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ABSTRACT
Objective. To determine the effects of 
exercise (aerobic, strength training or 
both) on global well-being in adults 
with fibromyalgia (FM).  
Methods. The meta-analytic approach 
and recently developed varying coeffi-
cient model were used to pool the re-
sults of previous randomised control-
led trials of exercise (aerobic, strength 
training or both) on global well-being 
in adults with FM. The standardised 
effect size (ES) for global well-being 
from each study was pooled using a 
recently developed and novel varying 
coefficient (VC) model and partitioned 
according to per-protocol and inten-
tion-to-treat analyses. Results were 
also compared to the traditionally used 
random effects (RE) model. Non-over-
lapping 95% confidence intervals were 
considered statistically significant with 
negative ESs indicative of improve-
ments in global well-being.  
Results. Five ESs representing 377 
participants were included in the per-
protocol analysis and 5 ESs represent-
ing 252 participants were included in 
the intention-to-treat analysis. Using 
the VC model, statistically significant 
improvements in global-well being 
were found for both per-protocol (–X, -
0.39, 95% CI, -0.62, -0.15) and inten-
tion-to-treat analysis (–X, -0.40, 95% 
CI, -0.68, -0.13). Results were similar 
to those from the RE model.
Conclusion. Using the recently devel-
oped and more valid varying coeffi-
cient model, these findings confirm that 
exercise improves global-well being in 
adults with FM. 

Introduction 
Fibromyalgia syndrome (FM) is a 
disorder characterised by widespread 
muscular pain and fatigue. In 2005, 
it was estimated that approximately 5 
million adults in the United States had 

FM, with a greater prevalence among 
women than men (1). When compared 
to those with other chronic diseases, 
individuals with FM have been shown 
to score lower on scales related to well-
being (2). One potential non-pharma-
cologic approach for improving global 
well-being is exercise. Using the ag-
gregate data meta-analytic approach 
and commonly recommended random 
effects (RE) model (3-5), we previ-
ously reported statistically significant 
and clinically important improvements 
in global well-being as a result of exer-
cise (aerobic, strength training or both) 
in adults with FM (6). While RE mod-
els are almost always preferred over 
fixed effects (FE) models given that 
the latter assume that all results from 
different studies share the same com-
mon effect size (ES) while the former 
does not, RE models also assume that 
all studies included in a meta-analysis 
have been randomly sampled from a 
defined super-population that follows 
a normal distribution, which is almost 
never the case (7). Recently, a novel, 
varying-coefficient (VC) model has 
been proposed that makes no assump-
tions with respect to a common ES or 
random sampling from a normally dis-
tributed population of studies (7, 8). 
Given the potential benefit of exercise 
on global well-being in those with FM 
as well as the importance of reaching 
accurate conclusions regarding a body 
of research based on the most valid 
models available, the purpose of this 
Brief paper was to compare the results 
of our previous meta-analysis with 
those derived from the more recently 
developed VC model. 

Materials and methods
Data source
 We used data from our previous meta-
analytic research dealing with the ef-
fects of exercise (aerobic, strength 
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training or both) on global well-being 
in adults with FM, details of which 
have been described elsewhere (6).  
Briefly, studies were limited to ran-
domised controlled trials ≥4 weeks in 
adults ≥18 years of age.     

Calculation and pooling of 
effect sizes from each study
For each study, standardised mean dif-
ference (exercise minus control) ESs 
and ES variances for global well-be-
ing, adjusted for small-sample bias, 
were previously calculated using the 
approach of Hedges’ (9). The results 
were then pooled using a RE model, an 
approach that incorporates heterogene-
ity into the model and assumes that all 
included studies have been randomly 
sampled from a defined population that 
follows a normal distribution (4). Sepa-
rate results for global well-being were 
reported according to type of analysis 
(per-protocol versus intention-to-treat) 
and with multiple ESs from the same 
study pooled so that only one ES repre-
sented each study (6). A more detailed 
description regarding this process can 
be found in our original work (6). 
For the current analysis, we continue 
to use the same standardised ES data, 
adjusted for small sample bias, but now 
calculate our variance statistics for each 
ES and pool our results using the re-
cently developed VC model for stand-
ardised mean differences, a model that 
makes no assumptions with respect to a 
common ES or random sampling from 
a normally distributed super-popula-
tion of studies (7, 8). The only assump-
tion is that a random sample is obtained 
from each study population (7).  
The mean unweighted estimate of the 
population standardised mean differ-
ence ES is calculated as follows: 

where δ̄ is the pooled mean standard-
ised ES, m represents the number of 
studies, δ̂i, is the standardised ES esti-
mate from each study, and bi is Hedges’ 
small sample-size adjustment for ESs 
from each study, calculated as 3/[4(/n1 
+n2)-9], where n1 represents the number 
of subjects in the exercise group 
from each study and n2 represents the 

number of control group subjects from 
each study (10). In the formula above, i  
represents each study for all indicators.
To simplify, the formula above reads 
as the pooled mean standardised ES, 
derived from the sum of the estimated 
standardised ESs from each study, with 
each ES from each study adjusted for 
small sample bias prior to pooling.   
The independent samples variance for 
each study is calculated as:

where  δ̂i  is the estimated variance from 
each study, σ̂i  the estimated standard 
deviation from each study, subscripts 
1 and 2 identifiers for the exercise and 
control groups in each study, dfi the de-
grees of freedom from each study, and 
i representing each study for all indica-
tors. In the formula above, dfij = nij -1, 
where dfij represents the degrees of free-
dom for each study within each group 
(exercise = 1 and control = 2) and nij the 
number of subjects for each study with-
in each group (exercise = 1 and control 
= 2).  Additionally, σ̂i = [(σ̂i1

2) + σ̂j2
2)/2]1/2 

with all notation previously described 
above.  

The 95% confidence interval around 
the pooled standardised mean ES is 
calculated as:

where zα/2 represents z alpha. All other 
notation is previously described above.
The VC model has been shown to have 
coverage probabilities for standardised 
ESs that are superior to those from both 
RE and FE models (7). Generally speak-
ing, standardised ESs of 0.20, 0.50 and 
0.80 are considered to represent small, 
medium and large effects (11). Results 
were considered statistically significant 
if the 95% confidence intervals did not 

include zero (0), with negative results 
indicative of improvements in global 
well-being. All data were analysed us-
ing the standardised ES module in Syn-
thesizer 1.0 (8), a meta-analytic soft-
ware tool that employs the VC models 
proposed by Bonett (7, 12, 13).

Results 
The results are shown in Table I. As 
can be seen, both RE and VC models 
resulted in small, statistically signifi-
cant improvements in global well-be-
ing as a result of exercise in adults with 
FM. Improvements in global well-be-
ing for intention-to-treat analyses were  
greater when the VC versus RE model 
was used. 

Discussion
Using a recently developed and novel 
VC model (7), this brief report helps to 
confirm that exercise is both efficacious 
(per-protocol analysis) and effective 
(intention-to-treat analysis) for improv-
ing global well-being in adults with FM 
(14). Confirmation of these findings is 
important given that participants with 
FM tend to score lower than other pop-
ulations on scores related to well-being 
(2). While the results for both RE and 
VC models were similar, the use of the 
VC model may be preferable given the 
greater coverage probabilities reported 
as well as the fact that the assumptions 
underlying the VC model are more re-
alistic in the meta-analytic setting (7).
Given the former, we would encour-
age those who conduct meta-analytic 
research in rheumatology to consider 
using the VC model in the analysis of 
their data. However, it is important to 
understand that the external validity of 
a meta-analysis depends not only on 
the statistical models used but also on 
the quality and representativeness of 

Table I. ES Changes in global well-being.

Variable Participants ES RE VC Difference
 (n.) (n.) –X (95% CI) –X (95% CI) (%)

Per-protocol 377 5 -0.39 (-0.69, -0.08)* -0.39 (-0.62, -0.15)* 0
Intention-to-treat  252 5 -0.34 (-0.53, -0.14)* -0.40 (-0.68, -0.13)* 6%

n.: number; ES: effect size; –X (95% CI): mean and 95% confidence interval; RE: random-effects model; 
VC: varying coefficient model; %: percent change; Negative ESs: indicate improvements in global 
well-being; *: statistically significant.

δ̄ = m–1�bi  δ̂i

m
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var (δ̂i) = [δ̂i
2 (σ̂i1

4 / dfi1 + σ̂i2
4 / dfi2) / 8 σ̂i

4    
+ (σ̂i1

2 / dfi1 + σ̂i2
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m
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the individual studies included (8). In 
conclusion this brief report confirms 
that exercise improves global well-be-
ing in adults with FM. 
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