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Background: Preliminary evidence suggests that medi-
tative exercise may have benefits for patients with chronic
systolic heart failure (HF); this has not been rigorously
tested in a large clinical sample. We sought to investi-
gate whether tai chi, as an adjunct to standard care, im-
proves functional capacity and quality of life in patients
with HF.

Methods: A single-blind, multisite, parallel-group, ran-
domized controlled trial evaluated 100 outpatients with
systolic HF (New York Heart Association class I-11I, left
ventricular ejection fraction =40%) who were recruited
between May 1, 2005, and September 30, 2008. A group-
based 12-week tai chi exercise program (n=>50) or time-
matched education (n=50, control group) was con-
ducted. Outcome measures included exercise capacity
(6-minute walk test and peak oxygen uptake) and disease-
specific quality of life (Minnesota Living With Heart Fail-
ure Questionnaire).

Results: Mean (SD) age of patients was 67 (11) years;
baseline values were left ventricular ejection fraction, 29%
(8%) and peak oxygen uptake, 13.5 mI/kg/min; the me-

dian New York Heart Association class of HF was class
I1. At completion of the study, there were no significant
differences in change in 6-minute walk distance and peak
oxygen uptake (median change [first quartile, third quar-
tile], 35 [-2, 51] vs 2 [-7, 54] meters, P=.95; and 1.1
[-1.1,1.5] vs -0.5 [-1.2, 1.8] mL/kg/min, P=.81) when
comparing tai chi and control groups; however, pa-
tients in the tai chi group had greater improvements in
quality of life (Minnesota Living With Heart Failure Ques-
tionnaire, -19 [-23,-3] vs 1 [-16, 3], P=.02). Improve-
ments with tai chi were also seen in exercise self-
efficacy (Cardiac Exercise Self-efficacy Instrument, 0.1
[0.1,0.6] vs -0.3 [-0.5, 0.2], P<.001) and mood (Pro-
file of Mood States total mood disturbance, -6 [-17, 1]
vs -1 [-13, 10], P=.01).

Conclusion: Tai chi exercise may improve quality of life,
mood, and exercise self-efficacy in patients with HF.

Trial Registration: clinicaltrials.gov Identifier:
NCT00110227
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ISTORICALLY, PATIENTS
with chronic systolic
heart failure (HF) were
considered too frail to ex-
ercise and, through the
late 1980s, avoidance of physical activity
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efits on functional capacity, cardiovascu-
lar measures, and affective state, ie, in
moderating the morbidity associated with
deconditioning, exercise intolerance, and
depression linked with sedentary behav-
iors.? Data from trials in patients with HF
during the past 15 years examining tread-
mill, bicycle ergometer, or resistance train-
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was a standard recommendation.! Cur-
rent concepts regarding the role of exer-
cise in the management of HF have shifted,
with some studies suggesting that in-
creased activity can have profound ben-

ing have also reported improvements in
specific pathophysiologic aspects of HF,
including attenuation of neurohormonal
activation and ventricular remodeling, im-
proved vasomotor function, and im-
proved skeletal muscle morphologic char-
acteristics and function.*® In 2009, a large
multicenter clinical trial—Heart Failure:
a Controlled Trial Investigating Out-
comes of Exercise Training (HF-
ACTION)—reported that exercise train-
ing conferred only modest, yet statistically
significant, improvements in self-
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reported health status compared with usual care. Changes
in mortality and hospitalizations were even less clear.”®
The investigators attributed some of the differences be-
tween HF-ACTION and the preceding studies to diffi-
culty of exercise adherence in a large, multicenter popu-
lation. The difficulty in engaging in and sustaining regular
exercise by patients with HF is well recognized. Typi-
cally, these patients are older with multiple morbidities;
they often are fundamentally limited by deconditioning
and have low cardiac output, arrhythmias, anxiety, and
depression. Easily implemented, practical interventions
that are enjoyable, promote exercise self-efficacy, and in-
crease quality of life are needed.

There is emerging interest in the application of “mind-
body” exercises such as tai chi for patients with HF °*?
although little is known about its efficacy in this popu-
lation. Tai chi (tai chi chuan or taijiquan), is a gentle medi-
tative exercise of flowing circular movements, balance
and weight shifting, breathing techniques, visualiza-
tion, and focused internal awareness.">'® The physical ac-
tivity of tai chi has been estimated in a range of 1.6 to
4.6 metabolic equivalents, achieving 50% to 74% of the
maximal heart rate, depending on the age of the indi-
vidual and the intensity of practice.'*° Tai chi may rep-
resent an additional exercise option for patients with HF
because it integrates multiple relevant processes, includ-
ing mild to moderate aerobic activity, upper and lower
extremity training, and core strengthening. In addition,
it includes a meditative component that may enhance
stress management, promoting important psychosocial
benefits for those living with HF.

A growing body of evidence suggests that tai chi may
be helpful for a variety of medical issues, including hy-
pertension, mood, impaired exercise capacity,’'* bal-
ance, and musculoskeletal disease.****** Preliminary data
from a pilot randomized controlled study** among 30 pa-
tients with chronic systolic HF suggested that 12 weeks
of tai chi training may improve quality of life, serum B-
type natriuretic peptide levels, and 6-minute walk dis-
tance when compared with usual care. Other small non-
randomized studies®* in patients with HF have also
suggested beneficial changes in symptoms, mood, and
quality of life. Studies®®** have noted that tai chi is safe,
is accessible, and has high rates of adherence. However,
to our knowledge, larger-scale clinical trials of tai chi in
patients with HF have not been reported.

In this context, our objective was to perform a large
clinical trial to determine whether a 12-week tai chi ex-
ercise program improves exercise capacity and quality of
life in patients with chronic systolic HF as an adjunct to
standard medical care in comparison with group-based
heart health education.

- EEETTEES

STUDY DESIGN

We recruited 100 patients from ambulatory clinics (primary
care, general cardiology, and specialty heart failure practices)
at 3 academic medical centers and affiliated practices in and
around Boston, Massachusetts: Beth Israel Deaconess Medical
Center, Brigham and Women’s Hospital, and Massachusetts Gen-

2351 Assessed for eligibility

2251 Excluded
1647 Did not meet inclusion
criteria
812 Ejection fraction >40%
522 Refused/unable to
participate
160 Distance/travel
142 Not interested
141 Schedule/time conflict
79 Other (eg, not willing
to be randomized)
82 Other

100 Randomized

50 Allocated to intervention 50 Allocated to education control
50 Received intervention 50 Received education

1 Discontinued intervention ‘ ‘ 3 Discontinued intervention

49 Analyzed for MLHFQ 47 Analyzed for MLHFQ
47 Analyzed for 6MW 46 Analyzed for 6MW
46 Analyzed for peak VO, 45 Analyzed for peak VO,

Figure 1. Consolidated Standards for Reporting of Trials flow diagram.
MLHFQ indicates Minnesota Living With Heart Failure Questionnaire; 6MW,
6-minute walk; Vo0,, oxygen intake.

eral Hospital. Potential participants were identified via mul-
tiple mechanisms, including direct physician referral and screen-
ing of clinic appointment logs and hospital databases. Patients
who chose to participate provided written informed consent
and were randomly assigned to receive a 12-week tai chi ex-
ercise program or a heart health education program (attention
control). All participants continued to receive usual care, which
included pharmacologic therapy and general exercise advice
per American College of Cardiology guidelines.” We used per-
muted block randomization with variable block size to gener-
ate treatment assignments. Each institution’s human subjects
review board approved the protocol. A CONSORT (Consoli-
dated Standards for Reporting of Trials) flow diagram is pro-
vided in Figwre 1. Inclusion criteria were (1) physician diag-
nosis of chronic systolic HF; (2) left ventricular ejection fraction
40% or lower in the past 2 years; (3) stable medical regimen,
defined as no major changes in medication in the past 3 months;
and (4) New York Heart Association class I, 11, or III HF. Ex-
clusion criteria were (1) unstable angina or myocardial infarc-
tion in the past 3 months, (2) major cardiac surgery within the
past 3 months, (3) history of cardiac arrest in the past 6 months,
(4) history of cardiac resynchronization therapy in the past 3
months, (5) unstable serious ventricular arrhythmias, (6) un-
stable structural valvular disease, (7) current participation in
a conventional cardiac rehabilitation program, (8) diagnosis of
peripartum cardiomyopathy within the preceding 6 months,
(9) inability to perform a bicycle stress test, (10) lower extrem-
ity amputation or other inability to ambulate owing to condi-
tions other than HF, (11) severe cognitive dysfunction (Mini-
Mental State Examination score =24), (12) inability to speak
English, and (13) regular practice of tai chi.

TAI CHI INTERVENTION

The tai chi intervention consisted of 1-hour group classes held
twice weekly for 12 weeks. We used the standard protocol of a
pilot trial** in patients with HF (Table 1). The development
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Table 1. Description of the Tai Chi Intervention
Approximate
Week Activities? Duration, min
1 Introductory session: overview of
program
1. Tai chi principles, philosophies 15
2. Demonstration of tai chi form 10
3. Expectations of participants 10
4. Description of class format 5
5. Participation in warm-up exercises 30
2-5 Warm-up exercises, repeated during all
sessions
1. Standing
a) Drumming the body 6
b) Swinging to connect kidney and 3
lungs
¢) Washing the body with qi 3
d) Standing meditation and breathing 3
2. Sitting
a) Neck/shoulder stretches 6
b) Arm/leg stretches 3
¢) Sitting meditation and breathing 6
Total warm-up time 30
Tai chi movements
1. Raising the power 5-10
2. Withdraw and push 5 per side
6-9 Warm-up and movements 1-2
3. Grasp sparrow’s tail 5 per side
4. Brush knee twist step 5 per side
10-12 Warm-up and movements 1-4
5. Wave hands like clouds 5-10

2(Classes were conducted in a graded fashion, with additional tai chi
movements taught as time progressed. Each class lasted 60 minutes. A
45-minute video of these exercises was given to participants as an aid to
home practice.

of that program was guided by similar interventions used in
tai chi trials®® with elderly patients and those with limited mo-
bility. The protocol included traditional warm-up exercises and
5 subsequent simplified tai chi movements. Each cohort was
taught by 1 or 2 certified and experienced instructors (6 total
study instructors with average experience of 20 years). Warm-up
exercises included weight shifting; arm swinging; gentle stretches
of the neck, shoulders, spine, arms, and legs; visualization tech-
niques; and traditional breathing methods. These exercises fo-
cus on releasing tension in the body, incorporating mindful-
ness and imagery into movement, increasing awareness of
breathing, and promoting overall relaxation of body and mind.
The core tai chi movements were adapted from Master Cheng
Man-Ch’ing’s Yang-style short form" and performed repeti-
tively. Chairs were provided for resting, and patients were al-
lowed to progress at their own comfort and pace. We pro-
vided a 35-minute instructional videotape that outlined the
exercises presented in class. Patients were encouraged to prac-
tice at home at least 3 times per week. Class attendance was
monitored and adherence to home practice was tracked via self-
report logs. Participants also received the same educational pam-
phlets used in our education (control) group (described in next
section) with a brief (<5-minute) explanation toward the end
of 1 tai chi session weekly.

EDUCATION CONTROL

Patients in the attention control group attended education ses-
sions twice weekly (same duration and frequency as the tai chi
group). Classes were led by a nurse practitioner and followed

the content of the 11 Heart Failure Society of America educa-
tion modules. An additional module on cholesterol was added,
using patient information from the National Heart, Lung and
Blood Institute (http://www.nhlbi.nih.gov/health/public/heart
/chol/hbc_what.htm). The 12 weekly modules (available at http://
www.hfsa.org) included (1) taking control of your HF, (2) how
to follow a low-sodium diet, (3) HF medicines, (4) self-care
and dealing with HF symptoms, (5) exercise and activity, (6)
managing feelings about HF, (7) tips for family and friends, (8)
lifestyle changes, (9) advanced directives, (10) heart rhythm
problems, (11) new HF treatments, and (12) high blood cho-
lesterol levels. Each module consisted of a pamphlet that was
distributed weekly and discussed during the 2 sessions con-
ducted for each module. We asked participants not to start tai
chi during the study period; however, they were offered the op-
portunity to take tai chi classes at the end of the 6-month fol-
low-up period.

OUTCOME MEASURES

We obtained all measures at baseline and 12 weeks. Question-
naires and functional assessments were also obtained at 6 weeks.
At 6 months, there was a follow-up telephone call during which
we administered the Minnesota Living With Heart Failure Ques-
tionnaire (MLHFQ) and also asked about tai chi exercise. We
masked the study staff performing all tests to each partici-
pant’s group allocation.

Exercise Capacity and Functional Status

Patients performed a symptom-limited exercise test using a bi-
cycle ramp protocol to determine peak oxygen uptake. Test-
ing was done on an electronically calibrated upright bicycle,
with expired gas analysis under continuous electrocardio-
graphic monitoring. Blood pressure was measured at 3-minute
intervals and just prior to stopping exercise. Participants were
encouraged to exercise to exhaustion, and perceived exertion
was measured using the Borg scale.”® Breath-by-breath respi-
ratory gas analysis was performed using a metabolic cart (Med-
Graphics, St. Paul, Minnesota). Peak values were averaged from
the final 20 seconds of the test.

In addition, patients underwent a 6-minute walk test, a stan-
dardized assessment that measures the distance walked in me-
ters down a corridor.”® The test was conducted on each of 3
occasions, at least 2 hours before the bicycle ergometer test,
using scripted instructions. Patients were allowed to stop as
needed if they became fatigued and were informed when there
were 3 minutes and 1 minute remaining. We also performed a
Timed Up and Go functional assessment,* which measures the
time needed for individuals to stand up from a chair, walk 3
meters, turn around a cone, walk back, and return to a seated
position as quickly as possible.

Health-Related Quality-of-Life, Symptoms,
Mood, and Psychosocial Functioning

For disease-specific quality of life, we used the MLHFQ, con-
sisting of 21 validated items covering physical, psychological,
and socioeconomic dimensions (eg, swelling in the ankles, dif-
ficulty climbing stairs, fatigue, feeling depressed, spending money
for treatment of HF). The score range is 0 to 105, with a lower
number denoting better quality of life. Prior studies® have re-
ported that a score of 7 indicates some degree of impaired qual-
ity of life and that an improvement of 5 points represents a clini-
cally significant change.

We also used the Profile of Mood States, a well-validated®?
instrument for assessing emotional states that are transient and
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expected to respond to clinical intervention. The instrument
consists of 65 single-word items rated on a 5-point scale to in-
dicate recent mood in 6 dimensions: tension/anxiety, depression/
dejection, anger/hostility, vigor/activity, fatigue/inertia, and con-
fusion/bewilderment. A decreased total mood disturbance score
denotes an improved emotional state.” Finally, we adminis-
tered the Cardiac Exercise Self-efficacy Instrument, a vali-
dated®* 16-item scale that assesses a patient’s confidence to per-
form certain exercise-related activities on a 5-point scale. The
score range is 16 to 80, with higher scores denoting increased
self-efficacy.

Biomarkers

B-type natriuretic peptide was analyzed on whole blood col-
lected in EDTA using a commercially available point-of-
service meter (fluorescence immunoassay; Biosite Triage BNP
Test; Biosite Diagnostics, San Diego, California). Serum samples
for measurement of catecholamines (epinephrine, norepineph-
rine, and dopamine) were collected from an intravenous cath-
eter and stored on ice after 20 minutes of patients resting in a
supine position. We also analyzed samples for C-reactive pro-
tein, endothelin-1, and tumor necrosis factor.

Physical Activity

To track patients’ physical activity outside of classes, we used
the Community Healthy Activities Model Program for Seniors
(CHAMPS) questionnaire,* which captures weekly frequency
and total time spent in age-appropriate activities and allows es-
timation of caloric expenditure.

Medications, Health Care Utilization, and
Monitoring of Adverse Events

At each testing visit, we collected data on medications and health
care utilization (hospitalization, emergency department vis-
its, and outpatient visits). We asked about cardiac and non-
cardiac illnesses or events, as well as other potential adverse
events, including falls.

STATISTICAL ANALYSIS

Based on data from the pilot study,** a sample of 100 patients
provided 80% power to detect a between-group difference of
1.5 for the change in peak oxygen uptake, more than 90% power
to detect a difference in change in 6-minute walk of 80 m, and
83% power to detect a difference of 12.5 points on the MLHFQ.
All statistical analyses were performed on an intention-to-
treat basis. Baseline characteristics of patients were compared
using 2-tailed t tests for continuous variables and Fisher exact
test for nominal variables. Two-sample Wilcoxon rank-sum tests
were used to compare the distribution of change from base-
line to 12 weeks between groups. We calculated both means
and medians (first and third quartiles) to summarize continu-
ous data. To maintain a global 5% level of significance with 3
primary outcomes, we set a nominal level of significance of .017
for each outcome (using Bonferroni adjustment). For primary
and secondary outcomes, we also adjusted for baseline values
of the outcome variables; we fit a least-squares regression model
for each outcome that included baseline value plus treatment
indicator and report adjusted P values for treatment based on
the Wald test. We fit similar models for exploring the effects
in clinically relevant subgroups in which we hypothesized that
there may be differences based on previously published infor-
mation® on patients with HF (eg, those with more severe symp-

Table 2. Baseline Characteristics of the Study Sample?
No. (%)
Tai Chi Education I

Characteristic (n = 50) (n =50)
Age, mean (SD), y 68.1(11.9) 66.6 (12.1)
Male sex 28 (56) 36 (72)
Race/ethnicity

White 43 (86) 43 (86)

Black 5(10) 5(10)

Asian/Pacific Islander 1(2) 2 (4)

American Indian 1(2) 0
Annual income, $

<25000 12 (24) 14 (28)

25000-50 000 10 (20) 8 (16)

51000-100 000 12 (24) 12 (24)

>100000 9(18) 9(18)

Refused to answer 7(14) 7 (14)
Screening LVEF, mean (SD) 28.3(8.0) 29.8(7.3)
NYHA class HF

| 10 (20) 10 (20)

Il 31 (62) 32 (64)

1l 9(18) 8 (16)
HF etiology

Ischemic 23 (46) 31 (62)

Nonischemic 27 (54) 19 (38)
Implantable cardioverter-defibrillator 30 (60) 25 (50)

and/or pacemaker

Biventricular pacer 13 (26) 7(14)

Cardiovascular comorbidities

Myocardial infarction 24 (48) 34 (68)

Arrhythmia 33 (66) 32 (64)

Diabetes mellitus 17 (34) 18 (36)

Hypertension 35 (70) 35 (70)
Noncardiovascular comorbidities

Anxiety 14 (28) 16 (32)

Depression 13 (26) 17 (34)

Arthritis 6 (12) 8 (16)

Charlson comorbidity index score,%” mean 2.7 29
Previous procedures

Coronary artery bypass graft 14 (28) 22 (44)

Valve repair/replacement 6(12) 8 (16)

Stent/angioplasty 22 (4 27 (54)
Medications

B-Blocker 42 (84) 44 (88)

ACE inhibitor/ARB 45 (90) 40 (80)
Smoking 3 (6) 7 (14)
Alcohol use 23 (46) 25 (50)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin
receptor blocker; HF, heart failure; LVEF, left ventricular ejection fraction;
NYHA, New York Heart Association.

2No significant differences between groups.

toms, those with and without devices, ischemic vs nonisch-
emic etiology of HF). We did not impute data but used data
available for the patients who were observed at 12 weeks.

BN RESULTS R

BASELINE CHARACTERISTICS

Characteristics of the 100 patients enrolled in the study
are described in Table 2. The mean (SD) age of study par-
ticipants was 67 (11) years, mean baseline left ventricu-
lar ejection fraction was 29% (8%), and median New York
Heart Association class of HF was class II (range, I-III).
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Table 3. Comparisons of the Effects of Tai Chi vs Education on Change in Outcome During 12 Weeks
Tai Chi Education
(n =50) (n =50)

' Median (01, 03) Median (01, 03) [ hastod
Outcome Measure Baseline 12 wk Baseline 12 wk Value? Valueb
Minnesota Living With Heart Failure 28 (12, 47) 9(2,25) 21 (11, 52) 22 (4, 43) .07 .02

Questionnaire, total score®d

6-min walk test, md 391 (265, 475) 426 (281, 503) 392 (277, 482) 394 (326, 510) .95 .89
Peak V02, mL/kg/mind® 11.9 (10, 15) 13.0 (10, 15) 13,5 (10,17) 13.0 (10, 17) 81 97
Exercise duration, sec® 421 (264, 554) 451 (269, 563) 432 (282, 524) 419 (306, 594) .83 .66
Norepinephrine, pg/mL°¢ 315 (220, 548) 343 (281, 557) 374 (260, 513) 302 (209, 554) 12 .35
C-reactive protein, mg/L® 3.2(0.9,6.1) 5(0.9,6.9) 4(1.0,7.9) .9(0.8,7.2) .80 .96
Tumor necrosis factor, pg/mL¢ 1.6(1.2,1.8) 4(1.2,2.2) .6(1.0,2.1) 4(1.1,2.0) .58 .70
Endothelin 1, pg/mL® 2.4 (1.8,2.8) 4(2.1,2.8) 1(1.8,2.8) 4(1.8,3.0) 42 .73
Timed Up and Go, sec® 9.3 (8,12) .6(7,10) 3(7,12) 8(7,11) 10 .69
B-type natriuretic peptide, pg/mL¢ 102 (47, 212) 92 (59, 208) 106 (42, 493) 119 (46, 280) A7 .36
Profile of Mood States, TMD® 10 (3, 29) 4(-3,12) 8 (6, 30) 7(4,32) .01 <.001
Profile of Mood States, depression® 2 (0,5) 0(0,2) 3 (1,6) 4 (1,6) 15 .004
Profile of Mood States, vigor® 8.5 (4, 11) 9(6,12) 8(5,13) -2 (-5,1) .003 <.001
Exercise self-gefficacy® 3.6 (2.7, 3.8) 3.7 (3.5,4.1) 3.7 (3.1,4.3) 3.4 (3.0,4.0) <.001 <.001

Abbreviations: Q, quartile; TMD, total mood disturbance; Vo,, oxygen uptake.
Sl conversion factors: To convert norepinephrine to picomoles per liter, multiply by 5.911; C-reactive protein to nanomoles per liter, multiply by 9.524.
aPvalue refers to the comparison of the change scores from baseline to 12 weeks between groups.

b Adjusted for baseline value.
CLower score more favorable.

dPrimary outcomes (no statistically significant difference between groups at baseline).

€Higher score more favorable.
fExercise duration during cardiopulmonary stress test.

The 2 groups were generally similar in demographics,
clinical classification of heart disease severity, and rates
of comorbidities. Most patients were on American Col-
lege of Cardiology/American Heart Association consen-
sus guideline therapy, with 86% of patients receiving a
B-blocker and 85% receiving an angiotensin-converting
enzyme inhibitor. Of note, 30% of patients reported a his-
tory of anxiety and depression.

CHANGE IN CLINICAL OUTCOMES
AFTER 12 WEEKS

Table 3 presents median outcome measures at baseline
and 12 weeks. Although changes in peak oxygen uptake
and 6-minute walk were similar in the tai chi and atten-
tion control populations, estimated metabolic expendi-
ture (calories per week spent in moderate-intensity activi-
ties outside the study class) as measured by the CHAMPS
questionnaire increased significantly in the tai chi group
(median [first, third quartile], 323 [-27, 710] vs 156 [-929,
334] calories, P=.05). We observed significant improve-
ments in scores on the MLHFQ), Profile of Mood States (total
mood disturbance, depression, and vigor subscales), and
Cardiac Exercise Self-efficacy Instrument in the tai chi group
compared with the heart health education group. There were
no significant changes in other Profile of Mood States sub-
scales, and no significant changes were seen in the serum
biomarkers. Figure 2 presents changes in the MLHFQ
score during the study.

In post hoc exploratory analyses, we found that, in pa-
tients without implanted cardioverter-defibrillator de-
vices (n=50), the tai chi group experienced improved
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Figure 2. Change in quality of life assessed by the Minnesota Living With
Heart Failure Questionnaire score. Limit lines represent SD.

MLHFQ score significantly more than the education group
(median [first, third quartile], -11 [-23, -4] vs -4 [-12
71,P=.04) . Improvements in the MLHFQ score with tai
chi were also pronounced in the subsets of patients with
New York Heart Association class Il and III symptoms
(n=80) (median [first, third quartile], -11 [-23, -3] vs
-7 [-17,2], P=.01) and those with a nonischemic etiol-
ogy of HF (n=46) (median [first, third quartile], -18 [-23,
-3] vs =5 [-16, 2], P=.03). We also found a statistically
significant difference in change in use of statin medica-
tion during the 12 weeks, with 6 patients (12.0%) in the
education group either increasing their dosage or start-
ing a new medication, and 1 patient (2.0%) in the tai chi
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group discontinuing the medication (P=.01). In addi-
tion, we found that participants with a higher baseline
resting heart rate had greater improvements in the
MLHFQ score in the tai chi group (B coefficient [SE],
-0.52[0.1], P=.009); there was no association in the con-
trol group (B coefficient [SE], 0.06 [0.2], P=.78). The
mean (SD) resting heart rate in the tai chi group was 71
(11) bpm (range, 50-100 bpm).

At 6 months’ follow-up (3 months after the interven-
tion ended), there remained a trend toward improved
MLHFQ score in the tai chi vs education group (median
[first, third quartile], -12.5 [-23, 3] vs -4 [-18, 3]); how-
ever, this difference was no longer significant.

ADHERENCE AND SAFETY

Adherence to the study protocol was good. The mean pro-
portions of classes attended were 18 of 24 (75.0%) and
16 of 24 (66.7%) in the tai chi and education groups, re-
spectively. The mean (SD) number of hours of home tai
chi practice during the 12 weeks was 9.6 (9.9) hours. At
6 months’ follow-up telephone contact, 34 patients in the
tai chi group (68.0%) reported continued practice (in-
cluding daily, weekly, and monthly). There were no ad-
verse events related to the protocol. However, we docu-
mented several events during the study period, including
3 deaths (in the education group), 6 hospitalizations (HF
exacerbation/angina/shortness of breath: 2 in the tai chi
group and 4 in the education group), 2 arrhythmias (in
the tai chi group), 2 episodes of syncope (in the educa-
tion group), and 3 falls (2 in the tai chi group and 1 in
the education group).

- TN

As a complement to standard medical care, we found
that tai chi has potential clinical benefits including en-
hancement in quality of life, mood, and exercise self-
efficacy, despite the absence of differential improve-
ment in peak oxygen intake and 6-minute walk test
compared with education only. While outcomes in
these traditional exercise parameters did not change
significantly between groups, the low-intensity tai chi
program seems to have achieved other measurable
training benefits, including increased daily activity (as
measured by the CHAMPS questionnaire) and related
feelings of well-being.

Our findings support those of prior studies of tai chi
that also reported improvements in quality of life, mood
(decrease in anxiety and enhancement in vigor), and ex-
ercise self-efficacy in other patient populations, includ-
ing those with cardiovascular disease and cardiovascu-
lar risk factors.?

Because chronic systolic HF is a progressive and de-
bilitating condition, the importance of beneficially af-
fecting patient-perceived quality of life is increasingly ap-
preciated. We observed large, clinically significant changes
in quality of life in this study, similar to or even greater
than what has been seen with cardiac resynchronization
therapy.” In addition, given the relationship between de-
pression and HF, improvement in mood in this popula-

tion is also highly relevant. While there were modest
changes in measured exercise capacity, these cannot be
attributed to tai chi, since the groups improved equally.
It is possible that our education control group was mo-
tivated to increase their exercise level during the study
period, accounting for their increase in exercise capac-
ity, although this was not detected with the CHAMPS
questionnaire. Direct comparisons are difficult; how-
ever, the magnitude of changes in exercise capacity seen
at 12 weeks in this trial are similar to or larger than those
reported with conventional exercise in the multicenter
trial, HF-ACTION."8

One of the purported mechanisms of mind-body ex-
ercises, such as tai chi, is favorable modulation of the au-
tonomic nervous system. In our post hoc analyses, we
found that, in participants with higher resting heart rates
(and presumably more sympathetic nervous system “over-
drive”), there was a greater benefit with tai chi. The pi-
lot study** of tai chi in patients with HF reported larger
changes in outcomes (improvements in quality of life,
exercise capacity, and B-type natriuretic peptide). The
mean resting heart rate in the tai chi group in that study
was somewhat higher than that in the present study (75
vs 71 bpm), possibly contributing to the differences in
findings between the 2 studies. These observations need
further investigation but may offer insight into which sub-
populations of patients may respond better to a mind-
body exercise intervention.

Tai chi appears to be a safe alternative to low to mod-
erate-intensity conventional exercise training in pa-
tients with HF. We observed no adverse events related
to the intervention. Two prior trials?** in patients at
higher risk (recovering from coronary bypass surgery and
myocardial infarction) also reported no adverse effects.
Apparent safety has also been reported among several
other populations, including transitionally frail adults,”
patients with arthritis,”®"" and balance-impaired indi-
viduals with vestibular disease.’*"

This study has several limitations. First, patients were
not masked to intervention group. However, we at-
tempted to minimize the potential effects of disappoint-
ment in the education group by offering tai chi classes
at the end of the 6-month follow-up period. Second, with
a sample of 100 patients, only a small proportion of eli-
gible patients enrolled in this trial, which could intro-
duce selection bias. In addition, we are unable to pro-
vide a definitive physiological mechanism for tai chi’s
effects. Nonetheless, this study provides informative data
from the first large-scale clinical trial of tai chi exercise
in an HF population.

In conclusion, tai chi exercise, a multicomponent
mind-body training modality that is safe and has good
rates of adherence, may provide value in improving daily
exercise, quality of life, self-efficacy, and mood in frail,
deconditioned patients with systolic HF. A more re-
stricted focus on traditional measured exercise capacity
may underestimate the potential benefits of integrated
interventions such as tai chi.

Future steps should include research at both ends of
the translational research continuum. At the pragmatic
end, we might explore how these clinical observations
translate into community-based programs, the feasibil-
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ity of more wider spread implementation, and cost-
effectiveness studies. At the basic science end, we need
further study of the mechanisms by which tai chi ben-
efits patients with cardiovascular disease and to better
understand how the multiple components of tai chi (eg,
deep breathing, aerobic exercise, cognitive restructur-
ing, and social interactions) might affect various out-
comes (eg, autonomic physiology, exercise capacity, or
mood). This elucidation of plausible physiological mecha-
nisms may allow us to better tailor our interventions, tar-
get subpopulations with specific constellations of symp-
toms, and further support clinical findings.

Accepted for Publication: December 27, 2010.
Correspondence: Gloria Y. Yeh, MD, MPH, Division of
General Medicine and Primary Care, Beth Israel Deacon-
ess Medical Center, 1309 Beacon St, Second Floor, Brook-
line, MA 02446 (gyeh@bidmc.harvard.edu).

Author Contributions: Study concept and design: Yeh,
Wayne, Stevenson, Wood, Davis, and Phillips. Acquisi-
tion of data: Yeh, McCarthy, Stevenson, Wood, Forman,
and Phillips. Analysis and interpretation of data: Yeh,
McCarthy, Wayne, Stevenson, Forman, Davis, and Phil-
lips. Drafting of the manuscript: Yeh and Phillips. Criti-
cal revision of the manuscript for important intellectual con-
tent: Yeh, McCarthy, Wayne, Stevenson, Wood, Forman,
Davis, and Phillips. Statistical analysis: Yeh, McCarthy,
and Davis. Obtained funding: Yeh, Wayne, Wood, and
Phillips. Administrative, technical, and material support:
Yeh, McCarthy, and Forman. Study supervision: Yeh,
Wayne, Stevenson, and Phillips.

Financial Disclosure: None reported.
Funding/Support: This study was supported by the RO1
AT002454 award from the National Center for Comple-
mentary and Alternative Medicine (Dr Phillips) and in part
by grant RR 01032 from the Beth Israel Deaconess Medi-
cal Center General Clinical Research Center from the Na-
tional Institutes of Health (NIH). Dr Yeh was supported
by the career-investigator award K23 AT002624 from the
NIH National Center for Complementary and Alternative
Medicine (NCCAM). Dr Wayne was supported by Center
grant U19 AT002022 from the NIH NCCAM.
Additional Contributions: We thank Charles Blatt, MD,
James Chang, MD, Ary Goldberger, MD, Monique Nestor,
NP, Diane Perry, LPN, CCT, and Mark Stockman, MD,
for their invaluable contributions to the study. We also
express gratitude to all our study staff who worked tire-
lessly on this project for many years; a special acknowl-
edgment and appreciation also go to each of our tai chi
instructors for their enthusiasm, support, and wisdom.
Finally, we offer sincere and heartfelt gratitude to all the
patients involved in this trial who provided the inspira-
tion for this work.

DI  REFERENCES By

1. Coats AJ. Exercise training in heart failure. Curr Control Trials Cardiovasc Med.
2000;1(3):155-160.

2. Pifia IL, Apstein CS, Balady GJ, et al; American Heart Association Committee on
exercise, rehabilitation, and prevention. Exercise and heart failure: a statement
from the American Heart Association Committee on exercise, rehabilitation, and
prevention. Circulation. 2003;107(8):1210-1225.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Hunt S, Baker DW, Chin MH, et al. ACC/AHA guidelines for the evaluation and

management of chronic heart failure in the adult: executive summary: a report
of the American College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Committee to Revise the 1995 Guidelines for the Evalu-
ation and Management of Heart Failure): developed in collaboration with the In-
ternational Society of Heart and Lung Transplantation; Heart Failure Society of
America. Circulation. 2001;104(24):2996-3007.

. Coats AJ, Adamopoulos S, Radaelli A, et al. Controlled trial of physical training

in chronic heart failure: exercise performance, hemodynamics, ventilation, and
autonomic function. Circulation. 1992;85(6):2119-2131.

. Kiilavuori K, Toivonen L, Naveri H, Leinonen H. Reversal of autonomic derange-

ments by physical training in chronic heart failure assessed by heart rate variability.
Eur Heart J. 1995;16(4):490-495.

. Belardinelli R, Georgiou D, Cianci G, Purcaro A. Randomized, controlled trial of

long-term moderate exercise training in chronic heart failure: effects on func-
tional capacity, quality of life, and clinical outcome. Circulation. 1999;99(9):
1173-1182.

. 0’Connor CM, Whellan DJ, Lee KL, et al; HF-ACTION Investigators. Efficacy and

safety of exercise training in patients with chronic heart failure: HF-ACTION ran-
domized controlled trial. JAMA. 2009;301(14):1439-1450.

. Flynn KE, Pifia IL, Whellan DJ, et al; HF-ACTION Investigators. Effects of exer-

cise training on health status in patients with chronic heart failure: HF-ACTION
randomized controlled trial. JAMA. 2009;301(14):1451-1459.

. Fontana JA, Colella C, Baas LS, Ghazi F. T’ai chi chih as an intervention for heart

failure. Nurs Clin North Am. 2000;35(4):1031-1046.

. Luskin FM, Newell KA, Griffith M, et al. A review of mind-body therapies in the

treatment of cardiovascular disease, part 1: implications for the elderly. Altern
Ther Health Med. 1998;4(3):46-61.

. Taylor-Piliae RE. Tai chi as an adjunct to cardiac rehabilitation exercise training.

J Cardiopulm Rehabil. 2003;23(2):90-96.

. Wong SS, Nahin RL. National Center for Complementary and Alternative Medi-

cine perspectives for complementary and alternative medicine research in car-
diovascular diseases. Cardiol Rev. 2003;11(2):94-98.

. Cheng MC. Master Cheng’s Thirteen Chapters on T'ai Chi Chuan. New York. NY:

Sweet Chi Press; 1982.

. Plummer JP. Acupuncture and tai chi chuan (Chinese shadow boxing): body-

mind therapies affecting homeostasis. In: Lau Y, ed. The Scientific Basis of Tra-
ditional Chinese Medicine. Hong Kong: University of Hong Kong; 1982.

. Frantzis B. The Power of Internal Martial Arts: Combat Secrets of Ba Gua, Tai

Chi, and Hsing-I. Berkeley, CA: North Atlantic Books; 1998.

. Holm B. Gateways to health: taijiquan and traditional Chinese medicine. Taiji-

quan J. 2002;3(1):8-12.

. Fontana JA, Colella C, Wilson BR, Baas L. The energy costs of a modified form

of tai chi exercise. Nurs Res. 2000;49(2):91-96.

. Lan G, Chen SY, Lai JS. The exercise intensity of tai chi chuan. Med Sport Sci.

2008;52:12-19.

. Brown DD, Mucci WG, Hetzler RK, Knowlton RG. Cardiovascular and ventilatory

responses during formalized t'ai chi chuan exercise. Res Q Exerc Sport. 1989;
60(3):246-250.

Schaller KJ. Tai chi chih: an exercise option for older adults. J Gerontol Nurs.
1996;22(10):12-17.

Channer KS, Barrow D, Barrow R, Osborne M, Ives G. Changes in haemody-
namic parameters following tai chi chuan and aerobic exercise in patients re-
covering from acute myocardial infarction. Postgrad Med J. 1996;72(848):
349-351.

Lan G, Chen SY, Lai JS, Wong MK. The effect of tai chi on cardiorespiratory func-
tion in patients with coronary artery bypass surgery. Med Sci Sports Exerc. 1999;
31(5):634-638.

Lan C, Chen SY, Wong MK, Lai JS. Tai chi training for patients with coronary
heart disease. Med Sport Sci. 2008;52:182-194.

Yeh GY, Wood MJ, Lorell BH, et al. Effects of tai chi mind-body movement therapy
on functional status and exercise capacity in patients with chronic heart failure:
a randomized controlled trial. Am J Med. 2004;117(8):541-548.

Yeh GY, Mietus JE, Peng CK, et al. Enhancement of sleep stability with tai chi
exercise in chronic heart failure: preliminary findings using an ECG-based spec-
trogram method. Sleep Med. 2008;9(5):527-536.

Barrow DE, Bedford A, Ives G, O'Toole L, Channer KS. An evaluation of the ef-
fects of tai chi chuan and chi kung training in patients with symptomatic heart
failure: a randomised controlled pilot study. Postgrad Med J. 2007;83(985):
717-721.

Young DR, Appel LJ, Jee S, Miller ER I11. The effects of aerobic exercise and t'ai
chion blood pressure in older people: results of a randomized trial. J Am Geriatr
Soc. 1999;47(3):277-284.

Yeh GY, Wang C, Wayne PM, Phillips RS. The effect of tai chi exercise on blood
pressure: a systematic review. Prev Cardiol. 2008;11(2):82-89.

ARCH INTERN MED/VOL 171 (NO. 8), APR 25, 2011

756

WWW.ARCHINTERNMED.COM

Downloaded from www.archinternmed.com on April 25, 2011
©2011 American Medical Association. All rights reserved.


http://www.archinternmed.com

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Lan C, Lai JS, Wong MK, Yu ML. Cardiorespiratory function, flexibility, and body
composition among geriatric tai chi chuan practitioners. Arch Phys Med Rehabil.
1996;77(6):612-616.

Lan C, Lai JS, Chen SY, Wong MK. 12-Month tai chi training in the elderly: its
effect on health fitness. Med Sci Sports Exerc. 1998;30(3):345-351.

Schneider D, Leung R. Metabolic and cardiorespiratory responses to the per-
formance of wing chun and t’ai chi chuan exercise. /nt J Sports Med. 1991;
12(3):319-323.

Lai JS, Lan C, Wong MK, Teng SH. Two-year trends in cardiorespiratory func-
tion among older tai chi chuan practitioners and sedentary subjects. J Am Geri-
atr Soc. 1995;43(11):1222-1227.

Lai JS, Wong MK, Lan C, Chong CK, Lien IN. Cardiorespiratory responses of tai
chi chuan practitioners and sedentary subjects during cycle ergometry. J For-
mos Med Assoc. 1993;92(10):894-899.

Wolf SL, Barnhart HX, Kutner NG, McNeely E, Coogler C, Xu T; Atlanta FICSIT
Group: Frailty and Injuries: Cooperative Studies of Intervention Techniques.
Reducing frailty and falls in older persons: an investigation of tai chi and com-
puterized balance training. J Am Geriatr Soc. 1996;44(5):489-497.

Wolf SL, Sattin RW, Kutner M, 0’Grady M, Greenspan Al, Gregor RJ. Intense tai
chi exercise training and fall occurrences in older, transitionally frail adults: a
randomized, controlled trial. J Am Geriatr Soc. 2003;51(12):1693-1701.

Wolf SL, Coogler G, Xu T. Exploring the basis for tai chi chuan as a therapeutic
exercise approach. Arch Phys Med Rehabil. 1997;78(8):886-892.

Jacobson BH, Chen HC, Cashel C, Guerrero L. The effect of t'ai chi chuan train-
ing on balance, kinesthetic sense, and strength. Percept Mot Skills. 1997;84
(1):27-33.

Yan JH. Tai chi practice improves senior citizens’ balance and arm movement
control. J Aging Phys Act. 1998;6(3):271-284.

Hain TC, Fuller L, Weil L, Kotsias J. Effects of t'ai chi on balance. Arch Otolaryn-
gol Head Neck Surg. 1999;125(11):1191-1195.

Hong Y, Li JX, Robinson PD. Balance control, flexibility, and cardiorespiratory
fitness among older tai chi practitioners. Br J Sports Med. 2000;34(1):29-34.
Wong AM, Lin YC, Chou SW, Tang FT, Wong PY. Coordination exercise and pos-
tural stability in elderly people: effect of tai chi chuan. Arch Phys Med Rehabil.
2001;82(5):608-612.

Sun WY, Dosch M, Gilmore GD, Pemberton W, Scarseth T. Effects of a tai chi
chuan program on Hmong American older adults. Educ Gerontol. 1996;22
(2):161-167. doi:10.1080/0360127960220202.

Lan C, Lai JS, Chen SY, Wong MK. Tai chi chuan to improve muscular strength
and endurance in elderly individuals: a pilot study. Arch Phys Med Rehabil. 2000;
81(5):604-607.

Wu G, Zhao F, Zhou X, Wei L. Improvement of isokinetic knee extensor strength
and reduction of postural sway in the elderly from long-term tai chi exercise. Arch
Phys Med Rehabil. 2002;83(10):1364-1369.

Kirsteins AE, Dietz F, Hwang SM. Evaluating the safety and potential use of a weight-
bearing exercise, tai-chi chuan, for rheumatoid arthritis patients. Am J Phys Med
Rehabil. 1991;70(3):136-141.

Wang C, Roubenoff R, Lau J, et al. Effect of tai chi in adults with rheumatoid
arthritis. Rheumatology (Oxford). 2005;44(5):685-687.

Hartman CA, Manos TM, Winter C, Hartman DM, Li B, Smith JC. Effects of t'ai
chi training on function and quality of life indicators in older adults with
osteoarthritis. J Am Geriatr Soc. 2000;48(12):1553-1559.

Sandlund ES, Norlander T. The effects of tai chi chuan relaxation and exercise
on stress responses and well-being: an overview of research. Int J Stress Manag.
2000;7(2):139-149. doi:10.1023/A:1009536319034.

Lan C, Lai JS, Chen SY. Tai chi chuan: an ancient wisdom on exercise and health
promotion. Sports Med. 2002;32(4):217-224.

Wu G. Evaluation of the effectiveness of tai chi for improving balance and pre-
venting falls in the older population—a review. J Am Geriatr Soc. 2002;50(4):
746-754.

Li JX, Hong Y, Chan KM. Tai chi: physiological characteristics and beneficial ef-
fects on health. BrJ Sports Med. 2001;35(3):148-156.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Wayne PM, Krebs DE, Wolf SL, et al. Can Tai Chi improve vestibulopathic pos-
tural control? Arch Phys Med Rehabil. 2004;85(1):142-152.

Wayne PM, Kiel DP, Krebs DE, et al. The effects of tai chi on bone mineral den-
sity in postmenopausal women: a systematic review. Arch Phys Med Rehabil.
2007;88(5):673-680.

Wang C, Collet JP, Lau J. The effect of tai chi on health outcomes in patients with
chronic conditions: a systematic review. Arch Intern Med. 2004;164(5):493-501.
ACC/AHA 2005 Guideline update for the diagnosis and management of chronic
heart failure in the adult—summary article: a report of the American College of
Cardiology/American Heart Association Task Force on Practice Guidelines (Writ-
ing Committee to Update the 2001 Guidelines for the Evaluation and Manage-
ment of Heart Failure): developed in collaboration with the American College of
Chest Physicians and the International Society for Heart and Lung Transplanta-
tion: endorsed by the Heart Rhythm Society. Circulation. 2005;112(12):1825-
1852. doi:10.1161/CIRCULATIONAHA.105.167587.

Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc. 1982;
14(5):377-381.

Guyatt GH, Sullivan MJ, Thompson PJ, et al. The 6-minute walk: a new measure
of exercise capacity in patients with chronic heart failure. Can Med Assoc J. 1985;
132(8):919-923.

Zugck G, Kriiger G, Diirr S, et al. Is the 6-minute walk test a reliable substitute
for peak oxygen uptake in patients with dilated cardiomyopathy? Eur Heart J.
2000;21(7):540-549.

Kao W, Jessup M. Exercise testing and exercise training in patients with con-
gestive heart failure. J Heart Lung Transplant. 1994;13(4):5117-S121.

Gerardi DA, Lovett L, Benoit-Connors ML, Reardon JZ, ZuWallack RL. Variables
related to increased mortality following out-patient pulmonary rehabilitation. Eur
Respir J. 1996;9(3):431-435.

Rector TS, Tschumperlin LK, Kubo SH, et al. Use of the Living With Heart Failure
Questionnaire to ascertain patients’ perspectives on improvement in quality of
life versus risk of drug-induced death. J Card Fail. 1995;1(3):201-206.

McNair DM, Lorr M, Droppelman LF. Manual for the Profile of Mood States. San
Diego, CA: EDITS Educational and Industrial Testing Services Inc; 1992.
Beniamini Y, Rubenstein JJ, Zaichkowsky LD, Crim MC. Effects of high-intensity
strength training on quality-of-life parameters in cardiac rehabilitation patients. Am
J Cardiol. 1997;80(7):841-846.

Hickey ML, Owen SV, Froman RD. Instrument development: cardiac diet and ex-
ercise self-efficacy. Nurs Res. 1992;41(6):347-351.

Stewart AL, Mills KM, King AC, Haskell WL, Gillis D, Ritter PL. CHAMPS physi-
cal activity questionnaire for older adults: outcomes for interventions. Med Sci
Sports Exerc. 2001;33(7):1126-1141.

Woo GW, Petersen-Stejskal S, Johnson JW, Conti JB, Aranda JA Jr, Curtis AB.
Ventricular reverse remodeling and 6-month outcomes in patients receiving car-
diac resynchronization therapy: analysis of the MIRACLE study. J Interv Card
Electrophysiol. 2005;12(2):107-113.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prog-
nostic comorbidity in longitudinal studies: development and validation. J Chronic
Dis. 1987;40(5):373-383.

Yeh GY, Wang C, Wayne PM, Phillips R. Tai chi exercise for patients with car-
diovascular conditions and risk factors: a systematic review. J Cardiopulm Re-
habil Prev. 2009;29(3):152-160.

Abraham WT, Fisher WG, Smith AL, et al; MIRACLE Study Group. Cardiac resyn-
chronization in chronic heart failure. N Engl J Med. 2002;346(24):1845-1853.
Wang C, Schmid CH, Hibberd PL, et al. Tai chi is effective in treating knee os-
teoarthritis: a randomized controlled trial. Arthritis Rheum. 2009;61(11):1545-
1553.

Wang C. Tai chi improves pain and functional status in adults with rheumatoid
arthritis: results of a pilot single-blinded randomized controlled trial. Med Sport
Sci. 2008;52:218-229.

Wayne PM, Scarborough DM, Krebs DE, et al. Tai chi for vestibulopathic bal-
ance dysfunction: a case study. Altern Ther Health Med. 2005;11(2):60-66.

ARCH INTERN MED/VOL 171 (NO. 8), APR 25, 2011

757

WWW.ARCHINTERNMED.COM

Downloaded from www.archinternmed.com on April 25, 2011
©2011 American Medical Association. All rights reserved.


http://www.archinternmed.com

