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Effect of tai chi versus aerobic exercise for fibromyalgia: 
comparative effectiveness randomized controlled trial
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ABSTRACT
OBJECTIVES
To determine the effectiveness of tai chi interventions 
compared with aerobic exercise, a current core 
standard treatment in patients with fibromyalgia, and 
to test whether the effectiveness of tai chi depends on 
its dosage or duration.
DESIGN
Prospective, randomized, 52 week, single blind 
comparative effectiveness trial.
SETTING
Urban tertiary care academic hospital in the United 
States between March 2012 and September 2016.
PARTICIPANTS
226 adults with fibromyalgia (as defined by the 
American College of Rheumatology 1990 and 2010 
criteria) were included in the intention to treat 
analyses: 151 were assigned to one of four tai chi 
groups and 75 to an aerobic exercise group.
INTERVENTIONS
Participants were randomly assigned to either 
supervised aerobic exercise (24 weeks, twice 
weekly) or one of four classic Yang style supervised 
tai chi interventions (12 or 24 weeks, once or twice 
weekly). Participants were followed for 52 weeks. 
Adherence was rigorously encouraged in person and 
by telephone.
MAIN OUTCOME MEASURES
The primary outcome was change in the revised 
fibromyalgia impact questionnaire (FIQR) scores at 24 
weeks compared with baseline. Secondary outcomes 
included changes of scores in patient’s global 
assessment, anxiety, depression, self efficacy, coping 

strategies, physical functional performance, functional 
limitation, sleep, and health related quality of life.
RESULTS
FIQR scores improved in all five treatment groups, but 
the combined tai chi groups improved statistically 
significantly more than the aerobic exercise group 
in FIQR scores at 24 weeks (difference between 
groups=5.5 points, 95% confidence interval 0.6 
to 10.4, P=0.03) and several secondary outcomes 
(patient’s global assessment=0.9 points, 0.3 to 1.4, 
P=0.005; anxiety=1.2 points, 0.3 to 2.1, P=0.006; 
self efficacy=1.0 points, 0.5 to 1.6, P=0.0004; and 
coping strategies, 2.6 points, 0.8 to 4.3, P=0.005). 
Tai chi treatment compared with aerobic exercise 
administered with the same intensity and duration 
(24 weeks, twice weekly) had greater benefit (between 
group difference in FIQR scores=16.2 points, 8.7 to 
23.6, P<0.001). The groups who received tai chi for 24 
weeks showed greater improvements than those who 
received it for 12 weeks (difference in FIQR scores=9.6 
points, 2.6 to 16.6, P=0.007). There was no significant 
increase in benefit for groups who received tai chi 
twice weekly compared with once weekly. Participants 
attended the tai chi training sessions more often than 
participants attended aerobic exercise. The effects 
of tai chi were consistent across all instructors. No 
serious adverse events related to the interventions 
were reported.
CONCLUSION
Tai chi mind-body treatment results in similar or 
greater improvement in symptoms than aerobic 
exercise, the current most commonly prescribed non-
drug treatment, for a variety of outcomes for patients 
with fibromyalgia. Longer duration of tai chi showed 
greater improvement. This mind-body approach 
may be considered a therapeutic option in the 
multidisciplinary management of fibromyalgia.
TRIAL REGISTRATION
ClinicalTrials.gov NCT01420640.

Introduction
Fibromyalgia is a complex disorder characterized by 
chronic widespread musculoskeletal pain, fatigue, 
sleep disturbance, and prominent physical and 
psychological impairment, causing substantial and 
increasing healthcare costs.1 It affects approximately 
2-4% of the general population between 18 and 
65 years of age worldwide.2 The prevailing causal 
paradigm views it as a disorder of pain regulation 
associated with neuroendocrinologic changes in the 
central and peripheral nervous systems.3 Although 
there is no cure for fibromyalgia, core treatments 
combine multidisciplinary approaches including 

1Center for Complementary 
and Integrative Medicine and 
Division of Rheumatology, Tufts 
Medical Center, Tufts University 
School of Medicine, Boston, MA 
02111, USA
2Department of Biostatistics 
and Center for Evidence 
Synthesis in Health, Brown 
University School of Public 
Health, Providence, RI, USA
3Nutrition, Exercise Physiology 
and Sarcopenia Laboratory, 
Jean Mayer USDA Human 
Nutrition Research Center on 
Aging, Tufts University, Tufts 
University School of Medicine, 
Boston, USA
4The Institute for Clinical 
Research and Health Policy 
Studies, Tufts Medical Center, 
Tufts Clinical and Translational 
Science Institute, Tufts 
University, Boston, MA, USA
5Division of Rheumatology, Tufts 
Medical Center, Tufts University 
School of Medicine, Boston, 
MA, USA
6Center for Mind-Body 
Therapies, Boston, MA, USA
Correspondence to: C Wang 
cwang2@tuftsmedicalcenter.org
Additional material is published 
online only. To view please visit 
the journal online.
Cite this as: BMJ 2018;360:k851 
http://dx.doi.org/10.1136/bmj.k851

Accepted: 13 February 2018

What is already known on this topic
Emerging evidence suggests that tai chi mind-body practice has short term 
therapeutic benefits for chronic musculoskeletal pain and mental health 
conditions
Three randomized trials and three non-randomized, single arm studies found 
that tai chi alleviates pain and improves physical and mental health in patients 
with fibromyalgia but concluded that larger and more rigorous trials are needed 
to confirm the results
Whether tai chi is better than aerobic exercise, a currently recommended core 
of standard care, and what the ideal dose (frequency or duration) for treating 
fibromyalgia is remain unknown

What this study adds
This study suggests that tai chi mind-body treatment for fibromyalgia has similar 
or greater benefits than standard care treatment
A longer duration of tai chi had more benefit than a shorter duration
The therapeutic benefits of tai chi were consistent among three instructors in a 
large sample of diverse patients with fibromyalgia, which provide more support 
for generalizability to other settings and patient populations
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drugs, exercise, cognitive behavioral therapy, and 
health education.

Drug interventions such as analgesics seem to 
confer modest short term benefits for fibromyalgia 
symptoms, but recent reviews question whether they 
have a sustained, clinically meaningful response.4-6 
Many patients discontinue their therapies owing to 
lack of efficacy, toxicity, or intolerance to the drug. 
Additionally, 11% to 69% of patients in recent large 
retrospective database studies reported use of short 
acting or long acting opioids, which carries the risk of 
dependency and misuse,7 despite evidence showing 
that patients with fibromyalgia receiving opioids have 
poorer health outcomes than those receiving non-
opioids.8 Evidently, pharmacotherapy is insufficient 
to resolve persistent symptoms and improve quality of 
life for patients with fibromyalgia.

Over the past decades, the benefits of exercise 
training have been documented in the literature,9-16 
and moderate aerobic exercise is currently 
recommended as part of standard care for the 
management of fibromyalgia.17-19 However, many 
patients have difficulties performing and adhering to 
exercise programs owing to fluctuations in symptoms, 
and they remain unfit.12-15 New approaches are 
needed that patients can embrace to reduce chronic 
musculoskeletal pain and improve their physical and 
psychological functioning and quality of life.

Tai chi is an ancient discipline involving exercise 
rooted in traditional Chinese medicine that originated 
as a martial art and has been practiced for many 
centuries. This complex, multicomponent mind-
body intervention integrates physical, psychosocial, 
spiritual, and behavioral elements to promote health 
and fitness.20 21 Two previous 12 week randomized 
trials found that tai chi effectively alleviates pain and 
improves physical and mental health in patients with 
fibromyalgia compared with wellness education or 
stretching controls.22 23 Similar beneficial effects of tai 
chi have been shown in patients with osteoarthritis 
and rheumatoid arthritis.24-27 Despite evidence 
suggesting that tai chi has therapeutic benefits for 
musculoskeletal conditions, the relative benefits and 
harms of tai chi compared with aerobic exercise, a 
common treatment for this population, are unknown. 
Furthermore, the ideal dose (frequency or duration) 
of tai chi as a treatment for fibromyalgia has not been 
determined.

We compared the effectiveness of tai chi versus 
aerobic exercise in a large population with fibromyalgia 
symptoms followed for 12 months and tested whether 
the effectiveness of tai chi depends on its dosage and 
duration. We hypothesized that participants receiving 
tai chi compared with aerobic exercise would have 
greater improvements in fibromyalgia symptom severity 
as well as in physical and psychosocial functioning 
and quality of life; that participants receiving a longer 
duration (24 weeks) of tai chi would show greater 
improvements than those receiving a shorter duration 
(12 weeks); and that participants receiving a higher 
frequency of tai chi (twice weekly) would show greater 

improvements than those receiving a lower frequency 
(once weekly).

Methods
This was a randomized, 52 week, single blind 
comparative effectiveness trial. Participants with 
fibromyalgia were randomly assigned to either 
supervised aerobic exercise twice weekly for 24 weeks 
or to one of four tai chi interventions: 12 or 24 weeks 
of supervised tai chi completed once or twice weekly. 
We followed participants for 52 weeks. The primary 
outcome was the change in revised fibromyalgia 
impact questionnaire (FIQR) total score from baseline 
to 24 weeks.28 Details of the trial design and conduct 
are published elsewhere.29

Setting and participants
The trial was conducted at Tufts Medical Center, 
a tertiary care academic hospital in Boston, 
Massachusetts. Patients were recruited through 
a combination of advertisements and enrollment 
through clinics in the greater Boston area. Prescreening 
was administered by telephone before scheduling a 
visit onsite involving clinical examinations according 
to the standardized protocol. Participants provided 
written informed consent before baseline assessments 
for eligibility. Self reported race/ethnicity and sex 
were also collected. We enrolled eligible participants 
who were 21 years or older and fulfilled the American 
College of Rheumatology 1990 and 2010 preliminary 
diagnostic criteria for fibromyalgia.30 31 These 
criteria include a history of widespread bilateral 
musculoskeletal pain both above and below the 
waist for a minimum of three months and pain in at 
least 11 of 18 specific tender points, with moderate 
or greater tenderness reported on digital palpation.30 
Participants needed to have a widespread pain index 
of 7 or more and symptom severity scale score of 5 or 
more, or widespread pain index of 3-6 and symptom 
severity scale score of 9 or more, and not have a 
disorder that would otherwise explain the pain.31 
Participants also had to be willing to complete the 
12 week or 24 week intervention, including exercise 
sessions once or twice weekly. We excluded those who 
had participated in tai chi or other similar types of 
complementary and alternative medicine within the 
past six months; those with serious medical conditions 
that might limit their participation; those with other 
diagnosed medical conditions, such as inflammatory 
arthritis or connective tissue diseases; women who 
were pregnant or were planning a pregnancy during 
the study period; those who did not speak English; and 
those who were unable to pass the mini-mental state 
examination (score <24 out of 30).32 Participants were 
able to continue routine drugs and usual visits to their 
physicians throughout the study.

Randomization and masking
After the study rheumatologists (WFH or RK) 
confirmed that participants met the eligibility criteria, 
baseline assessments were performed. In the three 
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weeks before the start of each of six enrollment cycles, 
we completed baseline assessments for a group of 40 
to 50 prescreened participants to obtain an eligible 
cohort to randomize. Randomization occurred after 
the baseline evaluation in six consecutive enrollment 
cycles. The study statistician (CHS) generated random 
sequences in the R statistical package, blocking on 
instructor within the tai chi group and unblocked 
within the aerobic exercise group. We generated a 
new random sequence for each cycle so that it was 
also blocked on cycle. Each enrollment cycle consisted 
of an aerobic exercise intervention group and two 
of the four tai chi intervention groups. The tai chi 
intervention groups were rotated through the six cycles 
so that each treatment regimen (12 or 24 weeks, once 
or twice weekly) occurred three times over the course 
of the study. We used a factorial arrangement to ensure 
that each of the three tai chi instructors conducted 
each of the four treatments once throughout the trial. 
This design allowed for assessment of instructor 
level effects in the tai chi group. Assignments were 
concealed in sealed, opaque envelopes and were only 
opened for each participant after the study coordinator 
obtained consent and confirmed eligibility.

The research study nurses, physical function 
assessors, and sponsor staff who conducted the 
baseline and follow-up assessments were blinded to 
treatment allocation.

Interventions
A detailed description of the classic Yang style tai 
chi and aerobic exercise protocol has been published 
elsewhere.29 The tai chi and aerobic exercise groups 
ran concurrently to remove potential confounding 
from seasonal influences on symptom severity. The 
five groups received educational information about 
the importance of physical activity and home practice. 
Each tai chi session lasted 60 minutes, once or twice 
a week, for 12 weeks or 24 weeks. Aerobic exercise 
sessions were 60 minutes, twice a week, for 24 weeks. 
Participants were encouraged to integrate at least 30 
minutes of tai chi or aerobic exercise into their daily 
routine during their interventions. They were also asked 
to continue exercise after completing their 12 week or 
24 week sessions, as well as throughout 52 weeks of 
follow-up. Attendance forms and sign-in sheets were 
used to monitor attendance of each participant at 
treatment sessions. Study staff conducted monthly calls 
to encourage adherence to home practice throughout 
52 weeks of follow-up. Adherence to the protocol was 
defined as the proportion of study sessions attended.

Tai chi
Before study initiation, we developed a standardized 
classic Yang style tai chi protocol for fibromyalgia based 
on the literature.33 Three experienced instructors were 
recruited from the greater Boston area and attended 
a training session to review the tai chi protocol29 and 
concepts of fibromyalgia. We monitored all study 
sessions using video recordings and provided feedback 
to instructors throughout the study to continuously 

monitor the quality of the intervention. Participants 
received printed materials on tai chi principles, 
techniques, and safety precautions for fibromyalgia. 
In the first session, the tai chi instructor explained the 
exercise theory and procedures. The remaining sessions 
included warm-up and a review of tai chi principles, 
meditative movements, breathing techniques, and 
various relaxation methods. Instructors reminded 
participants in class to maintain their practice daily 
according to the weekly assignments.

Aerobic exercise
Participants randomized to aerobic exercise received 
a closely supervised program in group format 
cardiovascular exercise consistent with current 
recommended guidelines of moderate intensity 
exercises for fibromyalgia.17-19 The training was 
designed to increase heart rate and rate of perceived 
exertion, thereby improving cardiovascular fitness.34 
Each aerobic exercise session consisted of several 
components: an active warm-up including low 
intensity movements and dynamic stretching; 
choreographed aerobic training, progressing gradually 
from low to moderate intensity; and a cool-down 
involving low intensity movements, and dynamic 
and static stretching. During all components of the 
sessions, the instructor monitored accuracy of exercise 
technique to ensure participant comfort and safety 
as well as to minimize adverse events. Heart rate and 
rate of perceived exertion were recorded during each 
session to monitor exercise intensity.35 Two exercise 
physiology scientists (RAF, KFR) oversaw the program 
and conducted training sessions for the instructors.

During the first week, participants completed a 
15 minute warm-up, 20 minutes of aerobic training 
(50-60% of estimated maximum heart rate: rate of 
perceived exertion 11-13 (from 6 (no exertion) to 20 
(maximal exertion)),35 and a 25 minute cool-down. We 
also provided printed materials on exercise principles, 
practicing techniques, and safety precautions, 
and explained exercise theory and procedures for 
fibromyalgia. In subsequent sessions, all participants 
progressively increased the duration and intensity 
of exercise through increasing aerobic activity by 
five minutes every two weeks. In the fibromyalgia 
population, lower levels of cardiovascular fitness and 
lower thresholds for post-exercise muscle pain and 
fatigue are reported.36 37 Our program was individually 
tailored to each participant, closely supervised, and 
introduced in a progressive manner to accommodate 
these differences. By weeks 10 to 12 the session included 
40 minutes of aerobic training (60-70% of estimated 
maximum heart rate). We also instructed participants 
to walk daily, gradually increasing the time until they 
reached 30 minutes a day. Throughout all sessions, 
instructors monitored techniques to ensure participant 
comfort and safety and to minimize adverse events.

Outcome measures
We assessed key clinical outcomes focused on symptom 
severity and body pain drawn from previous randomized 
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trials, exercise literature, and recommendations by 
the American College of Rheumatology.9-12 16 22 23 31 
We also evaluated secondary physical, psychological, 
and psychosocial aspects of fibromyalgia that are 
well documented in clinical care and research.38 Each 
participant was evaluated at baseline, and at 12, 24, 
and 52 weeks.

Primary outcome
The primary outcome was the change in revised 
FIQR total score (range 0-100, with higher scores 
indicating greater impact of symptoms) from 
baseline to the 24 week visit.28 The FIQR is a well 
validated multidimensional instrument that measures 
participant rated overall severity of fibromyalgia, 
including intensity of pain, physical function, fatigue, 
morning tiredness, depression, anxiety, job difficulty, 
and overall wellbeing.39 Each item is standardized on a 
scale ranging from 0 to 10, with lower scores indicating 
more improvement or less negative impact. FIQR was 
also assessed weekly during the intervention period 
for all groups of participants. A minimal clinically 
important difference in the FIQR score has not yet been 
established. However, the FIQR is an updated version 
of the original fibromyalgia impact questionnaire (FIQ) 
with which FIQR scores correlate closely (r=0.88, 
P<0.001).39 Therefore, we estimated the minimal 
clinically important difference of the FIQR score 
based on the established minimal clinically important 
difference of the FIQ score (14% or 8.1 units).40

Secondary outcomes
Secondary outcomes were measured at baseline and 
at 12, 24, and 52 weeks and included the patient’s 
global assessment using a visual analog scale (range 
0-10, with higher scores indicating greater impact of 
symptoms); the hospital anxiety and depression scale 
(HADS, range 0-21, with higher scores indicating more 
severe symptoms)41; the arthritis self efficacy scale 
(range 1-10, with higher scores indicating greater self 
efficacy for management of fibromyalgia pain)42; the 
Pittsburgh sleep quality index, the most widely used 
general measure that has been validated in patients 
with fibromyalgia (range 0-21, with higher scores 
indicating worse sleep quality)43(we did not administer 
the sleep quality numeric rating scale that was also 
originally proposed); summary scores for the physical 
and mental components of the short form health survey 
(range 0-100, with higher scores indicating better 
health status)44; symptom severity scale score (range 
0-12, with higher scores indicating greater severity)31; 
Beck depression inventory II (range 0-63, with higher 
scores indicating greater depressive symptoms)45; 
coping strategies score (range 0-36, with higher scores 
indicating better coping)46; social support survey 
(range 0-5, with higher scores indicating more social 
support)47; improved health assessment questionnaire 
(range 0-100, with higher scores indicating more 
disability)48; outcome expectations scale (range 
1-5, with higher scores indicating higher outcome 
expectations)49; the community health activities 

model program for seniors (CHAMPS) physical activity 
questionnaire for older adults50; and health assessment 
questionnaire.48 51-54 Assessments of physical function 
included the chair stand, six minute walk, and balance 
tests.55-58 Participants’ muscle strength and power were 
also assessed using a leg press.59 Several secondary 
outcomes will be reported in separate publications. 
The health assessment questionnaire will be used in 
an economic evaluation. Muscle strength and power, 
chair stand, and balance along with CHAMPS will be 
used in an analysis of the role of muscle and physical 
function in fibromyalgia.

The research staff, unaware of the participant’s 
group assignment, evaluated physical performance by 
measuring the distance completed (in meters) in the 
six minute walk test.60 Additional measures included 
body mass index, outcome expectations for treatment, 
adherence, and safety.

Monitoring of adverse events and safety procedures
Throughout the intervention period, we systematically 
ascertained adverse events at each contact with the 
patient and a study rheumatologist (WFH) used a 
standardised reporting system to evaluate these for 
relevance to the intervention and severity.

We defined serious adverse events as those that were 
life threatening, were permanently disabling, were 
severely incapacitating, required prolonged inpatient 
hospital stay, or were fatal. In accordance with 
guidelines we reported adverse events to the human 
research committee.

Drug use
Participants maintained their regular drug treatments. 
We did not change or recommend changes in medical 
therapy. At each evaluation we recorded any change in 
use of analgesics, antidepressants, anticonvulsants, 
muscle relaxants, benzodiazepines, dopamine 
agonists, and 5 hydroxytryptamine receptor agonists 
throughout the entire intervention and evaluation 
period.

Statistical analysis
Sample size calculations were based on the results 
of two previous fibromyalgia trials. The first study 
compared an aerobic and flexibility exercise program 
with education and detected a mean improvement 
of 7.9 points in FIQ score, yielding an effect size of 
0.62.10 The second compared 12 weeks of tai chi with 
an attention control and found a mean improvement 
of 18.4 points in FIQ score for the tai chi group, 
yielding an effect size of 1.04.22 We hypothesized that 
participants receiving tai chi would improve more 
than those receiving aerobic exercise. Using a two 
sided hypothesis test at 0.05 significance level with an 
allocation ratio of 2:1, we determined that a sample 
size of 216 (144 in tai chi group, 72 in aerobic exercise 
group) gives approximately 80% power to detect an 
effect size difference of 0.4. In addition, we sought 
to elucidate how four different dose and frequency 
combinations might modify the impact of tai chi. By 
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assigning 36 participants to each group, we had 80% 
power to detect an effect size of 0.67 between two of 
these groups with a two sided 0.05 level test.

We used longitudinal fixed effects models based 
on the intent-to-treat principle to determine the 
comparative efficacy of the five treatments at baseline 
and at 12, 24, and 52 weeks. We calculated treatment 
effects for change from baseline to 12, 24, and 52 
weeks focusing on predefined comparisons: aerobic 
exercise versus average of four tai chi groups, average 
of 12 week versus 24 week tai chi, and average of 
once weekly versus twice weekly tai chi. In addition, 
we compared tai chi twice weekly for 24 weeks with 
aerobic exercise as an exploratory analysis. We 
considered time and treatment as categorical fixed 
factors and used an unstructured covariance matrix. 
The interaction of time and each comparison tested 
the difference between treatment groups. The primary 
outcome, change from baseline to 24 weeks, was 
assessed using the appropriate comparison from the 
longitudinal model. This protects the inference from 
data, the missingness of which is related to reported 
outcomes. As planned, we also examined whether 
results differed among tai chi instructors through an 
interaction of instructor with time and treatment in a 
model fit only to the data from the participants who 
undertook tai chi. We used a generalized linear mixed 
model with random intercepts and fixed treatment 
effects for binary outcomes.

Although the use of the longitudinal model protects 
against the effects of outcomes missing at random, it 
does so only if the hypothesized model is correct. Thus 
for sensitivity analysis, we assessed model assumptions 
with standard regression diagnostic evaluations61 
and also examined the association of missingness 
with baseline predictors and longitudinal outcomes. 
We conducted several sensitivity analyses, including 
multiple imputation and adjustment for attendance 
rate and variables that were found to differ among 
participants who missed visits. Missing data were 
multiply imputed using a set of baseline characteristics 
as well as the 12, 24, and 52 week outcomes. We 
also assessed the impact of attendance by analyzing 
treatment effects in the subgroup of participants who 
attended at least half of the treatment sessions. Results 
are presented as differences between groups with 
95% confidence intervals based on estimates from 
the longitudinal models. We considered a two sided 
P value <0.05 to indicate statistical significance. All 
analyses were performed with SAS version 9.4 (SAS 
Institute) and R 3.2.

Patient involvement
Patients were not involved in the development of 
plans for recruitment, design, outcome measures, 
or implementation of the study conduct. No patients 
were asked to advise on the interpretation or writing 
of results. The burden of the intervention was not 
assessed, but we assessed outcome expectations for 
the study interventions. We intend to disseminate 
the main results to trial participants and will pursue 

patient and public involvement in the development of 
an appropriate method of dissemination.

Results
Between March 2012 and September 2014 we screened 
867 potential participants by telephone. Of the 272 
who qualified for baseline evaluation, 226 consented, 
met the eligibility criteria, and were randomized. The 
remaining 46 participants were excluded for various 
reasons (fig 1).

Table 1 shows baseline data for the 226 participants. 
Characteristics were balanced among all groups. The 
mean age of participants was 52 years, 92% were 
women, the racial/ethnic composition was diverse 
(61% white), and mean body mass index was 30 kg/m2. 
The average duration of body pain was nine years. The 
average SF-36 physical component score was about two 
standard deviations below the norm for the general US 
population,44 indicating a cohort with poor health status. 
Treatment groups did not statistically significantly 
differ in baseline expectations of benefits from their 
randomly assigned regimen (outcome expectations 
scale score: tai chi, 3.8 (SD 0.6); aerobic exercise, 3.9 
(SD 0.6)).53 Participants assigned to tai chi attended 
62% of possible classes, and participants assigned to 
aerobic exercise attended 40% (see appendix table 
1). Overall, 183 (81%) participants completed the 12 
week evaluation, 181 (80%) completed the 24 week 
evaluation, and 158 (70%) completed the 52 week 
evaluation (fig 1).

Table 2 shows changes from baseline to 12, 24, 
and 52 weeks for the five treatment groups for all 
continuous outcomes. Table 3 shows differences 
between groups at all evaluation visits for the main 
treatment comparisons.

Compared with baseline, FIQR scores improved 
for participants in all five treatment groups at each 
follow-up. Generally, participants who undertook tai 
chi improved at all times on other outcomes as well, 
whereas participants who undertook aerobic exercise 
showed less improvement.

At 24 weeks the combined tai chi groups improved 
significantly more than the aerobic exercise group in 
FIQR scores (difference between groups=5.5 points, 
95% confidence interval 0.6 to 10.4, P=0.03). Based 
on the estimated minimal clinically important 
difference for FIQR score of 8.1 points,40 the difference 
of 5.5 points between the mean scores in the aerobic 
exercise group and combined tai chi groups at 24 
weeks was not clinically important. However, when 
tai chi was compared with aerobic exercise of matched 
intensity—that is, twice weekly for 24 weeks, we 
found that the lower bound of the 95% confidence 
interval for the difference between groups exceeded 
the specified threshold for clinically significant 
improvement (estimate 16.2 points, 95% confidence 
interval 8.7 to 23.6, P<0.001). The lower bound of the 
95% confidence interval of improvement for both 24 
week tai chi groups exceeded the minimal clinically 
important difference as well. In addition, all groups 
(tai chi and aerobic exercise) improved by more than 
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the minimal clinically important difference compared 
with baseline.

Several secondary outcomes (patient’s global 
assessment 0.9 points, 95% confidence interval 0.3 
to 1.4, P=0.005; HADS anxiety 1.2 points, 0.3 to 2.1, 
P=0.006; self efficacy 1.0 point, 0.5 to 1.6, P=0.0004; 
and coping strategies 2.6 points, 0.8 to 4.3, P=0.005) 
also differed significantly between the combined tai 
chi and aerobic exercise groups at 24 weeks.

FIQR scores at 24 weeks improved significantly more 
in the 24 week tai chi groups than 12 week groups 
(9.6 points, 2.6 to 16.6, P=0.007). This improvement 
decreased at 52 weeks. The 24 week tai chi groups 
also had a significantly larger improvement in scores 
on HADS depression (1.4 points, 0.1 to 2.6, P=0.04), 
Beck depression inventory II (4.4 points, 0.9 to 7.9, 
P=0.01), and SF-36 mental component (4.4 points, 0.8 
to 8.1, P=0.02) compared with the 12 week groups. In 
general, treatment effects were less at 52 weeks than 
at 24 weeks. No significant differences were found at 
24 weeks between the groups receiving tai chi once 
weekly versus twice weekly.

At 52 weeks the combined tai chi groups continued 
to show more improvement in most primary and 
secondary outcomes than the aerobic exercise group. 
Results were statistically significant for patient’s global 
assessment, HADS anxiety, self efficacy, and coping 
strategies. For the most intensive dose of tai chi (24 
weeks, twice weekly), the FIQR score was significantly 
better for tai chi than for aerobic exercise (11.1 points, 
2.7 to 19.6, P=0.01). The significant benefits were also 
found for patient’s global assessment, HADS anxiety, 
self efficacy, and coping strategies. In general, all 
other secondary outcomes favored tai chi compared 
with aerobic exercise, although the effects were not 
statistically significant.

The beneficial effects of tai chi were consistent across 
tai chi instructors. Participants reported 154 adverse 
events: 117 among 151 participants assigned to tai 
chi and 37 among 75 participants assigned to aerobic 
exercise (see appendix table 5). Twelve of these were 
related to the interventions (eight tai chi, four aerobic 
exercise), but most were minor musculoskeletal 
events. Ten serious adverse events were reported 

Patients prescreened by telephone (n=867)

Assessed for eligibility (n=272)

Randomised (n=226)

1 session x 12 weeks (n=39) 2 sessions x 12 weeks (n=37) 1 session x 24 weeks (n=39) 2 sessions x 24 weeks (n=36) 2 sessions x 24 weeks (n=75)

Completed week 12 (n=29) Completed week 12 (n=31) Completed week 12 (n=36) Completed week 12 (n=29) Completed week 12 (n=58)

Completed week 24 (n=28) Completed week 24 (n=30) Completed week 24 (n=34) Completed week 24 (n=32) Completed week 24 (n=57)

Completed week 52 (n=25) Completed week 52 (n=26) Completed week 52 (n=29) Completed week 52 (n=25) Completed week 52 (n=53)

Assigned to aerobic exercise (n=75)Assigned to four tai chi groups (n=151)

Lost to follow-up (n=5)
Time constraint (n=1)
Pain related issue (n=1)
Other reasons (n=3)

Lost to follow-up (n=3)
Fibromyalgia flare-up
  (n=2)
Pain related issue (n=1)

Lost to follow-up (n=3) Lost to follow-up (n=7)

Lost to follow-up (n=5) Lost to follow-up (n=4)

Lost to follow-up (n=11)Lost to follow-up (n=11) Lost to follow-up (n=10)

Lost to follow-up (n=12)
Time constraint (n=3)
Other reasons (n=2)

Lost to follow-up (n=8)
Time constraint (n=1)
Other reasons (n=2)

Lost to follow-up (n=12)
Time constraint (n=4)
Other reasons (n=2)

Lost to follow-up (n=17)
Time constraint (n=2)
Pain related issue (n=1)
Other reasons (n=2)

Lost to follow-up (n=6)
Preferred aerobic
  exercise (n=1)

Lost to follow-up (n=11)
Other reasons (n=3)

Excluded (n=595):
  Ineligible (n=375)
  Declined to participate (n=116)
  Schedule conflicts (n=96)
  Other reasons (n=8)

Excluded (n=46):
  Declined to participate (n=23)
  Ineligible (n=12)
  Schedule conflicts (n=7)
  Other reasons (n=4)

Fig 1 | Eligibility, randomization, and follow-up of study participants
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(seven tai chi and three aerobic exercise), but none of 
these were related to the interventions. These included 
three cases of cancer, two cases of pneumonia, one 
case of aseptic meningitis, one case of chicken pox, 
two cases of emergency hysterectomy, and one case 
of concussion. No patients withdrew from the study 
because of adverse events.

All tai chi and aerobic exercise groups showed 
similar reduced use of analgesics, antidepressants, 
muscle relaxants, and antiepileptic drugs over time 
(see appendix table 6).

Several sensitivity analyses examined the effect 
of missing observations. Comparisons of baseline 
characteristics between participants with missing 
versus complete data at each evaluation visit revealed 
differences in age, duration of body pain, self efficacy, 
FIQR score, Pittsburgh sleep quality index, SF-36 
mental component, HADS anxiety, six minute walk 
test, and attendance rate (see appendix table 2) at 
one or more times. Adjustment for these variables and 
attendance rate in longitudinal analyses and additional 
sensitivity analyses did not substantively change the 

primary results. Use of multiple imputation led to small 
changes in some of the treatment effects (see appendix 
table 3). Although these changes were not consistently 
in any one direction, they did attenuate the effects 
of a few of the treatment comparisons, including the 
primary outcome (see appendix table 4), the P value 
for which increased to 0.08. The subgroup analysis 
of participants who attended at least 50% sessions 
in both the aerobic exercise and the tai chi groups 
showed similar effects as in the entire group, although 
statistical significance was reduced because of the 
smaller subgroup sample size (see appendix table 
4). Regression model diagnostics supported model 
assumptions of normality and homoscedasticity and 
did not show evidence of any influential data points.

Discussion
This trial found that tai chi mind-body intervention 
results in similar or greater symptom improvement 
compared with aerobic exercise, the current most 
commonly prescribed non-drug treatment for patients 
with fibromyalgia. Participants in the combined tai 

Table 1 | Baseline characteristics of trial participants, by treatment group. Values are numbers (percentages) unless stated otherwise

Variables

Tai chi (n=151) Aerobic exercise  
2×24 weeks 
(n=75)

1×12 weeks 
(n=39)

2×12 weeks 
(n=37)

1×24 weeks 
(n=39)

2×24 weeks 
(n=36)

Mean (SD) age (years) 53.0 (12.6) 52.1 (10.3) 50.8 (11.8) 52.1 (13.3) 50.9 (12.5)
Women 33 (84.6) 30 (81.1) 38 (97.4) 36 (100.0) 72 (96.0)
White race 28 (71.8) 20 (54.1) 24 (61.5) 21 (58.3) 45 (60.0)
High school or higher education 38 (97.4) 35 (94.6) 35 (92.1) 35 (97.2) 72 (96.0)
Mean (SD) duration of body pain (years) 11.1 (8.8) 12.6 (12.1) 12.0 (8.3) 13.8 (10.4) 11.3 (8.7)
Mean (SD) body mass index (kg/m2) 30.6 (6.4) 30.4 (6.8) 29.9 (6.4) 29.3 (7.4) 30.0 (6.8)
Drugs:
  Paracetamol 29 (74.4) 24 (64.9) 25 (65.8) 24 (66.7) 45 (60.0)
  Non-steroidal anti-inflammatory 34 (87.2) 27 (73.0) 36 (94.7) 31 (86.1) 64 (85.3)
  Narcotics 20 (51.3) 17 (47.2) 22 (57.9) 19 (52.8) 37 (49.3)
  Antidepressant 22 (56.4) 22 (59.5) 26 (70.3) 14 (38.9) 48 (64.0)
  Anticonvulsants 13 (33.3) 11 (29.7) 7 (18.4) 8 (22.2) 29 (38.7)
  Muscle relaxants 7 (18.0) 11 (29.7) 12 (31.6) 9 (25.0) 22 (29.3)
  Benzodiazepines 14 (35.9) 8 (21.6) 13 (34.2) 7 (19.4) 29 (38.7)
Self reported comorbidities:
  Heart disease 7 (18.0) 4 (10.8) 1 (2.6) 5 (13.9) 4 (5.3)
  Hypertension 8 (20.5) 17 (46.0) 14 (36.8) 16 (44.4) 13 (17.3)
  Diabetes 5 (12.8) 5 (13.5) 2 (5.3) 5 (13.9) 1 (1.3)
Mean (SD) FIQR score (range 0-100)* 52.4 (18.7) 53.8 (23.3) 56.5 (15.5) 60.4 (17.8) 57.3 (20.3)
Mean (SD) symptom severity scale score (range 0-12)* 8.1 (1.9) 8.7 (2.1) 8.6 (2.2) 9.0 (1.7) 8.7 (2.0)
Mean (SD) patient’s global assessment score (range 0-10)* 5.6 (2.0) 6.1 (1.9) 6.3 (1.8) 5.9 (1.9) 6.2 (2.0)
Mean (SD) HADS scores (subscale range 0-21)*:
  Depression 6.9 (3.6) 7.4 (4.3) 7.6 (3.9) 8.5 (4.2) 7.6 (4.4)
  Anxiety 9.8 (4.8) 8.4 (3.7) 8.5 (4.4) 9.5 (4.6) 8.8 (3.8)
Mean (SD) Beck depression inventory II score (range 0-63)* 21.1 (12.0) 18.9 (11.1) 22.0 (12.3) 24.1 (14.1) 23.1 (11.9)
Mean (SD) coping strategies questionnaire score (range 0-36)† 14.3 (9.9) 15.3 (8.6) 14.9 (8.6) 17.8 (8.9) 15.5 (9.0)
Mean (SD) MOS social support survey score (range 0-5)† 3.3 (1.0) 3.3 (1.0) 3.3 (1.1) 3.2 (1.2) 3.2 (1.0)
Mean (SD) arthritis self efficacy scale score (range 1-10)† 5.0 (1.8) 4.9 (2.4) 4.9 (2.2) 5.1 (2.1) 5.4 (2.1)
Mean (SD) Pittsburgh sleep quality index score (range 0-21)* 11.6 (4.0) 11.6 (5.1) 12.0 (4.1) 11.3 (3.7) 12.5 (4.0)
Mean (SD) SF-36 scores (range 0-100)†:
  Mental component 39.5 (10.5) 42.0 (11.1) 40.9 (11.9) 39.1 (9.8) 39.4 (11.1)
  Physical component 32.8 (6.6) 32.5 (9.7) 28.5 (7.3) 28.5 (6.5) 30.3 (7.5)
Mean (SD) 6 minute walk test score (m) 399.5 (80.7) 400.7 (71.0) 394.4 (81.1) 387.7 (87.2) 406.1 (90.9)
Mean (SD) improved HAQ score (range 0-100)* 18.3 (13.2) 26.5 (20.1) 23.8 (16.5) 26.7 (17.9) 26.0 (19.9)
Mean (SD) outcome expectations scale score (range 1-5)† 3.8 (0.7) 3.8 (0.9) 3.7 (0.8) 3.7 (0.9) 3.8 (0.8)
FIQR=revised fibromyalgia impact questionnaire; HADS=hospital anxiety and depression scale; MOS=Medical Outcome Study; SF-36=short form 36 questionnaire; HAQ=health assessment 
questionnaire.
*Higher scores reflect more severe symptoms.
†Higher scores indicate better status.
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Table 2 | Mean change (95% confidence interval) from baseline in primary and secondary outcomes 

Variables
Tai chi (n=151) Aerobic exercise 2×24  

weeks (n=75)1×12 weeks (n=39) 2×12 weeks (n=37) 1×24 weeks (n=39) 2×24 weeks (n=36)
FIQR score (range 0-100)*:
  Week 12 −16.5 (−23.4 to −9.6) −12.3 (−19.0 to −5.6) −6.6 (−12.8 to −0.3) −17.2 (−24.0 to −10.3) −6.2 (−11.0 to −1.4)
  Week 24 −11.4 (−18.7 to −4.1) −11.4 (−18.4 to −4.4) −16.7 (−23.4 to −10.1) −25.4 (−32.3 to −18.4) −9.2 (−14.3 to −4.1)
  Week 52 −14.3 (−21.7 to −7.0) −10.2 (−17.3 to −3.1) −13.6 (−20.4 to −6.8) −22.7 (−30.0 to −15.4) −11.7 (−16.7 to −6.6)
Symptom severity scale score  
(range 0-12)*:
  Week 12 −1.0 (−1.8 to −0.2) −1.7 (−2.5 to −0.9) −1.1 (−1.8 to −0.3) −1.4 (−2.2 to −0.6) −0.7 (−1.3 to −0.1)
  Week 24 −0.5 (−1.4 to 0.4) −2.0 (−2.9 to −1.2) −1.8 (−2.6 to −1.0) −1.7 (−2.5 to −0.8) −0.8 (−1.4 to −0.2)
  Week 52 −1.0 (−1.9 to 0.0) −2.5 (−3.5 to −1.6) −1.4 (−2.3 to −0.6) −1.8 (−2.8 to −0.9) −1.1 (−1.8 to −0.4)
Patient’s global assessment score 
(range 0-10)*:
  Week 12 −1.5 (−2.4 to −0.7) −1.4 (−2.2 to −0.6) −1.1 (−1.8 to −0.3) −0.6 (−1.5 to 0.2) −0.4 (−1.0 to 0.2)
  Week 24 −1.0 (−1.8 to −0.1) −1.3 (−2.2 to −0.5) −1.6 (−2.4 to −0.8) −2.0 (−2.8 to −1.2) −0.4 (−1.0 to 0.2)
  Week 52 −0.7 (−1.6 to 0.3) −1.2 (−2.2 to −0.3) −1.4 (−2.2 to −0.5) −1.7 (−2.7 to −0.8) −0.3 (−0.9 to 0.3)
HADS scores (subscale range 0-21)*:
  Depression:
    Week 12 −1.2 (−2.3 to-0.1) −1.3 (−2.3 to-0.2) −0.9 (−1.9 to 0.1) −1.7 (−2.8 to 0.6) −0.5 (−1.3 to 0.3)
    Week 24 −0.7 (−2.0 to 0.6) −0.7 (−2.0 to 0.5) −1.4 (−2.6 to 0.3) −2.7 (−4.1 to 1.4) −0.6 (−1.5 to 0.4)
    Week 52 −2.0 (−3.4 to 0.5) −1.7 (−3.1 to 0.3) −0.9 (−2.2 to 0.5) −2.2 (−3.7 to 0.8) −0.6 (−1.6 to 0.4)
  Anxiety:
    Week 12 −1.7 (−2.8 to −0.6) −0.8 (−1.9 to 0.2) −1.1 (−2.1 to −0.1) −1.6 (−2.7 to −0.4) 0.2 (−0.6 to 1.0)
    Week 24 −1.9 (−3.2 to −0.7) −0.8 (−2.0 to 0.4) −1.4 (−2.5 to −0.2) −2.1 (−3.4 to −0.8) 0.0 (−0.9 to 0.9)
    Week 52 −2.4 (−3.9 to −1.0) −2.2 (−3.6 to −0.8) −1.3 (−2.7 to 0.0) −2.1 (−3.6 to −0.7) −0.4 (−1.4 to 0.6)
Beck depression inventory II score 
(range 0-63)*:
  Week 12 −6.0 (−9.7 to −2.2) −5.8 (−9.4 to −2.1) −3.7 (−7.1 to −0.3) −7.4 (−11.1 to −3.6) −3.9 (−6.5 to −1.3)
  Week 24 −3.8 (−7.5 to −0.2) −4.3 (−7.8 to −0.8) −7.5 (−10.8 to −4.1) −9.5 (−13.0 to −6.0) −5.2 (−7.7 to −2.7)
  Week 52 −7.6 (−11.8 to −3.4) −7.5 (−11.7 to −3.3) −5.5 (−9.4 to −1.6) −11.1 (−15.2 to −6.9) −6.4 (−9.3 to −3.5)
Coping strategies questionnaire 
score (range 0-36)†:
  Week 12 −4.0 (−6.4 to −1.5) −4.0 (−6.4 to −1.6) −3.2 (−5.5 to −1.0) −6.3 (−8.8 to −3.8) −1.5 (−3.2 to 0.3)
  Week 24 −4.7 (−7.2 to −2.2) −4.1 (−6.5 to −1.6) −3.9 (−6.3 to −1.6) −6.8 (−9.5 to −4.2) −1.6 (−3.4 to 0.2)
  Week 52 −5.4 (−8.1 to −2.6) −5.0 (−7.7 to −2.4) −5.1 (−7.7 to −2.4) −7.2 (−10.0 to −4.4) −2.1 (−4.0 to −0.2)
MOS social support survey score 
(range 0-5)†:
  Week 12 0.1 (−0.2 to 0.3) 0.3 (0.1 to 0.6) 0.0 (−0.2 to 0.3) −0.1 (−0.3 to 0.2) 0.0 (−0.1 to 0.2)
  Week 24 0.0 (−0.3 to 0.3) 0.3 (0.0 to 0.6) 0.1 (−0.2 to 0.4) 0.1 (−0.2 to 0.4) 0.1 (−0.1 to 0.3)
  Week 52 0.1 (−0.3 to 0.4) 0.5 (0.1 to 0.8) 0.3 (0.0 to 0.6) 0.0 (−0.3 to 0.4) 0.2 (0.0 to 0.5)
Arthritis self efficacy scale score 
(range 1-10)†:
  Week 12 1.0 (0.1 to 1.8) 1.3 (0.5 to 2.1) 0.3 (−0.5 to 1.1) 1.1 (0.2 to 1.9) −0.1 (−0.7 to 0.5)
  Week 24 0.8 (0.0 to 1.7) 1.1 (0.3 to 1.9) 1.5 (0.7 to 2.2) 1.5 (0.6 to 2.3) −0.1 (−0.7 to 0.5)
  Week 52 0.8 (−0.1 to 1.6) 1.9 (1.1 to 2.8) 1.2 (0.3 to 2.0) 1.1 (0.2 to 2.0) −0.1 (−0.7 to 0.5)
Pittsburgh sleep quality index score 
(range, 0-21)*:
  Week 12 −1.0 (−2.2 to 0.2) −1.1 (−2.3 to 0.1) −0.6 (−1.7 to 0.5) −1.6 (−2.8 to −0.4) −0.9 (−1.7 to −0.1)
  Week 24 −0.8 (−2.2 to 0.6) −1.3 (−2.7 to 0.1) −1.9 (−3.2 to −0.6) −2.1 (−3.5 to −0.7) −1.1 (−2.1 to −0.1)
  Week 52 −2.6 (−4.2 to −1.1) −2.2 (−3.8 to −0.7) −1.1 (−2.6 to 0.4) −2.0 (−3.6 to −0.4) −1.2 (−2.3 to −0.1)
SF-36 scores (range 0-100)†:
  Mental component:
    Week 12 4.5 (0.7 to 8.2) 3.2 (−0.4 to 6.8) 3.2 (−0.3 to 6.6) 3.8 (0.0 to 7.6) 0.6 (−2.1 to 3.3)
    Week 24 3.2 (−0.4 to 6.9) 0.3 (−3.2 to 3.9) 5.3 (1.9 to 8.7) 7.4 (3.6 to 11.2) 0.9 (−1.8 to 3.6)
    Week 52 5.4 (0.9 to 9.9) 5.7 (1.4 to 10.0) 3.8 (−0.5 to 8.0) 5.4 (0.8 to 9.9) 3.0 (−0.1 to 6.0)
  Physical component:
    Week 12 3.9 (1.3 to 6.4) 3.8 (1.4 to 6.2) 1.9 (−0.4 to 4.2) 3.3 (0.7 to 5.8) 1.8 (−0.1 to 3.6)
    Week 24 2.4 (−0.4 to 5.2) 3.9 (1.2 to 6.6) 5.0(2.5 to 7.6) 5.9 (3.1 to 8.8) 4.0 (2.0 to 6.0)
    Week 52 4.5 (1.4 to 7.7) 3.7 (0.6 to 6.7) 6.9 (3.9 to 9.9) 5.4 (2.2 to 8.6) 2.6 (0.4 to 4.7)
6 minute walk test score (m):
  Week 12 16.1 (−5.3 to 37.5) 29.7 (9.2 to 50.3) 16.0 (−3.7 to 35.7) 7.4 (−14.8 to 29.6) 9.3 (−6.1 to 24.8)
  Week 24 29.0 (7.4 to 50.6) 31.6 (9.8 to 53.3) 23.2 (2.6 to 43.7) 17.7 (−5.1 to 40.4) 18.0 (1.8 to 34.2)
  Week 52 23.8 (−7.0 to 54.6) 7.0 (−22.4 to 36.3) 34.9 (5.6 to 64.2) 30.2 (−1.6 to 61.9) 8.0 (−13.3 to 29.4)
Body mass index:
  Week 12 0.1 (−0.3 to 0.6) −0.1 (−0.5 to 0.4) −0.2 (−0.6 to 0.2) 0.1 (−0.3 to 0.6) −0.1 (−0.4 to 0.2)
  Week 24 0.3 (−0.3 to 0.8) −0.1 (−0.6 to 0.4) 0.1 (−0.4 to 0.6) 0.3 (−0.3 to 0.8) 0.1 (−0.3 to 0.5)
  Week 52 0.5 (−0.4. 1.4) −0.2 (−1.1 to 0.6) 0.1 (−0.8 to 0.9) 0.6 (−0.3 to 1.5) −0.2 (−0.8 to 0.4)
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chi groups showed significantly more improvement in 
the primary outcome (change in FIQR scores between 
baseline and 24 weeks), although the difference 
became non-significant on one sensitivity analysis 
using multiple imputation. With the same intensity 
and duration (24 weeks, twice weekly), tai chi showed 
a larger clinically important effect for the primary 
outcome and significant effects for many secondary 
outcomes compared with aerobic exercise. Notably, 
a longer duration of tai chi (24 weeks) had more 
benefit than a shorter duration (12 weeks). At 24 
weeks, participants in the 24 week tai chi groups had 
significantly more improvement in FIQR score than 
those in the 12 week groups. These gains were smaller 
and non-significant at 52 weeks. As expected, the 
groups did not differ at 12 weeks since the interventions 
were identical up to that point. Participants assigned to 
the mind-body therapy also attended training classes 
more often than those assigned to aerobic exercise. 
No serious adverse events related to the interventions 
were reported in the participants.

Comparison with other studies
The results of this trial are consistent with those of our 
previous attention controlled study and other small, 
shorter efficacy trials that showed the benefits of mind-
body practices such as tai chi, qigong, and yoga for 
pain and physical and psychological health, compared 
with various interventions for fibromyalgia and other 
chronic pain conditions.23 24 62 63 These findings 
suggest an important alternative strategy for managing 
fibromyalgia.

Substantial evidence in the past several decades 
has suggested aerobic exercise (on land and in water) 
and its combinations effectively treat fibromyalgia 
and other chronic musculoskeletal pain disorders.9-19 
Continuing exercise maintains positive effects on 
pain, depressed mood, physical fitness, and health 
related quality of life. However, some patients 
with fibromyalgia have difficulties performing and 
adhering to exercise programs, indicating a need for 
other effective therapeutic options.15 In this study, 
participants assigned to the mind-body therapy 
maintained higher and more consistent attendance 
than those assigned to aerobic exercise. Tai chi, which 

consists of a gentler, low impact meditative sequence 
of movements with minimal side effects, may be better 
embraced by patients with fibromyalgia in the long 
term.

Fibromyalgia has been primarily recognized as 
a complex central pain disorder influencing pain 
perception and is characterized by a low threshold 
of pain modulated by emotion, thoughts, and 
environment. Tai chi, a multicomponent intervention 
that integrates physical, psychosocial, emotional, 
spiritual, and behavioral elements, aims at inducing 
effects on both body and mind that may result in 
beneficial health outcomes.33 More clinical trials are 
needed to confirm whether behavioral interventions 
such as mind-body exercise can improve central 
pain sensitization and symptom management in the 
fibromyalgia population.

By improving psychological wellbeing, coping, and 
self efficacy, tai chi mind-body exercise may help to 
bolster the confidence of patients with fibromyalgia 
to engage in behaviors that help them manage their 
symptoms and to persist in those behaviors.64 65 Tai 
chi might also help buffer the negative impact of 
fibromyalgia symptoms on the patients physical and 
psychosocial wellbeing.65 At the highest intensity and 
longest duration of interventions (24 weeks, twice 
weekly), our results revealed significant differences 
in improvements in overall severity of fibromyalgia 
symptoms as well as depression, anxiety, self efficacy, 
and mental component of health related quality of life 
between tai chi and aerobic exercise. In addition, pain 
symptoms of fibromyalgia have been closely linked 
to concurrent mood disorders. Compared with the 12 
week tai chi groups, our study revealed that the 24 
week tai chi groups achieved significant improvements 
in depression and mental health, indicating that 
psychological benefits might be associated with 
longer mind-body practice. In light of these complex 
multicomponent mind-body interactions on and with 
various active behavioral elements, tai chi may be 
especially well suited to the treatment of fibromyalgia.

Strengths and limitations of this study
The strengths of this trial include the large and diverse 
sample of participants with fibromyalgia, including 

Table 2 | Mean change (95% confidence interval) from baseline in primary and secondary outcomes (Continued)

Variables
Tai chi (n=151) Aerobic exercise 2×24  

weeks (n=75)1×12 weeks (n=39) 2×12 weeks (n=37) 1×24 weeks (n=39) 2×24 weeks (n=36)
Improved HAQ score (range 0-100)*:
  Week 12 −2.0 (−6.5 to 2.6) −9.2 (−13.6 to −4.8) −0.4 (−4.6 to 3.8) −6.4 (−11.0 to −1.8) −1.9 (−5.1 to 1.3)
  Week 24 −2.5 (−7.6 to 2.6) −3.1 (−8.3 to 2.1) −3.9 (−8.6 to 0.9) −6.7 (−12.0 to −1.3) −4.1 (−7.8 to −0.5)
  Week 52 −3.3 (−8.9 to 2.3) −9.5 (−14.9 to −4.1) −3.5 (−8.8 to 1.8) −5.0 (−10.8 to 0.7) −3.9 (−7.8 to 0.0)
Outcome expectations scale score 
(range 1-5)†:
  Week 12 0.2 (−0.2 to 0.5) 0.1 (−0.3 to 0.4) 0.2 (−0.1 to 0.5) 0.4 (0.0 to 0.7) 0.1 (−0.2 to 0.3)
  Week 24 0.0 (−0.3 to 0.3) 0.1 (−0.2 to 0.4) 0.2 (0.0 to 0.5) 0.3 (0.0 to 0.6) 0.1 (−0.2 to 0.3)
  Week 52 0.0 (−0.3 to 0.3) 0.2 (−0.1 to 0.5) 0.1 (−0.2 to 0.4) 0.2 (−0.1 to 0.6) 0.0 (−0.2 to 0.2)
FIQR=revised fibromyalgia impact questionnaire; HADS=hospital anxiety and depression scale; MOS=Medical Outcome Study; 36=short form 36 questionnaire; HAQ=health assessment 
questionnaire.
*Higher scores reflect more severe symptoms.
†Higher scores indicate better status.
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Table 3 | Between group differences in primary and secondary outcomes at all weeks*

Variables

Aerobic exercise v tai chi groups 
combined Tai chi: 12 v 24 weeks Tai chi: once v twice weekly

Aerobic exercise 2×24  
weeks v tai chi 2×24 weeks

Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value
FIQR score  
(range 0-100)†:
  Week 12 5.4 (0.6 to 10.1) 0.03 −2.7 (−9.4 to 4.1) 0.44 3.4 (−3.3 to 10.1) 0.32 10.9 (3.4 to 18.5) 0.005
  Week 24 5.5 (0.6 to 10.4) 0.03 9.6 (2.6 to 16.6) 0.007 4.5 (−2.5 to 11.4) 0.21 16.2 (8.7 to 23.6) <0.001
  Week 52 2.7 (−2.3 to 7.7) 0.29 5.8 (−1.4 to 13.0) 0.11 2.7 (−4.5 to 9.9) 0.46 11.1 (2.7 to 19.6) 0.01
Symptom severity scale 
score (range 0-12)†:
  Week 12 0.5 (−0.1 to 1.0) 0.11 −0.2 (−0.9 to 0.6) 0.70 0.5 (−0.3 to 1.3) 0.20 0.6 (−0.3 to 1.5) 0.17
  Week 24 0.5 (−0.1 to 1.1) 0.07 0.5 (−0.4 to 1.3) 0.29 0.7 (−0.2 to 1.5) 0.12 0.9 (−0.1 to 1.9) 0.09
  Week 52 0.5 (−0.2 to 1.1) 0.14 −0.1 (−1.1 to 0.8) 0.80 1.0 (−0.0 to 1.9) 0.047 0.7 (−0.3 to 1.8) 0.18
Patient’s global 
assessment score 
(range 0-10)†:
  Week 12 0.6 (0.1 to 1.2) 0.03 −0.6 (−1.4 to 0.2) 0.12 −0.2 (−1.0 to 0.6) 0.54 0.3 (−0.6 to 1.1) 0.57
  Week 24 0.9 (0.3 to 1.4) 0.005 0.7 (−0.2 to 1.5) 0.12 0.4 (−0.4 to 1.2) 0.35 1.6 (0.7 to 2.5) 0.0006
  Week 52 0.8 (0.2 to 1.4) 0.01 0.6 (−0.3 to 1.5) 0.17 0.5 (−0.4 to 1.4) 0.30 1.5 (0.4 to 2.5) 0.008
HADS scores  
(subscale range 0-21)†:
  Depression:
    Week 12 0.6 (−0.2 to 1.4) 0.12 0.1 (−1.0 to 1.2) 0.90 0.5 (−0.6 to 1.5) 0.41 1.1 (−0.1 to 2.4) 0.07
    Week 24 0.7 (−0.3 to 1.6) 0.16 1.4 (0.1 to 2.6) 0.04 0.7 (−0.6 to 1.9) 0.31 2.1 (0.5 to 3.7) 0.01
    Week 52 0.8 (−0.1 to 1.8) 0.09 −0.3 (−1.7 to 1.2) 0.71 0.5 (−0.9 to 2.0) 0.46 1.6 (0.0 to 3.2) 0.05
  Anxiety:
    Week 12 1.2 (0.4 to 2.0) 0.003 0.0 (−1.0 to 1.1) 0.93 −0.2 (−1.3 to 0.9) 0.76 1.7 (0.3 to 3.1) 0.02
    Week 24 1.2 (0.3 to 2.1) 0.006 0.4 (−0.8 to 1.6) 0.55 −0.2 (−1.4 to 1.0) 0.74 2.1 (0.6 to 3.6) 0.008
    Week 52 1.3 (0.3 to 2.2) 0.009 −0.6 (−2.0 to 0.8) 0.41 0.3 (−1.1 to 1.7) 0.67 1.6 (0.1 to 3.1) 0.04
Beck depression 
inventory II score  
(range 0-63)†:
  Week 12 1.4 (−1.1 to 3.9) 0.28 −0.4 (−4.0 to 3.2) 0.84 1.8 (−1.8 to 5.4) 0.34 3.3 (−0.9 to 7.5) 0.12
  Week 24 0.9 (−1.6 to 3.3) 0.49 4.4 (0.9 to 7.9) 0.01 1.2 (−2.3 to 4.7) 0.49 4.3 (0.0 to 8.5) 0.049
  Week 52 1.2 (−1.6 to 4.1) 0.40 0.6 (−3.5 to 4.8) 0.76 2.8 (−1.3 to 6.9) 0.18 4.6 (−0.5 to 9.7) 0.08
Coping strategies score 
(range 0-36)‡:
  Week 12 2.3 (0.6 to 4.0) 0.009 0.8 (−1.7 to 3.2) 0.54 1.6 (−0.8 to 4.0) 0.20 4.8 (1.7 to 8.0) 0.003
  Week 24 2.6 (0.8 to 4.3) 0.005 0.9 (−1.6 to 3.4) 0.46 1.1 (−1.4 to 3.6) 0.38 5.4 (2.1 to 8.9) 0.002
  Week 52 2.8 (1.0 to 4.7) 0.003 0.9 (−1.8 to 3.6) 0.50 0.9 (−1.8 to 3.6) 0.50 4.9 (1.4 to 8.3) 0.006
MOS social support 
survey score (range 
0-5)‡:
  Week 12 0.0 (−0.1. to 0.2) 0.65 −0.2 (−0.5 to 0.0) 0.09 0.1 (−0.2 to 0.3) 0.56 −0.1 (−0.4 to 0.2) 0.41
  Week 24 0.0 (−0.2 to 0.2) 0.99 −0.1 (−0.3 to 0.2) 0.73 0.1 (−0.2 to 0.4) 0.40 0.0 (−0.4 to 0.3) 0.81
  Week 52 0.0 (−0.2 to 0.2) 0.96 −0.1 (−0.4 to 0.3) 0.63 0.1 (−0.3 to 0.4) 0.77 −0.2 (−0.6 to 0.1) 0.24
Arthritis self efficacy 
scale score (range 
1-10)‡:
  Week 12 0.8 (0.2 to 1.4) 0.009 −0.5 (−1.3 to 0.3) 0.24 0.6 (−0.2 to 1.4) 0.17 1.2 (0.2 to 2.1) 0.02
  Week 24 1.0 (0.5 to 1.6) 0.0004 0.5 (−0.3 to 1.3) 0.23 0.1 (−0.7 to 0.9) 0.73 1.5 (0.6 to 2.5) 0.002
  Week 52 1.1 (0.5 to 1.7) 0.0004 −0.2 (−1.1 to 0.7) 0.66 0.6 (−0.3 to 1.4) 0.21 1.2 (0.2 to 2.2) 0.02
Pittsburgh sleep quality 
index score (range 
0-21)†:
  Week 12 0.1 (−0.7 to 0.9) 0.78 0.0 (−1.1 to 1.2) 0.99 0.6 (−0.6 to 1.7) 0.34 0.6 (−0.8 to 2.1) 0.37
  Week 24 0.3 (−0.6 to 1.3) 0.49 1.0 (−0.4 to 2.3) 0.16 0.3 (−1.0 to 1.7) 0.62 1.0 (−0.6 to 2.5) 0.22
  Week 52 0.6 (−0.4 to 1.7) 0.24 −0.9 (−2.5 to 0.6) 0.24 0.3 (−1.2 to 1.9) 0.70 0.9 (−0.7 to 2.5) 0.26
SF-36 scores (range 
0-100)‡:
  Mental component:
    Week 12 2.4 (−0.2 to 5.0) 0.07 −0.4 (−4.0 to 3.3) 0.84 −0.3 (−4.0 to 3.3) 0.86 3.2 (−0.6 to 6.9) 0.10
    Week 24 2.5 (−0.1 to 5.0) 0.06 4.4 (0.8 to 8.1) 0.02 −0.4 (−4.0 to 3.2) 0.83 6.2 (1.9 to 10.6) 0.006
    Week 52 1.7 (−1.3 to 4.7) 0.27 −1.0 (−5.4 to 3.4) 0.66 0.9 (−3.5 to 5.3) 0.68 2.2 (−2.7 to 7.1) 0.38
  Physical component:
    Week 12 1.1 (−0.6 to 2.9) 0.21 −1.3 (−3.7 to 1.2) 0.31 0.7 (−1.8 to 3.1) 0.60 1.4 (−1.4 to 4.2) 0.32
    Week 24 0.3 (−1.7 to 2.2) 0.79 2.4 (−0.3 to 5.1) 0.09 1.2 (−1.5 to 3.9) 0.38 2.0 (−1.3 to 5.3) 0.24
    Week 52 2.0 (−0.1 to 4.2) 0.06 2.0 (−1.1 to 5.1) 0.20 −1.2 (−4.3 to 1.9) 0.45 3.0 (−0.7 to 6.8) 0.11
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patients with associated comorbidities, poor quality of 
life, and heavy medication use. Such patients typically 
face limited options owing to the ineffectiveness 
of and contraindications to available treatments. 
Therefore, the overall positive findings among adults 
who were representative of those who are difficult to 
treat in routine practice strengthen the evidence that 
the effectiveness and durability of both tai chi and 
aerobic exercise extend to a diversity of patients with 
fibromyalgia.

We directly compared the effectiveness of two 
non-drug therapies that are each known to have 
health benefits for fibromyalgia. The novelty of the 
design was in the implementation of tai chi in two 
dosages and at two different durations, presenting 
an advantage over short term interventions tested 
in previous studies. The aerobic exercise program 
implemented in this trial was rigorously monitored 
and successfully reached its goal of intended intensity 
(average training heart rate ranged between 67.9% 
and 79.5% of estimated maximum heart rate). This 
moderate intensity, together with the corresponding 
rate of perceived exertion, has been shown to be 
effective for multidimensional function, physical 
function, and pain34 and was also consistent across 
the aerobic exercise groups over the six cycles of 
the study. Anticipating the future generalizability of 
the tai chi program, we found that the therapeutic 
benefits were consistent for each of the three tai 
chi instructors. Thus, the classic Yang style tai chi 
can be deployed in other settings in a standardized 
manner for fibromyalgia. This novel design, together 

with the systematic enrollment efforts of this study, 
might enhance the generalizability of our results.

We further expect that the mind-body therapy 
might in the future help to reduce the burden 
associated with long term opioid use for patients 
with fibromyalgia.

The study does, however, have several limitations. 
First, participants were aware of their treatment group 
assignment, and high expectation of treatment benefit, 
including a placebo or nocebo response could have 
influenced assessments of effects. Conducting a true 
double blind trial design remains challenging in the 
absence of well accepted and valid sham comparison 
groups for such complex multicomponent behavioral 
interventions. None the less, in an attempt to mitigate 
the influence of pre-existing beliefs and expectations, 
we explicitly informed potential participants that the 
study was designed to test the effects of two different 
types of exercise programs. By emphasizing equipoise 
and not mentioning tai chi specifically, we hoped to 
decrease expectations and minimize bias. In addition, 
using the outcome expectations for an exercise 
scale to assess the possibility of bias,53 we found 
that participants’ expectations of benefit from their 
randomly assigned treatment regimen were similar 
during baseline and follow-ups. Second, patients 
missed many classes and attendance differed between 
the two treatment groups. However, treatment effects 
were robust to statistical adjustments for attendance. 
Moreover, attendance can be considered part of the 
intervention, and so part of the benefit of tai chi is 
that patients are more likely to continue to practice 

Table 3 | Between group differences in primary and secondary outcomes at all weeks* (Continued)

Variables

Aerobic exercise v tai chi groups 
combined Tai chi: 12 v 24 weeks Tai chi: once v twice weekly

Aerobic exercise 2×24  
weeks v tai chi 2×24 weeks

Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value Mean (95% CI) P value
6 minute walk test  
score (m):
  Week 12 6.8 (−8.1 to 21.7) 0.37 −10.7 (−31.7 to 10.2) 0.31 2.5 (−18.4 to 23.5) 0.81 −3.0 (−26.1 to 20.2) 0.45
  Week 24 6.0 (−9.5 to 21.6) 0.45 −9.3 (−30.9 to 12.2) 0.39 −1.4 (−23.0 to 20.2) 0.90 −1.0 (−27.1 to 25.1) 0.94
  Week 52 12.5 (−8.4 to 33.4) 0.24 17.1 (−13.2 to 47.4) 0.27 −10.7 (−41.0 to 19.6) 0.49 22.6 (−17.7 to 62.8) 0.27
Body mass index:
  Week 12 −0.1 (−0.4 to 0.2) 0.68 0.1 (−0.4 to 0.5) 0.78 −0.1 (−0.5 to 0.4) 0.81 −0.2 (−0.8 to 0.4) 0.80
  Week 24 0.0 (−0.4 to 0.3) 0.89 −0.1 (−0.6 to 0.5) 0.82 0.1 (−0.4 to 0.6) 0.78 −0.2 (−0.9 to 0.6) 0.93
  Week 52 −0.4 (−1.0 to 0.2) 0.25 −0.2 (−1.0 to 0.7) 0.69 0.1 (−0.7 to 1.0) 0.79 −0.8 (−2.2 to 0.5) 0.23
Table 3 | Between group differences in primary and secondary outcomes at all weeks* (Continued)
Improved HAQ score 
(range 0-100)†:
  Week 12 2.1 (−1.1 to 5.2) 0.20 −2.2 (−6.6 to 2.2) 0.33 6.6 (2.2 to 11.0) 0.004 4.5 (−1.5 to 10.5) 0.14
  Week 24 −0.1 (−3.7 to 3.5) 0.94 2.2 (−2.9 to 7.3) 0.39 1.8 (−3.4 to 6.9) 0.50 2.4 (−4.3 to 9.0) 0.48
  Week 52 1.2 (−2.7 to 5.0) 0.54 −2.0 (−7.6 to 3.5) 0.47 4.0 (−1.6 to 9.5) 0.16 1.8 (−5.9 to 9.4) 0.65
Outcome expectations 
scale score (range 
1-5)‡:
  Week 12 0.1 (−0.1 to 0.3) 0.48 0.1 (−0.2 to 0.5) 0.36 0.0 (−0.3 to 0.4) 0.77 0.3 (−0.1 to 0.7) 0.16
  Week 24 0.1 (−0.1 to 0.3) 0.38 0.2 (−0.1 to 0.5) 0.15 0.1 (−0.2 to 0.4) 0.59 0.2 (−0.1 to 0.6) 0.20
  Week 52 0.1 (−0.1 to 0.3) 0.30 0.1 (−0.2 to 0.4) 0.63 0.1 (−0.2 to 0.4) 0.46 0.2 (−0.1 to 0.6) 0.20
FIQR=revised fibromyalgia impact questionnaire; HADS=hospital anxiety and depression scale; MOS=Medical Outcome Study; 36=short form 36 questionnaire; HAQ=health assessment 
questionnaire.
P values were calculated with repeated measures analysis.
*All values are estimated means, with 95% confidence intervals. Positive scores indicate improved outcome in second listed group. Boldface indicates statistically significant differences between 
groups.
†Higher scores reflect more severe symptoms.
‡Higher scores indicate better status.
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it. Third, there was substantial loss to follow-up of 
participants over the course of the study both during 
and after the interventions. This is a common problem 
in clinical trials of participants with chronic pain for 
reasons that may be attributable to the inherent nature 
of their disorder.9 12 In this study, loss to follow-up 
was highly correlated with attendance, because those 
who had poor attendance were also much more likely 
to fail to return for follow-up visits. Loss to follow-up 
was also higher among participants who had worse 
previous outcomes and was also correlated with 
several other factors. We adjusted for this missing 
data using a longitudinal model that incorporated all 
four times and conditioning on covariates related to 
missingness. Our results were generally robust with 
multiple imputation, although some estimates were 
slightly attenuated. Fourth, tai chi may be difficult to 
implement as a treatment for chronic pain in many 
settings for several reasons. Few programs specific 
to chronic pain are available in a community setting; 
effective practice requires instructors trained to work 
with a physically impaired population; as a Chinese 
martial art, tai chi is unfamiliar to many potential 
users; and effective implementation takes extensive 
instruction and practice. We also recognize the limited 
generalizability of a trial conducted in a single academic 
center. However, the successful dissemination of our 
tai chi protocol showed consistency of effects across 
instructors, and benefits observed in a diverse group of 
patients bolster potential for standardized deployment 
of tai chi in other settings by other instructors. Future 
multicenter pragmatic trials in community settings 
and different countries are warranted to assess the 
external validity of the present study and to better 
inform clinical practice.

One finding that deserves further investigation is 
that both groups in this trial showed similar reduced 
use of analgesics over time. It is well documented 
that psychosocial variables play a pivotal role in 
the experience of pain and aberrant opioid taking 
behaviors.66 This may suggest that tai chi, which 
can address both the physical and the psychological 
symptoms in chronic pain, could be particularly 
effective in targeting opioid use and misuse. Future 
investigation of mind-body approaches should also 
focus on how these therapies can help reduce the 
burden associated with long term use of opioid 
analgesia.

Conclusions
Compared with aerobic exercise, the most commonly 
prescribed non-drug treatment, tai chi appears as 
effective as or better for managing fibromyalgia. Our 
investigation also showed that a longer duration 
of tai chi results in greater benefits, and patients 
are more likely to attend tai chi classes. The 
therapeutic benefits were consistent among three 
instructors in a large sample of diverse patients with 
fibromyalgia. Therefore, this mind-body approach 
may be considered a therapeutic option in the 
multidisciplinary management of fibromyalgia.
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