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a b s t r a c t
A mounting body of literature recommends that treatment for ﬁbromyalgia (FM) encompass medications,
exercise and improvement of coping skills. However, there is a signiﬁcant gap in determining an effective
counterpart to pharmacotherapy that incorporates both exercise and coping. The aim of this randomized
controlled trial was to evaluate the effects of a comprehensive yoga intervention on FM symptoms and
coping. A sample of 53 female FM patients were randomized to the 8-week Yoga of Awareness program
(gentle poses, meditation, breathing exercises, yoga-based coping instructions, group discussions) or to
wait-listed standard care. Data were analyzed by intention to treat. At post-treatment, women assigned
to the yoga program showed signiﬁcantly greater improvements on standardized measures of FM
symptoms and functioning, including pain, fatigue, and mood, and in pain catastrophizing, acceptance,
and other coping strategies. This pilot study provides promising support for the potential beneﬁts of a
yoga program for women with FM.
Ó 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

1. Introduction
Fibromyalgia (FM) is a debilitating condition affecting
11–15 million persons in the US [61]. Most FM patients use health
services extensively; FM carries an annual direct cost for care of
>$20 billion [61]. FDA-indicated drug therapies are generally only
30% effective in relieving symptoms and 20% effective in improving
function [48]. Multiple position statements recommend that medications be accompanied by exercise and coping skills approaches
[19,28].
Yoga is a mind/body discipline which may fulﬁll the need for
both exercise and coping skills components of FM treatment
[30,36]. In recent years yoga has been widely adopted by FM
patients of all cultural backgrounds [33]. Yoga comprises a wide
variety of methods, such as meditation and breathing exercises, beyond the physical poses that have become popularly identiﬁed
with yoga. Yoga styles vary greatly in the methods they emphasize.
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Thus far only one small randomized controlled trial (RCT) has
tested the effects of yoga on FM. This trial reported 30% improvement in overall symptoms (n = 33) [22].
The present study was a RCT of a more comprehensive intervention, ‘‘Yoga of Awareness”. In this program gentle yoga poses are
complemented by meditation and breathing exercises, yoga-based
coping presentations, and group discussions. Previous Yoga of
Awareness studies in breast cancer have demonstrated improvements in pain, fatigue, sleep and mood [14,15] – symptoms which
are prominent in FM. We hypothesized that the intervention would
be superior to a wait-listed standard care condition on measures of
FM symptoms and functional deﬁcits, and pain coping strategies.
2. Methods
2.1. Subjects
The 53 participants in this study were all women P21 years of
age. Given the much higher prevalence of FM in females (80–90%),
and the positive effects for women with breast cancer in our earlier
trials, we chose to include only women in this phase of our research
plans [61]. To be eligible, patients had to meet the following criteria:
be diagnosed with FM by American College of Rheumatology (ACR)
criteria [64] for at least 1 year, and be on a stable regimen of
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pharmacologic and/or non-pharmacologic treatment for FM
P3 months. Patients with any of the following conditions were excluded from the study: (a) residing >70 miles from the research site
or unavailable to attend the intervention at one of the scheduled
times, (b) currently engaged in intensive yoga practice (practice
>3 days/week), (c) actively contemplating suicide (none were excluded on this basis), (d) currently undergoing disability application,
determination or litigation, (e) scheduled for elective surgery during
the study period, (f) physically disabled in a manner that precluded
meaningful participation in the intervention (e.g., quadriplegic
paralysis), (g) unwilling to forgo changing their voluntary pharmacologic and/or non-pharmacologic treatments for the length of their
participation in the study, or (h) do not speak English.
2.2. Study ﬂow
Fig. 1 developed from the CONSORT statement shows the progression of subjects through the treatment study. Potential participants were identiﬁed between October 2009 – January 2010 from
a database of FM patients referred to our university tertiary care
center who had indicated their interest in participating in research
studies. An invitation to attend an informational meeting about the
study was sent out by email (or standard mail if email addresses
were unknown) to 382 women whose street addresses were within
the catchment area. The meeting was attended by 64 women who
were brieﬂy assessed for eligibility. Of 56 women who enrolled in
the study and initially appeared eligible, three patients were excluded based on a priori criteria: two because they were not on stable FM treatment regimens for P3 months (1 = newly diagnosed
trigeminal neuropathy; 1 = started pain coping class, changed doctors and medications) and one because of an excessively disabling
vestibular diagnosis (physician had prohibited walking up stairs
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and other postural elevation changes). Thus 53 were randomized
(yoga = 25, standard care while wait-listed = 28).
The completion rate at the post-treatment assessment was 91%.
There were three noncompleters in the yoga condition (2 = class
time incompatible; 1 = not available/unknown) and two in the
wait-listed condition (both relocated). The only baseline predictor
of noncompletion was age, such that noncompleters were signiﬁcantly younger than completers (M = 41 vs. 55 years, p = .006).
2.3. Study design and procedure
The protocol for this study was approved by the Oregon Health
and Science University Institutional Review Board. After signing informed consent forms, patients completed the baseline assessment.
Patients meeting inclusion and exclusion criteria were then randomly assigned to either start the yoga program immediately (yoga
condition) or 3 months later (wait-list control condition). While recognizing its limitations (please see Section 5) we chose a wait-listed
standard care model because of the pilot nature of the study, and because participants assigned to a wait list are often more motivated to
remain in a study in order to eventually receive a desired intervention [12,35]. Randomization assignments were generated by an individual not involved in the study using a random number table.
Assignments were concealed in envelopes that were not opened
until patients had completed their baseline assessment. Patients
completed the post-treatment assessment immediately after the
yoga condition had ﬁnished the 8-week intervention. The research
assistants collecting assessment data were kept blind with regard
to patient condition assignments. Patients received $25 for completing the post-treatment assessment. Throughout their participation
in the study, all patients continued to receive the standard care
provided by their health care providers.

Fig. 1. Study participant ﬂow.
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2.4. Treatment conditions
2.4.1. Yoga of Awareness intervention condition
This intervention aimed to fulﬁll the need for both exercise and
coping skills training as complements to standard medical treatments for FM. The intervention consisted of eight once-per-week
120 min group classes (7–12 patients per group) held in an exercise studio at the Oregon Health & Science University School
of Nursing. All the groups were led by a certiﬁed yoga teacher
(K.M.C.) who has received comprehensive training in traditional
schools of yoga, holds a master’s degree in health education, and
has extensive experience in teaching yoga and meditation techniques to medical patients and the general public. To standardize
delivery of the intervention, a manual was developed which provided detailed class guidelines which were followed by the yoga
teacher.
Yoga of Awareness is an innovative, comprehensive yoga
program, which for this study was tailored to address pain, fatigue,
sleep disturbance, and emotional distress in FM. The program is
based on the ancient Indian discipline of yoga (meaning ‘‘yoking”
or ‘‘union”). During recent years, as the physical exercises of yoga
(asana) have become popularized in Western countries, the term
‘‘yoga” in common usage has largely become synonymous with
this single aspect of the fuller discipline. In actuality, yoga comprises a wide variety of methods and approaches, with meditation
(dhyana), breathing exercises (pranayama), study of the application
of yogic principles to optimal coping (swadhyaya, literally ‘‘selfstudy”), and practitioner meetings and interchange (satsang) among
the most common practices [21]. Each Yoga of Awareness class included approximately 40 min of gentle stretching poses (see details below), 25 min of mindfulness meditation (e.g., awareness
of breath, awareness of awareness itself), 10 min of breathing techniques (e.g., full yogic breath, breathing into sensation), 20 min of
didactic presentations on the application of yogic principles to
optimal coping, and 25 min of group discussions (e.g., experiences
while practicing yoga at home).
Yoga of Awareness draws strongly on the Kripalu school of yoga,
which along with the safe performance of physical poses emphasizes the inner dimensions of yogic practice, including mindfulness
training [21]. Mindfulness entails strategies for developing greater
moment-to-moment presence of mind, and acceptance of and willingness to learn from pain and other stressful experiences, so as to
begin to recognize clearly what choices contribute to more well
being versus suffering [39,43]. Accordingly the coping strategies
employed in this intervention were drawn from the yoga tradition,
rather than from the repertoire of standard cognitive-behavioral
therapy (CBT) coping strategies (such as progressive relaxation
and cognitive reframing) [16]. These yoga-based coping strategies
included reconnecting with ‘‘simple being” (the familiar, immediate sense of just being present at any given moment), discovering
and observing the wave-like pattern (arising, cresting, subsiding)
of all types of experiences as a way to maintain poise amidst the
tumult of stressful circumstances, distinguishing between actual
events and our minds’ tendencies for creating ‘‘stories” about these
events, practicing kindness and patience with oneself and others,
practicing ‘‘yogic sleep” (yoga nidra, an exercise that cultivates
simultaneous deep relaxation and full alertness), and other strategies drawn from the yoga tradition. Applications of yoga to daily
life were also assigned each week (e.g., in-the-moment acceptance
of pain).
Patients were supplied with yoga mats, blankets, eye pillows, and
bolsters for doing yoga poses. Participants were encouraged to
practice at home 20–40 min per day, 5–7 days per week, guided by
a professionally produced DVD featuring FM patients (supplemented by audio recordings and an illustrated handbook as needed).
The yoga poses consisted of a single sequence that offered versions

that could be done either in a chair or out of a chair. The sequence
included self-massage, warm-ups, table, mountain, mountain with
sun arms, breath of joy, warrior 1 ﬂow, chair, downward-facing
dog on chair, sphinx, modiﬁed locust, child’s pose, supine core
strengthening, supine pigeon, supine thoracic twist ﬂow, bridge,
knees to chest, and corpse. Students were also introduced to a restorative version of legs in a chair with pelvis support and a twist over a
bolster.
The yoga teacher highlighted the need for gentle practice when
one’s body is challenged by illness, and participants were encouraged to work according to their limits, rather than rigidly adhere to
concepts about how postures must be performed. The protocol employed a series of low intensity, low impact yoga poses which were
modiﬁed for common pathophysiologic changes in FM [37]. For
example, eccentric and repetitive muscle activities were minimized to reduce muscle microtrauma; slow transition from lying
to standing was incorporated due to FM-related changes in the
autonomic nervous system; and peripheral pain generators such
as knee osteoarthritis were minimized by adapting standing poses
to sitting or lying poses. Foam blocks were used to minimize wrist
pain or carpal tunnel symptoms in certain poses. This tailoring of
poses reﬂected research showing low intensity, low impact, customizable exercise programs yield low attrition rates in FM,
whereas high rates of attrition or worsening FM symptoms have
been reported in studies that employed high intensity, repetitive
exercises that were not sensitive to the underlying pathophysiology of FM [22,36,37].
Participants kept a daily record of time spent in yoga practice
which was collected during weekly sessions. To boost retention
and adherence, the teacher contacted patients who missed sessions to negotiate attendance barriers and or to address home
practice barriers (if average practice <20 min).
2.4.2. Standard care while wait-listed control condition
This condition controlled for any effects of symptom measurement reactivity in patients receiving routine FM medical care. These
participants were contacted by phone at the 5-week point of the
intervention period to answer any questions and to set up the
post-treatment assessment. After the post-treatment assessment,
these patients were invited to participate in the yoga program.
2.5. Assessment procedures
Outcome assessments were administered at baseline (2 weeks
before the yoga condition intervention began), and at post-treatment (the same week the yoga condition intervention had ended).
Three types of measurement instruments – standardized questionnaires, physical tests, and daily diaries – were employed to capture
information about FM symptoms and functional deﬁcits, and pain
coping strategies.
2.6. Questionnaires assessing ﬁbromyalgia symptoms and functional
deﬁcits
2.6.1. Fibromyalgia symptoms and functional deﬁcits
The primary treatment outcome measure was the Total Score of
the Fibromyalgia Impact Questionnaire Revised (FIQR), a 21-item
self-assessment of the following ﬁbromyalgia symptoms and functional deﬁcits: pain, fatigue, stiffness, poor sleep, depression, poor
memory, anxiety, tenderness, poor balance, and environment sensitivity [3,7]. Scores range from 0–100 with higher scores indicating more symptom burden and functional limitations in FM. The
FIQR is a recently updated version of the widely used Fibromyalgia
Impact Questionnaire (FIQ) which has been extensively validated
in clinical trials. The FIQR has good psychometric properties and
comparable scoring characteristics to the original FIQ, making it
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possible to compare FIQ and FIQR results. In addition to the Total
Score, the FIQR includes scales for Symptoms, Function, and Overall
Impact. In this study, the reliability coefﬁcients of the FIQR scales
were: Total Score, .93; Symptoms, .87; Function, .93; and Overall
Impact, .79.
2.6.2. Overall improvement in ﬁbromyalgia symptoms
The Patient Global Impression of Change (PGIC), a well-established outcome measure required by the FDA in FM trials, was used
to assess overall improvement in ﬁbromyalgia symptoms. This
measure is designed to be administered only once, at post-treatment [24]. The PGIC asked patients to rate overall improvement
in FM symptoms during the study using a single 7-point scale anchored by ‘‘very much improved” and ‘‘very much worsened”.
2.7. Physical tests of ﬁbromyalgia symptoms and functional deﬁcits
2.7.1. Myalgic tender points
The number of tender points and extent of tenderness was measured to derive the Total Myalgic Score (TMS) as determined by patients’ responses to digital application of 4 kg of pressure over 4 s
at 18 sites as described in the ACR criteria for FM [64]. A single
examiner (K.D.J.) performed all tests. Scores range from 11–53
with higher scores indicating greater pain.
2.7.2. Strength deﬁcits
Functional strength deﬁcits were measured by the Timed Chair
Rise [46]. In this test, seated subjects are asked to rise to full height
with arms crossed over their chest as many times as possible within 30 s.
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previous research had shown to be either usually adaptive
(Problem Solving, Positive Reappraisal, Distraction, Use of Religion,
and Use of Social Support) or maladaptive (Distancing, Self-blame,
Self-isolation, Confrontation, and Disengagement) [52,53] In this
study, the reliability coefﬁcients of these scales were: Problem
Solving, .77; Reappraisal, .68; Distraction, .66; Use of Religion,
.96; Seeking Social Support, .73; Distancing, .79; Self-blame, .66;
Self-isolation, .91; Confrontation, .77; and Disengagement, .85.
2.9. Daily diaries assessing pain, fatigue, distress, vigor, acceptance
and relaxation
Using an online service, SurveyMonkey.com, real-time daily
measures were collected for a set of FM symptoms and pain coping
strategies during 1 week at baseline and 1 week immediately posttreatment [1,12,14,15,16,18,25]. Using 0–10 single item scales in
which higher scores reﬂected greater amounts, the diaries assessed
daily pain, fatigue, emotional distress, and vigor, along with success at coping via acceptance and relaxation strategies. Minutes
spent in home yoga practice (postures, meditation, and breathing
exercises) were also assessed among those in the yoga condition.
Five subjects who had limited home internet access completed
pen-and-paper equivalent diaries which were returned each day
using pre-stamped envelopes.
Subjects were called as need be during the ﬁrst week of each
diary recording period to inquire about any difﬁculties completing
the online diaries. The baseline diary completion rate was good,
87%. Among patients who completed the post-treatment assessment, the diary completion rate was similar, 86%.
2.10. Demographic and clinical variables

2.7.3. Balance deﬁcits
Functional balance deﬁcits were measured by the Sensory Integration for Balance Test (SCBT) [34]. In this test subjects stand on a
NASA-grade 60  60 cm block of 4-inch, medium-density Tempur
foam with eyes open, then closed. The scores for Balance-Eyes
Open and Balance-Eyes Closed are the number of seconds the position is held, up to 30 s maximum.

We collected information about standard demographic and
clinical variables (age, years since diagnosis, years symptomatic,
race/ethnicity, marital status, education, employment). Also, at
the post-treatment assessment information was collected about
any changes in medications or in medical or alternative treatments
for FM.

2.8. Questionnaires assessing pain coping strategies
3. Statistical analyses
2.8.1. Pain acceptance
Pain acceptance was measured by the Chronic Pain Acceptance
Questionnaire (CPAQ) [42]. The 20-item CPAQ is a valid and reliable
instrument for self-assessment of participation in daily activities
regardless of pain (Activity Engagement Despite Pain) and willingness to tolerate pain (Pain Willingness). The Acceptance Total Score
combines the Activity Engagement Despite Pain and Pain Willingness subscales, with scores ranging from 0–120 with higher scores
indicating greater pain acceptance. In this study, the reliability
coefﬁcients of these scales were: Acceptance Total Score, .89;
Activity Engagement Despite Pain, .88; and Pain Willingness, .73;
2.8.2. Pain catastrophizing
The 6-item catastrophizing subscale of the widely used Coping
Strategies Questionnaire (CSQ) was used to capture the frequency
of patients’ responses to pain that characterize it as being awful,
horrible and unbearable [47]. Scores range from 0–36 with higher
scores indicating greater pain catastrophizing. This measure’s
reliability coefﬁcient in this study was .90.
2.8.3. Adaptive and maladaptive pain coping strategies
A wide range of pain coping strategies was assessed with scales
from the Vanderbilt Multidimensional Pain Coping Inventory
(VMPCI) [53] The VMPCI is an extensively validated self-report
questionnaire from which we selected 10 scales of strategies that

The primary treatment outcome measure was the Total Score of
the Fibromyalgia Impact Questionnaire Revised (FIQR) [3,7]. Power
calculations had indicated that an initial sample of 56, and an
adjustment to compensate for attrition of up to 25%, would leave
at least 42 subjects (P21 per condition) and provide statistical
power >.95 to detect a moderate size (i.e., .50) between-conditions
effect on the primary outcome.
To verify that randomization produced equivalent groups,
regression and chi square analyses were conducted on demographic and clinical characteristics, and baseline dependent measures. Intention to treat (ITT) methods were followed for all
primary outcome analyses, using the last-observation-carried-forward method. Because this was a preliminary study and we were
concerned about the need to balance committing type 1 error
against the possibility of dismissing potentially important ﬁndings,
a minimum alpha level of .05 was used for all analyses. Two-sided
statistical tests were used throughout.
Post-treatment effects were evaluated using three types of analyses in accordance with the different types of data. With one
exception, in all these analyses the post-treatment outcome score
was the dependent variable, with the corresponding baseline outcome score as the covariate. The exception was for the PGIC, which
was only assessed at post-treatment, hence the regression model
for this outcome did not include a baseline covariate.
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The three types of analyses used were as follows: Firstly, for
data that met goodness-of-ﬁt normality criteria we employed standard analyses of covariance (ANCOVAs); outcomes in this category
included the total scores and subscales of the FIQR and the CPAQ.
Secondly, for non-normal data, which included all the remaining
questionnaire data and the physical tests data, we utilized bootstrap regression models. Bootstrapping is a nonparametric approach to hypothesis testing that is increasingly recommended
for many types of analyses, especially for non-normal data in small
clinical samples [13,17,32,60]. Bootstrapping generates an empirical approximation of the sampling distribution of a statistic by repeated random re-sampling from the available data, and uses this
distribution to calculate bias corrected and accelerated effect-size
estimates and p-values (5000 re-samples were taken for each of
these analyses). Thirdly, data from the daily diary measures were
analyzed by multilevel random effects modeling, a statistically advanced technique which is advantageous for data sets with many
repeated measures [9,14,16,49]. In multilevel models, regression
values are independently computed for each patient in the sample,
and then aggregated to derive adjusted means (i.e., intercepts) for
the average patient.
Three sets of supplementary analyses were also conducted. These
included (1) a repeat of primary outcome analyses restricted to subjects who had completed the post-treatment assessment, (2) calculations of the clinical signiﬁcance of outcomes, and (3) correlational
analyses of treatment adherence variables (attendance, and adherence to home yoga practice) relative to outcome measures.
4. Results
4.1. Sample characteristics and equivalence of treatment conditions
There were no signiﬁcant differences between the yoga and
control groups in demographic and clinical characteristics, or baseline dependent measures. The characteristics of the sample are
summarized in Table 1. The mean age of the 53 patients in the
study was 53.7 years (SD = 11.5), and average time since diagnosis
was 11.6 years (SD = 7.2). Participants were primarily Caucasian
Table 1
Characteristics of the sample, combined and by treatment condition.
Characteristic

Total
Sample
(n = 53)

Yoga
Condition
(n = 25)

Control
Condition
(n = 28)

Age, years
Years since diagnosis

n(%)/M(SD)
53.7 (11.5)
11.6 (7.2)

n(%)/M(SD)
51.4 (13.7)
10.6 (7.5)

n(%)/M(SD)
55.8 (8.9)
12.5 (7.0)

Years symptomatic
1–5 years
6–10 years
>10 years

3 (5.7%)
14 (26.4%)
36 (67.9%)

2 (8.0%)
6 (24.0%)
17 (68.0%)

1 (3.6%)
8 (28.6%)
19 (67.9%)

Race/ethnicity
Caucasian
Native American
Other

49 (92.5%)
3 (5.7%)
2 (3.8%)

23 (92.0%)
2 (8.0%)
1 (4.0%)

26 (92.9%)
1 (3.6%)
1 (3.6%)

Education
Less than college
Some college
College degree
Graduate studies

4 (7.5%)
18 (34.0%)
18 (34.0%)
13 (24.5%)

1
9
9
6

3
9
9
7

Marital status
Married/partnered
Divorced/separated
Never married
Widowed

37 (69.8%)
11 (20.8%)
4 (7.5%)
1 (1.9%)

21 (84.0%)
3 (12.0%)
1 (4.0%)
0 (0.0%)

16 (57.1%)
8 (28.6%)
3 (10.7%)
1 (3.6%)

Employment status
Employed

22 (41.5%)

12 (48.0%)

10 (35.7%)

(4.0%)
(36.0%)
(36.0%)
(24.0%)

(10.7%)
(32.1%)
(32.1%)
(25.0%)

(92.5%), relatively well educated (58.5% P college degree) and currently married or in a partnered relationship (69.8%).
4.2. Treatment outcome results
4.2.1. Results for ﬁbromyalgia symptoms and functional deﬁcits
Fibromyalgia symptoms and functional deﬁcits by group are
shown in Table 2, along with treatment effect values from both
standard and bootstrap regression analyses. Results from analyses
evaluating post-treatment group differences on the primary outcome measure, the FIQR Total Score, were signiﬁcant favoring the
yoga condition. Signiﬁcant FIQR results were also demonstrated
for the FIQR Symptoms and Overall Impact subscales, and the individual FIQR items for pain, fatigue, stiffness, depression, poor
memory, anxiety, tenderness, poor balance, and environment sensitivity. Additional signiﬁcant ﬁndings favoring the yoga condition
were seen in the PGIC estimate of overall improvement in ﬁbromyalgia symptoms, and strength (Timed Chair Rise). Several trends toward greater improvement in the yoga condition were also found,
including for the FIQR Function subscale, the Balance-Eyes Open
score, and the individual FIQR for poor sleep. The tender point
score and tenderness, assessed by the Total Myalgic Score, did
not improve.
4.2.2. Results for pain coping strategies
Table 3 shows pain coping strategies outcomes by group, along
with treatment effect values from both standard and bootstrap
regression analyses. Signiﬁcant results indicating greater improvement in the yoga condition were found in pain catastrophizing
(CSQ), activities engagement despite pain (CPAQ), and the VMPCI
scales for problem solving, positive reappraisal, use of religion,
self-isolation, and disengagement. Trends toward greater improvement in the yoga condition were seen in distancing, and confrontation coping strategies (VMPCI).
4.2.3. Results for daily diary measures of ﬁbromyalgia symptoms and
coping strategies
Fig. 2 displays a graph of the adjusted mean scores produced by
multilevel random effects analyses for the six diary outcomes.
Results demonstrated signiﬁcant improvements in the yoga condition in comparison with the control condition in all diary items:
symptom scores for pain (b = 1.47, t = 5.90, p < .0001), fatigue
(b = 1.68, t = 6.23, p <.0001), emotional distress (b = 1.34,
t = 4.92, p < .0001), and vigor (b = 0.92, t = 3.62, p = .0005); and success at acceptance (b = 1.20, t = 5.10, p < .0001) and relaxation
(b = 1.38, t = 4.36, p < .0001) coping strategies.
4.3. Supplementary analyses results
4.3.1. Completers outcomes analyses
A repeat of primary outcome analyses restricted to subjects
who had completed the post-treatment assessment produced results that were similar to those obtained from ITT analyses, with
parameters indicating slightly greater effects favoring the yoga
condition. Two outcomes that had demonstrated trends toward
signiﬁcance in the ITT data reached signiﬁcant levels in the completers analyses: poor sleep (b = 0.57, p = .04) and confrontational
coping (b = 0.35, p = .04).
4.3.2. Clinical signiﬁcance of changes
We examined data from completers in the yoga condition to
determine whether observed improvements met criteria for clinically signiﬁcant changes. For the primary outcome, the FIQR Total
Score, the observed 31.4% reduction in this measure was more than
double the 14% minimal clinically signiﬁcant difference criterion
recommended by Bennett et al. [6], with 55.6% of yoga subjects
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Table 2
Fibromyalgia symptoms and functional deﬁcits means and standard deviations at baseline and post-treatment (Post), and treatment effect values from standard (F) or bootstrap
(b) regression analyses.
Variable

FIQR total score
Symptoms (FIQR)
Function (FIQR)
Overall impact (FIQR)
Pain (FIQR)
Fatigue (FIQR)
Stiffness (FIQR)
Poor sleep (FIQR)
Depression (FIQR)
Poor memory (FIQR)
Anxiety (FIQR)
Tenderness (FIQR)
Poor balance (FIQR)
Environment sensitivity (FIQR)
Overall improvement (PGIC)
Total myalgic score
Number of tender points
Strength (timed chair rise)
Balance-eyes open (SCBT)
Balance-eyes closed (SCBT)

Yoga

Control

Baseline
Mean (SD)

Post
Mean (SD)

Baseline
Mean (SD)

Post
Mean (SD)

Effect

F/b

P

48.32
27.16
12.36
8.80
5.24
6.36
6.36
7.16
2.76
5.40
4.20
6.00
4.64
6.20

(17.47)
(7.59)
(7.16)
(4.84)
(12.18)
(2.18)
(2.00)
(2.43)
(2.60)
(2.57)
(3.03)
(2.74)
(2.16)
(2.97)

49.26
26.84
12.85
9.57
5.11
6.39
5.68
5.83
4.21
5.21
4.54
5.32
4.64
6.75

(17.71)
(9.23)
(6.22)
(5.43)
(2.31)
(2.17)
(2.36)
(2.83)
(2.67)
(2.59)
(3.13)
(2.29)
(2.18)
(2.46)

38.03
17.32
9.75
27.76
26.25

(7.97)
(1.41)
(3.01)
(4.82)
(7.72)

35.49
20.08
9.73
5.68
4.12
4.76
4.72
5.72
1.68
4.20
2.68
5.00
3.12
4.16
5.05
29.26
15.61
11.88
30.00
29.60

36.44
17.07
10.00
29.64
24.68

(7.63)
(1.33)
(3.17)
(1.89)
(8.91)

48.69
27.50
12.40
8.79
5.14
6.71
5.82
6.11
3.75
5.43
4.14
5.96
4.89
7.04
3.69
29.04
15.18
10.64
29.29
27.32

15.28
20.52
3.36
7.79
1.11
1.94
1.40
1.31
1.52
1.35
1.28
1.47
1.77
2.62
32.92
1.22
0.28
1.52
1.27
1.52

F
F
F
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b
b

.0003***
<.0001***
.0727^
.0074**
.0186**
.0006***
.0025**
.0592^
.0199*
.0213*
.0407*
.0077**
.0018**
.0001***
<.0001***
.6236
.7474
.0344*
.0881^
.2427

(17.61)
(8.25)
(7.52)
(3.65)
(2.05)
(2.52)
(1.90)
(3.09)
(2.01)
(2.75)
(2.59)
(2.97)
(2.44)
(2.78)
(0.72)
(12.19)
(2.45)
(4.13)
(0.00)
(2.00)

(18.88)
(8.43)
(6.59)
(5.57)
(2.27)
(1.61)
(1.79)
(2.90)
(2.70)
(2.52)
(2.19)
(2.36)
(2.54)
(2.25)
(80.8)
(10.54)
(3.71)
(3.63)
(3.78)
(8.99)

Bootstrap values are bias corrected and accelerated, based on 5000 bootstrap replications.
*
p < 0.05.
**
p < 0.01.
***
p < 0.001.
^
p < 0.10 (trend).

Table 3
Pain coping strategies means and standard deviations at baseline and post-treatment (Post), and treatment effect values from standard (F) or bootstrap (b) regression analyses.
Variable

Acceptance total score (CPAQ)
Activity engagement (CPAQ)
Pain willingness (CPAQ)
Pain catastrophizing (CSQ)
Problem solving (VMPCI)
Positive reappraisal (VMPCI)
Distraction (VMPCI)
Use of religion (VMPCI)
Use of social support (VMPCI)
Distancing (VMPCI)
Self-blame (VMPCI)
Self-isolation (VMPCI)
Confrontation (VMPCI)
Disengagement (VMPCI)

Yoga

Control

Baseline
Mean (SD)

Post
Mean (SD)

Baseline
Mean (SD)

Post
Mean (SD)

70.32
43.32
27.00
1.33
2.67
2.78
2.81
2.14
1.77
2.62
2.86
2.08
1.20
1.06

75.40 (13.10)
46.48 (9.33)
28.92 (7.31)
0.94 (0.87)
2.78 (0.55)
2.833 (0.54)
2.45 (0.73)
2.32 (1.41)
1.73 (0.80)
2.44 (0.69)
2.70 (0.64)
1.51 (0.86)
0.92 (0.77)
0.74 (0.59)

62.61
36.82
25.79
1.68
2.45
2.36
2.43
1.56
1.90
1.87
2.52
2.30
1.43
1.14

65.61
38.43
27.18
1.62
2.43
2.36
2.41
1.54
1.89
2.18
2.58
2.17
1.34
1.14

(15.92)
(11.21)
(6.56)
(1.07)
(0.87)
(0.76)
(0.81)
(1.41)
(0.81)
(0.80)
(0.65)
(1.16)
(0.98)
(0.76)

(19.18)
(11.48)
(8.87)
(1.24)
(0.77)
(0.52)
(0.71)
(1.38)
(0.84)
(0.89)
(0.67)
(1.17)
(0.94)
(0.74)

(17.57)
(10.42)
(8.35)
(1.03)
(0.51)
(0.49)
(0.81)
(1.17)
(0.79)
(0.75)
(0.60)
(1.00)
(0.81)
(0.66)

Effect
2.73
3.49
0.32
0.47
0.26
0.27
0.24
0.28
0.06
0.24
0.07
0.53
0.28
0.35

F/b

P

F
F
F
b
b
b
b
b
b
b
b
b
b
b

.1046
.0465*
.5731
.0154*
.0310*
.0285*
.1331
.0281*
.6496
.0715^
.6197
.0029**
.0707^
.0096**

Bootstrap values are bias corrected and accelerated, based on 5000 bootstrap replications.
*
p < 0.05.
**
p < 0.01.
^
p < 0.10 (trend).

reaching P30% reduction in this measure [24]. The FIQR item for
pain was reduced 24.1%, with 50.0% of yoga subjects recording
P30% reduction in pain [24].
All the remaining FIQR subscales and individual symptom items
were also considerably reduced in the yoga subjects: Function
subscale, 24.8%; Impact subscale, 40.0%; Symptoms subscale,
29.8%; fatigue, 29.9%; tenderness, 29.1%; poor sleep, 23.9%; depression, 41.5%; poor memory, 25.2%; anxiety, 42.2%; tenderness,
18.9%; poor balance, 37.6%; and environmental sensitivity, 36.4%.
Means of daily diary symptom scores were similarly reduced: pain,
25.9%; fatigue, 23.6%; emotional distress, 30.1%. All the above
improvements range between minimally to moderately important
clinical changes according to the new consensus guidelines pub-

lished by the Initiative on Methods, Measurement, and Pain
Assessment in Clinical Trials (IMMPACT), an international group
of pain researchers [23,24].
Although no clear consensus yet exists on what constitutes clinically important changes in measures of coping, if we transpose the
IMMPACT group’s gauge of one-half of the standard deviation of a
mood scale as clinically signiﬁcant, then several of the coping
improvements in the yoga subjects may also be considered clinically signiﬁcant [24]. Qualifying by this criterion would be changes
in pain catastrophizing, disengagement, acceptance (from diaries),
and relaxation (from diaries). Lastly, considering the PGIC measure
of overall improvement in ﬁbromyalgia symptoms [24], 4.5% in the
yoga condition vs. 0.0% in the control reported being ‘‘very much
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Fig. 2. Daily ﬁbromyalgia symptoms and coping strategies scores (0–10 scales) at baseline and post-treatment in the yoga and control conditions (all p < .001). Values are
multilevel random effects for adjusted means, with error bars showing standard errors.

better”, 9.1% in the yoga condition vs. 0.0% in the control were
‘‘much better”, 77.3 in the yoga condition vs. 19.2% in the control
were ‘‘a little better”, 4.5% in the yoga condition vs. 38.5% in the
control reported ‘‘no change”, 4.5% in the yoga condition vs.
34.6% in the control were ‘‘a little worse”, and 0.0% in the yoga condition vs. 7.7% in the control were ‘‘much worse”.
4.3.3. Relationship of attendance and yoga home practice rates to
outcomes
To examine associations between treatment adherence variables (attendance, and adherence to home yoga practice) and outcome measures, ﬁrst residual scores were calculated for each
outcome (the post-treatment score regressed on the baseline
score), which were then entered into correlational analyses. These
tests produced several signiﬁcant ﬁndings.
Attendance rates. The average attendance among yoga condition
participants was seven out of eight classes (range 4–8). Attendance
rates were signiﬁcantly correlated with the FIQR fatigue residual
score, such that higher attendance was associated with less fatigue
(r[25] = 0.40, p < .05). There were trends for associations with
three other outcomes in a similar manner, such that higher
attendance was related to improvements in the FIQR Total Score
(r[25] = 0.34, p = .09), the FIQR Symptoms subscale (r[25] =
0.35, p = .08), and strength (r[24] = 0.36, p = .08).
Home yoga practice rates. We had two gauges of home practice:
First, during the intervention yoga participants kept daily records
of minutes spent doing posture, meditation and breathing exercise,
and these records were collected each week during class; and second, when completing their post-treatment online daily diary measures, yoga subjects also reported on their practice rates for 7 days.
These two assessments of practice rates were highly correlated
(0.87). Because the intervention practice records covered a much
more extensive period (7 vs. 1 week), herein we are reporting only
on correlations between outcome residual scores and the intervention practice rates.
Average daily home practice rates were as follows: total practice = 40 min (range 11–97), postures = 19 min (range 4–57), meditation = 13 min (range 2–29), and breathing exercises = 8 min
(range 2–16). Average total practice rates were signiﬁcantly correlated with the residual scores of several outcomes, such that more
practice was associated with greater overall improvement in
symptoms (PGIC; r[22] = 0.50, p = .02), and more improvement in
the FIQR fatigue score (r[25] = 0.55, p = .01) and relaxation (from
diaries; r[25] = 0.44, p = .03). There was also a trend for greater
improvement in the FIQR Poor Memory score to be correlated with
higher total practice rates (r[25] = 0.35, p = .09).
The practice rates for both postures and meditation were separately correlated with these same outcomes in a very similar

manner, with only slight variations in the parameter values. The
practice rate for breathing exercises was signiﬁcantly correlated
only with PGIC scores.
5. Discussion
This study examined the impact of a yoga intervention on a
sample of women with FM. Our ﬁndings provide preliminary evidence, based on various types of measures (standardized questionnaires, physical tests, daily diaries) that the intervention may be
helpful for improving a wide range of FM symptoms and functional
deﬁcits, including pain, fatigue, stiffness, poor sleep, depression,
poor memory, anxiety, tenderness, poor balance, environment sensitivity, vigor, and limited strength. Moreover, a majority of the
improvements seen in this study qualiﬁed as clinically signiﬁcant
changes. Interestingly, whereas the subjects reported a marked
improvement in tenderness, this was not associated with a significant improvement in the Total Myalgic Score. This paradoxical result has been noted in many other FM treatment studies and
warrants further exploration.
In addition, the results suggested the yoga intervention led to a
beneﬁcial shift in how patients cope with pain, including greater
use of adaptive pain coping strategies (i.e., problem solving, positive reappraisal, use of religion, activity engagement despite pain,
acceptance, relaxation) and less use of maladaptive strategies
(i.e., catastrophizing, self-isolation, disengagement, confrontation).
These changes may seem surprising, given that the coping strategies employed in the intervention were drawn from the yoga tradition and differed markedly from standard CBT coping skills.
One implication of these ﬁndings is that the promotion of adaptive
coping does not rely on a circumscribed set of skills that ‘‘teach to
the test”, but rather may be produced by a wide variety of
approaches.
Although yoga has been practiced for millennia, only recently
have researchers begun to demonstrate yoga’s effects on persons
suffering from persistent pain, including those with chronic low
back pain, osteoarthritis, carpal tunnel syndrome, kidney failure,
and cancer-related pain [14,15,26,27,50,63,65]. The present study
was preceded by an earlier trial of an 8 week ‘‘Relaxing Yoga” intervention for FM [22]. That study reported improvements in overall
symptoms and pain, the magnitude of which were very similar
to our ﬁndings on these outcomes. However, conclusions from
the earlier study were restricted by failure to follow intentionto-treat methods, the narrow range of outcomes assessed, the
very small sample (N = 33), and difﬁculties with retention (18%
attrition). Another limitation of this earlier study was the yoga
program’s exclusive targeting of relaxation. Reviews of coping
skills treatments for FM indicate that relaxation training is more
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effective when included in a broader approach incorporating
elements such as cognitive coping techniques and educational
components [4,51,56,57].
The intention of the yoga program we employed was to fulﬁll
the need for both exercise and coping skills training as effective
counterparts to pharmacotherapy for FM [5,19,28]. Recent reviews
of exercise trials concur that aerobic exercise and also strength
training usually improves some FM symptoms and physical functioning, but rarely shows effects on pain or mood [10,11,36]. In
contrast, reviews of FM coping skills trials have concluded that
such treatments usually show mild to moderate post-treatment effects on pain, mood, and disability [4,51,56,57]. However, several
reviews have emphasized that the best results have been produced
by multimodal interventions that combine both exercise and coping skills training [4,51,56,57].
Although multimodal in nature, the Yoga of Awareness program
stands in contrast to previous multimodal interventions with FM
patients, in that it integrates a wide spectrum of yoga-based techniques – postures, mindfulness meditation, breathing exercises,
application of yogic principles to optimal coping, and group discussions. Nonetheless, the results of the present study compare favorably to previous multimodal trials both in terms of the range (FM
symptoms, physical functioning, pain, mood, coping skills) and
magnitude of improvements observed. For example, Mannerkorpi
et al. studied 58 patients randomly assigned to a 6-month program
combining pool exercise with CBT-based stress management and
relaxation skills, or to standard care control [40]. Post-treatment
analyses revealed mostly modest but statistically signiﬁcant
changes favoring the intervention group in the FIQ Total Score
(13.6% reduction in the treatment group vs. 31.4% in the current
study), the Function subscale (15.8% vs. 24.8% in the current study)
and the FIQ item score for anxiety (23.5% vs. 42.2% in the current
study). Other scales showed reductions in pain (9.5% vs. 25.9% from
diaries in the current study), emotional distress (9.7% vs. 30.1%
from diaries in the current study), depression (8.6% vs. 41.5% for
the FIQR depression item in this study) and in quality of life.
Improvements in a timed walking test and in grip strength were
also reported.
The question of what processes can account for changes observed in a clinical trial is critical to understanding the ultimate
utility of an intervention and for advancing science. We had several
reasons to expect that this intervention may reduce symptoms in
women with FM. First, yoga cultivates a healthy acceptance of
and willingness to learn from pain and other stressful experiences.
The important role of acceptance in decreasing the emotional distress and sympathetic activation associated with pain and other
unpleasant symptomatology has received increased research focus
and clinical attention [29,41,59]. Second, previous data indicate
that yoga produces invigorating effects on mental and physical
energies in a manner similar to aerobic exercise, and thereby
may improve the fatigue that plagues FM patients [8,14,15,20].
Third, research has shown that yoga produces the relaxation response (an integrated set of changes that includes increased breath
volume, decreased heart rate, etc.) [55,58]. Since autonomic dysregulation has been implicated in the generation of FM symptoms,
researchers have posited that psychophysiologically soothing
techniques are likely to promote the alleviation of FM symptoms
such as pain and emotional distress [30,62]. Lastly, studies have
demonstrated that yoga promotes both balance [31,38] and
strength [45] – two functional deﬁcits targeted by FM exercise
interventions [36].
We found some empirical support in this investigation for all of
these therapeutic processes. However, much more work is needed
to determine which of these mechanisms may have mediated patients’ improvements, what biological changes may underlie
yoga-related changes in FM symptoms, and most importantly, to
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rule out mere attention or placebo response as the intervention’s
primary therapeutic processes [2,44].
Accrual and retention (91%) in this study were good [36]. Attendance at classes was also good (average of seven out of eight sessions), as was adherence to home yoga practice (average total of
40 min per day). Notably, those who practiced yoga more had better outcomes on several measures. Patients’ anecdotal reports also
suggested that they found the yoga training very helpful for managing their symptoms. For example, one patient remarked that ‘‘I
did the practice twice in one day and that evening, I actually fell
asleep without pain. I slept all the way through the night. I couldn’t
remember the last time I had slept through the night”. Another
commented that ‘‘I am learning how to be my own best friend.
When I rest in simply being, I can let the anxiety wave wash
through and learn how to ride it”.
Major limitations of our study should be noted. The generalizability of these preliminary ﬁndings is restricted by the small sample, the absence of follow-up, and over-reliance on self-report data.
Moreover, as stated above, any conclusions are especially limited
by the lack of an attention placebo or active control condition
[2,44]. This same limitation applies however to most of the multimodal exercise-and-coping skills FM trials that have been published, which likewise used either wait-list or standard care
controls [57]. Inclusion of an appropriate control condition, preferably an active treatment condition, is crucial for a larger, more
thorough study of yoga for FM. Further methodological improvements for such a study could include follow-up assessments (e.g.,
6 months post-treatment), analyses of potential mechanisms of
therapeutic effects – including both physiological (e.g., changes
in cerebral pain processing as indicated by quantitative sensory tests [54]) and psychological mechanisms (e.g., mindfulness,
acceptance, relaxation), analyses of moderators of treatment outcome (e.g., is yoga more helpful for patients with lower vs. greater
body mass index), and of the types (e.g., postures vs. meditation)
and doses of yoga practice needed to achieve adequate symptom
reductions.
In conclusion, the ﬁndings of this pilot study provide promising
preliminary support for the beneﬁcial effects of yoga in patients
with FM. The improvements documented herein are important enough to warrant further study.
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