic ex-
amination, and those involved in cases of medical litigation.

Interventions 1) Progressive aerobic exercise (n = 30): frequency: 3 times/wk x 16 wks; duration: ˜ 60 min (warm-up
(5-10 min) conditioning stimulus, cool down (5 min); intensity: moderate to high intensity (40-50% to
60-70% heart rate reserve by wk 16); method: supervised indoor or outdoor walking monitored using
heart rate monitor.

2) Resistance exercise training (n = 30): frequency: 3 times/wk x 16 wk; duration: ˜ 60 min; intensity:

high intensity (4 on 10-point Borg scale)b, exercise load and intensity were increased every 2 wks (reps
- wks 1 + 2: 3 sets of 10 reps with rest intervals of 1 min between sets, wks 3-16; load - wks 1-4, no load,
wks 5-16 load was included), "The training load was individually and systematically adjusted every

time the participant performed more than 15 repetitions with successfully"b; M: supervised exercise
protocol consisting of 11 free active exercises for upper and lower limbs and trunk muscles, using free
weights and body weight performed in the standing, sitting, and lying positions.

Kayo 2011 
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3) Control group (n = 30): control conditions not specified, except authors stated participants in all 3
groups were asked to discontinue tricyclic antidepressants but were allowed to use acetaminophen
(paracetamol) for pain.

Outcomes Measurement pre-intervention, mid-intervention (8 wks), immediately post-intervention (16 wks), and
follow-up (12 wks post-intervention). As reported in paper: multidimensional function (FIQ total), pain
(VAS).

As provided by author on request: fatigue (SF-36 - Vitality scale), tenderness (tender point pain), self re-
ported physical function (SF-36 Physical Function scale), mental health (SF36 Mental Health).

Congruence with ACSM
Guidelines for Resistance
Training (yes/no)

Guidelines for healthy adults: No (frequency - yes, type - yes, reps - no, sets - yes, intensity - yes, ac-
cording to description provided by authors regarding the scale, progression - yes).

Guidelines for older adults: Yes (frequency - yes, type - yes, reps - yes, intensity - yes, progression -
yes).

Notes Adverse effects: "No complications or adverse effects were observed during the study period among
patients who completed the treatment protocols."

Attrition: Aerobics training n = 1 (3.3%), resistance training n = 5 (16.6%), control n = 5 (16.6%).

Adherence to exercise protocol: "We adopted Borg Scale (0-10) and the recommended intensity was 4
(somewhat severe) and all participants complied." From email communication (19 July 2012). 80% at-
tendance rate - excluding those who dropped out for reasons of work or family illness, with only 1 par-
ticipant assigned to the resistance training group that did not meet the attendance requirements of the
study.

Co-interventions: Exercise was administered in this study as a single modality; the timing of restarting
medication was monitored.

Country: Brazil

Funding, conflict of interest: No information on funding of the study was found, but the authors stat-
ed there was no conflict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk "The allocation sequence was based on a random number list (GraphPad Stat-
mate version 1.0), which was organized by an investigator (MSP)" (online page
2).

Allocation concealment
(selection bias)

Low risk Opaque sealed envelopes were used.

Blinding (performance
bias and detection bias) 
All outcomes

Low risk No details provided in the report. "There was no contact among the groups"b.

Blinding of outcome as-
sessment (detection bias)

Low risk The study authors stated: "all patients were clinically examined by the same
rheumatologist (CSM), who was blinded to group assignment throughout the
study" (online page 2).

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Intention-to-treat analysis was used.

Kayo 2011  (Continued)
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Selective reporting (re-
porting bias)

High risk Outcome data for important variables (eg, tender points, SF-36 Physical Func-
tioning, SF-36 Vitality, SF-36 Mental Health) were not provided in the published

report, but the study authors provided these on requestb.

An important shortcoming was that there were no performance tests for physi-
cal function applied in this study.

Other bias Low risk There did not appear to be any other serious sources of bias. Although the re-
searchers found differences between groups in duration of disease at baseline
(P value = 0.04, longer duration in control group than the intervention groups),
no between-group differences were found in baseline levels of age, pain, ten-
derness, multidimensional function, SF-36 subscales, so we did not consider
this a serious problem.

Kayo 2011  (Continued)

 
 

Methods Randomized trial, 3 groups (fibromyalgia resistance exercise group, fibromyalgia control group, healthy
resistance exercise control group). LENGTH: 21 wk.

Participants FEMALE:MALE = 36:0, AGE (yrs (SD)): 59.1 (3.5) to 60.2 (2.5).

DURATION OF ILLNESS (yrs (SD)): 8.5 (4.3) to 6.6 (4.1).

INCLUSION: Diagnosis: fibromyalgia (ACR criteria; Wolfe 1990), age = 55 yrs, women.

EXCLUSION: No other diseases, no injuries, no experience of regular strength training exercises, willing-
ness to participate in study protocol.

Interventions 1) Fibromyalgia resistance exercise group (fibromyalgia: n = 13): frequency: 2/wk; duration: 60-90
min, 80% strength 20% power, I: light- to high-intensity progressive resistance from 3 sets of 15-20
reps at 40-60% 1 RM to 3-5 sets of 5-10 reps at 70-80% 1 RM, for power (legs only) 2 sets of 8-12 reps at
40-50% 1 RM; method: resisted dynamic exercise to knee extensors x 2 plus 5-6 exercises for other main
muscle groups of body (exercise equipment not specified).

2) Fibromyalgia control group (fibromyalgia: n = 13): Control conditions were treatment as usual and
physical activity as usual.

3) Healthy resistance exercise control group (healthy: n = 10): A group made up of sedentary women
without fibromyalgia (n = 12) who carried out the exercise protocol was also a part of this study. Data
from this group were not analyzed in this review.

Outcomes Measurements 4 wks pre-intervention, immediately pre-intervention, immediately post-intervention
(21 wks). Tenderness (tender point count), muscle strength (Max concentric leg extension), self report-
ed function (Health Assessment Questionnaire), muscle fiber activation (EMG), muscle size (cross-sec-
tional area).

The study authors stated they measured 5 other variables (pain, fatigue, patient-rated global, depres-
sion, and sleep) but the data were not available in the report and they did not respond to our emails.

Congruence with ACSM
Guidelines for Resistance
Training (yes/no)

Guidelines for healthy adults: Yes (frequency - yes, type - yes, reps - yes, sets - yes, intensity - yes).

Guidelines for older adults: Yes (frequency - yes, type - yes, reps - yes, intensity - yes).

Notes Adverse effects: "After the initial phase of training, the patients did not complain of any unusual exer-
cise-induced pain or muscle soreness" (Valkeinen 2004 (Primary) page 227).

Attrition: Fibromyalgia resistance training n = 0 (0%), fibromyalgia control n = 0 (0%), healthy resis-
tance training n = 0 (0%)

Valkeinen 2004 
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Adherence to exercise protocol: The researchers did not specify if or how adherence to the exercise
protocol was monitored; however, muscular function was measured at 7, 14, and 21 wks. They did state
all fibromyalgia subjects "completed training".

Co-interventions: "All subjects were allowed to continue their normal daily activities, to use their nor-
mal medication ... and to visit medical professionals if needed" (page 226).

Country: Finland.

Data for this study was extracted from 2 reports: Valkeinen 2004 (Primary), Valkeinen 2005 (Secondary).

Funding, conflict of interest: As reported by the authors: "This study was supported in part by grants
from the Central Hospital of Central Finland; Kuopio University Hospital, Peurunka-Medical Rehabilita-
tion Foundation and The Ministry of Education, Finland". No information was available regarding con-
flict of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Described on page 225 Valkeinen 2004: "After inclusion, the fibromyalgia pa-
tients were randomly allocated by draw ..."

Allocation concealment
(selection bias)

Unclear risk No mention of allocation concealment.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Insufficient information, but it is unlikely that participants and care providers
were blinded.

Blinding of outcome as-
sessment (detection bias)

Unclear risk No information available.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Missing outcome data balanced in numbers across interventions groups, with
similar reasons for missing data across groups.

Selective reporting (re-
porting bias)

High risk Outcome of statistical analyses are reported for pain, fatigue, sleep, depres-
sion, perceived health (all non-significant) but point estimates for these out-
come measures were not reported.

Other bias Low risk Based on the data provided, there is no indication that there are other impor-
tant risks of bias.

Valkeinen 2004  (Continued)

a intention-to-treat analysis.
b based on email communication with the study author.
ACR: American College of Rheumatology, EMG: electromyography; FIQ: Fibromyalgia Impact Questionnaire; HAD: Hospital Anxiety and
Depression; min: minute; rep: repetition; RM: repetition maximum; SD: standard deviation; SF: Short Form; VAS: visual analog scale; wk:
week; yr: year.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ahlgren 2001 Diagnosis - trapezius myalgia.
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Study Reason for exclusion

Alentorn-Geli 2009 The study did not provide data on outcomes used in this review - focus was on serum insulin-like
growth factor.

Astin 2003 Did not meet exercise criteria (QiGong).

Bailey 1999 Not an RCT (1 group design).

Bakker 1995 Between-group analysis not done.

Carbonell-Baeza 2011 A study proposal (no data).

Casanueva-Fernandez 2012 Insufficient exercise component (treadmill 5 min, cycle ergometer 5 min, once/wk, 8 weeks).

da Silva 2007 This study did not present data allowing isolation of effects of physical activity - focus of study was
on a manipulative intervention called Tui Na.

Dal 2011 Not an RCT.

Dawson 2003 Not randomized. A 1-group before-after design.

Finset 2004 This report did not provide data for parallel groups.

Gandhi 2000 Not randomized, 3-group design: (1) non-exercising control (n = 12), (2) hospital-based exercise
group (n = 10), (3) home-based videotaped exercise program (n = 10).

Geel 2002 Not randomized.

Gowans 2002 Focused on measurement issues of selected variables already reported in an included study; new
variables did not include standard deviations.

Gowans 2004 This report described an uncontrolled follow-up of a physical activity intervention.

Guarino 2001 Diagnosis - Gulf War syndrome.

Han 1998 Not randomized (geographic control).

Huyser 1997 Not an RCT.

Karper 2001 Not randomized (program evaluation).

Kendall 2000 Did not meet exercise criteria (body awareness).

Khalsa 2009 Not an RCT.

Kingsley 2005 Diagnosis of fibromyalgia made by physician or rheumatologist but when contacted, the authors
did not verify the use of published criteria (eg, ACR criteria; Wolfe 1990).

Lange 2011 Not randomized.

Lorig 2008 Arthritis Self-Management Program internet-based instruction. Content included exercise design
but no explanation was given.

Mannerkorpi 2002 Not an RCT.
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Study Reason for exclusion

Mason 1998 Not randomized (subjects enrolled in a multimodal treatment compared with subjects who were
unable to participate due to insurance reasons).

McCain 1986 This study appears to present preliminary results of the McCain 1988 study and was, therefore, ex-
cluded.

Meiworm 2000 Not randomized (subjects self selected their group).

Meyer 2000 Problem with implementation of study design - randomization lost.

Mobily 2001 Not an RCT (a case study).

Mutlu 2013 Study compared exercise + Transcutaneous electrical nerve stimulation (TENS) versus exercise; ef-
fects of exercise cannot be isolated in this RCT.

Nielen 2000 Not randomized (cross-sectional case-control study of fitness).

Offenbacher 2000 Non-experimental - narrative review.

Oncel 1994 Insufficient description of exercise (1 group received "medical therapy and exercise"; no further in-
formation about the exercise intervention given).

Peters 2002 Diagnosis - persistent unexplained symptoms.

Pfeiffer 2003 Not an RCT (1 group before-and-after design).

Piso 2001 Not randomized - our translator reported: "The authors wrote only how they recruited nine of the
patients. They wrote nothing about if and how the patients were allocated to the two groups." We
were unsuccessful on several attempts to contact the authors for clarification.

Rooks 2002 Not an RCT (1-group design).

Santana 2010 Could not confirm that diagnosis was made using published criteria.

Sigl-Erkel 2011 A commentary on research by other investigators.

Thieme 2003 Did not meet exercise criteria (passive physical therapy with light movement in water - the active
exercise was too small a component, not described or quantified sufficiently).

Tiidus 1997 Not an RCT (1 group repeated measures design).

Uhlemann 2007 Not an RCT (cross-over design - no parallel data reported).

Vlaeyen1996 Insufficient description of the mode of exercise. "Each session ended with a physical exercise such
as swimming or bicycling, excluding systematic physical or fitness training."

Williams 2010 The study did not present data allowing isolation of effects of physical activity - focused on inter-
net-based management system to increase adherence.

Worrel 2001 Not an RCT (1-group design).

RCT: randomized clinical trial, wk: week.
 

Characteristics of studies awaiting assessment [ordered by study ID]
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Methods Unknown.

Participants  

Interventions Vibration exercise versus control.

Outcomes  

Notes Awaiting acquisition of full-text article.

Adsuar 2012 

 
 

Methods Unknown.

Participants  

Interventions Ibuprofen versus massage versus stretching.

Outcomes  

Notes Awaiting translation.

Amanollahi 2013 

 
 

Methods RCT.

Participants 14 people with fibromyalgia.

Interventions Classical massage combined with superficial heating and exercise in KMG.

Outcomes Visual analog scale (VAS), number of trigger points and Neck Pain and Disability (NPAD) VAS.

Notes In Turkish - awaiting translation.

Aslan 2001 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes  

Bland 2010 
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Methods RCT.

Participants 51 women with fibromyalgia (ACR criteria; Wolfe 1990).

Interventions Pilates versus connective tissue massage.

Outcomes Pain, depression.

Notes In Turkish - awaiting translation.

Ekici 2008 

 
 

Methods Unknown.

Participants Patienten met fibromyalgie (people with fibromyalgia).

Interventions Zwemprogramma.

Outcomes Unknown.

Notes In Dutch - awaiting acquisition.

Thijssen 1992 

 
 

Methods  

Participants  

Interventions  

Outcomes  

Notes  

Wright 2012 

ACR: American College of Rheumatology; RCT: randomized clinical trial.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Resistance training versus control

Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Multidimensional
function

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

2 Physical function 3 107 Mean Difference (IV, Fixed, 95% CI) -6.29 [-10.45, -2.13]

3 Pain 2 81 Mean Difference (IV, Random, 95% CI) -3.30 [-6.35, -0.26]
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Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

4 Tenderness 3 107 Mean Difference (IV, Fixed, 95% CI) -1.84 [-2.60, -1.08]

5 Muscle strength:
max concentric leg ex-
tension

2 47 Mean Difference (IV, Random, 95% CI) 27.32 [18.28, 36.36]

6 Fatigue 2 81 Mean Difference (IV, Fixed, 95% CI) -14.66 [-20.55, -8.77]

7 Patient-rated global 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

8 Mental health 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

9 Depression 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

10 Muscle power 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

11 Sleep 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

12 Muscle size 2 47 Std. Mean Difference (IV, Fixed, 95% CI) 0.48 [-0.11, 1.06]

13 Muscle activation 2 47 Mean Difference (IV, Random, 95% CI) 40.92 [33.50, 48.34]

14 All-cause attrition 3 107 Risk Ratio (M-H, Fixed, 95% CI) 3.5 [0.79, 15.49]

 
 

Analysis 1.1.   Comparison 1 Resistance training versus control, Outcome 1 Multidimensional function.

Study or subgroup Resistance exercise Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Kayo 2011 30 -24.9 (15.3) 30 -8.2 (10.1) -16.75[-23.31,-10.19]

Favors exercise 4020-40 -20 0 Favors control

 
 

Analysis 1.2.   Comparison 1 Resistance training versus control, Outcome 2 Physical function.

Study or subgroup Resistance exercise Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Hakkinen 2001 11 -10 (12.6) 10 0 (8) 21.48% -10[-18.98,-1.02]

Valkeinen 2004 13 -6.7 (8.9) 13 3.3 (10.5) 30.67% -10[-17.51,-2.49]

Kayo 2011 30 -7.2 (12) 30 -5 (11.8) 47.84% -2.24[-8.26,3.78]

   

Total *** 54   53   100% -6.29[-10.45,-2.13]

Heterogeneity: Tau2=0; Chi2=3.33, df=2(P=0.19); I2=39.98%  

Test for overall effect: Z=2.96(P=0)  

Favors exercise 10050-100 -50 0 Favors control
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Analysis 1.3.   Comparison 1 Resistance training versus control, Outcome 3 Pain.

Study or subgroup Resistance exercise Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Hakkinen 2001 11 -2.4 (1.5) 10 2.5 (1.6) 48.67% -4.9[-6.25,-3.55]

Kayo 2011 30 -3.9 (2) 30 -2.1 (1.6) 51.33% -1.79[-2.7,-0.88]

   

Total *** 41   40   100% -3.3[-6.35,-0.26]

Heterogeneity: Tau2=4.49; Chi2=13.98, df=1(P=0); I2=92.85%  

Test for overall effect: Z=2.13(P=0.03)  

Favors exercise 105-10 -5 0 Favors control

 
 

Analysis 1.4.   Comparison 1 Resistance training versus control, Outcome 4 Tenderness.

Study or subgroup Resistance exercise Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Hakkinen 2001 11 -1 (2.7) 10 1 (1.3) 18.51% -2[-3.77,-0.23]

Valkeinen 2004 13 -1.9 (1.5) 13 0.2 (1.1) 54.74% -2.1[-3.13,-1.07]

Kayo 2011 30 -5.1 (3.2) 30 -3.9 (2.6) 26.75% -1.2[-2.67,0.27]

   

Total *** 54   53   100% -1.84[-2.6,-1.08]

Heterogeneity: Tau2=0; Chi2=1, df=2(P=0.61); I2=0%  

Test for overall effect: Z=4.74(P<0.0001)  

Favors exercise 52.5-5 -2.5 0 Favors control

 
 

Analysis 1.5.   Comparison 1 Resistance training versus control,
Outcome 5 Muscle strength: max concentric leg extension.

Study or subgroup Resistance exercise Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Hakkinen 2001 11 25 (14) 10 1 (17.3) 44.69% 24[10.48,37.52]

Valkeinen 2004 13 30 (18.4) 13 0 (12.6) 55.31% 30[17.85,42.15]

   

Total *** 24   23   100% 27.32[18.28,36.36]

Heterogeneity: Tau2=0; Chi2=0.42, df=1(P=0.52); I2=0%  

Test for overall effect: Z=5.92(P<0.0001)  

Favors control 10050-100 -50 0 Favors exercise

 
 

Analysis 1.6.   Comparison 1 Resistance training versus control, Outcome 6 Fatigue.

Study or subgroup Resistance exercise Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Hakkinen 2001 11 -19 (1.5) 10 1 (18.8) 25.37% -20[-31.69,-8.31]

Kayo 2011 30 -16.1 (15) 30 -3.3 (11.8) 74.63% -12.85[-19.67,-6.03]

   

Total *** 41   40   100% -14.66[-20.55,-8.77]

Heterogeneity: Tau2=0; Chi2=1.07, df=1(P=0.3); I2=6.72%  

Favors exercise 4020-40 -20 0 Favors control
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Study or subgroup Resistance exercise Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=4.88(P<0.0001)  

Favors exercise 4020-40 -20 0 Favors control

 
 

Analysis 1.7.   Comparison 1 Resistance training versus control, Outcome 7 Patient-rated global.

Study or subgroup Resistance exercise Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Hakkinen 2001 11 -26 (15.7) 10 14 (17.6) -40[-54.31,-25.69]

Favors exercise 10050-100 -50 0 Favors control

 
 

Analysis 1.8.   Comparison 1 Resistance training versus control, Outcome 8 Mental health.

Study or subgroup Resistance exercise Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Kayo 2011 30 -8.7 (16.1) 30 -5.9 (13.4) -2.86[-10.35,4.63]

Favors exercise 10050-100 -50 0 Favors control

 
 

Analysis 1.9.   Comparison 1 Resistance training versus control, Outcome 9 Depression.

Study or subgroup Resistance exercise Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Hakkinen 2001 11 -2.8 (3.1) 10 0.9 (3.1) -3.7[-6.37,-1.03]

Favors exercise 10050-100 -50 0 Favors control

 
 

Analysis 1.10.   Comparison 1 Resistance training versus control, Outcome 10 Muscle power.

Study or subgroup Resistance exercise Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Hakkinen 2001 11 0 (0) 10 -0 (0) 0.02[0.01,0.03]

Favors control 0.10.05-0.1 -0.05 0 Favors exercise

 
 

Analysis 1.11.   Comparison 1 Resistance training versus control, Outcome 11 Sleep.

Study or subgroup Resistance exercise Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Hakkinen 2001 11 -10 (14.5) 10 -3 (17.4) -7[-20.79,6.79]

Favors exercise 10050-100 -50 0 Favors control
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Analysis 1.12.   Comparison 1 Resistance training versus control, Outcome 12 Muscle size.

Study or subgroup Resistance exercise Control Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Hakkinen 2001 11 4.1 (3) 10 1.4 (3.6) 42.7% 0.77[-0.12,1.67]

Valkeinen 2004 13 2.7 (4.3) 13 1.5 (4.4) 57.3% 0.26[-0.51,1.03]

   

Total *** 24   23   100% 0.48[-0.11,1.06]

Heterogeneity: Tau2=0; Chi2=0.73, df=1(P=0.39); I2=0%  

Test for overall effect: Z=1.61(P=0.11)  

Favors control 10050-100 -50 0 Favors exercise

 
 

Analysis 1.13.   Comparison 1 Resistance training versus control, Outcome 13 Muscle activation.

Study or subgroup Resistance exercise Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Hakkinen 2001 11 29.6 (10.8) 10 -10.7 (7.8) 85.73% 40.29[32.28,48.3]

Valkeinen 2004 13 56.6 (28.4) 13 11.9 (22.4) 14.27% 44.72[25.08,64.36]

   

Total *** 24   23   100% 40.92[33.5,48.34]

Heterogeneity: Tau2=0; Chi2=0.17, df=1(P=0.68); I2=0%  

Test for overall effect: Z=10.81(P<0.0001)  

Favors control 5025-50 -25 0 Favors exercise

 
 

Analysis 1.14.   Comparison 1 Resistance training versus control, Outcome 14 All-cause attrition.

Study or subgroup Resistance
exercise

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Hakkinen 2001 0/11 0/10   Not estimable

Kayo 2011 7/30 2/30 100% 3.5[0.79,15.49]

Valkeinen 2004 0/13 0/13   Not estimable

   

Total (95% CI) 54 53 100% 3.5[0.79,15.49]

Total events: 7 (Resistance exercise), 2 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.65(P=0.1)  

Favors exercise 10000.001 100.1 1 Favors control

 
 

Comparison 2.   Resistance versus aerobic training

Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Multidimensional
Function

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected
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Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

2 Self reported physi-
cal function

2 86 Mean Difference (IV, Fixed, 95% CI) -1.48 [-6.69, 3.74]

3 Pain 2 86 Mean Difference (IV, Fixed, 95% CI) 0.99 [0.31, 1.67]

4 Tenderness 2 86 Std. Mean Difference (IV, Fixed, 95% CI) -0.13 [-0.55, 0.30]

5 Fatigue 2 86 Mean Difference (IV, Fixed, 95% CI) 1.50 [-4.14, 7.13]

6 Mental health 2 86 Mean Difference (IV, Fixed, 95% CI) 0.96 [-4.97, 6.90]

7 Sleep 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

8 Depression 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

9 Anxiety 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

10 Cardio respiratory
submax

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

11 All-cause attrition 2 90 Peto Odds Ratio (Peto, Fixed, 95% CI) 1.0 [0.24, 4.23]

 
 

Analysis 2.1.   Comparison 2 Resistance versus aerobic training, Outcome 1 Multidimensional Function.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Kayo 2011 30 -15.8 (12.5) 30 -21.3 (12.8) 5.48[-0.92,11.88]

Favors RE 2010-20 -10 0 Favors AE

 
 

Analysis 2.2.   Comparison 2 Resistance versus aerobic training, Outcome 2 Self reported physical function.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Bircan 2008 13 12.3 (13.5) 13 10 (13) 26.35% 2.31[-7.85,12.47]

Kayo 2011 30 1.2 (12.1) 30 4 (11.9) 73.65% -2.83[-8.91,3.25]

   

Total *** 43   43   100% -1.48[-6.69,3.74]

Heterogeneity: Tau2=0; Chi2=0.72, df=1(P=0.39); I2=0%  

Test for overall effect: Z=0.55(P=0.58)  

Favors RE 2010-20 -10 0 Favors AE
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Analysis 2.3.   Comparison 2 Resistance versus aerobic training, Outcome 3 Pain.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Bircan 2008 13 -2.6 (1.4) 13 -3.9 (1.2) 48.77% 1.32[0.34,2.3]

Kayo 2011 30 -2.8 (2) 30 -3.4 (1.8) 51.23% 0.67[-0.28,1.62]

   

Total *** 43   43   100% 0.99[0.31,1.67]

Heterogeneity: Tau2=0; Chi2=0.87, df=1(P=0.35); I2=0%  

Test for overall effect: Z=2.84(P=0)  

Favors RE 42-4 -2 0 Favors AE

 
 

Analysis 2.4.   Comparison 2 Resistance versus aerobic training, Outcome 4 Tenderness.

Study or subgroup Resistance exercise Aerobic exercise Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Bircan 2008 13 -6.2 (1.4) 13 -5.4 (1.4) 29.31% -0.56[-1.34,0.23]

Kayo 2011 30 -9.8 (7.9) 30 -10.3 (10.5) 70.69% 0.05[-0.46,0.56]

   

Total *** 43   43   100% -0.13[-0.55,0.3]

Heterogeneity: Tau2=0; Chi2=1.61, df=1(P=0.2); I2=37.92%  

Test for overall effect: Z=0.59(P=0.56)  

Favors RE 21-2 -1 0 Favors AE

 
 

Analysis 2.5.   Comparison 2 Resistance versus aerobic training, Outcome 5 Fatigue.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Bircan 2008 13 -28.1 (17.4) 13 -33.9 (14.8) 20.64% 5.8[-6.6,18.2]

Kayo 2011 30 -8.3 (12.7) 30 -8.7 (12.3) 79.36% 0.38[-5.94,6.7]

   

Total *** 43   43   100% 1.5[-4.14,7.13]

Heterogeneity: Tau2=0; Chi2=0.58, df=1(P=0.45); I2=0%  

Test for overall effect: Z=0.52(P=0.6)  

Favors RE 2010-20 -10 0 Favors AE

 
 

Analysis 2.6.   Comparison 2 Resistance versus aerobic training, Outcome 6 Mental health.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Bircan 2008 13 12 (13.1) 13 8.9 (12.3) 36.74% 3.08[-6.71,12.87]

Kayo 2011 30 -5.9 (14.9) 30 -5.6 (14.6) 63.26% -0.27[-7.73,7.19]

   

Total *** 43   43   100% 0.96[-4.97,6.9]

Heterogeneity: Tau2=0; Chi2=0.28, df=1(P=0.59); I2=0%  

Test for overall effect: Z=0.32(P=0.75)  

Favors AE 105-10 -5 0 Favors RE
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Analysis 2.7.   Comparison 2 Resistance versus aerobic training, Outcome 7 Sleep.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Bircan 2008 13 -1.9 (1.9) 13 -3.3 (1.2) 1.47[0.25,2.69]

Favors RE 52.5-5 -2.5 0 Favors AE

 
 

Analysis 2.8.   Comparison 2 Resistance versus aerobic training, Outcome 8 Depression.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Bircan 2008 13 -2.5 (2.7) 13 -2 (2.5) -0.54[-2.54,1.46]

Favors RE 52.5-5 -2.5 0 Favors AE

 
 

Analysis 2.9.   Comparison 2 Resistance versus aerobic training, Outcome 9 Anxiety.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Bircan 2008 13 -0.5 (2.8) 13 -1.1 (2.7) 0.61[-1.48,2.7]

Favors RE 2010-20 -10 0 Favors AE

 
 

Analysis 2.10.   Comparison 2 Resistance versus aerobic training, Outcome 10 Cardio respiratory submax.

Study or subgroup Resistance exercise Aerobic exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Bircan 2008 13 76.6 (47) 13 40.9 (59.6) 35.76[-5.53,77.05]

Favors AE 10050-100 -50 0 Favors RE

 
 

Analysis 2.11.   Comparison 2 Resistance versus aerobic training, Outcome 11 All-cause attrition.

Study or subgroup Resistance
exercise

Aerobic
exercise

Peto Odds Ratio Weight Peto Odds Ratio

  n/N n/N Peto, Fixed, 95% CI   Peto, Fixed, 95% CI

Bircan 2008 2/15 2/15 48.58% 1[0.13,7.92]

Kayo 2011 2/30 2/30 51.42% 1[0.13,7.48]

   

Total (95% CI) 45 45 100% 1[0.24,4.23]

Total events: 4 (Resistance exercise), 4 (Aerobic exercise)  

Heterogeneity: Tau2=0; Chi2=0, df=1(P=1); I2=0%  

Test for overall effect: Not applicable  

Favors resistance 2000.005 100.1 1 Favors aerobic
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Comparison 3.   Resistance versus flexibility exercise

Outcome or sub-
group title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Multidimensional
function

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

2 Pain 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

3 Tenderness 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

4 Strength 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

5 Self efficacy 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

6 Fatigue 1   Std. Mean Difference (IV, Fixed, 95% CI) Totals not selected

7 Sleep 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

8 Depression 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

9 Anxiety 1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

10 Muscle/joint flexi-
bility

1   Mean Difference (IV, Fixed, 95% CI) Totals not selected

11 All-cause attrition 1   Risk Ratio (M-H, Fixed, 95% CI) Totals not selected

 
 

Analysis 3.1.   Comparison 3 Resistance versus flexibility exercise, Outcome 1 Multidimensional function.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 -10.3 (10.3) 28 -3.8 (12.8) -6.49[-12.57,-0.41]

Favors RE 2010-20 -10 0 Favors FX

 
 

Analysis 3.2.   Comparison 3 Resistance versus flexibility exercise, Outcome 2 Pain.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 -1.9 (1.3) 28 -1 (1.3) -0.88[-1.57,-0.19]

Favors RE 21-2 -1 0 Favors FX

 
 

Analysis 3.3.   Comparison 3 Resistance versus flexibility exercise, Outcome 3 Tenderness.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 -1.5 (1.9) 28 -1 (2.2) -0.46[-1.56,0.64]

Favors RE 52.5-5 -2.5 0 Favors FX
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Analysis 3.4.   Comparison 3 Resistance versus flexibility exercise, Outcome 4 Strength.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 14.5 (14) 28 9.7 (13.4) 4.77[-2.4,11.94]

Favors FX 2010-20 -10 0 Favors RE

 
 

Analysis 3.5.   Comparison 3 Resistance versus flexibility exercise, Outcome 5 Self eGicacy.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 34.5 (109.9) 28 66.1 (106.2) -31.65[-88.26,24.96]

Favors FX 200100-200 -100 0 Favors RE

 
 

Analysis 3.6.   Comparison 3 Resistance versus flexibility exercise, Outcome 6 Fatigue.

Study or subgroup Resistance exercise Flexibility exercise Std. Mean Difference Std. Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 -2.4 (1.3) 28 -0.7 (1.5) -1.26[-1.84,-0.68]

Favors RE 52.5-5 -2.5 0 Favors FX

 
 

Analysis 3.7.   Comparison 3 Resistance versus flexibility exercise, Outcome 7 Sleep.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 -2.3 (1.7) 28 -0.5 (1.6) -1.77[-2.62,-0.92]

Favors RE 52.5-5 -2.5 0 Favors FX

 
 

Analysis 3.8.   Comparison 3 Resistance versus flexibility exercise, Outcome 8 Depression.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 -3.7 (4.2) 28 -1.8 (4) -1.83[-3.99,0.33]

Favors RE 105-10 -5 0 Favors FX

 
 

Analysis 3.9.   Comparison 3 Resistance versus flexibility exercise, Outcome 9 Anxiety.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 -2.5 (5.8) 28 0.7 (6.5) -3.2[-6.42,0.02]

Favors RE 105-10 -5 0 Favors FX
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Analysis 3.10.   Comparison 3 Resistance versus flexibility exercise, Outcome 10 Muscle/joint flexibility.

Study or subgroup Resistance exercise Flexibility exercise Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Jones 2002 28 -1.1 (0.5) 28 -1.4 (0.6) 0.3[0.01,0.59]

Favors RE 21-2 -1 0 Favors FX

 
 

Analysis 3.11.   Comparison 3 Resistance versus flexibility exercise, Outcome 11 All-cause attrition.

Study or subgroup Resistance exercise Flexibility exercise Risk Ratio Risk Ratio

  n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Jones 2002 6/28 6/28 1[0.37,2.73]

Favors RT 100.1 50.2 20.5 1 Favors FX

 
 

Comparison 4.   Acceptability - Attrition

Outcome or subgroup
title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Attrition 5 253 Odds Ratio (M-H, Fixed, 95% CI) 0.94 [0.49, 1.83]

1.1 RT vs. control 3 107 Odds Ratio (M-H, Fixed, 95% CI) 1.0 [0.30, 3.31]

1.2 RT vs. AE 2 90 Odds Ratio (M-H, Fixed, 95% CI) 0.87 [0.31, 2.43]

1.3 RT vs. flexibility 1 56 Odds Ratio (M-H, Fixed, 95% CI) 1.0 [0.28, 3.58]

 
 

Analysis 4.1.   Comparison 4 Acceptability - Attrition, Outcome 1 Attrition.

Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

4.1.1 RT vs. control  

Hakkinen 2001 0/11 0/10   Not estimable

Kayo 2011 7/30 7/30 29.9% 1[0.3,3.31]

Valkeinen 2004 0/13 0/13   Not estimable

Subtotal (95% CI) 54 53 29.9% 1[0.3,3.31]

Total events: 7 (Experimental), 7 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

4.1.2 RT vs. AE  

Bircan 2008 2/15 2/15 9.66% 1[0.12,8.21]

Kayo 2011 7/30 8/30 34.17% 0.84[0.26,2.7]

Subtotal (95% CI) 45 45 43.83% 0.87[0.31,2.43]

Total events: 9 (Experimental), 10 (Control)  

Favors RT 500.02 100.1 1 Favors Comparator
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Study or subgroup Experimental Control Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=0.02, df=1(P=0.88); I2=0%  

Test for overall effect: Z=0.26(P=0.79)  

   

4.1.3 RT vs. flexibility  

Jones 2002 6/28 6/28 26.27% 1[0.28,3.58]

Subtotal (95% CI) 28 28 26.27% 1[0.28,3.58]

Total events: 6 (Experimental), 6 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 127 126 100% 0.94[0.49,1.83]

Total events: 22 (Experimental), 23 (Control)  

Heterogeneity: Tau2=0; Chi2=0.06, df=3(P=1); I2=0%  

Test for overall effect: Z=0.17(P=0.87)  

Test for subgroup differences: Chi2=0.04, df=1 (P=0.98), I2=0%  

Favors RT 500.02 100.1 1 Favors Comparator

 
 

Comparison 5.   Follow-up resistance training versus control

Outcome or
subgroup title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Multidimen-
sional function

1 180 Mean Difference (IV, Fixed, 95% CI) -12.43 [-16.25, -8.61]

1.1 8 weeks (wk) 1 60 Mean Difference (IV, Fixed, 95% CI) -9.87 [-16.07, -3.67]

1.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -16.75 [-23.31, -10.19]

1.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -10.67 [-17.88, -3.46]

2 Physical func-
tion

1 180 Mean Difference (IV, Fixed, 95% CI) -0.64 [-4.11, 2.83]

2.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -0.67 [-6.63, 5.29]

2.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -2.24 [-8.26, 3.78]

2.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 1.0 [-5.04, 7.04]

3 Pain 1 180 Mean Difference (IV, Fixed, 95% CI) -1.12 [-1.65, -0.58]

3.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -0.68 [-1.62, 0.26]

3.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -1.79 [-2.70, -0.88]

3.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -0.85 [-1.77, 0.07]

4 Tenderness 1 180 Mean Difference (IV, Fixed, 95% CI) -1.82 [-4.37, 0.74]

4.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -0.26 [-4.21, 3.69]
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Outcome or
subgroup title

No. of studies No. of partici-
pants

Statistical method Effect size

4.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -3.69 [-8.11, 0.73]

4.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -1.92 [-7.06, 3.22]

5 Fatigue 1 180 Mean Difference (IV, Fixed, 95% CI) -6.53 [-10.47, -2.59]

5.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 1.65 [-4.96, 8.26]

5.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -12.85 [-19.67, -6.03]

5.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -9.11 [-16.18, -2.04]

6 Mental health 1 180 Mean Difference (IV, Fixed, 95% CI) -0.95 [-5.21, 3.32]

6.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -0.54 [-7.69, 6.61]

6.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -2.86 [-10.35, 4.63]

6.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 0.54 [-7.01, 8.09]

 
 

Analysis 5.1.   Comparison 5 Follow-up resistance training versus control, Outcome 1 Multidimensional function.

Study or subgroup RT Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.1.1 8 weeks (wk)  

Kayo 2011 30 -15.8 (12.5) 30 -6 (12) 38.01% -9.87[-16.07,-3.67]

Subtotal *** 30   30   38.01% -9.87[-16.07,-3.67]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.12(P=0)  

   

5.1.2 16 wk  

Kayo 2011 30 -24.9 (15.3) 30 -8.2 (10.1) 33.91% -16.75[-23.31,-10.19]

Subtotal *** 30   30   33.91% -16.75[-23.31,-10.19]

Heterogeneity: Not applicable  

Test for overall effect: Z=5(P<0.0001)  

   

5.1.3 28 wk  

Kayo 2011 30 -16.9 (16.8) 30 -6.2 (11.2) 28.09% -10.67[-17.88,-3.46]

Subtotal *** 30   30   28.09% -10.67[-17.88,-3.46]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.9(P=0)  

   

Total *** 90   90   100% -12.43[-16.25,-8.61]

Heterogeneity: Tau2=0; Chi2=2.55, df=2(P=0.28); I2=21.54%  

Test for overall effect: Z=6.37(P<0.0001)  

Test for subgroup differences: Chi2=2.55, df=1 (P=0.28), I2=21.54%  

Favors experimental 10050-100 -50 0 Favors control
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Analysis 5.2.   Comparison 5 Follow-up resistance training versus control, Outcome 2 Physical function.

Study or subgroup RT Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.2.1 8 wk  

Kayo 2011 30 -1.2 (12.1) 30 -0.5 (11.4) 33.82% -0.67[-6.63,5.29]

Subtotal *** 30   30   33.82% -0.67[-6.63,5.29]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.22(P=0.83)  

   

5.2.2 16 wk  

Kayo 2011 30 -7.2 (12) 30 -5 (11.8) 33.2% -2.24[-8.26,3.78]

Subtotal *** 30   30   33.2% -2.24[-8.26,3.78]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.73(P=0.47)  

   

5.2.3 28 wk  

Kayo 2011 30 -4.2 (12) 30 -5.2 (11.9) 32.98% 1[-5.04,7.04]

Subtotal *** 30   30   32.98% 1[-5.04,7.04]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.32(P=0.75)  

   

Total *** 90   90   100% -0.64[-4.11,2.83]

Heterogeneity: Tau2=0; Chi2=0.56, df=2(P=0.76); I2=0%  

Test for overall effect: Z=0.36(P=0.72)  

Test for subgroup differences: Chi2=0.56, df=1 (P=0.76), I2=0%  

Favors experimental 10050-100 -50 0 Favors control

 
 

Analysis 5.3.   Comparison 5 Follow-up resistance training versus control, Outcome 3 Pain.

Study or subgroup RT Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.3.1 8 wk  

Kayo 2011 30 -2.8 (2) 30 -2.1 (1.8) 32.12% -0.68[-1.62,0.26]

Subtotal *** 30   30   32.12% -0.68[-1.62,0.26]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.42(P=0.16)  

   

5.3.2 16 wk  

Kayo 2011 30 -3.9 (2) 30 -2.1 (1.6) 34.03% -1.79[-2.7,-0.88]

Subtotal *** 30   30   34.03% -1.79[-2.7,-0.88]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.84(P=0)  

   

5.3.3 28 wk  

Kayo 2011 30 -2.7 (1.9) 30 -1.9 (1.7) 33.85% -0.85[-1.77,0.07]

Subtotal *** 30   30   33.85% -0.85[-1.77,0.07]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.82(P=0.07)  

   

Total *** 90   90   100% -1.12[-1.65,-0.58]

Heterogeneity: Tau2=0; Chi2=3.24, df=2(P=0.2); I2=38.33%  

Favors experimental 10050-100 -50 0 Favors control
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Study or subgroup RT Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=4.1(P<0.0001)  

Test for subgroup differences: Chi2=3.24, df=1 (P=0.2), I2=38.33%  

Favors experimental 10050-100 -50 0 Favors control

 
 

Analysis 5.4.   Comparison 5 Follow-up resistance training versus control, Outcome 4 Tenderness.

Study or subgroup RT Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.4.1 8 wk  

Kayo 2011 30 -9.8 (7.9) 30 -9.5 (7.7) 41.84% -0.26[-4.21,3.69]

Subtotal *** 30   30   41.84% -0.26[-4.21,3.69]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.13(P=0.9)  

   

5.4.2 16 wk  

Kayo 2011 30 -15.3 (9.5) 30 -11.6 (7.9) 33.44% -3.69[-8.11,0.73]

Subtotal *** 30   30   33.44% -3.69[-8.11,0.73]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.64(P=0.1)  

   

5.4.3 28 wk  

Kayo 2011 30 -12.6 (10.8) 30 -10.6 (9.5) 24.72% -1.92[-7.06,3.22]

Subtotal *** 30   30   24.72% -1.92[-7.06,3.22]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.73(P=0.46)  

   

Total *** 90   90   100% -1.82[-4.37,0.74]

Heterogeneity: Tau2=0; Chi2=1.29, df=2(P=0.53); I2=0%  

Test for overall effect: Z=1.39(P=0.16)  

Test for subgroup differences: Chi2=1.29, df=1 (P=0.53), I2=0%  

Favors experimental 10050-100 -50 0 Favors control

 
 

Analysis 5.5.   Comparison 5 Follow-up resistance training versus control, Outcome 5 Fatigue.

Study or subgroup RT Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.5.1 8 wk  

Kayo 2011 30 -8.3 (12.7) 30 -9.9 (13.4) 35.55% 1.65[-4.96,8.26]

Subtotal *** 30   30   35.55% 1.65[-4.96,8.26]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.49(P=0.62)  

   

5.5.2 16 wk  

Kayo 2011 30 -16.1 (15) 30 -3.3 (11.8) 33.39% -12.85[-19.67,-6.03]

Subtotal *** 30   30   33.39% -12.85[-19.67,-6.03]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=3.69(P=0)  

Favors experimental 10050-100 -50 0 Favors control
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Study or subgroup RT Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

   

5.5.3 28 wk  

Kayo 2011 30 -11.9 (14.8) 30 -2.8 (13.1) 31.05% -9.11[-16.18,-2.04]

Subtotal *** 30   30   31.05% -9.11[-16.18,-2.04]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.53(P=0.01)  

   

Total *** 90   90   100% -6.53[-10.47,-2.59]

Heterogeneity: Tau2=0; Chi2=9.7, df=2(P=0.01); I2=79.39%  

Test for overall effect: Z=3.25(P=0)  

Test for subgroup differences: Chi2=9.7, df=1 (P=0.01), I2=79.39%  

Favors experimental 10050-100 -50 0 Favors control

 
 

Analysis 5.6.   Comparison 5 Follow-up resistance training versus control, Outcome 6 Mental health.

Study or subgroup RT Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

5.6.1 8 wk  

Kayo 2011 30 -5.9 (14.9) 30 -5.3 (13.3) 35.6% -0.54[-7.69,6.61]

Subtotal *** 30   30   35.6% -0.54[-7.69,6.61]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.15(P=0.88)  

   

5.6.2 16 wk  

Kayo 2011 30 -8.7 (16.1) 30 -5.9 (13.4) 32.44% -2.86[-10.35,4.63]

Subtotal *** 30   30   32.44% -2.86[-10.35,4.63]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.75(P=0.45)  

   

5.6.3 28 wk  

Kayo 2011 30 -4.9 (15.7) 30 -5.5 (14.1) 31.97% 0.54[-7.01,8.09]

Subtotal *** 30   30   31.97% 0.54[-7.01,8.09]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.14(P=0.89)  

   

Total *** 90   90   100% -0.95[-5.21,3.32]

Heterogeneity: Tau2=0; Chi2=0.41, df=2(P=0.81); I2=0%  

Test for overall effect: Z=0.44(P=0.66)  

Test for subgroup differences: Chi2=0.41, df=1 (P=0.81), I2=0%  

Favors experimental 10050-100 -50 0 Favors control

 
 

Comparison 6.   Follow-up resistance training versus aerobic training

Outcome or
subgroup title

No. of studies No. of partici-
pants

Statistical method Effect size

1 Multidimen-
sional function

1 180 Mean Difference (IV, Fixed, 95% CI) 4.82 [0.69, 8.95]
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Outcome or
subgroup title

No. of studies No. of partici-
pants

Statistical method Effect size

1.1 8 weeks (wk) 1 60 Mean Difference (IV, Fixed, 95% CI) 5.48 [-0.92, 11.88]

1.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 1.39 [-6.02, 8.80]

1.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 7.71 [-0.19, 15.61]

2 Physical func-
tion

1 180 Mean Difference (IV, Fixed, 95% CI) 5.22 [1.61, 8.83]

2.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 2.83 [-3.25, 8.91]

2.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 4.43 [-1.76, 10.62]

2.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 8.83 [2.33, 15.33]

3 Pain 1 180 Mean Difference (IV, Fixed, 95% CI) 0.28 [-0.28, 0.85]

3.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 0.67 [-0.28, 1.62]

3.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -0.67 [-1.67, 0.33]

3.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 0.83 [-0.18, 1.84]

4 Tenderness 1 180 Mean Difference (IV, Fixed, 95% CI) 0.64 [-2.23, 3.51]

4.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 0.47 [-4.22, 5.16]

4.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -1.36 [-6.48, 3.76]

4.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 2.84 [-2.28, 7.96]

5 Fatigue 1 180 Mean Difference (IV, Fixed, 95% CI) -0.47 [-4.27, 3.33]

5.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 0.38 [-5.94, 6.70]

5.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -3.56 [-10.30, 3.18]

5.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 1.62 [-5.08, 8.32]

6 Mental health 1 180 Mean Difference (IV, Fixed, 95% CI) 4.38 [-0.03, 8.78]

6.1 8 wk 1 60 Mean Difference (IV, Fixed, 95% CI) -0.27 [-7.73, 7.19]

6.2 16 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 4.74 [-3.03, 12.51]

6.3 28 wk 1 60 Mean Difference (IV, Fixed, 95% CI) 8.94 [1.26, 16.62]
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Analysis 6.1.   Comparison 6 Follow-up resistance training
versus aerobic training, Outcome 1 Multidimensional function.

Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.1.1 8 weeks (wk)  

Kayo 2011 30 -15.8 (12.5) 30 -21.3 (12.8) 41.61% 5.48[-0.92,11.88]

Subtotal *** 30   30   41.61% 5.48[-0.92,11.88]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.68(P=0.09)  

   

6.1.2 16 wk  

Kayo 2011 30 -24.9 (15.3) 30 -26.3 (13.9) 31.06% 1.39[-6.02,8.8]

Subtotal *** 30   30   31.06% 1.39[-6.02,8.8]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.37(P=0.71)  

   

6.1.3 28 wk  

Kayo 2011 30 -16.9 (16.8) 30 -24.6 (14.3) 27.33% 7.71[-0.19,15.61]

Subtotal *** 30   30   27.33% 7.71[-0.19,15.61]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.91(P=0.06)  

   

Total *** 90   90   100% 4.82[0.69,8.95]

Heterogeneity: Tau2=0; Chi2=1.38, df=2(P=0.5); I2=0%  

Test for overall effect: Z=2.29(P=0.02)  

Test for subgroup differences: Chi2=1.38, df=1 (P=0.5), I2=0%  

Favors AE 2010-20 -10 0 Favors RT

 
 

Analysis 6.2.   Comparison 6 Follow-up resistance training versus aerobic training, Outcome 2 Physical function.

Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.2.1 8 wk  

Kayo 2011 30 -1.2 (12.1) 30 -4 (11.9) 35.26% 2.83[-3.25,8.91]

Subtotal *** 30   30   35.26% 2.83[-3.25,8.91]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.91(P=0.36)  

   

6.2.2 16 wk  

Kayo 2011 30 -7.2 (12) 30 -11.7 (12.5) 33.93% 4.43[-1.76,10.62]

Subtotal *** 30   30   33.93% 4.43[-1.76,10.62]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.4(P=0.16)  

   

6.2.3 28 wk  

Kayo 2011 30 -4.2 (12) 30 -13 (13.7) 30.81% 8.83[2.33,15.33]

Subtotal *** 30   30   30.81% 8.83[2.33,15.33]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.66(P=0.01)  

   

Total *** 90   90   100% 5.22[1.61,8.83]

Favors AE 2010-20 -10 0 Favors RT
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Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=1.84, df=2(P=0.4); I2=0%  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Chi2=1.84, df=1 (P=0.4), I2=0%  

Favors AE 2010-20 -10 0 Favors RT

 
 

Analysis 6.3.   Comparison 6 Follow-up resistance training versus aerobic training, Outcome 3 Pain.

Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.3.1 8 wk  

Kayo 2011 30 -2.8 (2) 30 -3.4 (1.8) 35.72% 0.67[-0.28,1.62]

Subtotal *** 30   30   35.72% 0.67[-0.28,1.62]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.38(P=0.17)  

   

6.3.2 16 wk  

Kayo 2011 30 -3.9 (2) 30 -3.3 (1.9) 32.55% -0.67[-1.67,0.33]

Subtotal *** 30   30   32.55% -0.67[-1.67,0.33]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.32(P=0.19)  

   

6.3.3 28 wk  

Kayo 2011 30 -2.7 (1.9) 30 -3.6 (2.1) 31.73% 0.83[-0.18,1.84]

Subtotal *** 30   30   31.73% 0.83[-0.18,1.84]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.61(P=0.11)  

   

Total *** 90   90   100% 0.28[-0.28,0.85]

Heterogeneity: Tau2=0; Chi2=5.27, df=2(P=0.07); I2=62.04%  

Test for overall effect: Z=0.98(P=0.33)  

Test for subgroup differences: Chi2=5.27, df=1 (P=0.07), I2=62.04%  

Favors AE 21-2 -1 0 Favors RT

 
 

Analysis 6.4.   Comparison 6 Follow-up resistance training versus aerobic training, Outcome 4 Tenderness.

Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.4.1 8 wk  

Kayo 2011 30 -9.8 (7.9) 30 -10.3 (10.5) 37.28% 0.47[-4.22,5.16]

Subtotal *** 30   30   37.28% 0.47[-4.22,5.16]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.2(P=0.84)  

   

6.4.2 16 wk  

Kayo 2011 30 -15.2 (9.5) 30 -13.8 (10.7) 31.31% -1.36[-6.48,3.76]

Subtotal *** 30   30   31.31% -1.36[-6.48,3.76]

Heterogeneity: Not applicable  

Favors AE 2010-20 -10 0 Favors RT
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Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=0.52(P=0.6)  

   

6.4.3 28 wk  

Kayo 2011 30 -12.6 (10.8) 30 -15.4 (9.4) 31.41% 2.84[-2.28,7.96]

Subtotal *** 30   30   31.41% 2.84[-2.28,7.96]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.09(P=0.28)  

   

Total *** 90   90   100% 0.64[-2.23,3.51]

Heterogeneity: Tau2=0; Chi2=1.3, df=2(P=0.52); I2=0%  

Test for overall effect: Z=0.44(P=0.66)  

Test for subgroup differences: Chi2=1.3, df=1 (P=0.52), I2=0%  

Favors AE 2010-20 -10 0 Favors RT

 
 

Analysis 6.5.   Comparison 6 Follow-up resistance training versus aerobic training, Outcome 5 Fatigue.

Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.5.1 8 wk  

Kayo 2011 30 -8.3 (12.7) 30 -8.7 (12.3) 36.08% 0.38[-5.94,6.7]

Subtotal *** 30   30   36.08% 0.38[-5.94,6.7]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.12(P=0.91)  

   

6.5.2 16 wk  

Kayo 2011 30 -16.1 (15) 30 -12.6 (11.4) 31.77% -3.56[-10.3,3.18]

Subtotal *** 30   30   31.77% -3.56[-10.3,3.18]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.04(P=0.3)  

   

6.5.3 28 wk  

Kayo 2011 30 -11.9 (14.8) 30 -13.5 (11.5) 32.15% 1.62[-5.08,8.32]

Subtotal *** 30   30   32.15% 1.62[-5.08,8.32]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.47(P=0.64)  

   

Total *** 90   90   100% -0.47[-4.27,3.33]

Heterogeneity: Tau2=0; Chi2=1.25, df=2(P=0.54); I2=0%  

Test for overall effect: Z=0.24(P=0.81)  

Test for subgroup differences: Chi2=1.25, df=1 (P=0.54), I2=0%  

Favors AE 105-10 -5 0 Favors RT

 
 

Analysis 6.6.   Comparison 6 Follow-up resistance training versus aerobic training, Outcome 6 Mental health.

Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

6.6.1 8 wk  

Favors AE 2010-20 -10 0 Favors RT
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Study or subgroup RT AE Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Kayo 2011 30 -5.9 (14.9) 30 -5.6 (14.6) 34.88% -0.27[-7.73,7.19]

Subtotal *** 30   30   34.88% -0.27[-7.73,7.19]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.07(P=0.94)  

   

6.6.2 16 wk  

Kayo 2011 30 -8.7 (16.1) 30 -13.5 (14.6) 32.17% 4.74[-3.03,12.51]

Subtotal *** 30   30   32.17% 4.74[-3.03,12.51]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.2(P=0.23)  

   

6.6.3 28 wk  

Kayo 2011 30 -4.9 (15.7) 30 -13.9 (14.6) 32.96% 8.94[1.26,16.62]

Subtotal *** 30   30   32.96% 8.94[1.26,16.62]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.28(P=0.02)  

   

Total *** 90   90   100% 4.38[-0.03,8.78]

Heterogeneity: Tau2=0; Chi2=2.86, df=2(P=0.24); I2=29.96%  

Test for overall effect: Z=1.95(P=0.05)  

Test for subgroup differences: Chi2=2.86, df=1 (P=0.24), I2=29.96%  

Favors AE 2010-20 -10 0 Favors RT

 

 

A D D I T I O N A L   T A B L E S
 

Term Definition

Allodynia A painful response to a normally innocuous stimulus.

Endurance 2 forms of endurance that refer to health-related physical fitness are: (1) cardiorespiratory en-
durance (also known as cardiovascular endurance, aerobic fitness, aerobic endurance, exercise
tolerance) which "relates to the ability of the circulatory and respiratory systems to supply fuel dur-
ing sustained physical activity and to eliminate waste products after supplying fuel", and (2) mus-
cle endurance, which relates to the ability of muscle groups to exert external force for many repeti-
tions" (Caspersen 1985).

Exercise Planned, structured, and repetitive activities designed to improve or maintain strength or fitness.

Hyperalgesia An increased response to a painful stimulus.

Maximum voluntary contrac-
tion (MVC)

A measure of muscle strength; the maximum muscle contraction that a person can generate vol-
untarily as measured in units of force (pounds, kilograms, Newtons) or as a moment around a joint
(eg, Newton-meter, foot-pounds, kilograms-meters).

Mental health 1 score derived from set of questions or questionnaire that attempts to summarize the individual's
level of psychologic well-being or an absence of a mental disorder.

Multidimensional function
(health-related quality of life)

1 score derived from either a general health questionnaire (eg, Short-Form (SF)-36, EuroQol 5D) or
a disease-specific questionnaire (Fibromyalgia Impact Questionnaire) that attempts to summarize
the many components of health.

Table 1.   Glossary of terms 
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Muscle strength A physical test of the amount of force a muscle can generate.

Paresthesia Abnormal sensory symptoms such as pins and needles, burning, and tingling.

Physical activity Any bodily movement produced by skeletal muscles that results in energy expenditure (ie, active
work, housework, gardening, leisure, or hobbies).

Repetition maximum (1 RM) The maximum amount of weight one can liG in 1 repetition for a given exercise.

Sleep disturbance A score derived from a questionnaire that measures sleep quantity and quality. The Medical Out-
comes Survey Sleep Scale measures 6 dimensions of sleep (initiation, staying asleep, quantity, ade-
quacy, drowsiness, shortness of breath, and snoring).

Somatosensory Of or relating to the perception of sensory stimuli from the skin and internal organs.

Tenderness Pain evoked by tactile pressure.

Table 1.   Glossary of terms  (Continued)

 
 

Study (primary and secondary cita-
tions)*

Number of groups Interventions

Alentorn-Geli 2008 3 MX, Comp (Vib+MX), Control

Altan 2004 2 AQ-MX, Bal 

Altan 2009 2 MX, Relax+FX 

Arcos-Carmona 2011 2 AQ+LD MX, Control (placebo magnet therapy) 

Assis 2006 2 AE, AQ-AE 

Astin 2003 2 Mindfulness Meditation; Control

Baptista 2012 2 Dance; Wait List Control

Bojner Horwitz 2006 2 Dance/Movement; Control

Bressan 2008 2 2 groups: FX, AE 

Buckelew 1998 4 4 groups: Biof+Relax, MX, Comp (Biof+Relax+MX), Control
(Educ/Attention)

Burckhardt 1994 3 Comp (ED+MX), ED, Control (Delayed treatment)

Calandre 2009 2 FX, AiChi 

Carson 2010; Carson 2012 2 COMP (Yoga, meditation, breathing exercises, ED), Control (Wait
List) 

Cedraschi 2004 2 Comp (AQ+Land AE, Relax, ED), Control 

Demir-Gocmen 2013 2 MX (FX+Coord)/HPrg (FX)

Table 2.   RCTs of exercise interventions screened out of resistance training review 
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Da Costa 2005 2 AQ+LD MX, Control (TAU) 

De Andrade 2008 2 AQ-(AE), AQ-(AE) SPA 

de Melo Vitorino 2006 2 AQ-MX, LD-MX 

Etnier 2009 2 MX, Control - Delayed Entry 

Evcik 2008 2 AQ-MX, MX 

Field 2003 2 COMP (Self Massage+FX), Relax 

Fontaine 2007 2 LPA (likely mostly aerobic), ED  

Fontaine 2010; Fontaine 2011 2 LPA (likely mostly aerobic), ED 

Garcia-Martinez 2012 2 MX (AE+ST+FX); Control

Genc 2002 2 MX, COMP (Non ex intervention, Remedial Ex, Relax, Mobil) 

Gowans 1999 2 Comp (AQ-AE+ED), Control (Wait List)

Gowans 2001; Gowans 2002 2 AQ-AE+LD AE, Control (TAU) 

Gusi 2010; Olivares 2011 2 VIB, Control (TAU) 

Gusi 2006; Tomas-Carus 2007a; Tomas-
Carus 2007b; Tomas-Carus 2007

2 AQ-MX , Control 

Hammond 2006 2 COMP (Educ+SMP+MX), Relax

Hecker 2011 2 AQ MX, MX 

Hooten 2012 2 COMP (MX+pain prg), COMP (MX+pain prg)

Hunt 2000 2 MX, Control 

Ide 2008 2 AQ-COMP (AE+Relax), Control (Supervised ˜PA Recreational Ac-
tivities)  

Isomeri 1993 3 AE, ST+Meds, AE+Meds

JentoG 2001 2 AQ-MX, MX 

Jones 2007; Jones 2008 4 Comp Meds+MX, Meds+Placebo (Diet Recall), Placebo Med+MX,
Control: Placebo Med+Placebo Diet Recall

Jones 2012 2 Tai Chi; Educ

Joshi 2009 2 MX; Med

Keel 1998 2 Comp (MX, ED, Relax), Relax 

King 2002 4 AE (AQ ± LD), ED, Comp (AE AQ ± LD+ED), Control

Lemstra 2005 2 Comp (MX+Educ+SMP+Massage), Control 

Table 2.   RCTs of exercise interventions screened out of resistance training review  (Continued)
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Liu 2012 2 Qi Gong/sham QiGong

Lopez-Rodriguez 2012 2 AQ Biodance

Lynch 2012 2 Qi Gong/Wait List Control

Mannerkorpi 2000 2 AQ-MX, Edu 

Mannerkorpi 2009 2 COMP AQ-MX+ED, ED 

Mannerkorpi 2010 2 AE (moderate intensity), AE (low intensity) 

Martin 1996 2 MX, Relax

Martin-Nogueras 2012 2 MX (FX+FX+Relax)/Control

Matsutani 2007 2 COMP (Educ+Laser+FX), COMP (Educ+FX) 

Matsutani 2012 2 AE, FX

McCain 1988 2 AE, FX 

Mengshoel 1992; Mengshoel 1993 2 AE-Dance, Control 

Munguia-Izquierdo 2007; Munguia-
Izquierdo 2008

3 AQ-MX, Control (fibromyalgia), Control (Healthy)

Nichols 1994 2 AE, Control 

Norregaard 1997 2 AE, MX, Thermotherapy

Ramsay 2000 2 AE, AE (CV) 

Richards 2002 2 AE, Comp Relax+FX 

Rivera Redondo 2004 2 AQ+LD MX, CBT 

Rooks 2007 4 MX1, MX2, FSHC, FSHC+MX

Sanudo 2010 2 MX, Comp (MX+Vib) 

Sanudo 2010a 3 AE, MX, Control (TAU)

Sanudo 2010c 2 AE, Control 

Sanudo 2011 2 MX, Control (TAU, AAU) 

Sanudo 2012 2 MX (Vib+AE+ST+FX); MX (AE+ST+FX)

Schachter 2003 3 AE - long bout, AE - short bout, Control (TAU)

Schmidt 2011 3 Comp (Meditation Yoga), Comp (Relax+FX), Control (Wait List)

Sencan 2004 3 AE, Meds, Control

Table 2.   RCTs of exercise interventions screened out of resistance training review  (Continued)
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Tomas-Carus 2008; Tomas-Carus
2007c; Gusi 2008

2 AQ-MX, Control 

Valencia 2009 2 COMP (Relax+MX) , FX (Meziere Method) 

Valim 2003 2 AE, FX 

Valkeinen 2008 2 MX, C (AAU) 

van Koulil 2010 2 Comp CBT1 + AQ/LD MX, Comp CBT2 + AQ/LD MX 

vanSanten 2002a 3 MX, Biofeedback, Control

vanSanten 2002 2 MX (self selected intensity), AE (moderate to vigorous intensity)

Verstappen 1997 2 MX, Control

Wang 2010 2 Tai Chi, Comp (FX + ED)

Wigers 1996 3 AE, SMT, Control (TAU)

Yuruk 2008 2 MX1, MX2

Table 2.   RCTs of exercise interventions screened out of resistance training review  (Continued)

AAU: activity as usual; AE: aerobics; AQ: aquatics; Biof: biofeedback; spa: balneotherapy; CBT: cognitive behavior therapy; Comp:
composite; ED: education; FX: flexibility; LD: land; LPA: leisure time physical activity; LifePA: lifestyle physical activity; Meds: medication;
Multi: multidisciplinary program; ˜: not, or non; MX: mixed exercise; Relax: relaxation; SMP: self management program; ST: strength;
SM: stress management; Spa: thelassotherapy; TAU: treatment as usual; TENS: transcutaneous electrical stimulation; Vib: whole body
vibration.
* Seven trials had more than one publication. In total, there were 73 trials with 14 additional publications.
 

 

A P P E N D I C E S

Appendix 1. 2011 American College of Sports Medicine (ACSM) position stand: guidance for prescribing exercise

The following recommendations are from Garber 2011.

Recommendations for cardiorespiratory fitness

• Moderate-intensity cardiorespiratory exercise training for ≥ 30 minutes/day on ≥ five days/week for a total of ≥ 150 minutes/week,
vigorous-intensity cardiorespiratory exercise training for ≥ 20 minutes/day on ≥ three days/week (≥ 75 minutes/week), or a combination
of moderate- and vigorous-intensity exercise to achieve a total energy expenditure of ≥ 500-1000 MET (metabolic energy) minute/week.

Recommendations for muscular fitness

• On two to three days/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 one set of exercise may significantly improve muscle
strength and size.

• Rest interval between sets if more than one set is performed:  two to three minutes

• Resistance equivalent of 60% to 80% of one repetition max (1 RM) eCort.  For novices 60% to 70% of 1 RM is recommended, for
experienced exercises ≥ 80% may be appropriate.

• The selected resistance should permit the completion of 8 to 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 1 RM) can be used with 15 to 25 repetitions
in no more than two sets.
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Recommendations for flexibility

• A series of flexibility exercises for each the major muscle-tendon groups with a total of 60 seconds per exercise on ≥ two days/week
is recommended. A series of exercises targeting the major muscle-tendon units of the shoulder girdle, chest, neck, trunk, lower back,
hops, 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 to 30 seconds at the point of tightness or slight discomfort. Older people may realize greater
improvements in range of motion with longer durations (30-60 seconds) of stretching. A 20% to 75% maximum contraction held for
three to six seconds followed by a 10- to 30-second assisted stretch is recommended for proprioceptive neuromuscular facilitation (PNF)
techniques.

• Repeating each flexibility exercise two to four times is eCective.

Appendix 2. MEDLINE (Ovid) search strategy

1. Fibromyalgia/

2. Fibromyalgi$.tw.

3. fibrositis.tw.

4. or/1-3

5. exp Exercise/

6. Physical Exertion/

7. Physical Fitness/

8. exp Physical Endurance/

9. 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. 

18. jog$.tw.

19. swim$.tw.

20. bicycl$.tw.

21. (cycle$ or cycling).tw.

22. walk$.tw.

23. (row or rows or rowing).tw.

24. weight train$.tw.

25. muscle strength$.tw.

26. exp Yoga/

27. yoga.tw.

28. exp Tai Ji/
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29. tai chi.tw.

30. Ai Chi.tw.

31. exp Vibration/

32. vibration.tw.

33. pilates.tw.

34. or/5-33

35. 4 and 34

Appendix 3. EMBASE (Ovid) search strategy

1. FIBROMYALGIA/

2. fibromyalgi$.tw.

3. fibrositis.tw.

4. or/1-3

5. exp exercise/

6. fitness/

7. exercise tolerance/

8. exp sport/

9. pliability/

10. exertion$.tw.

11. exercis$.tw.

12. sport$.tw.

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

14. (physical$ adj2 endur$).tw.

15. manipulat$.tw.

16. (skate$ or skating).tw.

17. jog$.tw.

18. swim$.tw.

19. bicycl$.tw.

20. (cycle$ or cycling).tw.

21. walk$.tw.

22. (row or rows or rowing).tw.

23. weight train$.tw.

24. muscle strength$.tw.

Appendix 4. The Cochrane Library search strategy

#1 MeSH descriptor Fibromyalgia explode all trees
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#2 fibromyalgia

#3 fibrositis

#4 (#1 OR #2 OR #3)

#5 MeSH descriptor Exercise explode all trees

#6 MeSH descriptor Physical Exertion explode all trees

#7 MeSH descriptor Physical Fitness explode all trees

#8 MeSH descriptor Exercise Tolerance explode all trees

#9 MeSH descriptor Sports explode all trees

#10 MeSH descriptor Pliability explode all trees

#11 exertion*

#12 exercis*

#13 sport*

#14 (physical or motion) near/5 (fitness or therapy or therapies)

#15 physical* near/2 endur*

#16 manipulat*

#17 skate* or skating

#18 jog*

#19 swim*

#20 bicycl*

#21 cycle*

#22 walk*

#23 row or rows or rowing

#24 weight next train*

#25 muscle next strength*

#26 MeSH descriptor Yoga explode all trees

#27 yoga

#28 tai chi

#29 MeSH descriptor Tai Ji explode all trees

#30 MeSH descriptor Vibration explode all trees

#31 vibration

#32 pilates

#33 (#5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR
#23 OR #24 OR #25 OR #26 OR ( # AND 27 ) OR #28 OR #29 OR #30 OR #31 OR #32)

#34 (#33 AND #4)
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Appendix 5. CINAHL (EbscoHost) search strategy

S41 (S27 and (S28 or S40)

S40 S31 or S32 or S33 or S34 or S35 or S36 or S37 or S38 or S39

S39 TX vibration

S38 (MH "Vibration")

S37 (MH "Pilates") OR "pilates"

S36 TX pilates

S35 TX tai ji

S34 (MM "Tai Chi")

S33 TX tai chi

S32 TX yoga

S31 (MH "Yoga Pose") OR (MH "Yoga")

S30 S27 and S28

S29 S27 and S28

S28 S4 or S5 or S6 or S7 or S8 or S9 or S10 or S11 or S12 or S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20 or S21 or S22 or S23 or
S24 or S25 or S26

S27 S1 or S2 or S3

S26 TI manipulat* or AB manipulat*

S25 TI muscle strength* or AB muscle strength*

S24 TI weight train* or AB weight train*

S23 TI ( row or rows or rowing ) or AB ( row or rows or rowing )   

S22 TI walk* or AB walk*

S21 TI ( (cycle* or cycling) ) or AB ( (cycle* or cycling) )

S20 TI bicycl* or AB bicycl*

S19 TI swim* or AB swim*

S18 jog* or AB jog*

S17 ( skate* or skating ) or AB ( skate* or skating )

S16 TI physical* N2 endur* or AB physical* N2 endur*

S15 TI motion N5 fitness or TI motion N5 therapy or TI motion N5 therapies or AB motion N5 fitness or AB motion N5 therapy or AB motion
N5 therapies

S14 TI physical N5 fitness or TI physical N5 therapy or TI physical N5 therapies or AB physical N5 fitness or AB physical N5 therapy or AB
physical N5 therapies

S13 TI sport* or AB sport*

S12 TI exercis* or AB exercis* 

S11 TI exertion* or AB exertion*

S10 (MH "Physical Endurance+")
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S9 (MH "Pliability")

S8 (MH "Sports+")

S7 (MH "Exercise Test+")

S6 (MH "Physical Fitness")

S5 (MH "Exertion+")

S4 (MH "Exercise+")

S3 TI fibrositis or AB fibrositis

S2 TI fibromyalgia or AB fibromyalgia

S1 (MH "Fibromyalgia")

Appendix 6. PEDro Physiotherapy Evidence Database (www.pedro.org.au/) search strategy

Terms searched:

1. fibromyalg* AND fitness training

2. fibromyalg* AND strength training

3. fibrositis

Appendix 7. Dissertation Abstracts (ProQuest) search strategy

Terms searched fibromyalg* or fibrositis (in citation or abstract)

Appendix 8. Current Controlled Trials (www.controlled-trials.com/) search strategy

Terms searched fibromyalg* or fibrositis

Appendix 9. WHO International Clinical Trials Registry Platform (www.who.int/ictrp/en/) search strategy

Terms searched fibromyalg* or fibrositis in Condition

Appendix 10. AMED (Ovid) Allied and Complementary Medicine search strategy

Ovid  AMED (Allied and Complementary Medicine) <1985 to Jan 2012>

Search strategy:

--------------------------------------------------------------------------------

1 Fibromyalgia/ (1453)

2 Fibromyalgi$.tw. (1626)

3 fibrositis.tw. (20)

4 or/1-3 (1631)

5 exp Exercise/ (7293)

6 Physical Fitness/ (1655)

7 exp Physical Endurance/ (747)

8 exp Sports/ (3576)

9 Pliability/ (32)

10 exertion$.tw. (1129)

11 exercis$.tw. (18,675)

12 sport$.tw. (4952)
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13 ((physical or motion) adj5 (fitness or therapy or therapies)).tw. (8773)

14 (physical$ adj2 endur$).tw. (629)

15 manipulat$.tw. (4038)

16 (skate$ or skating).tw. (81)

17 jog$.tw. (158)

18 swim$.tw. (552)

19 bicycl$.tw. (972)

20 (cycle$ or cycling).tw. (3530)

21 walk$.tw. (7139)

22 (row or rows or rowing).tw. (174)

23 weight train$.tw. (149)

24 muscle strength$.tw. (5651)

25 exp pilates/ (22)

26 exp Yoga/ (345)

27 exp Tai chi/ (204)

28 Tai ji.tw. (6)

29 yoga.tw. (448)

30 (hatha or kundalini or ashtunga or bikram).tw. (26)

31 pilates.tw. (62)

32 exp Exercise therapy/ (4945)

33 or/5-32 (43,624)

34 4 and 33 (328)

Appendix 11. 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. Is it an 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. Is it an RCT? No - exclude, Yes or uncertain - Include

Level three screen

Based on the full text of the report:
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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 three

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

4. Is 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 five, Uncertain - add to list of questions for author and proceed to step five,

5. Does it include at least one physical activity or exercise intervention? No - exclude, Yes - go onto step six, Uncertain - add to list of
questions for author and proceed to step six

6. Is between group data provided for the outcomes? No (the study does not contain ONLY fibromyalgia, or results are reported such that
eCects on fibromyalgia cannot be isolated) - exclude, Yes - include the study, Uncertain about one or more of steps 1 - 5 - reserve
judgment until authors are contacted

Level four screen (classification of interventions in the included studies)

1. Classification of design
a. Number of interventions

b. Type of comparisons
i. Head to head comparison?

ii. Exercise to control?

iii. Composite to control?

2. Control group
a. Classify type of control

3. Exercise
a. Enter the type of exercise interventions used in the study

b. Complete the naming of the intervention groups

W H A T ' S   N E W

 

Date Event Description

4 July 2014 Amended Plain language summary amended

 

H I S T O R Y

Review first published: Issue 12, 2013

 

Date Event Description

25 February 2013 Amended Update and restructuring of the Exercise for treating fibromyal-
gia review. The Exercise for treating fibromyalgia review has
been split into several reviews, each focusing on a particular type
of exercise training or physical activity. This review addresses re-
sistance exercise training.

The others are:

- Aquatic exercise training for fibromyalgia

- Aerobic exercise for fibromyalgia

- Composite exercise for fibromyalgia

- Flexibility exercise for fibromyalgia

- Mixed exercise for fibromyalgia
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Date Event Description

- Whole body vibration exercise for fibromyalgia

14 June 2008 Amended Converted to new review format. CMSG ID C036-R

17 August 2007 New citation required and conclusions
have changed

Substantive amendment. See published notes for details
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N O T E S

This review is a major update of the previous reviews completed in 2002 and 2007. Methodologic diCerences between the 2007 review and
this update included:

• small revisions to the search terms;

• changes in the membership of the review team (addition of new review authors and two consumers);

• use of the 'Risk of bias' tool (Higgins 2011b) to assess the quality of the evidence instead of the van Tulder 2003 methodologic criteria
that were used in the earlier version of the review;

• revisions to Cochrane methods described in Version 5.1.0 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2011a) including Summary of findings, Grade;

• use of electronic data extraction methods (Google docs) as opposed to paper-based methods used in earlier versions of the review.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Exercise;  Fibromyalgia  [*rehabilitation];  Randomized Controlled Trials as Topic;  Resistance Training  [*methods]

MeSH check words

Adult; Female; Humans
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