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Short-form Sun-style Tai Chi as an exercise training modality in people with
COPD
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Abstract

The aims of the study were to determine the effect of short-form Sun-style Tai
Chi (SSTC) (Part A) and investigate exercise intensity of SSTC (Part B) in people
with COPD.

Part A: After confirmation of eligibility, participants were randomly allocated to
either the Tai Chi Group (TCG) or Control Group (CG) (usual medical care).
Participants in the TCG trained twice weekly for 12 weeks. Part B: Participants who
had completed training in the TCG performed a peak exercise test (incremental
shuttle walk test) and SSTC while oxygen consumption (VO,) was measured.
Exercise intensity of SSTC was determined by the percent of VO, reserve.

Of 42 participants (mean (SD) FEV; 59 (16) % predicted), 38 completed Part A
and 15 completed Part B. Compared to control, SSTC significantly increased
endurance shuttle walk time (mean difference, 95%CI) (384 seconds, 186 to 510);
reduced medial-lateral body sway in semi-tandem stand (-12.4 millimetres, -21 to -3);
and increased total score on the Chronic Respiratory Disease Questionnaire (11
points, 4 to 18). The exercise intensity of SSTC was 53 (18) % of VO, reserve.

SSTC was an effective training modality in people with COPD achieving a

moderate exercise intensity which meets the training recommendations.



INTRODUCTION

Tai Chi, an exercise involving both upper and lower extremities, originated from
China. Tai Chi is characterized by posture alignment, weight shifting and circular
movements that incorporate elements of muscle endurance and strengthening,
balance, relaxation and breathing control. The movements of Tai Chi are unique and

are often described as slow, smooth flowing and graceful.

Tai Chi has become a popular training mode in western countries and requires no
exercise equipment or specific training venue and thus is easily implemented in the
community. Currently, a number of Tai Chi styles are utilised, including Yang, Chen
and Sun styles. Each of these styles is characterised by emphasis on slightly different
forms (movements). The benefits of Tai Chi on balance, exercise capacity and muscle
strength have been demonstrated in the healthy population [1-2] and people with

chronic conditions such as chronic heart disease [3] and osteoarthritis [4].

In comparison with other styles of Tai Chi, short-form Sun-style Tai Chi (SSTC), also
known as Tai Chi for arthritis, is a modified Tai Chi program with 21 forms. This is
one of the most common styles of Tai Chi and training courses for instructors are
available worldwide. Each form can be broken down into several movements which
are easy to teach and learn. Compared to some other styles of Tai Chi, SSTC involves
less difficult movements, such as less deep-knee bending and single leg standing,

which may make it more suitable for older people.

Recent studies examining Tai Chi in people with COPD have shown conflicting

findings on the effect of Tai Chi on exercise capacity and health-related quality of life



(HRQoL) [5-7]. None of these studies examined the effect of SSTC in people with
COPD. In addition, the exercise intensity of any style of Tai Chi, including SSTC, in
the COPD population is unknown. The current study had two parts. The aim of Part A
was to evaluate the effect of 12 weeks of SSTC on exercise capacity, balance,
physical performance, quadriceps strength, HRQoL, anxiety, depression and self-
reported difficulty in functional performance in people with COPD compared to no
exercise training. The aim of Part B was to investigate the exercise intensity of SSTC

performance in people with COPD.

METHODS

Part A

Study Design

A randomised trial was conducted with concealed allocation and blinded outcome
assessment. The study took place at Concord Repatriation General Hospital, Sydney
from June 2007 to October 2010. After confirmation of eligibility and collection of
baseline measures, participants were randomly allocated to a Tai Chi Group (TCG) or
a Control Group (CG) via a computerised phone dial-up system. Random allocation
with minimisation for lung function (FEV; > or < 40% predicted), gender, and the
main limiting symptom in the endurance shuttle walk test (ESWT) at baseline (i.e.
dyspnoea, leg fatigue, or a combination of both symptoms) was used. Each participant
maintained his/her medication regimen during the intervention period. The
methodology of Part A has been published previously [8]. An assessor, blinded to
group allocation, performed the outcome measures at the beginning and end of the
study. The study was conducted with the approval of the Sydney South West (Eastern

Zone) Ethics Committee and the University of Sydney Ethics Committee. The trial



was registered in Australian New Zealand Clinical Trials Registry

(ACTRN12608000383369).

Participants

Participants were included if they had a diagnosis of COPD [9]. People were excluded
if they had an acute exacerbation of COPD within the last 4 weeks; had participated in
formal exercise training in the last 12 months; or had significant co-morbidities
including malignancy, symptomatic cardiovascular disease, other systemic or
musculoskeletal disease that could hinder Tai Chi training or required supplemental

oxygen during training.

Intervention

Participants in the TCG attended two supervised, one hour sessions, weekly for 12
weeks of SSTC training. Participants commenced training by learning two to three
forms per week with completion of learning all 21 forms by week eight. In each
training session, participants were trained with the SSTC forms that they had learnt up
to and including that session. Each participant aimed to train at a moderate level of
breathlessness or exertion, equating to a score of three on the modified Borg (0-10)
scale [10]. To increase the training demand of SSTC, participants were asked to
imagine pushing against resistance during all movements or to squat lower in certain
movements. For participants whose dyspnoea or exertion did not reach the moderate
level during training, wrist weights of between 0.5 to 1.5 kg were worn, with the
weight determined by the individual’s symptoms although this is not common practice
in Tai Chi training. Participants were also encouraged to focus on breathing rhythm,

for example inhaling when the movements involved lifting, stepping forward or



opening postures and exhaling when movements involved lowering or closing
postures of each Tai Chi movement. However, if the participant could not follow the
breathing rhythm due to shortness of breath, a breathing rhythm that was comfortable
for the participant was allowed. In addition to the two supervised training sessions
each week, all participants in the TCG were asked to practice at home for 30 minutes,
on the other five days of the week. A Tai Chi training booklet and DVD (developed
by the trainer) were provided to facilitate home training. Training duration was
recorded by participants in the diary provided. Participants who wore wrist weights
during supervised training also wore the same weights for home training. All
participants were trained by a physiotherapist with extensive experience in chronic

lung disease management and who was an accredited SSTC trainer.

Participants in the CG continued with their usual medical care without any exercise

training for 12 weeks after the baseline measurements.

Spirometry, lung volumes and diffusion capacity were measured at baseline according

to standard protocols [11].

Outcome measures
All outcomes were measured at baseline (week 0) and study completion (week 12).
The primary outcome measure was the endurance shuttle walk time. More detailed

description of all outcome measures have been published previously [8].

Exercise capacity



Peak and endurance exercise capacity were measured by the incremental shuttle walk
test (ISWT) [12] and ESWT [13] respectively. The scores of perceived exertion and
dyspnoea were recorded before, each minute during and at the end of the tests using
the modified Borg (0-10) scale [10]. The ISWT and the ESWT were performed twice
at each testing occasion with at least 30 minutes rest between tests, with the better

result used for analysis.

Physical performance, balance and quadriceps isokinetic strength

Physical performance was measured by the Modified Physical Performance Battery
Test (MPPB) [14]. A score between 0-4 was generated with a higher score indicating
better performance. Balance ability of participants was measured by the Body Sway
tests [15] and Functional Reach test [16]. The quadriceps isokinetic strength was
measured by the Kin Com (Isokinetic International, USA) with the speed set at 90

degrees per second.

Health-related quality of Life, anxiety and depression and self-reported difficulty in
functional performance

HRQoL and anxiety and depression were measured by The Chronic Respiratory
Disease questionnaire (CRQ) [17] and the Hospital Anxiety and Depression Scale
(HADS) [18] respectively. Self-reported difficulty in functional performance was

measured by the Functional Performance Inventory (FPI) [19].

Compliance with SSTC training



The compliance with the SSTC training was assessed by the total number of
supervised sessions attended, the unsupervised home practice time per day and the

number of days practised out of the five home training days per week.

Sample size

Sample size calculation was based on detecting a minimum difference of two minutes
[20] of endurance shuttle walk time between the TCG and the CG and used a baseline
standard deviation (SD) of 1.8 minutes [21]. Forty-two participants (21 per group)
were required in order to provide 90% power at a 5% significant level (two sided) and

allowing for a 15% loss to follow-up.

Data analysis

Data analyses were conducted using SPSS version 17.0. Data are presented as mean
(SD) unless stated otherwise. All outcome measures were analysed using paired t-tests
and repeated-measures analysis of variance with intention-to-treat analysis. A p-value
of 0.05 (2-sided) was taken as the level of significance. The 95% confidence intervals
around the mean differences were calculated. The scores of perceived exertion and
dyspnoea in the ISWT and ESWT before and after the intervention were compared at
isotime and at end exercise. Isotime was defined as the end time of the shorter pre- or

post-intervention.

Part B
Study Design
Repeated measures study design was used. Participants were those who had

completed the 12 week SSTC training and who agreed to participant in this part of the



study. Each participant completed an ISWT, rested for at least 30 minutes and then
performed 15 minutes of SSTC. During the performance of SSTC, participants
performed the 21 forms repeatedly for 15 minutes. The assessment occurred within
two weeks of completion of SSTC training. The measurements were only performed
at the end of the training period when participants were fully competent in the

performance of short-form Sun-style Tai Chi.

Outcome measures

Oxygen consumption (VO,), carbon dioxide production (VCO,), tidal volume (V7),
breathing frequency (Fy), minute ventilation (Vg) were measured at rest, and during
the ISWT and SSTC performance using a portable metabolic measurement system
(Cosmed K4 b? Rome, ltaly). Oxygen saturation (SpO,) (Nonin 800R, North
Plymouth, USA) and heart rate (HR) (Polar ®, Kempele, Finland) were also

measured.

Data analysis

Physiological variables measured in the ISWT and the 15 minutes of SSTC
performance were analysed, by averaging data from the last 25 seconds of each
minute. The mean VO, of SSTC performance (VO taicni) Was determined by
averaging the sum of VO, each minute (from minute two to 15) during the SSTC
performance. The intensity of SSTC was determined as a percent of VO, reserve. The
VO, reserve was calculated as the difference between peak and resting VO, (VO,
1swtpeak - VO2 1swrrest) Of the ISWT and the percent VO, reserve was calculated as:
[(VO2 taichi — VO2 1swrrest)/ VO3 reserve] x 100%. The minimal effective training

intensity to improve cardiovascular fitness was considered as 30% VO reserve [22].



The ISWT was chosen as the maximum exercise test in this study because evidence
has shown that the ISWT elicits peak physiological responses in people with COPD
[23]. The ESWT time of the participants in Part B was compared to the CG using

repeated-measures analysis of variance.

RESULTS

Part A

Participants characteristic

The flow of participants is presented in Figure 1. Forty-two participants were
recruited and 38 participants (90.5%) completed the study with 19 in the TCG and 19
in the CG. All participants were Caucasian with no previous Tai Chi experience.

Baseline characteristics of participants are presented in Table 1.

Effect of intervention

Results of exercise capacity, balance, physical performance, quadriceps strength,
HRQoL, anxiety and depression and self-efficacy for the TCG and CG are presented
in Tables 2 and 3. The dyspnoea and rate of perceived exertion (RPE) scores in the
ESWT at isotime are presented in Table 2. Six participants in the TCG wore wrist
weights ranging from 0.5 to 1.5 kg during training. At study completion, the ESWT
time was significantly longer in the TCG than the CG. Compared to the CG, the TCG
had a significant improvement in incremental shuttle walk distance; body sway in
anterior-posterior and medial-lateral direction in side by side stand and medial-lateral
sway in semi-tandem stand; functional reach distance; MPPB scores; quadriceps

strength in both legs; CRQ scores in all domains; anxiety domain of the HADS and
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FPI score. At isotime, the score of RPE during the ESWT was significantly less in the

TCG compared to the CG.

Participants in the TCG attended 21 (2) sessions out of a possible 24 sessions (91%)
and no adverse events were reported. Of the potential 5 days of unsupervised home
practice, participants practised for 4 (1) days per week for an average time of 27 (10)

minutes per day.

Part B

Fifteen participants agreed to participate in Part B of the study. All participants
completed the assessment and their baseline characteristics are presented in Table 1.
Six of these participants who had worn wrist weights during SSTC training wore wrist
weights during SSTC performance in this study. The physiological responses during
the ISWT and SSTC performance are presented in Table 4. The percent VO, reserve
of SSTC was 53 (18) %. The ESWT time of the 15 participants was significantly

greater than the CG from Part A of the study (441 seconds, 95% CI 255 to 613).

DISCUSSION

The novel findings of this study were that SSTC was more effective than usual
medical care in improving exercise capacity, balance, physical performance,
quadriceps strength, HRQoL, anxiety and self-efficacy compared to no exercise
training in people with COPD. In addition, our study found that SSTC performance
elicited a moderate level of exercise intensity of 53%VO0O, reserve [24]. Our study
provides compelling evidence for the use of SSTC training as an alternative training

modality in people with COPD.
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The results of this study demonstrated that SSTC training has highly clinically
relevant effects on endurance and peak exercise capacity in people with COPD as the
improvements in ESWT and ISWT both exceeded the minimum clinically important
difference (MID) which was developed based on improvements after a standard
pulmonary rehabilitation program (186 seconds for the ESWT and 47.5 metres for the
ISWT) [25,26]. This demonstrates that SSTC training can elicit similar improvements
in exercise capacity to those achieved in standard pulmonary rehabilitation. In fact,
the true effect of SSTC training was probably underestimated as six participants in the
TCG reached the completion time of 20 minutes for the ESWT following training,

with a potential to continue.

While there have been no previous studies investigating the effect of SSTC in people
with COPD, some other styles of Tai Chi have been investigated. A previous
randomised controlled trial which investigated the effects of a Tai Chi program,
which emphasised breathing control compared to either unsupervised self-paced
walking training or usual daily activity [5,6], demonstrated a significant between
group difference in favour of the Tai Chi group in six minute walk distance but not in
the total score of the St. George Respiratory Questionnaire. In another study, Yeh et al
(2010) [7] compared the effect of a simplified Yang-style Tai Chi program (five
forms) to usual medical care and showed that in the Tai Chi group there was a
significant improvement in HRQoL but not in exercise capacity, self-efficacy or peak
VO, compared to usual care. The lack of effect of simplified Tai Chi in most
outcomes might have been due to the small sample size (five participants in each

group). In comparison, our study has stronger methodology with a larger sample size

12



and only 9.5% drop-outs. The results of our study provide strong evidence for SSTC

training over usual medical care to improve exercise capacity.

Impairment in balance and lower limb muscle strength are common in people with
COPD [27, 28] and are some of the major risk factors for falls [29]. Interestingly,
conventional pulmonary rehabilitation has not been shown to improve balance in
people with COPD [30]. An important finding from our study was the significant
improvement in balance and muscle strength following SSTC training, which has the

potential to reduce the falls risk in people with COPD.

An additional benefit of SSTC training was a significant improvement in HRQoL,
anxiety and self-reported difficulty in functional performance compared to the control
group. The change in CRQ scores exceeded the MID in nearly all domains in the
TCG compared to the CG. This result suggested SSTC is a clinically relevant
modality for improving HRQoL in people with COPD. The fact that exercise capacity
and HRQoL showed similar improvements to those which can be achieved with
pulmonary rehabilitation [31] suggest that Tai Chi training may be a reasonable

alternative when comprehensive pulmonary rehabilitation is not available.

The high levels of compliance with supervised and unsupervised training during the
SSTC training suggested that SSTC was a feasible training modality for people with
COPD and could easily be practiced as a home program. Furthermore, the results of
this study suggest that SSTC would be a suitable modality for people with multiple

co-morbidities as co-morbidities were common in this cohort (Table 1).
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Study in healthy populations has shown that Tai Chi achieved moderate exercise
intensity [32]. However, the exercise intensity of Tai Chi has not been previously
investigated in people with COPD, therefore, it is unknown whether the exercise
intensity of Tai Chi is adequate to elicit physiological training benefits. Our study
showed that the training intensity of SSTC reached moderate level of 53% of VO,
reserve and such intensity met the minimal effective training intensity for
improvement in cardiovascular fitness [24]. When the 15 participants from Part B of
the study (who were also in the TCG of Part A) were compared to the CG, there was a
significant increase in ESWT time highlighting that the training intensity of SSTC

resulted in an exercise training response.

LIMITATIONS

The use of wrist weights during SSTC performance is not standard practice. This
limits the ability to generalise our reported intensity of SSTC. However, people with
COPD are advised to exercise at a moderate level of dyspnoea or perceived exertion
to elicit physiological training responses. Adding wrist weights is a feasible option to
increase SSTC training intensity to achieve the appropriate levels of dyspnoea or

perceived exertion.

Conclusion

In conclusion, SSTC was significantly more effective than no training in improving
exercise capacity, balance, physical performance, quadriceps strength, HRQoL,
anxiety and self-reported difficulty in functional performance in people with COPD.
Compliance with both supervised and unsupervised training throughout the study was

high. Furthermore, the intensity of SSTC exercise was moderate which met the

14



recommendation for exercise training in people with COPD. This study provides
compelling evidence that Tai Chi training achieved an appropriate training intensity
and that it may be an effective alternative training modality in people with COPD.
With increasing numbers of people diagnosed with COPD, such an alternative

training modality may provide more opportunities for exercise training.
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Table 1: Baseline characteristics of participants

Part A of the study Part B of the study
Characteristics Participants (n=42) Participants (n=15)
Age, year 73 (8) 75 (8)
Gender, n females (%) 15 (36) 8 (53)
Body Mass Index, kg/m? 27.4 (5) 26.7 (4)
FEVy, L 1.4 (0.5) 1.4 (0.4)
FEV1, % predicted 59 (16) 63 (14)
FVC, L 3.0() 3.0()
FVC, % predicted 102 (23) 102 (22)
FEV./FVC. % 47 (13) 50 (15)
TLC, % predicted 103 (16) 101 (14)
FRC, % predicted 123 (30) 113 (33)
RV, % predicted 124 (36) 118 (34)
RV/TLC 0.5(0.1) 0.5(0.1)
D, CO, % predicted 55 (16) 58 (9)
Co-morbidities, % of total participants
Coronary heart disease 33% 13%
Systemic hypertension 55% 27%
Diabetes 21% 13%
Dyslipidaemia 38% 13%
Osteoarthritis 60% 73%
Osteoporosis 10% 7%
Absence of co-morbidities 10% 20%
With one co-morbidities 14% 27%
With > two co-morbidities 76% 53%

Data presented as mean (SD), unless otherwise stated. FEV; = forced expiratory volume in one second;

FVC = forced vital capacity; TLC = total lung capacity; FRC = functional residual volume; RV =

residual volume; D, CO = diffusion capacity of the lung for carbon monoxide; L = litres; n = number
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Table 2: Mean (SD) of groups, mean (SD) difference within groups, mean (95% CI) difference between groups for exercise capacity, balance

ability, quadriceps strength and physical performance.

Group Difference within group Difference between groups
Week 0 Week 12 Week 12 minus Week 0 Week 12 minus Week 0
mean (SD) mean (SD) mean (SD) mean difference (95% CI)
TCG CG TCG CG TCG CG
n=19 n=19 n=19 n=19 n=19 n-19
ISWT, m 349 (136) 402 (179) 388 (135) 386 (169) 39 (34) -16 (39) 55 (31 to 80)
ESWT, s 467 (276) 442 (334) 803 (364) 430 (383) 336 (297) -12 (181) 348 (186 to 510)
ESWT, dyspnoea at isotime (0-10) 5@13) 4(2) 3(2) 4(2) -2(2) -0.6 (2) -1(-3t00.1)
ESWT, RPE at isotime (0-10) 4 (3) 302 2(2) 3(2) 2(2) 0.3 (2) -1(-3t0-0.2)
MPPB score 2.16 (0.4) 2.35(0.5) 2.31(0.5) 2.25(0.5) 0.15(0.1) -0.1(0.2) -0.25 (-0.3t0 -0.2)
Side by side stand
Anterior-posterior sway, mm 23.2(12) 21.7 (7) 18.4 (7) 23.2(8) -4.8 (7) 1.4 (4) -6.3 (-10to -2)
Medial-lateral sway, mm 30.3 (13) 25.6 (12) 17.6 (7) 26.4 (12) -12.6 (11) 0.8 (9) -13.4 (-20 to -7)
Semi-tandem stand
Anterior-posterior sway, mm 29.0 (10) 24.6 (13) 21.8 (6) 28.7 (17) -7.2 (11) -0.2(12) -7 (-141t0 0.4)
Medial-lateral sway, mm 38.6 (18) 29.1 (12) 25.8 (10) 32.6 (12) -12.8 (16) -0.4 (10) -12.4 (-21 t0 -3)
Functional reach, cm 30.1 (8) 29.4 (8) 34.7 (7) 28.7 (8) 5 (4) -0.8 (5) 5.4 (310 8)
Right quadriceps strength, Newton 119 (51) 143 (50) 136 (54) 136 (47) 17 (18) -7 (10) 24 (14.5 t0 33.5)
Left quadriceps strength, Newton 123 (46) 153 (50) 139 (50) 151 (46) 16 (21) -2 (14) 17.8 (6 to 29)

Data presented as mean (SD), unless otherwise stated. ISWT = incremental shuttle walk test; ESWT = endurance shuttle walk test; MPPB = modified physical performance

battery test; m = metres, s = seconds; mm = millimetres; cm = centimetres; RPE = rate of perceived exertion. There was no significant difference between groups at baseline

in all outcome measures.

20




Table 3: Mean (SD) of groups, mean (SD) difference within groups, and mean (95% CI) difference between groups for health related quality of

life, anxiety and depression and self-efficacy

Group Difference within group Difference between groups
Week 0 Week 12 Week 12 minus Week 0 Week 12 minus Week 0
mean (SD) mean (SD) mean (SD) mean difference (95%Cl)
TCG CG TCG CG TCG CG
n=19 n=19 n=19 n=19 n=19 n=19
Chronic Respiratory Disease questionnaire
Dyspnoea 3.6(1) 3.8(1) 4.4 (1) 3.7(1) 0.8 (0.8) -0.04 (0.5) 0.9(0.5t01.3)
Fatigue 4.8 (1) 4.3(1) 53(1) 4.2 (1) 0.6 (0.8) 0.03 (0.5) 0.5(0.1t0 1.0)
Emotional function 5.6 (1) 5.0(2) 6.0 (1) 5.0(2) 0.3(0.7) -0.04 (0.4) 0.4 (0.02 t0 0.8)
Mastery 5.6 (1) 52 (1) 6.0 (1) 51(1) 0.4 (0.8) -0.1 (0.5) 0.5(0.1t0 0.9)
Total 5.9 (5) 4.6 (1) 6.5 (5) 46 (1) 0.6 (0.7) -0.1 (0.4) 0.7 (0.3t0 1.0)
Hospital anxiety and depression scale
Anxiety 4(3) 5(4) 3(3) 6 (6) -1(2) 0.6 (2) -2 (-2t0-0.5)
Depression 4(3) 32 313 4 (4) -0.3(1) 1(3) -2 (-31t00.02)
FPI total 2.4 (0.5) 2.5(0.4) 2.5(0.5) 2.5(0.5) 0.2 (0.2) -0.1 (0.2) 0.2(0.1t0 0.4)

Data presented as mean (SD), unless otherwise stated. CRQ = chronic respiratory disease questionnaire; HADS = Hospital Anxiety and Depression Scale; FPI = Functional

Performance Inventory
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Table 4: Physiological responses, oxygen saturation and heart rate in ISWT and short-form Sun-style Tai Chi performance

ISWT rest ISWT peak Tai Chi

mean (SD) mean (SD) mean (SD)
VO,, L/min 0.24 (0.08) 1.07 (0.28) 0.67 (0.18)
VCO,, L/min 0.22 (0.09) 0.99 (0.28) 0.57 (0.17)
Vr, L 0.56 (0.15) 1.18 (0.32) 0.97 (0.28)
Ve, L/min 12.25 (3.54) | 36.41(7.61) | 24.82(7.12)
Fy, breathe per min 23 (5) 32 (5) 27 (6)
SpO,, % 97 (2) 91 (7) 94 (5)
Heart rate, beats per min 81 (13) 122 (19) 105 (17)

Data presented as mean (SD), unless otherwise stated. ISWT rest = ISWT at rest; ISWT peak = ISWT end test; VO, = oxygen consumption; VCO, = carbon dioxide

production; V = tidal volume; Vg = minute ventilation; F, = breathing frequency; SpO, = oxygen saturation; L = litres; min = minutes
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