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OBJECTIVE: To determine the feasibility of a randomized controlled trial of the effect of a tai chi
program on quality of life and exercise capacity in patients with COPD. METHODS: We randomized 10 patients with moderate to severe COPD to 12 weeks of tai chi plus usual care (n ⴝ 5) or usual
care alone (n ⴝ 5). The tai chi training consisted of a 1-hour class, twice weekly, that emphasized
gentle movement, relaxation, meditation, and breathing techniques. Exploratory outcomes included
disease-specific symptoms and quality-of-life, exercise capacity, pulmonary function tests, mood,
and self-efficacy. We also conducted qualitative interviews to capture patient narratives regarding
their experience with tai chi. RESULTS: The patients were willing to be randomized. Among 4 of
the 5 patients in the intervention group, adherence to the study protocol was excellent. The cohort’s
baseline mean ⴞ SD age, percent-of-predicted FEV1, and ratio of FEV1 to forced vital capacity were
66 ⴞ 6 y, 50 ⴞ 12%, and 0.63 ⴞ 0.14, respectively. At 12 weeks there was significant improvement
in Chronic Respiratory Questionnaire score among the tai chi participants (1.4 ⴞ 1.1), compared
to the usual-care group (ⴚ0.1 ⴞ 0.4) (P ⴝ .03). There were nonsignificant trends toward improvement in 6-min walk distance (55 ⴞ 47 vs –13 ⴞ 64 m, P ⴝ .09), Center for Epidemiologic Studies
Depression Scale (ⴚ9.0 ⴞ 9.1 vs ⴚ2.8 ⴞ 4.3, P ⴝ .20), and University of California, San Diego
Shortness of Breath score (ⴚ7.8 ⴞ 3.5 vs ⴚ1.2 ⴞ 11, P ⴝ .40). There were no significant changes
in either group’s peak oxygen uptake. CONCLUSIONS: A randomized controlled trial of tai chi is
feasible in patients with moderate to severe COPD. Tai chi exercise as an adjunct to standard care
warrants further investigation. (ClinicalTrials.gov registration NCT01007903) Key words: tai chi;
quality of life; exercise capacity; chronic obstructive pulmonary disease; COPD; patient narratives;
depression. [Respir Care 2010;55(11):1475–1482. © 2010 Daedalus Enterprises]

Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality, both in the United
States and internationally. In 2000, COPD was the fourth

Gloria Y Yeh MD MPH, Peter M Wayne PhD, Roger B Davis ScD, and
Russell S Phillips MD are affiliated with the Division for Research and
Education in Complementary and Integrative Medical Therapies, Harvard Medical School; and with the Division of General Medicine and
Primary Care, Department of Medicine, Beth Israel Deaconess Medical
Center, Boston, Massachusetts. Mary T Quilty is affiliated with the Division of General Medicine and Primary Care; and David H Roberts MD
is affiliated with the Division of Pulmonary and Critical Care, Department of Medicine, Beth Israel Deaconess Medical Center, Boston, Massachusetts.

most common cause of death in the United States, and the
only major disease among the top 10 that continues to
increase in prevalence.1-3 Despite pharmacologic and surgical advances, many patients continue to suffer from dyspnea and substantial limitations in daily activities.
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The importance of exercise in the management of
COPD has been well studied. Current recommendations
have been incorporated into pulmonary rehabilitation
guidelines, although there is ongoing debate regarding
the optimal types, intensity, and duration of exercise.4-6
Conventional programs improve exercise endurance,
shortness of breath, and quality of life, even in patients
with severe COPD and poor exercise tolerance.7 Importantly, both low-intensity and high-intensity exercise
produces clinical benefits. In addition to aerobic activity, lower-extremity exercise, and strength training, studies suggest that unsupported upper-extremity exercise
may offer additional benefits and may be a more effective way to train patients in activities similar to those
required in daily living.6
Although exercise and pulmonary rehabilitation have
been shown to be beneficial, the literature suggests that
only a small percentage of eligible patients actually participate. The presence of comorbidities, including chronic
heart failure and depression, correlates with poor adherence to pulmonary rehabilitation.8 Of those who do complete exercise programs, maintenance of activity is universally problematic, and clinical benefit declines dramatically
after 1 year.9 Other exercise options that are easily implemented, low-cost, and promote exercise self-efficacy
among patients with COPD are still needed.
Tai chi (also known as tai chi chuan or taijiquan) is a
gentle, meditative exercise that employs detailed regimens of flowing circular movements, balance and weight
shifting, breathing techniques, and cognitive tools such
as visualization and focused internal awareness.10-12
Studies have investigated tai chi as an intervention for
a wide variety of health concerns, including chronic
cardiovascular conditions,13-21 cardiorespiratory fitness
and functional status,22-26 and balance and musculoskeletal disease.22,23,27-40 The physical activity of tai chi is
estimated to be about 1.6 – 4.6 metabolic-equivalent-oftask units (METs) and 50 –74% of maximum heart rate,
depending on the age of the individual and the intensity
of practice.41-44 Thus, tai chi may be a suitable exercise
option for patients with COPD, as it provides mild to
moderate aerobic activity, and lower-extremity, unsupported upper-extremity, and core-strength training. It
also contains elements of breathing and respiratory muscle training and stress management that are important
aspects of COPD management. Further, studies suggest
that tai chi is safe, accessible, enjoyable, and has a high
adherence rate.29,45-49
Our objective was to determine the feasibility of a randomized controlled trial of tai chi for patients with COPD,
and to explore preliminary estimates of tai chi’s effect on
quality of life and exercise capacity.
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Fig. 1. Flow diagram of eligibility assessment, exclusion, inclusion,
and analysis.

Methods
Study Design
Ten patients were recruited from the ambulatory pulmonary practice at Beth Israel Deaconess Medical Center
in Boston, Massachusetts. The patients were randomly assigned to receive either 12 weeks of tai chi in addition to
their usual care, or to usual care alone. Usual care included
pharmacologic therapy and general exercise advice, per
the American College of Chest Physicians guidelines for
patients with COPD, but did not include a formal supervised exercise protocol. Patients receiving usual care were
offered tai chi at the conclusion of the study. All the patients had either previously completed a pulmonary rehabilitation program or otherwise had declined participation
in pulmonary rehabilitation. We used a computer-generated randomization algorithm to generate treatment assignments. All patients provided written informed consent.
Our institution’s human subjects review board approved
the protocol. Figure 1 shows a flow diagram of the type
recommended by the Consolidated Standards of Reporting
Trials (CONSORT).
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PATIENTS WITH COPD
Table 1.

Tai Chi Intervention for Patients With COPD

• Physician diagnosis of COPD
• FEV1 ⬍ 65% of predicted, and ratio of FEV1 to forced
vital capacity (FVC) ⬍ 0.70

Week
1

• ⱖ 45 y of age
We excluded subjects who had:
• A COPD exacerbation that required systemic steroids,
antibiotics, emergency-department visit, or hospitalization within the past month

2–5

• Any planned major pulmonary intervention in the coming 3 months (eg, lung-volume-reduction surgery)
• Severe peripheral vascular disease and claudication or
other physical condition that would preclude a 6-min
walk test
• Inability to perform bicycle ergometry
• Severe cognitive dysfunction (Mini Mental State Examination score ⱕ 24)
• Inability to speak English
• Current participation in a conventional pulmonary rehabilitation program or regular practice of tai chi
Intervention
The intervention consisted of 1-hour group tai chi classes
customized for patients with respiratory disease, and held
twice weekly for 12 weeks. We used a standard protocol
that we have used in prior trials in patients with heart
failure16 (Table 1), with additional emphasis on meditative
breathing. The original program development was guided
by similar interventions used in prior tai chi trials with
elderly patients and those with limited mobility.29 The
protocol included traditional warm-up exercises, followed
by 5 simplified tai chi movements taught by 2 certified and
experienced instructors (average experience of 20 y).
Warm-up exercises included weight shifting, arm swinging, gentle stretches of the neck, shoulders, spine, arms,
legs, visualization techniques, and traditional breathing
methods (ie, dan tien breathing and whole body breathing). These exercises focus on releasing tension in the
physical body, incorporating mindfulness 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 ManCh’ing’s Yang-style short form,10 and performed repetitively. Chairs were provided for resting, and patients were
allowed to progress at their own comfort and pace. We
provided a 35-min instructional videotape that outlined the
exercises presented in class. Patients were encouraged,
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Activities
Introductory Session: Overview of Program
Tai chi principles, philosophies
Demonstration of tai chi form
Expectations of participants
Description of class format
Participation in warm-up exercises
Warm-up Exercises (Repeated During All
Sessions)
Standing
“Drumming the Body”
“Swinging to Connect Kidney and Lungs”
“Washing the Body With Qi”
Standing meditation and breathing
Sitting
Neck/shoulder stretches
Arm/leg stretches
Sitting meditation and breathing
Total average warm-up time
Tai Chi Movements
“Raising the Power”
“Withdraw and Push”
Warm-up and Movements 1 and 2
“Grasp Sparrows Tail”
“Brush Knee Twist Step”
Warm-up and Movements 1–4
“Wave Hands Like Clouds”
Total average time for tai chi movements

Approximate
Duration
(min)
15
10
10
5
30

6
3
3
3
6
3
6
30
5–10
5 per side
5 per side
5 per side
5–10
30

although not required, to practice at home at least 3 times
per week. Class attendance was monitored, and adherence
to practice was tracked via self-report logs, which obtained
the weekly frequency and duration of home tai chi practice.
Outcome Measures
All measures were obtained at baseline and 12 weeks.
Questionnaires and functional assessments were also obtained at 6 weeks, in the event that 12-week data were
unavailable. Cardiopulmonary tests and functional assessments were performed by staff blinded to subject assignment.
Exercise Capacity and Functional Status
The patients performed a symptom-limited exercise test
with a bicycle ramp protocol to determine peak oxygen
uptake and cycling endurance. Testing was done on an
electronically calibrated upright bicycle, with expired gas
analysis and continuous electrocardiographic monitoring.
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Breath-by-breath respiratory gas analysis was performed
with a metabolic cart (Vmax 229, SensorMedics, Yorba
Linda, California). Peak values were averaged from the
final 20 seconds of the test. In addition, patients underwent
a 6-min walk test50 and the standard timed Up-And-Go
assessment, according to the method of Podsiadlo and
Richardson.51
Health-Related Quality of Life, Symptoms, Mood,
and Psychosocial Functioning
We used the self-administered, standardized version of
the Chronic Respiratory Disease Questionnaire (CRQ),
which is validated and commonly employed in patients
with COPD.52,53 To measure dyspnea we used the University of California, San Diego Shortness of Breath Questionnaire54 and the Modified Medical Research Council
Dyspnea Scale. We also used the COPD Self-Efficacy
Scale55 and the Center for Epidemiologic Studies Depression Scale score.56 We used the Holistic Complementary
and Alternative Health Questionnaire to measure attitudes
toward complementary therapies and holistic health beliefs.57
Pulmonary Function Tests
A minimum of 3 acceptable spirometry efforts were
performed, with a rolling-seal volume-displacement spirometer (GS or CPL, Collins, Braintree, Massachusetts),
following the American Thoracic Society standards for
quality and reproducibility. Lung volumes, including total
lung capacity, functional residual capacity, and the ratio of
inspiratory capacity to total lung capacity were measured
via plethysmography.
Physical Activity
In addition to monitoring home tai chi practice via selfreport logs, to keep track of patients’ level of other physical activity outside of classes we used the Community
Healthy Activities Model Program for Seniors (CHAMPS)
Physical Activity Questionnaire,58 which captures weekly
frequency and total time spent in different activities and
allows estimation of caloric expenditure.

PATIENTS WITH COPD
and analyzed with inductive methods to identify common
themes.
Healthcare Utilization and Adverse Events
At each follow-up visit we collected data on medications and healthcare utilization (hospitalization, emergency
department, and out-patient visits). We also asked about
medical illnesses, such as COPD exacerbation, and other
adverse events that may not have resulted in a medical
visit.
Statistical Analysis
All statistical analyses were performed on an intentionto-treat basis. The patients’ baseline characteristics were
compared with t tests for continuous variables and Fisher’s
exact test for nominal variables. We used 2-sample Wilcoxon rank-sum tests, adjusted for baseline scores, to compare the distribution of change after 12 weeks between the
treatment and control groups. Differences were considered
statistically significant when P ⬍ .05.
Results
Feasibility, Adherence, and Safety
The patients were willing to be randomized. In 4 of the
5 tai chi participants, adherence to the study protocol was
excellent. One tai chi participant had poor adherence and
attended only one class, due to family medical circumstances unrelated to the study, but did complete all testing.
The remaining 4 tai chi patients attended an average of 22
of the 24 (91%) class sessions, and they all reported home
tai chi practice. No adverse events occurred during the
class sessions. No patients in either group were hospitalized during the study period for COPD exacerbation, and
there were no deaths.
Baseline Characteristics

Among the tai chi participants we performed 30-min
semi-structured qualitative exit interviews to further explore areas not captured in our standardized instruments,
such as candid assessments (positive, negative, and neutral) of various aspects of the tai chi intervention. Each
interview session was audio taped, transcribed verbatim,

Table 2 describes the cohort’s baseline characteristics.
The baseline mean ⫾ SD age, percent-of-predicted FEV1,
and FEV1/FVC were 66 ⫾ 6 y, 50 ⫾ 12%, and 0.63 ⫾ 0.14,
respectively, and the median ⫾ SD GOLD stage was 2.5
(range 2–3). There were no significant differences between
the groups in demographics, clinical classification of pulmonary disease severity, or rate of reported comorbidities.
The 2 groups scored similarly on the Holistic Complementary and Alternative Health Questionnaire (43 in the tai chi
group vs 44 in the control group, P ⬎ .99, range 11– 66),
in which a higher score denotes a more positive attitude
toward holistic health. However, due to the small sample
size, there were baseline differences in physical activity
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Baseline Characteristics

Demographic Factors
Age (mean ⫾ SD y)
Male, No. (%)
Race
Black
White
Baseline Clinical Factors
FEV1 (mean ⫾ SD % predicted)
GOLD stage (mean ⫾ SD)
BODE index (mean ⫾ SD)
Medications, No. (%)
Inhaled corticosteroids
Anticholinergics
Long-acting ␤-agonists
Physical Activity
Caloric expenditure per week (kcal/wk)*
Self-Report of Comorbidities, No. (%)
Coronary artery disease
Arrhythmia
Hypertension
Asthma
Gastrointestinal condition
Cancer
Anxiety
Depression
Arthritis
High cholesterol

Tai Chi
(n ⫽ 5)

Control
(n ⫽ 5)

65 ⫾ 6
3 (60)

66 ⫾ 6
3 (60)

1 (20)
4 (80)

2 (40)
3 (60)

53 ⫾ 7
2.4 ⫾ 0.5
3.8 ⫾ 2.2

47 ⫾ 7
2.6 ⫾ 0.5
4.0 ⫾ 1.7

5 (100)
4 (80)
4 (80)

5 (100)
4 (80)
5 (100)

3,423

804

0 (0)
1 (20)
1 (20)
2 (40)
1 (20)
1 (20)
2 (40)
2 (40)
1 (20)
2 (40)

1 (20)
1 (20)
2 (40)
2 (40)
0
3 (60)
2 (40)
1 (20)
0
4 (80)

* Calorie expenditure per week was the only measurement for which there was a statistically
significant difference between groups.
GOLD ⫽ Global Initiative for Chronic Obstructive Lung Disease
BODE ⫽ body mass index, airflow obstruction, dyspnea, exercise capacity

PATIENTS WITH COPD
1,483 kcal/wk in the tai chi and control groups, respectively (P ⫽ .09).
Qualitative Analyses
The exit-interview data suggest that the tai chi patients
found the program valuable and enjoyable. All the tai chi
patients rated the tai chi sessions highly, many expressed
interest in additional instruction, and 4 of the 5 patients
planned to continue with tai chi on their own after the
study. Further, an attention to mind-body breathing was
noted to be one of the most important aspects. Below is an
example of a representative quote:
I think the thing that changed the most was understanding my breathing better— breathing patterns
and breathing deep. I’m one who is used to shallow
breaths rather than the whole thing, and now I try to
be much more aware of that. And if I’m having a
bad day, I try to give myself some time to rest and
get my breathing back “in sync.” I like the idea, the
pace of tai chi, the gracefulness of it. I like the idea
that it’s non-stressful. If you’re doing other forms
of exercise, you often have more on your mind. If
you’re on the treadmill or the bike, you’re watching
to see how long you’re on, the speed you’re going
at, and so forth, whereas with tai chi it’s nothing—
it’s just you—and I like that idea.

Discussion

Table 3 presents the baseline and week-12 measurements. Compared to the controls, the tai chi group showed
significant improvements in quality-of-life scores (CRQ
total score and CRQ emotion domain). Nonsignificant
trends in improvement were seen with tai chi, as compared
to usual care, in 6-min walk distance, Center for Epidemiologic Studies Depression Scale score, University of
California, San Diego Shortness of Breath score, and COPD
Self-Efficacy Scale scores. There were no significant
changes in spirometry or peak oxygen uptake, although
both groups increased exercise duration in the bicycle stress
test. At 12 weeks the mean weekly caloric expenditure had
increased in both groups, to 3,570 kcal/wk and

Our preliminary data show that a randomized controlled
trial of tai chi exercise is feasible and safe in patients with
moderate to severe COPD. As a complement to standard
medical care, tai chi may enhance quality of life, psychosocial function, and possibly exercise capacity, and warrants further investigation.
In patients with comparable COPD severity, improvements with conventional exercise have been shown. In a
recent study by Maltais et al, both out-patient and homebased pulmonary rehabilitation (including aerobic cycling
and strength training) improved CRQ dyspnea score at
12 weeks (0.7– 0.8-unit change), although changes in the
other subdomains were not clinically relevant.59 With tai chi
we preliminarily report improvements of greater magnitude (approximately a 1.5-unit change of CRQ score). Maltais et al also reported small changes (8 –11 m) in 6-min
walk distance in both exercise groups; however, that change
is less than the minimum clinically relevant change of
35 m or 10% of baseline.60 Here we report a trend of about
55 m or 14% baseline, which is comparable to other pulmonary exercise trials.5
Tai chi may be a safe adjunct or alternative to conventional exercise training in patients with COPD. We observed no serious adverse events in this small pilot study,
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Comparison of the Effects of Tai Chi Versus Usual Care on Change in Outcomes After 12 Weeks
Tai Chi Group (n ⫽ 5)
median (range)

Outcome

Chronic Respiratory Questionnaire*
Total score†
Emotion domain†
Mastery domain
Dyspnea domain†
Fatigue domain
6-min walk test (m)*
Peak oxygen uptake (mL/kg/min)*
Exercise duration (min)*
FEV1/FVC*
FRC‡
Timed Up and Go (s)‡
UCSD SOB Questionnaire‡
CES Depression score‡
COPD Self-Efficacy score*

Control Group (n ⫽ 5)
median (range)

Baseline

Week 12

Baseline

Week 12

3.5 (3.2–5.2)
4.4 (1.8–4.8)
4.2 (3.5–5.5)
4.4 (1.8–6.0)
3.7 (2.7–5.2)
401 (240–575)
9 (8–18)
7 (5–10)
73 (48–87)
124 (79–244)
10 (7–13)
39 (23–69)
14 (11–46)
105 (87–149)

5.4 (4.1–6.4)
5.0 (4.1–6.1)
6.5 (3.7–7.0)
5.7 (4.4–6.7)
5.2 (4.0–6.0)
428 (379–624)
9 (7–15)
8 (6–11)
69 (53–85)
106 (87–109)
8 (5–9)
27 (19–58)
5 (1–27)
135 (102–137)

5.7 (4.6–6.5)
5.8 (4.4–7.0)
6.0 (4.0–7.0)
6.0 (5.4–7.0)
5.0 (4.0–6.2)
422 (121–526)
11 (6–14)
6 (5–8)
54 (42–73)
146 (81–181)
9 (7–20)
20 (6–50)
12 (2–17)
135 (129–143)

5.3 (4.5–6.4)
4.7 (4.1–6.7)
5.7 (4.2–7.0)
6.4 (5.2–6.8)
5.7 (3.7–6.0)
381 (121–522)
11 (7–14)
7 (7–10)
54 (43–72)
125 (85–137)
8 (6–17)
22 (12–37)
8 (0–17)
137 (111–144)

P

.03
.04
.07
.29
.17
.09
.57
.91
.99
.67
.44
.40
.24
.20

* Higher score more favorable.
† Significant baseline differences between groups.
‡ Lower score more favorable.
FVC ⫽ forced vital capacity
FRC ⫽ functional residual capacity
UCSD ⫽ University of California, San Diego
SOB ⫽ shortness of breath
CES ⫽ Center for Epidemiologic Studies

although further study is needed. Overall, the adverse event
rate in conventional exercise trials is low. However, cases
of COPD exacerbation, cardiovascular events, and minor
musculoskeletal injuries have been reported.59 In contrast,
tai chi encourages patients to move fluidly, with less
strain,39,61 and has been reported safe in various deconditioned populations of persons with cardiovascular disease.13,19

to elucidate possible mechanistic pathways, to better understand the important components of the intervention (eg,
physical activity vs meditation/relaxation or slow breathing), to evaluate adherence and persistence of benefit, to
explore the role of tai chi in relation to conventional exercise (eg, as a possible maintenance strategy after pulmonary rehabilitation), and to address cost-effectiveness.
REFERENCES

Limitations
As our main goal was to determine feasibility, the study
sample was small and did not afford adequate statistical
power to detect differences in our exploratory outcomes
measures. Because of our small sample size, there were
baseline differences between the groups, which limits the
interpretation of some results. In addition, with a usualcare control group, the patients could not be blinded to
treatment, and time/group effects of the intervention could
not be matched. Nonetheless, this first study provides valuable preliminary information about a novel meditative exercise that may be an option for patients with COPD.
Conclusions
Given the suggestive trends we observed, larger-scale
investigations may be warranted. Future studies may begin

1480

1. Mannino DM, Homa DM, Akinbami LJ, Ford ES, Redd SC. Chronic
obstructive pulmonary disease surveillance–United States, 19712000. MMWR Surveill Summ 2002;51(6):1-16.
2. Deaths from chronic obstructive pulmonary disease–United States,
2000-2005. MMWR Morb Mortal Wkly Rep 2008;57(45):1229-1232.
3. Mannino DM, Braman S. The epidemiology and economics of chronic
obstructive pulmonary disease. Proc Am Thorac Soc 2007;4(7):502506.
4. Lacasse Y, Martin S, Lasserson TJ, Goldstein RS. Meta-analysis of
respiratory rehabilitation in chronic obstructive pulmonary disease: a
Cochrane systematic review. Eura Medicophys 2007;43(4):475-485.
5. Lacasse Y, Goldstein R, Lasserson TJ, Martin S. Pulmonary rehabilitation for chronic obstructive pulmonary disease. Cochrane Database Syst Rev 2006(4):CD003793.
6. Ries AL, Bauldoff GS, Carlin BW, Casaburi R, Emery CF, Mahler
DA, et al. Pulmonary rehabilitation: joint ACCP/AACVPR evidencebased clinical practice guidelines. Chest 2007;131(5 Suppl):4S-42S.
7. ZuWallack R, Hedges H. Primary care of the patient with chronic
obstructive pulmonary disease. Part 3: pulmonary rehabilitation and
comprehensive care for the patient with chronic obstructive pulmonary disease. Am J Med 2008;121(7 Suppl):S25-S32.

RESPIRATORY CARE • NOVEMBER 2010 VOL 55 NO 11

TAI CHI EXERCISE

FOR

PATIENTS WITH COPD

8. Garrod R, Marshall J, Barley E, Jones PW. Predictors of success and
failure in pulmonary rehabilitation. Eur Respir J 2006;27(4):788794.
9. Ries AL, Kaplan RM, Myers R, Prewitt LM. Maintenance after
pulmonary rehabilitation in chronic lung disease: a randomized trial.
Am J Respir Crit Care Med 2003;167(6):880-888.
10. Cheng M. Master Cheng’s thirteen chapters on T’ai Chi Chuan. New
York: Sweet Chi Press; 1982.
11. Frantzis B. Tai Chi: health for life. Berkeley: Blue Snake Books;
2006.
12. Helm B. Gateways to health: Taijiquan and traditional Chinese medicine. Taijiquan J 2002;8-12.
13. Channer KS, Barrow D, Barrow R, Osborne M, Ives G. Changes in
haemodynamic parameters following Tai Chi Chuan and aerobic
exercise in patients recovering from acute myocardial infarction.
Postgrad Med J 1996;72(848):349-351.
14. Lan C, Chen SY, Lai JS, Wong MK. The effect of Tai Chi on
cardiorespiratory function in patients with coronary artery bypass
surgery. Med Sci Sports Exerc 1999;31(5):634-638.
15. Lan C, Chen SY, Wong MK, Lai JS. Tai Chi training for patients
with coronary heart disease. Med Sport Sci 2008;52:182-194.
16. Yeh GY, Wood MJ, Lorell BH, Stevenson LW, Eisenberg DM,
Wayne PM, 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):541658.
17. Yeh GY, Mietus JE, Peng CK, Phillips RS, Davis RB, Wayne PM,
et al. Enhancement of sleep stability with Tai Chi exercise in chronic
heart failure: Preliminary findings using an ECG-based spectrogram
method. Sleep Med 2008;9(5):527-536.
18. 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):10311046.
19. Barrow DE, Bedford A, Ives G, O’Toole L, Channer KS. An evaluation of the effects 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.
20. Young DR, Appel LJ, Jee S, Miller ER III. The effects of aerobic
exercise and T’ai Chi on blood pressure in older people: results of a
randomized trial. J Am Geriatr Soc 1999;47(3):277-284.
21. 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.
22. 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.
23. 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.
24. Schneider D, Leung R. Metabolic and cardiorespiratory responses to
the performance of Wing Chun and Tai Chi Chuan exercise. Int
J Sports Med 1991;12(3):319-323.
25. Lai JS, Lan C, Wong MK, Teng SH. Two-year trends in cardiorespiratory function among older Tai Chi Chuan practitioners and sedentary subjects. J Am Geriatr Soc 1995;43(11):1222-1227.
26. Lai JS, Wong MK, Lan C, Chong CK, Lien IN. Cardiorespiratory
responses of Tai Chi Chuan practitioners and sedentary subjects
during cycle ergometry. J Formos Med Assoc 1993;92(10):894-899.
27. Wolf SL, Barnhart HX, Kutner NG, McNeely E, Coogler C, Xu T.
Reducing frailty and falls in older persons: an investigation of Tai
Chi and computerized balance training. Atlanta FICSIT Group (Frailty
and Injuries: Cooperative Studies of Intervention Techniques). J Am
Geriatr Soc 1996;44(5):489-497.

28. Wolf SL, Sattin RW, Kutner M, O’Grady M, Greenspan AI, 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.
29. Wolf SL, Coogler C, Xu T. Exploring the basis for Tai Chi Chuan as
a therapeutic exercise approach. Arch Phys Med Rehabil 1997;78(8):
886-892.
30. Jacobson BH, Chen HC, Cashel C, Guerrero L. The effect of T’ai
Chi Chuan training on balance, kinesthetic sense, and strength. Percept Mot Skills 1997;84(1):27-33.
31. Yan JH. Tai Chi practice improves senior citizens’ balance and arm
movement control. J Aging Phys Act 1998;6:271-284.
32. Hain TC, Fuller L, Weil L, Kotsias J. Effects of T’ai Chi on balance.
Arch Otolaryngol Head Neck Surg 1999;125(11):1191-1195.
33. 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.
34. Wong AM, Lin YC, Chou SW, Tang FT, Wong PY. Coordination
exercise and postural stability in elderly people: Effect of Tai Chi
Chuan. Arch Phys Med Rehabil 2001;82(5):608-612.
35. 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.
36. 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.
37. 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.
38. 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.
39. Wang C, Roubenoff R, Lau J, Kalish R, Schmid CH, Tighiouart H,
et al. Effect of Tai Chi in adults with rheumatoid arthritis. Rheumatology (Oxford) 2005;44(5):685-687.
40. 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.
41. Fontana JA, Colella C, Wilson BR, Baas L. The energy costs of a
modified form of T’ai Chi exercise. Nurs Res 2000;49(2):91-96.
42. Lan C, Chen SY, Lai JS. The exercise intensity of Tai Chi Chuan.
Med Sport Sci 2008;52:12-19.
43. 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.
44. Schaller KJ. Tai Chi Chih: an exercise option for older adults. J
Gerontol Nurs 1996;22(10):12-17.
45. Sandlund E, Norlander S, Torsten A. 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.
46. Lan C, Lai JS, Chen SY. Tai Chi Chuan: an ancient wisdom on
exercise and health promotion. Sports Med 2002;32(4):217-224.
47. Li JX, Hong Y, Chan KM. Tai Chi: physiological characteristics and
beneficial effects on health. Br J Sports Med 2001;35(3):148-156.
48. Wayne PM, Krebs DE, Wolf SL, Gill-Body KM, Scarborough DM,
McGibbon CA, et al. Can Tai Chi improve vestibulopathic postural
control? Arch Phys Med Rehabil 2004;85(1):142-152.
49. Wayne PM, Kiel DP, Krebs DE, Davis RB, Savetsky-German J,
Connelly M, Buring JE. The effects of Tai Chi on bone mineral
density in postmenopausal women: a systematic review. Arch Phys
Med Rehabil 2007;88(5):673-680.

RESPIRATORY CARE • NOVEMBER 2010 VOL 55 NO 11

1481

TAI CHI EXERCISE

FOR

PATIENTS WITH COPD

50. Pinto-Plata VM, Cote C, Cabral H, Taylor J, Celli BR. The 6-min
walk distance: change over time and value as a predictor of survival
in severe COPD Eur Respir J 2004;23:28-33.
51. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc 1991;
39(2):142-148.
52. Schunemann HJ, Puhan M, Goldstein R, Jaeschke R, Guyatt GH.
Measurement properties and interpretability of the Chronic Respiratory Disease Questionnaire (CRQ). COPD 2005;2(1):81-89.
53. Redelmeier DA, Guyatt GH, Goldstein RS. Assessing the minimal
important difference in symptoms: a comparison of two techniques.
J Clin Epidemiol 1996;49(11):1215-1219.
54. Verrill D, Barton C, Beasley W, Lippard WM. The effects of shortterm and long-term pulmonary rehabilitation on functional capacity,
perceived dyspnea, and quality of life. Chest 2005;128(2):673-683.
55. Wigal JK, Creer TL, Kotses H. The COPD self-efficacy scale. Chest
1991;99(5):1193-1196.
56. Radloff L. The CES-D scale: a self-report depression scale for research
in the general population. Appl Psychol Measure 1977;1:385-401.

57. Hyland ME, Lewith GT, Westoby C. Developing a measure of attitudes: the holistic complementary and alternative medicine questionnaire. Complement Ther Med 2003;11(1):33-38.
58. Stewart AL, Mills KM, King AC, Haskell WL, Gillis D, Ritter
PL. CHAMPS physical activity questionnaire for older adults:
outcomes for interventions. Med Sci Sports Exerc 2001;33(7):
1126-1141.
59. Maltais F, Bourbeau J, Shapiro S, Lacasse Y, Perrault H, Baltzan M,
et al. Effects of home-based pulmonary rehabilitation inpatients with
chronic obstructive pulmonary disease. Ann Intern Med 2008;
149(12):869-878.
60. Puhan MA, Mador MJ, Held U, Goldstein R, Guyatt GH, Schunemann HJ. Interpretation of treatment changes in 6-minute walk
distance in patients with COPD. Eur Respir J 2008;32(3):637643.
61. Song R, Lee EO, Lam P, Bae SC. Effects of a Sun-style Tai Chi
exercise on arthritic symptoms, motivation and the performance of
health behaviors in women with osteoarthritis. Taehan Kanho Hakhoe Chi 2007;37(2):249-256.

1482

RESPIRATORY CARE • NOVEMBER 2010 VOL 55 NO 11

