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VIII

Tai Chi Chuan (TCC, TC, T’ai Chi, or Taiji) was originally developed as a

form of martial arts. It has been used for centuries in China as a health exercise

for a wide age range but has particularly been popular among the elderly. The

basic exercise involved in TCC is a series of individual movements that are

linked together in a continuous manner and that flow smoothly from one move-

ment to another. Deep breathing and mental concentration are also required to

achieve harmony between the body and the mind in TCC. Thus, TCC is not only

a physical activity, but it also involves the training of the nervous system. In par-

ticular, people practice TCC for the development of mind-body interaction,

breath regulation with body movement, eye-hand coordination, and a peaceful

state of mind. In addition, TCC can be practiced any time and in any place

because it needs neither wide space nor any equipment. The simple, soft, and

fluid movements of TCC are ideal for older people regardless of previous exer-

cise experience. Today, it has spread to many countries worldwide, and millions

of people in both Eastern and Western countries and cultures are practicing TCC.

More importantly, it has been widely accepted as an exercise form for health and

fitness benefits.

To our knowledge, the first paper in English that presented an experimen-

tal study on TCC was published in the 1980s. With the prevalence of an aging

population worldwide and with the concomitant increases in expenditure for the

relief of chronic disease and disability, interest in TCC has continued to grow.

Published results from well-controlled studies about the effects of TCC, partic-

ularly those focusing on the elderly, have added to an understanding of the char-

acteristics of TCC movement and its impact on health. Based on the published
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literature, TCC can seemingly equal all of the exercise demands that elderly

people require. Additionally, TCC seems to have the potential to considerably

reduce expenditure associated with poor health because it facilitates a lifestyle

that promotes the well-being of people of all ages. However, before endorsing

these broad observations, two relevant questions must be addressed. What evi-

dence actually exists to suggest that TCC affords any health benefits? Then, if

such benefits indeed exist, what are their underlying mechanisms? In light of

these, the aim of this book is to reflect current studies focusing on the charac-

teristics of this intriguing form of exercise, their impact on the participants’

health, and the scientific basis of the beneficial effects of TCC on health and

fitness.

This book is the first collection of scientific studies on TCC in the world.

It is organized into four sections, each containing four to seven chapters, total-

ing to twenty-two chapters. The first section addresses ‘the biomechanical and

physiological characteristics of Tai Chi’ in seven chapters. The opening chapter

highlights the temporal characteristics of foot movement in TCC by Youlian

Hong and colleagues, which is followed by the chapter exploring heart rate

responses and oxygen consumption during TCC practice by Ching Lan and col-

leagues. The third chapter, by Dong Qing Xu and colleagues, introduces TCC

and muscle strength and endurance in older people. Then Ge Wu discusses the

muscle action patterns and isokinetic knee extensor strength of older TCC prac-

titioners. The fifth chapter, contributed by Ruth Taylor-Piliae and colleagues,

describes how TCC aids in improving aerobic capacity, while in the sixth chap-

ter, Everard W. Thornton discusses on how TCC helps in improving cardiores-

piratory capacity. The section concludes with the chapter that describes the

effects of a traditional taiji/qigong curriculum on older adults’ immune

response to influenza vaccine as contributed by Yang Yang and colleagues.

The second section highlights the benefits of TCC in terms of balance con-

trol and fall prevention in five chapters. The section begins with the chapter on

TCC and proprioceptive behavior in older people as contributed by Jing Xian Li

and colleagues. The second chapter, written by Strawberry Gatts, addresses the

issue of neural mechanism underlying balance control in TCC. Then William

W.N. Tsang and Christina W.Y. Hui-Chan discuss how repeated practice of Tai

Chi can improve limb joint proprioception, integration of neural signals in the

central nervous system for balance control, and motor output at the level of

knee muscles. The fourth chapter, contributed by Alice M.K. Wong and Ching

Lan, discusses the effects of TCC on balance and posture control in elderly

people. Finally, Peter A. Harmer and Fuzhong Li describe TCC and fall preven-

tion in older people.

The third section focuses on the mental health and social aspects of TCC and

consists of four chapters. Yong ‘Tai’ Wang addresses TCC and the improvement
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of mental and physical health among college students, which is followed by the

chapter on the effects of TCC on depressive symptoms in elderly people by

Kee-Lee Chou. In the third chapter, Matthew Kwai-sang Yau discusses TCC

and the improvement of health and wellbeing in older adults. The section ends

with the chapter written by Robert B. Wall who focuses on teaching TCC with

mindfulness-based stress reduction to middle school children in the inner city,

which is a review of related literature and approaches.

Six chapters in the fourth or the last section demonstrate the application of

TCC in clinical intervention. For this purpose, Penelope J. Klein introduces

TCC in the management of Parkinson’s disease and Alzheimer’s disease, and

Ching Lan and colleagues address TCC training for individuals with coronary

heart disease. Then, Gloria Y. Yeh and colleagues describe TCC in individuals

with chronic heart failure, and Karen M. Mustian and colleagues show the

effects of TCC on functional capacity and quality of life among breast cancer

survivors. The fifth chapter, contributed by Chenchen Wang, is focused on the

topic ‘Tai Chi Improves Pain and Functional Status in Adults with Rheumatoid

Arthritis: Results of a Pilot Single-Blinded Randomized Controlled Trial’.

Finally, the book ends with the chapter on the effects of TCC on diabetic indi-

viduals as reported by Jing Hao Wang.

The contributors to this book are recognized scholars who have all pro-

vided original and relevant research articles to the international TCC literature.

The chapters they contributed not only provide good examples of how to use

TCC in health promotion but also explore the underlying mechanism of the

beneficial effects of TCC. The editor is indebted to them for their high-quality

contributions.

Youlian Hong
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Hong Y (ed): Tai Chi Chuan. State of the Art in International Research.

Med Sport Sci. Basel, Karger, 2008, vol 52, pp 1–11

Temporal Characteristics of Foot
Movement in Tai Chi Exercise

Youlian Honga, De Wei Maoa,b, Jing Xian Lia,c

aDepartment of Sports Science and Physical Education, The Chinese University of

Hong Kong, Hong Kong; bShandong Institute of Physical Education and Sports, Jinan,

China; cSchool of Human Kinetics, University of Ottawa, Ottawa, Canada

Abstract
The concept of proper foot movement is always emphasized in the practice of Tai Chi.

Sixteen experienced Tai Chi practitioners participated in this study. Each subject practiced

the whole set of 42-form Tai Chi movements and the performance was video-recorded and

analyzed. The study found that Tai Chi is performed with the interchange of seven support

patterns and six step directions of the foot. Compared with normal walking, there is a bigger

percentage of time spent performing double support and less percentage of time spent per-

forming single support movements in Tai Chi. However, the average duration of each support

movement is longer and the change from one type of support to another is slower. In Tai Chi,

the duration of steps in each direction is short and there are frequent changes from one direc-

tion to another. Tai Chi was found to be more effective than walking in simulating the gait

challenges that are encountered in daily activities.

Copyright © 2008 S. Karger AG, Basel

Tai Chi is a Chinese form of exercise that is derived from martial arts folk

traditions. It entails extended and natural postures, slow and even motions, light

and steady movements, and curved, flowing lines of performance. Several stud-

ies have shown the beneficial effects of Tai Chi exercise on muscle strength,

flexibility, balance control, and prevention of falls [1–3]. According to the the-

ory of Tai Chi, foot posture and movement are the foundation of the whole-

body posture, and the concept of proper position and direction is always

emphasized [4]. Studies on kinematics of Tai Chi have focused mainly on single

movements [5–7]. Little is known about the kinematics of the whole set of Tai

Chi movements, especially on the foot movement characteristics.

Biomechanical and Physiological Characteristics of Tai Chi
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Walking is the basic form of ambulation in daily activities. Several studies

have demonstrated the positive effects of walking training programs on postural

stability [8], muscle strength [9], and cardiorespiratory responses [10] in

elderly people. Regular walking for elderly people has been recommended for

increasing physical activity and decreasing the risk for falls [11]. The purposes

of this study were to compare Tai Chi with normal walking in terms of tempo-

ral parameters of support pattern and step direction of foot. It is hoped that such

comparison would enhance our understanding why Tai Chi exercise has benefi-

cial effects on balance and muscle strength. The 42-form Tai Chi was selected

for study because all of the basic and typical movements from various Tai Chi

schools are combined in this form, which is used in national and international

competitions.

Method

Subjects
Sixteen gender-matched, experienced Tai Chi practitioners (8 female and 8 male, age

23.07 � 5.53 years, body height 166.0 � 7.6 cm, body weight 62.27 � 7.87 kg, experience

8.09 � 5.72 years) with no previous diseases or injuries 1 year before the study were

recruited. All subjects completed consent forms before testing.

Procedure
The subjects were asked to perform the whole set of 42-form Tai Chi once at a self-

selected training pace and walk a 15-meter pathway in three trials at a normal self-selected

speed. Two digital video cameras (JVC 9800) with 50-Hz frequency were synchronized to

record the subject’s movements during the whole set of Tai Chi performance, with one cam-

era (A) focusing on the lower extremities and the other (B) on the whole body. Before testing,

the subjects were given ample time to warm up.

In accordance with the traditional description of foot movement in Tai Chi [4], the

foot support pattern was divided into seven categories (fig. 1). These categories are: (1) full

a b c d e f g

Fig. 1. Foot support patterns: full double-limb support (a), single-limb left support (b),

single-limb right support (c), left support with right toe touch (d), left support with right heel

touch (e), right support with left toe touch (f), and right support with left heel touch (g).
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double-limb support, (2) left single-limb support, (3) right single-limb support, (4) left sup-

port with right toe touch, (5) left support with right heel touch, (6) right support with left toe

touch, and (7) right support with left heel touch.

Likewise, the stepping direction of foot was divided into six categories (fig. 2). These

categories were: (1) stepping forward – an anterior movement of one foot in relation to the

stance foot, (2) stepping backward – a posterior movement of one foot in relation to the

stance foot, (3) stepping sideways – a lateral movement of one foot in relation to the stance

foot, (4) up and down stepping – upward lifting of one foot above the knee height of the

stance leg, (5) stepping turning – pivotal rotation (medial or lateral) on one stance foot fol-

lowed by stepping action of the other foot, and (6) stepping fixing, or fixed step – both feet

are fixed to the ground with no foot movement.

The APAS motion analysis system (Ariel Dynamics Inc., Trabuco Canyon, Calif.,

USA) was used to analyze the videotapes frame by frame. The videotape from camera A

was used to determine the time components of foot movement in relation to the ground

while the videotape from camera B was used to identify which Tai Chi movement was

performed. To establish high reliability, three principles were followed to determine each

support pattern and step direction: (1) the two video views principle – two captured

video images were played in separate windows on the same screen, and each view was con-

firmed before determining the frames that recorded the beginning and end of each support

pattern or step direction; (2) the whole-body principle – because Tai Chi movement is the

coordination of all parts of the body, the motion of each body segment was considered, and

(3) the continuous movement principle – the previous and next movements were consid-

ered when determining the present movement because the Tai Chi movement is even and

continuous.

a b c d e f

Fig. 2. Categories of step direction: stepping forward – an anterior movement of one

foot in relation to the support foot (a), stepping backward – a posterior movement of one foot

in relation to the support foot (b), stepping sideways – a lateral movement of one foot in rela-

tion to the support foot (c), up and down stepping – upward lifting of one foot above the knee

height of the support leg (d), stepping turning – pivotal rotation (medial or lateral) on the

support foot with stepping action of other foot (e), and stepping fixing or fixed step – both

feet are fixed to the ground with no foot movement (f).
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Data Analysis
In Tai Chi, three dependent variables were determined. They are as follows:

(1) ‘Total duration’ of each support pattern and step direction, which was the sum of all

movement durations of respective support patterns and step directions in the whole set of Tai

Chi. (2) ‘Percentage duration’ of movements of each support pattern and step direction, which

was the ‘total duration’ of respective support patterns and step directions divided by the time

spent performing the whole set of Tai Chi. (3) ‘Average duration’ of movements of each support

pattern and step direction, which was the ‘total duration’ of respective support patterns and step

directions divided by the number of repetition of this movement in the whole set of Tai Chi.

In normal walking, the movements are cyclic, and a complete gait cycle contains two dou-

ble-limb support and two (left and right) single-limb support movements. Due to the quasi-sym-

metric movements of the left and right body limbs in the normal gait cycle, the two double

support movements were combined. This leads to one double limb, one left single-limb, and one

right single-limb support pattern to be considered in studying the temporal parameters of normal

walking. The following two dependent variables were determined: (1) ‘Average duration’of each

support pattern, which was the duration of movements of respective support patterns in the

‘average gait cycle’. In this study, for each walk trial, three complete gait cycles were selected

and averaged to represent respective walk trials. The average gait cycles of the three walk trials

were then further averaged to yield the ‘average gait cycle’ mentioned above. (2) ‘Percentage

duration’ of movements of each support pattern, which was the ‘average duration’ of respective

support patterns divided by the time spent performing the ‘average gait cycle’.

Because these variables are continuous measurements throughout the whole set of Tai

Chi movements using videotapes, intraclass correlation coefficients (ICC(3,k)) were calcu-

lated [12] to determine the reliability of data obtained in the study. An independent t test was

used to detect any differences between males and females and between Tai Chi and normal

walking in each of the dependent variables. SPSS for Windows software was used, and the

significance level was set at 0.05.

Results

Based on the results obtained by the two researchers, statistical analysis

showed that all of the ICCs were greater than 0.80 (table 1), which indicated

that the measurement reliability was high. After this process, the data obtained

by the two researchers were averaged.

Table 1. Intraclass correlation coefficients for the foot movement

characteristics during the 42-form TC exercise

Foot movement Total Duration of single foot

characteristics duration movement

Support pattern 0.93 0.92

Step direction 0.85 0.83
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The independent T test demonstrated that there was no significant differ-

ence between male and female subjects on each of the dependent variables. All

of the parameters of the male and female subjects were pooled and averaged for

further analysis. The support pattern and step direction-related variables in the

42-form Tai Chi performance are shown in table 2 and table 3, respectively. The

support pattern-related variables of normal walking are shown in table 4.

During the practice of Tai Chi, the percentage duration of all double-limb

supports was 64.26 (6.96)%, which was the sum of durations of all full double-

limb supports, all left supports with other toe touch, all left supports with other

heel touch, all right supports with other toe touch, and all right supports with

other heel touch. The average duration of double-limb support movement of all

categories was 0.97 (0.14) s. As mentioned above, it is useful to compare the

Table 2. Duration variables of support patterns in the 42-form TC exercise

Support pattern Total duration, s Percentage Average

duration duration, s

mean SD mean SD mean SD

Full double-limb support 115.62 23.76 33.63 4.91 1.86 0.30

Left single-limb support 60.63 9.85 17.90 1.55 1.94 0.31

Right single-limb right support 60.43 9.99 17.83 2.09 1.95 0.31

Left support with right toe touch 22.58 3.66 6.68 0.99 0.55 0.06

Left support with right heel touch 25.60 4.85 7.61 1.30 0.90 0.13

Right support with left toe touch 24.97 4.10 7.36 1.00 0.59 0.09

Right support with left heel touch 30.42 6.21 8.99 1.59 0.95 0.10

Table 3. Direction variables of step movements in the 42-form TC exercise

Step direction Total duration, s Percentage Average

duration, % duration, s

mean SD mean SD mean SD

Forward 67.78 15.43 19.99 3.18 2.10 0.73

Backward 16.07 6.70 4.84 1.83 1.95 0.84

Sideways 53.72 24.34 13.94 7.11 2.08 0.99

Up and down 43.97 10.61 13.53 2.26 4.38 1.02

Turning 66.42 25.03 17.57 3.80 0.97 0.33

Fixing 92.47 31.94 30.11 6.91 1.77 0.90
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unique foot movement characteristics of Tai Chi with normal walking. The

independent t test shows that there is significant difference in percentage dura-

tion of movements of each support pattern between the whole set of 42-form Tai

Chi and normal walking (p � 0.01; fig. 3). Meanwhile, there is significant dif-

ference in the average duration of movements of each support pattern in the

whole set of 42-form Tai Chi and the average gait cycle (p � 0.01; fig. 4). The

duration of average gait cycle was 1.10 (0.11) s.

Discussion

Supporting Pattern
Figure 3 demonstrates that the set of 42-form Tai Chi has longer percent-

age duration in double-limb support patterns (64.26 vs. 23.220%) and shorter

percentage duration in single-limb support patterns (17.87 vs. 38.39%) than

normal walking. The purposes of walking are to transport the body safely and

efficiently across the ground using both legs and to provide both support and

propulsion [13], whereas Tai Chi practice emphasizes stable, balanced, slow,

and even motions [4]. More time spent performing double-limb support may be

beneficial to maintain a balanced and even movement.

Some studies have demonstrated that Tai Chi exercise improves balance

performance by increasing balance time [14, 15] and reducing the mean sway

displacement of the center of pressure [16, 17] during single-limb support tests.

This improved balance performance occurs because standing on one leg is a

common posture in the practice of Tai Chi [17]. Our study showed that the dura-

tions of left single-limb (1.94 s) and right single-limb (1.95 s) support were the

two largest values among the support patterns (table 2) and were much longer

than in normal walking (0.42 s; fig. 4). These results also supported the report

Table 4. Duration variables of support patterns in the gait cycle of normal

walking

Support pattern Average Percentage 

duration, s duration

mean SD mean SD

Double-limb support 0.26 0.20 23.22 3.21

Left single-limb support 0.42 0.14 38.27 2.45

Right single-limb support 0.42 0.17 38.50 2.37
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of [6], who found that there was a longer duration of single-limb stance time in

the defined ‘Tai Chi gait’ than in normal walking. In this connection, the longer

time spent performing each single-limb support may contribute to the improved

single-limb stance balance ability.

As shown in table 2, the average duration of each of the 5 double-limb sup-

port patterns in Tai Chi (1.86, 0.55, 0.90, 0.59, and 0.95 s) was longer than the

average duration of each double-limb support in normal walking (0.13 s; table 4).
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Fig. 3. Comparison of percentage duration of movements of each support pattern

between the whole set of 42-form Tai Chi and normal walking. Asterisk denotes significant

difference between Tai Chi and normal walking. *p � 0.01.
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ence between Tai Chi and normal walking. *p � 0.01.
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These data revealed that in addition to single-limb support, various double sup-

port patterns have also longer duration than in normal walking. The increased

period in each support pattern reduced the speed of motion and slowed the

changes from one pattern to another, thus prolonging the duration of contraction

of the relative muscles, which may improve the strength and endurance of those

muscles [5, 7]. In addition, the performance of Tai Chi relies on full double-limb

weight bearing, full single-limb weight bearing, and single-limb weight bearing

with other toe or heel semi-weight-bearing maneuvers. These patterns demand a

high balance control capacity. The balance control of the center of gravity and the

accurate adjustment of foot position during the practice of Tai Chi forces more

muscles to be involved in the exercise, which may lead to increased muscle

strength [6, 7].

Stepping Pattern
Stepping backward is used in everyday activities such as approaching a sit-

ting position in a chair. Some researchers have reported that backward walking

has modified speed, and stride length [13, 18], increasing electromyography

magnitude and patterns [13], and increased cardiorespiratory and metabolic

responses [19] when compared with forward walking. Thus, it has been sug-

gested that backward walking should be considered as a rehabilitation tool to

improve daily functional abilities [18, 19]. Tai Chi exercise includes backward

walking that may improve muscle strength and enhance the backward stepping

ability that is needed in daily activities.

Lateral instability has induced a sizable proportion of falls to the side,

which are most likely to result in hip fracture injuries [20]. One of the strategies

to compensate for the destabilization in the mediolateral direction is side-

stepping [21]. With increasing age, older adults consistently take more steps to

recover equilibrium than younger adults [22]. Elderly people tend to use addi-

tional limb-movement reactions after the initial stepping reaction. That is, the

new base of support established by the initial stepping reaction is insufficient to

capture and arrest the motion of the center of mass [22]. During Tai Chi exer-

cise, the sideways movement with the coordination of trunk and upper limbs

may match the demand of stepping sideways when perturbations occur.

Obstacles can be found indoors or outdoors, in flooring or sidewalk

paving, at carpet edges, or in the form of electrical cords or door thresholds

[23]. It has been shown that almost 50% of falls in community-dwelling older

adults occur during destabilizing activities such as stepping over an obstacle or

negotiating a raised surface [24]. Elderly people will be challenged by these

destabilizing activities, which had a typical single-limb support pattern move-

ment, because these activities require considerable demands on the muscu-

loskeletal system and thus pose a greater threat to stability. Chen et al. [23]
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reported that the foot clearance over an obstacle is approximately 3 times

greater than in level gait. Older adults exhibited a significantly more conserva-

tive strategy when crossing obstacles, with slower crossing speed, shorter step

length, and shorter obstacle-heel-strike distance. In contrast, the stepping up

and down movement, in which one foot is supported with the other foot raised

from the ground above knee level and then downward to the ground, is one of

the movements in Tai Chi exercise. Practicing Tai Chi may help elderly people

to manage with those challenging activities such as stepping over an obstacle

and negotiating a raised surface because they have already simulated and prac-

ticed similar movements in Tai Chi exercise.

Turning is a powerful indicator of falling and is a characteristic that

changes with age [25]. Cumming and Klineberg [26] examined the association

between a history of falls and the risk for hip fracture in 412 older adults and

identified the characteristics of falls that are related to hip fracture. They found

that people who fell while performing a standing turn test were 7.9 times more

likely than those who did not fall to have a subsequent fall resulting in a hip

fracture. Thigpen et al. [25] studied movement characteristics during turning

and found that elderly people took more steps and more time than young people

to accomplish a turn. There was an almost total absence of a pivot type of turn

in the elderly group. In the practice of Tai Chi, the turning maneuvers include

one-foot support with other toe touching and internal or external pivoting, one-

foot support with the other heel touching and internal or external pivoting, and

even each foot touching with internal or external pivoting simultaneously. All

kinds of pivoting maneuvers and many turning movements involved in Tai Chi

are likely to improve the ability of turning.

Our results showed that the durations of stepping forward, backward, side-

ways, up and down, turning, and fixing were 2.10, 1.95, 2.08, 4.38, 0.97, and

1.77 s, respectively (table 3). These results revealed that the duration of each

stepping direction was just a few seconds, which allows the directions of step-

ping to be adjusted frequently. The challenges of maintaining balance during

daily life are often likely to demand changes in the base of support to enhance

stability. Successful balance recovery by means of stepping requires accurate

control of the foot movement as well as controlling the motion of the center of

mass to arrest it within the boundaries of the new base of support established by

the step [27]. Thus, compensatory stepping in all directions is an important

strategy for preserving stability [28]. The Tai Chi movements in our study were

combinations of stepping forward, backward, sideways, up and down, turning,

and fixing that are similar to challenges to balance control that are encountered

in daily activities. To prevent falls among elderly people, Campbell et al. [29]

developed a home-based exercise program that included walking backward and

sideways, turning around, and stepping over an object. They found that the
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program improved physical function and was effective in reducing falls and

injuries in elderly people.

Tai Chi is characterized by slow and even 3-dimensional motions and

involves the coordination of all parts of the body [4]. In our study, only isolated

foot movements were selected, with no consideration of trunk or upper extrem-

ity movements, which provided limited information on the kinematics of Tai

Chi movements.

Conclusions

Temporal characteristics of seven support patterns and six step directions

of foot during Tai Chi exercise were determined. In Tai Chi exercise, all double-

and single-limb support movements were performed slower as compared with

normal walking, and there was a slow change from one support pattern to

another. The duration of step in each direction was short and there was a fre-

quent change of step from one direction to another. Various support patterns

changing slowly, combined with various step directions changing fully, may be

more effective than walking at simulating the gait challenges that are encoun-

tered during daily activities.
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Abstract
Tai Chi Chuan (TC) is a Chinese conditioning exercise and is well-known for its

graceful movement. The exercise intensity of TC depends on its training style, posture and

duration. Variation in training approaches result in substantial differences in exercise inten-

sity. We have measured heart rate (HR) and oxygen uptake (V
�
O2) simultaneously during

classical Yang TC practice in 15 male subjects, their heart rate (HR) during TC practice was

58% of the heart rate reserve (HRR), and oxygen uptake (V
�
O2) was 55% of the peak oxygen

uptake (V
�
O2peak). The level of blood lactate immediately after TC practice was 3.8 mM,

which reflected the level of lactate during TC approximated the onset of blood lactate accu-

mulation (OBLA). In order to evaluate the relative exercise intensity of classical Yang TC,

we measured HR responses during TC practice in 100 subjects with age of 25–80 yrs (M/F:

54/46). They were separated into three groups: young (25–44 y/o), middle-aged (45–64 y/o)

and elderly (65–80 y/o). During the TC practice, the mean HR of men was 141 � 12,

132 � 9 and 120 � 10 bpm in the young, middle-aged and elderly groups, respectively.

Meanwhile, the mean HR of women was 136 � 10, 126 � 11 and 115 � 12 bpm in the

young, middle-aged and elderly groups, respectively. Men practiced TC with mean HR cor-

responding to 57.8 � 3.7, 56.6 � 3.4 and 55.1 � 3.1% of heart rate reserve (HRR) in the

three groups; while that of women corresponding to 52.7 � 2.8, 51.5 � 2.6, and

50.3 � 2.9% of HRR in the three age groups. The results demonstrate that classical Yang

TC is an exercise with moderate intensity, and its exercise intensity is similar across differ-

ent ages in each gender.

Copyright © 2008 S. Karger AG, Basel

Tai Chi Chuan, a branch of traditional Chinese martial arts, has been

widely practiced since the 17th century. During its development, TC gradually

evolved into many styles. Among them the Chen style is the oldest, while the
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Yang style is the most popular [1]. In recent years, some simplified forms

of TC were also developed to shorten the time of learning. Classical TC

comprises many complex postures and takes about 30 min to perform a com-

plete set; whereas simplified TC included fewer postures and takes only

five minutes to perform. Although simplified TC is easier to learn, it may

have lesser training benefits owing to lower exercise intensity and shorter

duration.

In the past decade, TC has drawn increased attention owning to its poten-

tial health benefits [2–11]. Although TC provides some health benefits, contro-

versy remains because the reported exercise intensity varies in different studies.

Some TC training programs only include a few selected postures, and the exer-

cise intensity is much less than a complete set of TC [11, 12]. From the per-

spective of exercise prescription, the intensity of a ‘standard’ form of TC should

be determined to facilitate its application among different populations.

Classical Yang TC is suitable to set as a standard form of TC because it is the

original style of Yang TC, developed by Yang Luchan (the founder of Yang TC)

and modified by his descendents. The characteristics of Yang TC are: extended

and natural postures, slow and even motions, light and steady movements, and

curved, flowing lines of performance [1]. Classical Yang TC includes 108 pos-

ture, each training session consists of 20 min of warm up (low back and ham-

strings stretching, gentle calisthenics and balance training), 24 min of TC

practice, and 10 min of cool down.

The exercise intensity of TC appears very low owning to the slow speed

and gentle movements during exercise. The slow exercise speed associated with

TC actually increases the load on the lower limbs in crouching posture, since

the poses are held for a comparatively long time. TC participants with different

ages thus can adjust the postural height and duration to achieve similar relative

exercise intensity. If the exercise intensity of TC is similar in different ages and

gender, it means that TC suited not only for the elderly but also for the young.

This chapter reviews the exercise intensity of TC based on existing literature,

and introduces HR responses during Yang TC practice in different age and gen-

der groups.

HR Responses in Different TC

Previous studies indicated that the exercise intensity of TC varies among

different styles [13–16]. Zhou and associates [16] reported a heart rate of

134 bpm in 11 young men while practicing classical Yang TC. As for the older

subjects, we have previously reported that the mean HR of subjects aged 50 to

65 years was about 130 bpm during TC practice, and 120 bpm for subjects aged
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65 to 80 years [15]. During the practice of simplified TC, Gong et al. [14]

reported that the HR in subjects aged 48 to 80 was only 104 bpm. The data indi-

cates that the exercise intensity of simplified TC is lower than that of classical

TC. This is likely owing to that the simplified form comprises fewer postures

and excludes strenuous movements. Brown and colleagues [13] have reported

that the mean HR of six young men was only 117 bpm while performing Yang

TC. However, they only collected variables at 7, 14, and 21 minutes during TC

practice, and the HR might drop while measuring the data. We believe that con-

tinuous monitoring of HR and V
�
O2 is more appropriate to determine the exer-

cise intensity of TC.

HR responses and V� O2 during Yang TC Practice

In a previous study [17], we monitored the HR responses and V
�
O2 during

TC practice in 15 male TC practitioners by using the K4 telemetry equipment.

The K4 system contains an O2 and CO2 electrode and weighs only 850 g, so it

will not hinder movement of TC. To determine the blood lactate level, venous

blood samples were taken before TC practice, at 1, 3, and 5 min after exercise,

thus avoiding any interference with the TC practice.

Additionally, a maximal bicycle exercise testing with sequential blood

lactate analysis was conducted for all subjects. At the peak exercise, the mean

peak HR of subjects was 186 � 8 bpm, and the V
�
O2peak was 39.1 � 7.7 ml �

kg�1 � min�1. At the ventilatory threshold (VeT), subjects’ HR was 135 � 9 bpm,

and the V
�
O2 was 22.5 � 3.3 ml � kg�1 � min�1. During the TC practice, the mean

HR was 140 � 10 bpm and the V
�
O2 was 21.4 � 1.5 ml � kg�1 � min�1. Compa-

red with the data obtained during the exercise testing, the HR while performing

TC was 58% of subjects’ heart rate reserve, and the V
�
O2 while performing TC

was 55% of subjects’ V
�
O2peak, and this intensity was close to the ventilatory

threshold. The blood lactate concentration was 3.8 mM on termination of TC,

and it approximated the onset of lactate accumulation (OBLA). Because the

VeT and OBLA implies the maximum exercise intensity a person can sustain

over a prolonged period, the exercise intensity during TC practice appears

appropriate to enhance cardiorespiratory fitness.

Figure 1 illustrates the heart rate responses during the TC practice. During

the performance of TC, subjects’ HR increased rapidly during the first 12 min,

and then increased slowly towards the end of exercise. Figure 2 illustrates the

evolution of V
�
O2 during the TC practice. Subjects’ V

�
O2 demonstrated a sharp

increase in the first three minutes, and then it achieved a steady-state towards

the end of exercise.
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Fig. 1. The heart rate responses during TC practice (values are mean � SD). Subjects’

HR increased steadily during the first 12 min, and then it achieved a near steady-state toward

the end of exercise. (Am J Chin Med 2001;29:403–410, with permission.)
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Fig. 2. The evolution of V
�
O2 during TC practice. Subjects’ V

�
O2 showed a fast increase

in the first three minutes, and then it remained at a steady-state toward the end of exercise.

(Am J Chin Med 2001;29:403–410, with permission.)
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TC in Different Age and Gender

In a recent study [18], we measured the HR response during TC practice in

100 subjects (54 men and 46 women). They were divided into three age groups:

young (25–44 y/o), middle-aged (45–64 y/o) and elderly (65–80 y/o). HR

responses were continuously monitored during TC practice. In addition, each

subject underwent an exercise test to determine their maximal cardiorespiratory

fitness. The exercise intensity of TC was determined by comparing HR mea-

surements obtained during the TC practice and exercise testing. Since heart rate

response to the same workload varies individually, the exercise intensity is best

expressed as an percentage of individual HRR.

While performing TC, subjects’ HR responses were shown in figure 3 

and 4. During the nearly steady state of TC practice, the mean HR of the

young group was 141 � 12 bpm in men and 136 � 10 bpm in women, and that

of the middle-aged group was 132 � 9 bpm in men and 126 � 11 bpm in

women. In the elderly group, the mean HR was 120 � 10 bpm in men and

115 � 12 bpm in women. Compared with the data obtained during the exercise

testing, the mean HR of men during TC practice was 57.8 � 3.7, 56.6 � 3.4
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Fig. 3. Heart rate responses of men during TC practice in different age groups (� young

group, � middle-aged group, � elderly group, values are mean � SE). (Am J Chin Med

2004;32:151–160, with permission.)
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and 55.1 � 3.1% of HRR in the young, middle-aged, and elderly groups,

respectively. In women, the mean HR during TC was 52.7 � 2.8, 51.5 � 2.6,

and 50.3 � 2.9% of HRR in the three corresponding groups. The results

showed the relative exercise intensity of TC was similar across different ages in

each gender.

Exercise intensity and duration determine the total caloric expenditure dur-

ing a training session, and thus determine the training effect. Further, load and

speed of exercise determine the exercise intensity. Notably, high-intensity exercises

are generally performed at a high speed. However, the training principle of tra-

ditional Chinese exercises departs from the above assumption of an association

between speed and exercise intensity. TC is performed in a semi-squat posture,

thus placing significant load on the lower extremities. Therefore, high-squat

posture and short training duration are suited for older or unfit participants;

low-squat posture and long duration are suited for younger participants. TC par-

ticipants with different ages thus can adjust the exercise posture and duration to

achieve a suitable level of intensity during training.

TCC has several unique characteristics. First, the slower the motion, the

greater the load placed on the lower extremities. Second, the lower the posture,
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Fig. 4. Heart rate responses of women during TC practice in different age groups 

(� young group, � middle-aged group, � elderly group, values are mean � SE). (Am J

Chin Med 2004;32:151–160, with permission.)
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the greater the strength demanded. Third, most TCC motions are performed in

close-chain kinematics, and thus prevent excessive stress on the joints of the

lower extremities. Therefore, TCC can be safely practiced even in patients with

knee arthritis [19]. The exercise mode, intensity, duration and frequency of TCC

fulfill the recommendations of the American College of Sports Medicine [20]

for exercise to develop and maintain cardiorespiratory fitness.

In conclusion, TC is an exercise with moderate intensity, and is aerobic in

nature. The exercise intensity of TC is suitable for participants of different ages

and gender to improve their functional capacity.
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Abstract
The purpose of the study was to investigate the influence of regular Tai Chi (TC) prac-

tice on muscle strength and endurance of the lower extremities in older people. Twenty-one

long-term older TC practitioners were compared with 18 regular older joggers and 22 seden-

tary counterparts. Maximum concentric strength of knee flexors and extensors was tested at

angular velocities of 30� and 120�/s. Ankle dorsiflexors and plantar flexors were tested at

30�/s. Moreover the dynamic endurance of the knee flexors and extensors was assessed at the

speed of 180�/s. The strength of knee extensors and flexors in the sedentary group was sig-

nificantly lower than that in the jogging group and marginally lower than that in the TC group

at the higher velocity. For ankle joint, the subjects in both the TC group and the jogging

group generated more torque in their ankle dorsiflexors. In addition, the muscle endurance of

knee extensors was more pronounced in TC practitioners than the controls. Regular older TC

practitioners and joggers showed better scores than the sedentary controls on most of the

muscle strength and endurance measures. However, the magnitude of the exercise effects on

muscles might depend on the characteristics of different types of exercise.

Copyright © 2008 S. Karger AG, Basel

Tai Chi (TC) is an ancient Chinese conditioning exercise. Its non-vigorous

and gentle movements are suitable for older people. Regular TC practicing can

produce beneficial effects on health, particularly on the maintenance of postural

control in the old people [1, 2]. TC is thought to be beneficial for fall prevention

in the elderly because its movements incorporate the elements of postural muscle

strengthening, balance, postural alignment and concentration [3]. TC is per-

formed in a semi-squat posture that can place a large load on the muscles of the
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lower extremities. The movements demand guided motions of the hip, knee and

ankle joints in various directions, requiring concentric and eccentric contractions

of the hip, knee and ankle muscles. These movements are similar to resistance

exercises such as lunges, knee bends and squats, in terms of the degrees of hip

and knee flexion and extension that are required [4]. Indeed, several studies have

reported the benefits of TC exercise on muscle strength. Jacobson et al. [4] found

significant improvements in the isometric strength of knee extensors after a 12-

week TC intervention. Lan et al. [5] reported that a 12-month TC program was

effective in enhancing the strength of the knee joints, with a 20.3% improvement

for extensors and a 15.9% improvement for flexors. Recently, Wu et al. [6]

reported that people who practice TC had greater isokinetic strength of the

quadriceps and a lower displacement of the foot centre of pressure. Moreover, the

authors showed that there was a good correlation between the eccentric strength

of the knee extensors and the centre of pressure displacement. They pointed out

that the maintenance of the eccentric strength of the postural muscles through the

long-term practice of TC is beneficial for maintaining good postural control.

Even though TC practice is effective in the improvement of muscle strength

in the old people, the related information is not complete. Firstly, declines in mus-

cular strength, particularly ankle strength, have been associated with falls

amongst the elderly [7, 8]. To date, assessments of TC exercise on muscle strength

have only focused on knee extensors or flexors. Little has been mentioned about

the effects on the muscles of the ankle joint. Secondly, there is a lack of compari-

son with other common physical activities. Regularly scheduled physical activity

definitely promotes muscle function, but the effects of exercise on muscle

strength are not identical due to the different exercise forms, intensity or duration.

Hence, the study described herein measured the isokinetic strength of the knee

and ankle joints, and knee muscle endurance amongst long-term TC practitioners,

long-term jogging exercisers and their sedentary counterparts. Jogging is one of

the most common forms of exercise in older people, and was thus selected as a

contrast to TC exercise. The purpose of this study was to more comprehensively

understand the effect of TC exercise on muscle function in the older people.

Methods

Subjects

Subjects were recruited by means of a questionnaire with a complementary interview

about their physical and sporting activities (exercise experience, average exercise frequency,

and duration of each exercise session). The universal inclusion criteria for all groups were

(a) age 60 years or over; (b) predominantly healthy and with no history of significant cardiovas-

cular, pulmonary, metabolic, musculoskeletal or neurological diseases; (c) no use of specific
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medications known to impair balance or strength; (d) independent living in the community

with a normally active lifestyle. TC practitioners came from three clubs, where hundreds of

people practice TC in a group everyday. The practices were instructed by qualified TC mas-

ters. Joggers were recruited from a large health center for older people where active individu-

als participate in regular exercise programs. The old subjects who participated in the sedentary

control group were recruited from a large housing estate in the city. From the assessment of

the collected information, a total of 61 old people were recruited in this study. The TC group

was composed of 21 subjects with 4 or more years of TC experience. They regularly practiced

Yang style TC every day for approximately 60 min, but were not involved in any other regular

physical activity. The practice session consisted of a warm-up stretching exercise (about

8 min), a complete TC practice, and a cool-down exercise (about 7 min). The jogging group

included 18 older people who had engaged in at least one hour of jogging exercise per day dur-

ing the past 4 years or more (including approximately 15 min of warm-up and cool-down).

The average distance of jogging was 7.9 km each time and the average jogging speed was

8.6 km/h. The joggers occasionally performed other physical activities (swimming and bicy-

cling), but had no TC experience. The sedentary controls practiced no regular exercise for

more than 5 years. An informed consent form was given to each subject before participation.

The study was approved by the local medical ethics committee. No significant difference was

noted in age, body height, body weight and ratio of gender across the three groups (table 1).

Testing Protocol

The testing was divided into two parts. The first assessed the strength and endurance of

knee extensors and flexors. Then, after 20 min of relaxation, the strength of ankle dorsiflexors

and plantar flexors was evaluated. All tests were performed on each subject’s dominant leg.

A submaximal warm-up exercise (50–60 W) was performed on a bicycle ergometer

(Monark, Varberg, Sweden) for 5 min before muscle tests. The Cybex Norm isokinetic

dynamometer system (Cybex Corporation, USA) was used to measure the torque and work

produced by specific muscle groups.

Knee Joint
The subjects sat on the examination chair with a hip angle of 90�, stabilized with the

straps around the thigh being tested, as well as around the abdomen and thorax. The axis of

the tested knee was aligned with the rotation axis of the dynamometer, and the lower leg was

Table 1. Demographics of subjects in the three groups (mean � SD)

TC group Jogging group Control group

(n � 21) (n � 18) (n � 22)

Gender, M/F 13/8 11/7 12/10

Age, years 66.2 � 5.1 65.2 � 3.0 64.9 � 3.2

Height, cm 163.6 � 7.9 164.1 � 9.0 164.1 � 7.9

Weight, kg 64.8 � 10.0 66.1 � 13.4 69.5 � 10.8
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attached to the lever arm of the dynamometer. Isokinetic strength was measured using preset

angular velocities of 30� and 120�/s of concentric actions for knee flexors and extensors at

full available range of motion. Three maximal contractions were measured and the highest

peak torque (PT) was reported. A 1.5-min rest period was allowed between the two sets of

data collection at the different velocities. All torque data were normalized per kilogram of

body weight for analyses (PT%).

After 3 min of relaxation on the bicycle ergometer, the dynamic endurance of the knee

extensors and flexors was assessed from a recording of 40 repeated maximum isokinetic con-

tractions with an angular velocity of 180�/s. Subjects were instructed to push and pull ‘as

hard and as fast as possible’ in every single movement. The work expended by a knee angu-

lar motion of 10–80� was recorded. The endurance index (EI) was defined as the ratio of the

work during the last five contractions over the first five contractions.

Ankle Joint
In performing isokinetic ankle dorsiflexion and plantarflexion, the subjects were posi-

tioned lying supine, with the foot attached to a footplate and fixed with two belts. The ankle joint

was aligned with the axis of the dynamometer. The isokinetic contractions were performed at an

angular velocity of 30�/s. Before testing, each person performed a warm-up exercise of three

submaximal repetitions to familiarize themselves with the equipment. For the isokinetic test, the

subjects were instructed to push the foot away from them and pull it towards them at maximum

velocity through the full available range of motion for each repetition. PT was determined as the

highest torque generated from the three trials, and the PT% data were analyzed.

Data Analysis

All variables were presented as means and standard deviations. One-way analysis of

variance was used to determine significant differences amongst the groups. Post-hoc Tukey

tests were performed when necessary to isolate the differences and p � 0.05 was considered

to be statistically significant.

Results

Knee Joint

The mean concentric PT% of knee flexors and extensors at the velocity of

30�/s in TC and jogging subjects showed a clear trend for being greater than

those in the control group, although the differences did not reach significant

levels (p � 0.058 for knee flexors, p � 0.165 for knee extensors). The differ-

ences in muscle strength amongst the three groups were significant at the veloc-

ity of 120�/s (p � 0.001 for knee flexors, p � 0.003 for knee extensors).

Post-hoc comparisons indicated that the concentric strengths of knee extensors

and flexors in the control group were significantly lower than those in the jog-

ging group (p � 0.001 for flexors, p � 0.003 for extensors) and marginally
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lower than those in the TC group (p � 0.09 for flexors, p � 0.06 for extensors;

fig. 1). No significant differences in knee muscle strength were found between

the TC and jogging groups.

Ankle Joint

The PT% of dorsiflexors significantly differed amongst the three groups

(p � 0.012), whereas that of plantarflexors did not (p � 0.077). Further com-

parisons showed that the subjects in both the TC group (p � 0.029) and the jog-

ging group (p � 0.027) generated more torque in their ankle dorsiflexors. No

significant differences in the PT% of ankle dorsiflexors and plantar flexors

were observed between the TC and jogging groups (fig. 2).

Muscle Endurance

All of the subjects were able to perform the 40 maneuvers at the velocity of

180�/s. As the EI is the ratio of the work during the last 5 contractions over the

first 5 contractions, a larger index reflects a greater resistance to fatigue. For

knee extensors, the TC subjects demonstrated a significantly greater EI than did

the sedentary controls (p � 0.027), thus indicating a better ability to maintain a

higher torque level throughout the 40 contractions. The mean value of EI in the

jogging group was greater than that in the control group, and slightly lower than

that in the TC group, but the differences were not significant. Similar data were
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noted for the knee flexors: the TC group displayed the best EI, the jogging

group displaced the second best and the control group showed the worst EI,

although the differences between the groups were not significant (fig. 3).

Discussion

As predicted, long-term regular exercisers scored or tended to score better

than the sedentary controls on most of the muscle strength and endurance mea-

sures. However, the magnitude of the exercise effects on each muscle was not
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identical in different types of exercise. The regular joggers were much stronger

than the controls in the ankle dorsiflexors, and knee flexors and extensors at

high contractile speed, whereas significant effects of TC exercise were only

seen in the ankle dorsiflexors. However, the muscle endurance of knee exten-

sors was more pronounced in the TC practitioners than in the controls.

There is little doubt that muscles weaken as an individual grows old, with

dynamic strength being compromised to a greater extent than isometric strength

[9, 10]. Fortunately, many studies have indicated that older people adapt to

resistive and endurance exercise training in a similar fashion to young people,

and the decline in the metabolic and force-producing capacity of muscles can

no longer be considered as an inevitable consequence of the ageing process

[11]. Old people who have maintained a physically active lifestyle have demon-

strated better muscle strength and endurance than their age-matched less active

peers. Laforest et al. [12] reported that elderly regular tennis players had greater

knee muscle strength at both low and high contractile speeds than their seden-

tary peers, so also was the endurance of knee extensors. It seems that our data

are not very consistent with these findings. However, it should be noted that

almost all of these cross-sectional studies carried out comparisons between

active and inactive people. Few studies have considered the possible effects of

different forms of exercise. When we individually compared the differences in

muscle strength and endurance between the TC practitioners and the controls,

and between the joggers and the controls, using an independent t test, the results

were similar to those of most related studies. Almost all muscle strength para-

meters in the exercisers were significantly better than those in their sedentary

counterparts, except for plantarflexor strength in the TC group and the

endurance of knee flexors in the jogging group. Hence, we believe that our

results might be a function of the characteristics of the specific forms of exer-

cise. TC combines deep diaphragmatic breathing and relation with slow, gentle

movements, both isometric and isotonic. Participants step with full weight on

both lower extremities in a semi-squatting posture, but the heel strike is gentler

than in walking because of slow and deliberate foot placement [13]. Thus, TC is

regarded as low-impact and low-velocity exercise [14]. Comparatively, both TC

and jogging use body weight as resistance, but jogging should produce more

vigorous impact on the lower extremities than TC from their respective charac-

teristics of exercise. Our results are similar to those of Gauchard et al. [15]. The

authors compared the muscular strength of old subjects who regularly practiced

proprioceptive (yoga and soft gymnastics) or bioenergetic (jogging, swimming

and cycling) physical activities, and controls. The bioenergetic group showed

the best muscular strength and power in the ankle and knee joints, and the pro-

prioceptive group had average values. The authors specially mentioned that the

ritual motions of Tai Chi also constituted proprioceptive exercise.
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Amongst the four muscle groups of the lower extremities, TC practice

stimulated significantly greater gains than in the controls in only the ankle dor-

siflexors. This might be because the movements of ankle dorsiflexion are par-

ticularly emphasized in almost all forms of TC, such as slowly raising and

lowering the toes under tension, dorsiflexed foot turn left or right, and so on.

Exercises always give priority to improving the function of the specific muscle

groups used in the exercise. Balance is influenced by strength in the muscles

that control the ankle, knee and hip, which are used in the production of pos-

tural movements and gait [16]. Of particular importance is that the loss of

strength in the dorsiflexor muscles is associated with falls and with difficulty in

performing certain activities of daily living [7, 17]. Whipple et al. [8] reported

that at the higher, more functional limb velocities, ankle weakness, particularly

that which involves the dorsiflexors, appears to be an important factor underly-

ing poor balance. Obviously, the maintenance of dorsiflexor strength in the

long-term TC practitioners and joggers is likely to be beneficial for proper pos-

tural control.

Another interesting finding is that significant effects of jogging exercise

on knee muscle strength were only visible at higher velocity. Rogers and Evans

[11] suggested that the preferential loss and/or atrophy of fast-twitch fibers

(type II) is associated with ageing. The older have fewer, but on average larger

and slower, motor units [18]. A relatively greater decrease in torque with

increasing speeds was thus characteristic of knee extensors in older subjects

[12, 19]. As demonstrated in the present study, jogging seems to counteract this

impairment. This might be very important for the older because high-speed

muscle contraction is necessary for them to maintain function in daily activi-

ties, such as normal walking speed and timely response to perturbation.

Increased muscle endurance might be of great practical importance to the

older as a means of reducing the increased risk of accidents and falling. Muscle

endurance depends on the ability to transport oxygen to active muscles (cardio-

vascular factors) and the ability of muscles to use the oxygen supplied (intrinsic

muscular biochemical factors) [11, 20]. In our study, TC practitioners achieved

the best scores on muscle endurance. TC movements are slow, continuous,

smooth and well controlled and have been regarded as a low-intensity aerobic

activity by some researchers [21]. From the characteristics of TC movement,

TC exercise involves the use of slow-twitch muscle fibers which, when trained,

have a higher concentration of myoglobin, a larger number of capillaries and a

higher content of mitochondria and thus mitochondrial enzymes, than fast-

twitch fibers. These factors enable the slow-twitch fibers to have a high resis-

tance to fatigue due to their high capacity for aerobic metabolism. It is through

this training response that regular TC exercise could improve muscle

endurance.
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Conclusion

Our study confirmed that regular physical activity could produce positive

effects on muscle function. Although the benefits of the long-term TC practice

on muscle strength in the lower extremity did not seem superior to those of

long-term jogging, the maintenance of dorsiflexion strength and knee extension

endurance in TC practitioners might be of practical importance for older people

in everyday life.
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Abstract
Background/Aims: Tai Chi (TC) practice has been shown to improve leg muscle

strength among elders. This study examined the leg muscle action patterns during a typical TC

movement, and their relationship with knee extensor strength and knee flexion angle in single

leg stance. Methods: Surface electromyography of four leg muscles and knee movement

were recorded from 5 female elderly TC practitioners while performing a TC movement and

normal walking, respectively. The Maximum knee extensor strength was also measured. The

duration and magnitude of electromyography were compared between the TC movement and

walking, and were correlated with the knee extensor strength and knee flexion angle. Results:
Ankle dorsiflexors and knee extensors were activated significantly longer and higher during

the TC movement than during walking. The duration and magnitude of all four leg muscles

during the TC movement were positively correlated with the knee extensor strength and knee

flexion angle, and these correlations were stronger than during walking. Conclusion: The TC

movement puts more demand on ankle dorsiflexors and knee extensors that are not otherwise

heavily recruited during walking. The degree of knee flexion during single leg stance of the

TC movement may be a key element for improving leg muscle strength.

Copyright © 2008 S. Karger AG, Basel

It has been well demonstrated that long-term Tai Chi (TC) exercises

improve leg muscle strength, especially knee extensors among elders [1–4].

Cross-sectional studies have shown that long-term elderly TC practitioners have

significantly stronger knee extensors than non-TC practitioners [4]. Even after

a few months of regular practice of TC, elders are shown to increase their knee

extensor strength and endurance significantly more than those who do not

practice TC [1–3].
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The positive effect of TC exercise on leg muscle strength may be related to

the unique kinematic and kinetic features of TC movements. In principle, TC

movements are performed with a crouched leg posture throughout, including

both double and single leg stances. The crouched leg posture and wide base of

support place a high demand on ankle dorsiflexors and knee extensors [5].

Thus, a long-term practice of these TC movements would evidently lead to the

strengthening of these muscles.

However, maintaining a couched leg posture, especially during single leg

stance, is not an easy task. For elders, this posture is even more challenging

because of their decreased muscle strength, a normal consequence of aging [6].

Do elders practice TC with the crouched leg posture? Is the rigor of the

crouched leg posture related to the leg muscle strength? What are the muscle

action patterns during TC movements? Are they also related to leg muscle

strength?

The goal of this study was to examine muscle action patterns of elderly TC

practitioners during TC movement, and their relationship with leg posture and

knee extensor strength. It was hypothesized that (1) elderly TC practitioners

would have longer duration and higher level ankle dorsiflexor and knee exten-

sor activations during TC movement than during normal walking, and (2) the

duration and magnitude of these muscle actions are correlated with the knee

extensor strength and knee flexion angle during TC movement.

To test these hypotheses, surface electromyography (EMG) of four leg

muscles and joint movement of ankle and knee were recorded from a group of

elderly TC practitioners while performing a TC movement, Parting the Wild

Horse Mane, and normal walking. The leg movement of the Parting the Wild

Horse Mane is a typical leg posture used in more than 64% of the movements

in a simplified TC form, and more than 55% in a complete Yang style TC form

[7]. It is a cyclic motion of the lower extremities, with a well-defined sequence

and timing that are similar to that of normal walking. These similarities make

it possible to carry out a comparison between this TC movement and normal

walking, a popular exercise among elders. Maximum knee extensor strength

was also measured and was correlated with muscle action patterns and knee

joint angle.

Methods

Subjects
Five female volunteers aged 61–84 (mean age 72.6 � 8.7) years participated in the

study. Their average height and weight were 156 � 10 cm and 66 � 12 kg, respectively. They

were recruited on a voluntary basis from TC exercise programs in the local area, and had

been practicing Yang style TC regularly for the past 15 weeks. They had no presence of any
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of the following: vestibular dysfunction, cardiovascular disease, musculoskeletal disorders,

recent lower extremity fracture or sprain in the past 6 months, or current joint pain that pre-

vented normal functioning in the ankle, knee and hip joints. All subjects signed an approved

informed consent form prior to testing.

Equipment
Silver/silver chloride bipolar surface EMG electrodes (Myotronics-Noromed, Inc.,

Tukwila, Wash., USA) were used to record EMG activities of leg muscles. The surface of

each electrode (0.8 mm in diameter) contained a gel-like substance to ensure conduction

quality of the EMG signal. The EMG signal from each electrode was band-pass filtered by a

two-stage amplifier (Elite, Bioengineering Technology and Systems, Milan, Italy) with a fre-

quency range of 10–200 Hz and was integrated with a time constant of 5 s. The amplifier gain

was adjusted such that the EMG signal from the maximum voluntary contraction of each

muscle was not saturated.

A set of three 50 Hz infra-red sensitive cameras (Elite, Bioengineering Technology and

Systems) was used to record the spatial movement of reflective markers attached to various

body landmarks. The cameras were set up along the left side of an 8-meter walkway, and

were calibrated prior to testing for a 2 m (height) � 2 m (length) � 1 m (depth) viewing vol-

ume according to the manufacturer’s instructions.

A biomechanical force plate (Advanced Mechanical Technology Inc., Watertown,

Mass., USA) was used to record the foot-floor contact force. It was embedded in the middle

of the walkway. The outputs from the force plate were low pass filtered at 10.5 Hz and ampli-

fied with a gain of 2,000 by a set of amplifiers provided by the manufacturer. The amplifiers

were adjusted to offset the DC shift prior to testing.

A hydraulic handheld dynamometer (Fabrication Enterprises, Inc., Irvington, N.Y.,

USA) was used to measure isometric knee extensor strength. The dynamometer was zeroed

before testing.

The recordings of the integrated EMG, reflective marker movement, and foot-floor

contact force were synchronized and collected at 50 Hz by a 64-channel, 12-bit data acquisi-

tion system (Elite, Bioengineering Technology and Systems).

Procedures
Each subject wore black spandex shorts and was seated on a plinth with the left leg

flexed to 90� down the side of the plinth. The dynamometer was positioned at the anterior

aspect of the lower leg above the malleoli. The subject was asked to push into the dynamome-

ter as hard as possible for at least 5 s. Three trials were repeated. The reading from the

dynamometer was recorded, along with the distance from the dynamometer to lateral femoral

epicondyle.

EMG electrodes were placed on tibialis anterior (TA), soleus (SOL), rectus femoris

(RF), and semitendinosus (ST) of the left leg. The location of each muscle belly was found

using palpation and muscle resistance tests. The contact area was shaved, scrubbed and

cleaned by alcohol wipes. A bipoloar electrode was placed parallel to the muscle fiber direc-

tion. A ground electrode was also placed on the medial side of the subject’s left knee. All

electrodes were connected to the first stage amplifier attached to the subject’s waist, which

was then connected to the second stage amplifier through a fiber optic cable.

Reflective markers (10 mm in diameter) were placed, using double adhesive tape, on

the fifth metatarsal head, heel, lateral malleolus, lateral femoral epicondyle, the greater
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trochanter, and the anterior superior iliac spine, all on the left side of the body. One additional

marker was placed on the top right corner of each force plate.

Prior to testing, each subject practiced the Parting the Wild Horse’s Mane movement for

5 min. A starting position 1 was identified so that the subject was able to land the left foot on

the force plate during the first cycle of the movement. Another starting position (2) was also

identified for normal walking. Once ready, the subject stood at the starting position 1 and

began the TC movement at a self-determined speed until the end of the first cycle. A minimum

of six trials were repeated. After a brief rest period (2–3 min), the subject stood at the starting

position 2 and began walking at a self-determined slow speed, for a minimum of six repeti-

tions. The subject was barefooted and asked to keep her hands on the hips for both gaits. A cal-

ibration trial was recorded before, during and after the testing, respectively. During the

calibration trial, each subject stood quietly assuming the anatomically neutral posture for 3 s.

Data Analysis
The stance phase of the left leg during the TC movement and normal walking was

divided into three subphases: double stance phase I (DSI), single stance phase (SS), and dou-

ble stance phase II (DSII). The timing for these subphases was determined based on the ver-

tical foot-floor contact force profile [5]. The joint range of motion of the ankle

(flexion/extension) and knee (flexion/extension) during each subphase was computed from

the marker movement. The activation time (ON time) and magnitude (RMS, or root-mean

square) of each muscle during each subphase were determined by the EMG recordings [5].

A one-tailed, paired t-test was used to compare the difference of each variable between

the TC movement and normal waking. The difference was considered statistically significant

when the p value for each comparison was less than 0.05. In addition, Pearson correlation coef-

ficient (CC) was computed between knee extensor strength and muscle action patterns and

joint range of motion. The correlation was considered significant with a p value less than 0.05.

Results

Muscle Action Patterns
The EMG trajectories of four leg muscles during both TC movement and

walking are shown in figure 1. There were significant differences between the

TC movement and walking in the TA and RF muscle ON time (p � 0.049) in all

three sub-stance phases, and no significant differences in the SOL and ST mus-

cles (p � 0.088; fig. 2). Both TA and RF muscles were activated significantly

longer (from 3 to 33 times) during TC movement throughout the stance phase.

Although the ST muscle was on average activated longer during TC movement,

there was a large variation among the subjects.

There were significant differences between the TC movement and walking

in the magnitude of TA, RF and SOL muscle actions during the SS phase only

(p � 0.05; fig. 3). Both TA and RF muscles were activated at a higher magnitude

during TC movement in all three sub-stance phases, with the SS phase being

significantly higher. In contrast, the SOL muscle was activated at a lower
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Fig. 1. Ensemble average (thick lines) and �1 standard deviation (thin lines) of EMG

signals of four leg muscles during one complete gait cycle of the TC movement and walking.

The stance phases are also shown. SW � Swing.

magnitude during the TC movement throughout the three sub-stance phases,

with the SS phase being significantly lower.

Correlation with Knee Extensor Strength and Knee Flexion Angle
The knee extensor strength was positively correlated with the ON time

(CC � 0.71–0.97) and RMS (CC � 0.19–0.93) of all four muscles during the

TC movement, with the correlation to the SOL ON time and TA and SOL RMS

being statistically significant (p � 0.05). The correlation between knee extensor

strength and muscle ON time or EMG RMS during walking was not consistent

among the four muscles, with the TA and ST muscles showing positive correla-

tions, and the SOL and RF muscles showing negative correlations, all weaker

than during TC movement, and all statistically insignificant (figs 4 and 5).

There was a significant difference between the TC movement and walking

in maximum knee flexion range (p � 0.035) during the SS phase, with the TC

movement having significantly more knee flexion (15 � 10�) than walking

(8 � 2�). The knee flexion angle during the SS phase was positively correlated

with the ON time and RMS value of all four muscles during the TC movement
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(table 1). It was also positively and significantly correlated with the maximum

knee extensor strength during the SS phase of the TC movement (CC � 0.84),

while negatively correlated during walking (CC � �0.25).

Discussion

This study aimed to examine leg muscle action patterns of elderly TC practi-

tioners during a TC movement and their relationship with knee flexion angle and

knee extensor strength. The results demonstrate that their ankle dorsiflexors and

knee extensors are activated at least twice as long and as high during TC move-

ment as during walking, and are all positively correlated with the knee flexion

angle during single leg stance as well as maximum knee extensor strength.

The muscle action patterns during TC movement among the elderly TC

practitioners are consistent with the literature. In an earlier study of the kine-

matics and EMG of leg muscles during a TC gait among healthy young adults,

Wu et al. [5] have found that the TC movement involves a significantly longer
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Table 1. CCs of knee flexion angle during SS phase

with ON time and RMS value of four leg muscles

CC ON time RMS

TC Walk TC Walk

TA 0.77 0.10 0.70 0.05

SOL 0.94* 0.61 0.99* 0.73

RF 0.77 �0.03 0.19 0.31

ST 0.98* 0.71 0.76 0.60

*p � 0.05.
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duration and higher magnitude of ankle dorsiflexor and knee extensor muscle

actions as compared to normal gait. A kinematics and EMG analysis of the push

hand movement of TCC by Chan et al. [8] have also found high levels of activa-

tion in the knee extensors.

The results from this study demonstrate that the TC movement puts more

demand on the ankle dorsiflexors and knee extensors than their antagonist mus-

cles, suggesting that the TC practice may be particularly beneficial for these

muscles. Indeed, studies have shown that long-term elderly TC practitioners

have significantly stronger knee extensors than nonpractitioners, but similar

knee flexors [4].

Nevertheless, all muscle activities during the TC movement have demon-

strated a positive correlation with the amount of knee flexion during single leg

stance of the TC movement and with the knee extensor strength. Also, there is a

strong and significant correlation between knee flexion and knee extensor

strength. Although these correlations do not directly suggest the causal effect,

the distinct contrast with the lack of correlations during walking suggests that
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Fig. 4. Scattered and linear regression line of knee extensor strength versus muscle ON time

during the entire stance phase of TC movement (filled circle and solid line) and walking (open cir-

cle and dashed line). Asterisk indicates significance of the correlation coefficient at � � 0.05.
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ficient at � � 0.05.

TC practice is more demanding on leg muscles than walking. The degree of the

crouched leg posture during single leg stance of a TC movement may well

reflect an individual’s overall muscular strength, and may be a key element for

improving the strength of leg muscles.

Although the TC movement selected for testing in this study involves a

basic and most popular leg posture, it, nevertheless, does not represent the entire

TC movement set. Movements involving travel backward or to the side may

involve different muscle action patterns. Other muscles such as abductors and

trunk stabilizers may also be involved. Thus, studies that include comprehensive

analysis of other muscles and other TC movements are needed in the future.

Moreover, this study has compared the muscle action patterns during TC move-

ment with those during walking. Although normal walking is a basic activity of

daily living and a popular form of exercise for elders, future studies should con-

sider comparing it with other strengthening exercises so that the effects of TC

practice on muscle strength can be directly demonstrated. Finally, this study
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includes a relatively small sample size. The large variation in this population

warrants future studies with a larger and diverse sample.

Conclusions

This study examined the muscle action patterns of elderly TC practitioners

during a TC movement, Parting the Wild Horse Mane, and their relationship

with leg posture and knee extensor strength. The results demonstrated signifi-

cantly longer duration and higher magnitude of ankle dorsiflexor and knee

extensor EMG activities during the TC movement than during walking. Also, all

muscle activities during the TC movement were positively correlated with the

knee flexion angle in single leg stance and maximum knee extensor strength.
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The Effectiveness of Tai Chi Exercise
in Improving Aerobic Capacity: 
An Updated Meta-Analysis

Ruth E. Taylor-Piliae

College of Nursing, The University of Arizona, Tucson, Ariz., USA

Abstract
Purpose: To determine if Tai Chi exercise is effective in improving aerobic capacity.

Methods: A computerized search of seven databases was conducted using the mesh term

‘Tai Ji’, published between January 1, 2000, and June 1, 2007, in order to update a previous

meta-analysis examining the effect of Tai Chi on aerobic capacity. Effect sizes (ESs) and

95% confidence intervals were calculated using D-STAT software. The ES for each study

was weighted by the sample size and pooled variance. The effects of Tai Chi exercise on aer-

obic capacity were calculated including study design, gender, age, and type of comparison

group. Results: A total of 170 citations were obtained, with 7 new studies meeting the inclu-

sion criteria and added to studies from the previous meta-analysis. Large significant effects

of Tai Chi on aerobic capacity were found for subjects enrolled in the cross-sectional studies

(ES � 1.33), in both women and men (1.09 and 0.86, respectively), among adults �55 years

old (ES � 1.07), and when comparing sedentary subjects with those in Tai Chi exercise

groups (ES � 0.99). Small to moderate effects, though nonsignificant, were found for sub-

jects enrolled in the experimental studies (ES � 0.38), adults �55 years old (ES � 0.16),

and when comparing subjects participating in other physical activity with those in Tai Chi

exercise groups (ES � 0.45). Conclusions: Tai Chi exercise is effective in improving aero-

bic capacity when practiced long term. Middle-aged and older women and men benefit most,

with greater gains seen among those initially sedentary. Tai Chi can be recommended as an

alternative aerobic exercise, particularly among sedentary adults �55 years old.

Copyright © 2008 S. Karger AG, Basel

In the United States, approximately 57% of adults aged 45–65 years old

are not meeting the national recommendation for physical activity [1]. Regular

physical activity is associated with reductions in mortality and disability

from several chronic diseases, such as coronary heart disease, hypertension,
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diabetes, colon cancer and osteoarthritis, and improvements in physiological

and psychological functioning [1, 2]. However, despite reported benefits of reg-

ular physical activity, most adults do not achieve recommended levels. The

challenge and opportunity is to make physical activity more accessible to adults

of all ages, interests and abilities [1, 2].

Tai Chi exercise has been practiced in China for hundreds of years, and is

gaining popularity among persons in Western countries as an alternative form

of exercise [3–5]. Reported benefits of Tai Chi exercise include improvements

in physiological and psychological functioning such as lower blood pressure,

better balance, strength and flexibility, fall prevention, improved mood and

well-being, and reduced stress [6, 7]. Tai Chi is a low-impact, moderate-intensity

exercise requiring approximately 4.0 metabolic equivalents to perform, which

is similar in intensity to brisk walking [8].

The effectiveness of Tai Chi exercise in improving aerobic capacity is

important to know, if clinicians would like to recommend Tai Chi as an alterna-

tive form of exercise. A previous meta-analysis conducted by Taylor-Piliae and

Froelicher [9] was done to estimate the extent to which Tai Chi exercise affects

aerobic capacity. A meta-analysis involves the integration of results from sev-

eral single studies, enabling the investigator to estimate effects of treatments or

interventions, and summarize the results into useful clinical information [10].

The previous meta-analysis by Taylor-Piliae and Froelicher provided prelimi-

nary evidence for aerobic benefits of Tai Chi, though it was limited by the num-

ber of studies available [9]. Since the publication of the previous meta-analysis

[9], the number of research studies examining Tai Chi exercise has increased

exponentially. Therefore, the purpose of this study was to update the previous

meta-analysis by searching for additional recently published studies, to deter-

mine if Tai Chi exercise is effective in improving aerobic capacity.

Methods

Study Retrieval

A computerized search of seven databases (Biosis, CINAHL, Cochrane Library, Digital

Dissertations, PsychINFO and PubMed) was conducted using the mesh term ‘Tai Ji’, to

obtain studies published between January 1, 2000, through June 1, 2007. All languages were

accepted. A total of 170 citations were obtained (fig. 1). Abstracts of all research studies

were reviewed using a study selection form to determine if subjects were randomly assigned

to a Tai Chi exercise intervention or if a Tai Chi exercise group was compared with another

group; and if aerobic capacity was an outcome measure.

Following initial study review, 41 studies were examined in depth to determine if they met

the inclusion criteria. A total of 7 additional studies [11–17] met the inclusion criteria and were

added to the 7 studies [18–24] from the previous meta-analysis [9] for inclusion in this updated
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meta-analysis. Of the 14 studies included in this meta-analysis, there were 7 experimental stud-

ies, and 6 cross-sectional studies (tables 1 and 2, respectively). In the cross-sectional studies,

2 groups of different subjects were matched on age, gender and body composition, allowing for

adequate group comparisons. Cross-sectional data from one prospective cohort study (baseline

data) were also included in the analysis [14], as subjects in the study were matched at baseline

on age, gender and body composition, allowing for adequate group comparisons.

Study Quality

All studies were critically appraised on a total of 16 study elements to determine a

study quality score [9]. Elements reviewed included study design, sample selection, descrip-

tion of the independent variable (Tai Chi), description of the outcome measure (aerobic

capacity), data analyses and results. Each item had a possible score of 0–2 (0 � absent,

1 � partially defined, 2 � clearly defined), with possible scores ranging from 0 to 32. The

methodological quality of both experimental and cross-sectional studies could be assessed

using this tool. Any study with a quality score below 67% (�21) of the total possible score

[25], was set as the criteria for elimination from this analysis.

Classifying and Coding Study Characteristics

A coding form was used to abstract study data and then entered into SPSS [26] for analy-

ses. Study characteristics abstracted included study design, intervention length and attrition for

the experimental studies, years of Tai Chi for the cross-sectional studies, measurement of aero-

bic capacity (peak oxygen uptake), and style of Tai Chi. Type of study populations, subjects’age,

gender, size of groups, and type of comparison groups (e.g. sedentary) were also abstracted.

Unique Tai Chi citations,
all databases 01/01/2000 to 06/01/2007,

n�170

Reviewed in depth,
n�41

New for updated meta-analysis,
n�7

Previous meta-analysis,
n�7

Total,
n�14

Not relevant,
n�34

Not relevant,
n�129

Fig. 1. Search strategy.
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Table 1. Experimental studies examining Tai Chi and aerobic capacity

Author/ Study Study Group Size Gender Mean Tai  Chi Length Baseline Follow-up ES LBCI UBCI

year design sample/% age in  style of mean mean

attrition years inter- VO2 peak VO2 peak

vention, (ml � kg�1 (ml � kg�1

weeks min�1) min�1)

Brown RCT healthy Tai Chi 11 men 50.4 (5.7) not 16 31.7 (5.1) 30.8 (4.1) –0.36 –1.15 �0.44

et al., sedentary specified

1995 adults/25% 

attrition control 14 men 50.5 (7.4) – 31.9 (5.4) 32.7 (5.8)

(sedentary)

Tai Chi 7 women 51.5 (8.3) not 16 25.0 (4.4) 23.8 (4.7) –0.31 –1.19 �0.58

specified

control 17 women 53.6 (9.4) – 26.7 (6.0) 25.2 (4.4)

(sedentary)

Lan quasi- community Tai Chi 13 men 65.2 (4.2) Yang, 52 24.2 (5.2) 28.1 (5.4) �0.82 –0.14 �1.78

et al., exper. dwelling 108

1998 older adults/ postures

13% attrition control 11 men 66.6 (3.9) – 24.0 (4.8) 23.6 (5.0)

(sedentary)

Tai Chi 15 women 64.9 (4.7) Yang, 52 16.0 (2.5) 19.4 (2.8) �1.33 �0.36 �2.31

108

postures

control 13 women 65.4 (3.8) – 15.8 (2.5) 15.6 (2.6)

(sedentary)

Lan quasi- post-CABG/ Tai Chi 12 men 55.7 (7.1) Yang, 52 26.2 (4.4) 28.9 (5.0) �0.66 –0.25 �1.56

et al., exper. 26% attrition 108

1999 postures

control 15 men 57.2 (7.6) – 26.0 (3.9) 25.6 (4.6)

(walking

program)
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Young RCT sedentary Tai Chi 31 6-men 66.4 (5.1) Yang, 13 12 20.4 (3.9) 0.97 (4.1)* �0.16 �0.71 �0.39

et al., with HTN/ 25-women postures

1999 18% attrition control 31 7-men 67.0 (7.9) – 19.2 (4.5) 1.64 (4.1)*

(aerobic 24-women

exercise)

Song RCT Osteoarthritis/ Tai Chi 38 women 64.8 (6.0) Sun, 12 12 24.1 (4.3) 1.6 (6.0)* �0.16 –0.30 �0.63

et al., 41% attrition postures

2003 control 34 women 62.5 (5.6) – 24.0 (4.2) 0.9 (4.2)*

(sedentary)

Yeh RCT chronic Tai Chi 15 10-men 66 (12) Yang, 5 12 10.5 (3.0) 11.4 (3.0) �0.20 �0.51 �0.92

et al., stable heart 5-women postures

2004 failure/

0 % attrition control 15 9-men 61 (14) – 11.1 (6.0) 10.4 (6.0)

(usual care) 6-women

Audette quasi- healthy Tai Chi 11 women 71.5 (4.6) Yang, 10 12 21.6 (5.2) 4.2 (3.0)* �1.05 �0.08 �2.02

et al., exper. sedentary postures

2006 older adults/ control 8 women 73.5 (5.7) – 26.8 (8.3) �4.4 (3.0)*

21% attrition (sedentary)

RCT � Randomized clinical trial; quasi-exper. � quasi-experimental study; ES � effect size; LBCI � lower bound confidence interval;

UBCI� upper bound confidence interval; post-CABG � post coronary artery bypass graft; HTN � hypertension; asterisk signifies mean

change in aerobic capacity. Figures in parentheses indicate SD.

ES is not significant if zero is included in the confidence interval.

Table 1. (continued)

Author/ Study Study Group Size Gender Mean Tai  Chi Length Baseline Follow-up ES LBCI UBCI

year design sample/% age in  style of mean mean

attrition years inter- VO2 peak VO2 peak

vention, (ml � kg�1 (ml � kg�1

weeks min�1) min�1)



T
a
i C

h
i a

n
d
 A

e
ro

b
ic

 C
a
p
a
c
ity

4
5

Table 2. Cross-sectional studies* examining Tai Chi and aerobic capacity

Author/ Study Study Group Size Gender Mean Tai  Chi Mean Mean VO2 ES LBCI UBCI

year design sample age style Years Tai peak

years Chi (ml � kg�1

min�1)

Schneider cross- martial arts Tai Chi 10 men 35.5 (3.9) not 6.8 (3.4) 44.3 (6.6) �0.16 –0.72 �1.04

et al., 1991 sectional practitioners specified

Wing Chun 10 men 30.0 (5.0) – 43.4 (4.0)

Lai et al., cross- healthy Tai Chi 21 men 58.7 (3.9) Yang, 108 6.3 (3.3) 33.9 (6.3) �1.38 �0.73 �2.04

1993 sectional adults postures

sedentary 23 men 59.1 (4.0) – 26.3 (4.4)

Tai Chi 20 women 58.3 (4.8) Yang, 108 6.3 (3.3) 21.8 (2.2) �0.89 �0.28 �1.50

postures

sedentary 26 women 57.5 (4.7) – 19.0 (3.6)

Lai et al., prospective community Tai Chi 23 men 64.3 (7.3) Yang, 108 6.7 (3.3) 31.6 (7.6) �1.12 �0.49 �1.76

1995 cohort dwelling postures

baseline older adults sedentary 21 men 63.6 (5.3) – 24.4 (4.4)

data Tai Chi 22 women 60.9 (4.5) Yang, 108 6.7 (3.3) 20.7 (2.3) �1.91 �1.16 �2.67

postures

sedentary 18 women 62.6 (4.0) – 16.2 (2.3)

Lan et al., cross- community Tai Chi 22 men 70.4 (4.1) Yang, 108 11.8 (5.6) 26.9 (4.7) �1.23 �0.55 �1.91

1996 sectional dwelling postures

older adults sedentary 18 men 69.5 (4.2) – 21.8 (3.1)

Tai Chi 19 women 66.9 (2.7) Yang, 108 11.8 (5.6) 20.1 (2.9) �1.40 �0.67 �2.13

postures

sedentary 17 women 67.1 (2.8) – 16.5 (2.0)
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Wang cross- healthy Tai Chi 10 women 69.9 (1.5) Yang, 108 11.2 (3.4) 23.4 (2.2) �2.25 �1.13 �3.36

et al., sectional non- postures

2002 smokers sedentary 10 women 67.0 (1.0) – 17.4 (2.8)

Liu et al., cross- healthy Tai Chi 10 women 50.5 (5.5) not 6.3 (0.8) 60.4 (8.6)1 �1.13 �0.18 �2.07

2003 sectional active skilled specified, 24

adults postures

Tai Chi 10 women 53.6 (4.9) – 0.8 (0.4) 49.3 (10.1)1

novice

Lan et al., cross- community Tai Chi 12 men 58.8 (7.9) Yang, 108 4.7 (2.3) 32.5 (4.9) �1.83 �0.88 �2.79

2004 sectional dwelling postures

non- sedentary 12 men 59.9 (5.2) – 24.3 (3.6)

smokers

ES � Effect size; LBCI � lower bound confidence interval; UBCI � upper bound confidence interval; asterisk signifies matched on gender,

age and body composition. Figures in parentheses indicate SD. ES is not significant if zero is included in the confidence interval.
1Estimated VO2max.

Table 2. (continued)

Author/ Study Study Group Size Gender Mean Tai  Chi Mean Mean VO2 ES LBCI UBCI

year design sample age in  style Years Tai peak

year Chi (ml � kg�1

min�1)
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Data Analyses

Calculation of Effect Sizes
The effect sizes (ESs) were calculated from the standardized mean differences using

means and standard deviations reported for aerobic capacity (peak oxygen uptake). The stan-

dardized mean difference ES, also called d, is a scale-free measure that can contrast results

for two groups, with continuous underlying distributions [10, 27]. ESs are important for

power calculations when designing research studies, and help clinicians and researchers

understand the magnitude and direction of a relationship [27, 28].

D-STAT software was used to calculate the ES and the 95% confidence intervals [29].

The ES for each study was weighted by the sample size and pooled variance. The postinter-

vention mean peak oxygen uptake was used to contrast the experimental and control group in

the experimental studies, as there was no significant difference in the baseline mean scores in

these studies. The ES in the cross-sectional studies were derived from group contrasts

between the Tai Chi and comparison groups. All relevant data derived from the studies were

coded and entered into SPSS [26] for analysis.

Interpretation of ESs
ES guidelines from Cohen [27] are commonly used as a rule of thumb for interpreting

ES results, with an ES of 0.20 considered a small effect, 0.50 a moderate effect and 0.80 a

large effect [27]. In addition, a proportion of variance (�2) between two groups can be calcu-

lated. Finally, interpretation of the ES can be expanded by transforming the ES into a per-

centile. The percentile is obtained by referring to a normal distribution table and identifying

the area under the curve associated with the ES, referred to as the measure of nonoverlap

(U3) [27, 28]. U3 is the percentage of the control distribution exceeded by the upper 50% of

the treatment population. U3 readily provides the clinician with information regarding the

success or failure, of a treatment or intervention. For example, if the ES � 0.86, then 81% of

the control group is below the average person in the treatment group.

ES Analyses Plan
Aerobic capacity is influenced by many factors including gender, age, exercise habits,

weight, genetic factors and cardiovascular clinical status. Effects of Tai Chi exercise on aero-

bic capacity calculated in this meta-analysis included study design, gender, age, and type of

comparison group (sedentary, other physical activity). For age, a cutpoint of 55 years was

used, given that women are generally postmenopausal by that time, and patterns of chronic

disease begin to develop at that age.

Results

Study Characteristics

A quality score was given for each of the studies included in this meta-analysis.

Scores ranged from 21 to 30 (mean � 25.2, SD � 2.2) and no studies were

excluded on the basis of their quality. In the experimental studies, the average

length of the Tai Chi exercise intervention was 26 � 19 weeks (range � 12–52
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weeks), with a 20% attrition rate on average (range � 0–41%). In the cross-

sectional studies, the number of years subjects practiced Tai Chi was 8 � 2.7

years (range � 4.7–11.8 years). Study populations participating in these studies

were mainly healthy, community-dwelling adults (71%), though several studies

included those with a chronic disease (29%) such as coronary artery disease,

chronic heart failure, hypertension and osteoarthritis. Peak oxygen uptake was

mainly measured using cycle ergometers (78.9%), though treadmill testing was

also reported (21.1%). The Yang style of Tai Chi was the principal style used

(73.7%), followed by the Sun style (5.3%), while 21.1% of the studies did not

specify the style of Tai Chi used.

There were a total of 322 Tai Chi subjects (182 women, 140 men) partici-

pating in these studies. They were on average 60.6 � 8.9 years old

(range � 35.5–71.5 years), with an average of 17 � 8 Tai Chi subjects enrolled

per study (range � 7–38 subjects/group). There were a total of 323

control/comparison subjects (183 women, 140 men). These subjects were simi-

lar in age (mean � 60.4 � 9.4 years old, range � 30–73.5 years) and in the

number of subjects per group enrolled in the studies (mean � 17 � 7 sub-

jects/group, range � 8–34 subjects/group).

Effects of Tai Chi on Aerobic Capacity

Effects of Tai Chi exercise on aerobic capacity calculated in this meta-

analysis included study design, gender, age, and type of comparison group. The

ES and the 95% confidence interval were calculated for each study, weighted

by the sample size and pooled variance. The percent of variance between

groups (�2) and the measure of nonoverlap (U3), were only calculated for

effects found to be statistically significant (table 3).

The average ES for the experimental studies was small (ES � 0.38,

CI � �0.10 to 0.85) and not statistically significant (fig. 2), which is in con-

trast to the cross-sectional studies where the average ES was large (ES � 1.33,

CI � 0.91–1.75) (fig. 3). In the cross-sectional studies, approximately 31%

(�2 � 0.31) of the variance in aerobic capacity could be explained. Aerobic

capacity for the average subject in a Tai Chi exercise group was higher than

91% of the subjects in the comparison groups, in the cross-sectional studies.

Gender-specific effects were calculated on studies reporting gender-

specific results. The effect of Tai Chi on improving aerobic capacity in both women

and men were large (1.09 and 0.86, respectively; table 3). Aerobic capacity for

the average woman in a Tai Chi exercise group was higher than 86% of the

women in the comparison groups. Aerobic capacity for the average man in a Tai

Chi exercise group was higher than 81% of the men in the comparison groups.
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Age-specific effects were also calculated, using a cut-point of 55 years

old, given that women are generally postmenopausal by that time, and patterns

of chronic disease begin to develop at that age. The effect of Tai Chi on

improving aerobic capacity in adults �55 years old was large (1.07,

CI � 0.70–1.44), while the effect in those younger than 55 years old was small

and not significant (0.16, CI � �0.94 to 1.25; table 3). In the adults �55 years

old, approximately 22% (�2 � 0.31) of the variance in aerobic capacity could

be explained. Aerobic capacity for the average adult �55 years old in a Tai Chi

exercise group was higher than 86% of adults �55 years old in the comparison

groups.

ESs for the type of comparison group to Tai Chi exercise were also calcu-

lated. Effects comparing sedentary subjects with those in the Tai Chi exercise

groups was large (ES � 0.99, CI � 0.56–1.43), while compared to subjects

participating in other physical activity the effect was moderate (ES � 0.45,

CI � �0.45 to 1.35), though not statistically significant. Aerobic capacity for

the subjects in a Tai Chi exercise group was higher than 84% of the sedentary

subjects, with approximately 20% of the variance explained.

Table 3. Summary table of Tai Chi and aerobic capacity ESs and 95%

confidence intervals (14 studies)

Studies ES LBCI UBCI �2 U3

Study design

Experimental 7 0.38 –0.10 0.85 –

Cross-sectional 7 1.33* 0.91 1.75 0.31 0.91

Gender

Female 9 1.09* 0.48 1.70 0.23 0.86

Male 8 0.86* 0.27 1.44 0.16 0.81

Age

�55 years 11 1.07* 0.70 1.44 0.22 0.86

�55 years 3 0.16 –0.94 1.25 –

Tai Chi comparisons

Sedentary 10 0.99* 0.56 1.43 0.20 0.84

Other physical activity 4 0.45 –0.45 1.35 –

�2 � Percent of explained variance between groups; U3 � percentage of the

control group below treatment group mean. The ES is not significant if zero is

included in the confidence interval; �2 and U3 reported only for significant

ES; asterisk indicates significant ES.
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Discussion

The purpose of this study was to update a previous meta-analysis examin-

ing the effect of Tai Chi exercise on aerobic capacity, by adding recently pub-

lished studies. Several effects of Tai Chi exercise on aerobic capacity were

calculated including study design, gender, age, and type of comparison group.

However, the degree of improvement in aerobic capacity depends on several

factors including the duration and frequency of the exercise.

Brown 1995 (M)

Brown 1995 (W)

Lan 1998 (M)

Lan 1998 (W)

Lan 1999 (M)

Young 1999 (M/W)

Song 2003 (W)

Yeh 2004 (M/W)

Audette 2006 (W)

Overall ES & 95% CI

�3 �2 �1 0
Favors controls Favors Tai Chi

1 2 3

Fig. 2. Experimental studies examining Tai Chi and aerobic capacity. Studies are listed

by first author and year. M � Men; W � women.

Schneider 1991 (M)

Lai 1993 (M)

Lai 1993 (W)

Lai 1995 (M)

Lan 1995 (W)

Lan 1996 (M)

Lan 1996 (W)

Wang 2002 (W)

Liu 2003 (W)

Lan 2004 (M)

Overall ES & 95% CI

�4 �3 �1 0
Favors controls Favors Tai Chi

1 3 4�2 2

Fig. 3. Cross-sectional studies examining Tai Chi and aerobic capacity. Studies are

listed by first author and year. M � Men; W � women.
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When examining the effects of Tai Chi on aerobic capacity according to

study design, there was a large significant effect in the cross-sectional studies,

though the effect in the experimental studies was small and not statistically sig-

nificant. These effects obtained may partly be explained by the average number of

years of Tai Chi practice in the cross-sectional studies compared to the average

number of weeks of the Tai Chi intervention in the experimental studies (8 years

vs. 6 months, respectively). Tai Chi subjects in the cross-sectional studies likely

had greater exercise mastery and proficiencies, than naïve Tai Chi subjects in the

experimental studies, affecting the results obtained. In addition, the extent to

which diet and other lifestyle practices influenced the results was not measured.

In this study, no gender differences were found, both women and men had

significant improvements in aerobic capacity. In the previous meta-analysis [9],

possible gender differences in the effect of Tai Chi on aerobic capacity were

reported, which is in contrast to findings obtained in this study. These differences

are likely due to the limited number of studies and small samples in the previous

meta-analysis [9] where data from only 126 women and 167 men were available

[9], compared to data from 365 women and 280 men available in this study.

There was a large significant effect of Tai Chi improving aerobic capacity

in adults �55 years old, though not among those younger than 55 years old.

This in part could be attributed to differences in the relative intensity of Tai Chi

experienced by persons in these two distinct age categories. Increases in aerobic

capacity are more strongly associated with the relative intensity experienced by

an individual, rather than the absolute intensity of the exercise [30]. For example,

a sedentary adult �55 years old performing Tai Chi at a moderate intensity,

may be the equivalent to vigorous intensity in a sedentary older age adult.

In addition, when the effects of Tai Chi on improvements in aerobic capac-

ity were examined comparing only sedentary subjects with those in the Tai Chi

exercise groups, there was a significant large effect. Consistent with traditional

exercise literature, the magnitude of increase in aerobic capacity is inversely

associated with an individual’s baseline activity level. Further, the greatest dif-

ferences in aerobic capacity are observed when sedentary persons are compared

with those somewhat more active, than when moderately active persons increase

their level of activity by a similar amount [30]. Subjects in the studies comparing

Tai Chi exercise with other forms of physical activity [16, 19, 21, 24] were likely

performing at similar intensity levels, partly explaining the results obtained.

Conclusion

Tai Chi exercise is effective in improving aerobic capacity when practiced

long term. Middle-aged and older adults benefit most, with greater gains seen
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among those initially sedentary. Tai Chi has been practiced in China for hun-

dreds of years. It is a gentle, low-impact exercise, combing arm and leg move-

ments with relaxed breathing, appeals to middle-aged and older adults, and is

gaining popularity in Western countries. Tai Chi can be recommended as alter-

native aerobic exercise, particularly among sedentary adults �55 years old.
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Abstract
Introduction/Purpose: To evaluate evidence relating to effects of Tai Chi on cardio-

vascular outcomes, with emphasis on randomised control designs. Procedure: Studies

reviewed in 2004 were re-examined, together with more recent controlled trials of Tai Chi

relating to cardiovascular outcome. The analysis provided comment on problems associated

with randomised control design, including sources of bias in such trials. Results: With a

single exception, data support reduction of baseline systolic/diastolic blood pressure (BP).

While there may be positive bias in these studies, data are from diverse ethnic groups, differ-

ent gender, age, and level of functional ability. There are no data relating to BP reactive

change to subsequent stressors. Few studies consider potential mediating mechanisms

through which Tai Chi may provide these benefits. Implications: Caution is advocated in

using randomised controlled trials as the only effective type of study. Such designs are diffi-

cult to conduct and effective trials are more likely given a better understanding of the medi-

ating mechanism(s) through which benefits may be derived. It is currently unclear how

changes in BP are derived. Some data indicate a shift to increased vagal relative to sympa-

thetic dominance and there may be other potential physiological mediators. No study has

examined relationships between potential psychological gains such as self-efficacy and BP

change, or individual differences in outcomes.

Copyright © 2008 S. Karger AG, Basel

There is considerable evidence to suggest Tai Chi enhances general well-

being and possibly conveys health benefits. The documented outcomes are

diverse and include general physical function such as mobility, strength and

flexibility, balance, falls, fear of falling, improved mood and several dimen-

sions of quality of life. Such improvements are documented using both self-

report scales and objective measurement. However, much supportive data is

based on pre-/post-testing of selected samples of participants and such a proce-

dure may introduce positive bias, most obviously when the evidence is derived
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from current Tai Chi practitioners. Alternatively, a positive bias may be intro-

duced because of significant numbers of dropouts, with only those for whom

benefits are experienced completing post-exercise testing. Further positive bias

may exist because much of the evidence is based on elderly cohorts, partly

because the features of low velocity, low impact and low technical nature of the

exercise make Tai Chi especially suitable for the elderly. Nevertheless, the

elderly are often inactive and take little exercise and, as a consequence, such

‘floor’ effects mean that any ‘activity’ is likely to enhance well-being. Bias

becomes greater when the population sampled has a problem in the area rele-

vant to the selected dependent measure. In essence, positive outcomes are con-

taminated by a combination of a floor effect and regression to the mean. If, for

example, a population with hypertension is selected, then any second measure-

ment is likely to move in a normotensive direction even without an underlying

change in the cardiovascular function. The same arguments apply for evaluation

of Tai Chi based on selection of participants with poor balance. While this may

be an appropriate group to target in an intervention, any second test may show

improvement. Adaptation to the test procedures and the well-established

‘Hawthorne Effect’ wherein any intervention applied as a novel independent

variable is likely to result in improved performance, are additional forms of bias

in favour of likely beneficial outcomes from Tai Chi.

This analysis indicates that the quality of much of this evidence in support

of Tai Chi may be weak with few randomised controlled trials (RCTs), the

‘accepted’ standard for scientific support. Two reviews of the outcomes follow-

ing Tai Chi in RCTs indicate just how few randomised controlled studies had

been undertaken prior to 2004. Verhagen et al. [1] restricted their sampling to

those aged 50 years or more, and reported only nine articles that filled the basic

criteria for an RCT design. Three of these were actually from the same (FIC-

SIT) trial; five of these were related to cardiovascular function, and of the nine

only five had more than 25 participants. The second review by Wang et al. [2]

examined 743 citations concerning Tai Chi and chronic health conditions from

1966 to 2002 and excluded 679 on the basis that they provided poor or absent

data. Of the remaining 64, only 9 could be classified as RCTs, with 23 non-

randomised studies and 15 observational studies. Only 2 of the RCTs related to

cardiovascular function. Unsurprisingly, both reviews commented that the ‘sci-

entific’ evidence in support of benefits from Tai Chi is limited, a conclusion

supported in a more recent review that adds little analysis but does importantly

comment on the need for studies in younger age cohorts and longer-term

follow-up [3]. The comment challenges whether expectations for Tai Chi should

be directed toward healthy aging rather than more immediate clinical benefits.

If the former, then the absence of follow-up of over the long-term in most stud-

ies cited in these reviews is a further limitation.
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The need to support potential benefits from Tai Chi, the clinical impera-

tive, is most evident in studies that have invoked Tai Chi as an exercise for

enhancing outcomes for diverse groups of cardiovascular patients, including

those with hypertension [4, 5] heart failure [6], cardiac infarction [7] and

stroke [8], or following coronary artery bypass surgery [9]. In support of these

interventions, others have examined dependent measures related to enhanced

‘risk’ for cardiovascular events in non-patient participants. These include blood

pressure (BP) [10, 11], autonomic balance [12, 13] and cholesterol/lipid profile

[4, 5].

Several studies, most notably the contributions from Lan et al. [9, 14],

Taylor Piliae et al. [11] and Taylor Piliae and Froelicher [15], with diverse

forms of Tai Chi undertaken in different continents with different ethnic popu-

lations and gender, indicate that Tai Chi invokes a demand equal to 50–65% of

VO2max (55–65% of heart rate reserve). These changes in aerobic capacity have

been documented using both direct and estimated methods with similar values

in young, middle-aged and older participants [14]. These studies are important

because they provide evidence that Tai Chi is an aerobic exercise of moderate

intensity, with the majority suggesting an intensity of approximately 4 METS

(metabolic equivalents – range 1.5–6 METS). These data on aerobic capacity

provide indirect support for Tai Chi in cardiovascular disease since a larger lit-

erature has indicated the benefits of other forms of aerobic exercise for cardio-

vascular health outcomes over the lifespan [16].

Before considering the outcome from such RCTs, including those published

since 2004, it is important to reflect both on the small number of studies and the

inherent problems in effecting such studies. Firstly, it is impossible within the

context of ‘informed consent’ to effect ‘blinded’ trials with respect to participants,

especially clinical populations. Secondly, while control groups may be comprised

to minimise variables such as attention and/or demand characteristics it is not

possible to be sure these factors are eliminated by ‘control’ procedures since

groups can be matched only in terms of limited parameters, such as number of

sessions and social context. Thirdly, while double-blind trials have become the

accepted scientific standard for acute medical interventions, including drug trials,

it is less sensible to ask for similar standards for behavioural or psychological

interventions, and the latter may indeed apply as the salient mediator of improve-

ments in cardiovascular function for Tai Chi. As an example, participants cannot

be ‘blinded’ with respect to intervention. Fourthly, it may be difficult to conceal

and/or withdraw benefits from control groups and so control conditions may

become ‘contaminated’.

A useful analysis of non-experimental, quasi-experimental and experimen-

tal studies designed to demonstrate beneficial psychological effects of exercise

[17] indicates positive features for improved experimental design and such
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analysis is appropriate for the design of effective studies to investigate potential

benefits of Tai Chi. In recognising the benefits of effective experimental designs

and reflecting on the problems of RCTs with respect to clinical outcomes,

improved studies can be effected in applied research. However, the scientific

and clinical imperative provides a danger in the evaluation of such interven-

tions. Even when there is substantial phenomenological, cross-sectional and

correlative data, negative outcomes from such trials may be interpreted as indi-

cating that the variable in question, here Tai Chi, is not effective in providing

change for the dependent variable of concern: Do we throw out the baby with

the bathwater? Two examples with respect to cardiovascular patients and health

outcome that have direct implications for the effectiveness of Tai Chi may be

cited since they relate to psychosocial mediators associated with benefits from

Tai Chi and each have been directly related to increased sympathetic activity

and increased BP. First, depression and treatment for depression: while depres-

sion in patients after myocardial infarction is associated with poor outcome

[18], treatment for depression that does improve depression has not provided a

reduction in secondary episodes [19]. The second example invokes ‘the reactiv-

ity hypothesis’ that suggests stress is associated with sympathetic hyper-reactivity

and that sympathetic dysfunction is associated with coronary status. Despite

support for the reactivity hypothesis in acute studies documenting cardiovascu-

lar changes during a stressor, the more specific relationship between acute

vascular changes to stressors and the development of hypertension remains

controversial [20].

The alternative strategy is to continue attempts to identify/specify underly-

ing causal mechanisms since the case for a ‘beneficial factor’ for good health is

strengthened if such mediators are identified. The concentration on an estab-

lished risk factor for cardiovascular disease, BP as the exclusive mediating

mechanism may be misplaced. The beneficial outcomes for cardiovascular

patients related to BP may be derived from improved vagal autonomic domi-

nance or decreased immunological markers. Psychological variables such as

improved mood state, more specifically reduced anxiety and/or depression,

may be more important mediators and these in turn may be provided through an

increase in personal self-efficacy. While the primary objective may be

improved clinical outcomes, empirical investigation may be better directed to

examination of these more proximal mediating variables. Examples of positive

contributions are those that have examined both psychological mediators of the

benefits of Tai Chi such as self-efficacy [21] and physiological mediators such

as autonomic balance [22], sympathetic reactivity [23] and serum B-natriuretic

peptide [6]. Such studies enable us to better understand the mechanisms

through which Tai Chi conveys any clinical benefits. The mediation may be

indirect and interactions may be important. For example, there may be a linear
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causal sequence such that self-efficacy may decrease negative mood, improve

social interaction, decrease stress, thereby changing sympathetic dominance

and BP. However, it is possible that the links in this sequential chain may be

inverted in direction at certain points, or be more complex and/or non-linear. An

example of the value of a focus on mediation is for falls, given evidence from

RCTs that reduction in falls and injury following Tai Chi is equivocal, espe-

cially for community samples where baseline incidence rate may be low. In con-

trast to falls per se, the evidence for improved balance and muscle strength,

potential mediators for falls, is much stronger. Empirical study of these vari-

ables is recommended, especially as evidence suggests that participants are

more likely to be recruited and retained for a programme of balance than for

falls per se, so reducing selection bias. While redirection of empirical study to

such mediators of clinical end points is warranted, they still need to be carefully

chosen and plausible ones evaluated. For example, tests of dynamic balance

more closely relate to falls than static balance tests. Specifically in relation to

cardiovascular function; while improved lipid profile may be a plausible medi-

ator given extensive evidence that aerobic exercise in general has been shown to

improve lipid profiles, studies of Tai Chi have not consistently provided such an

outcome [4].

While there is selection bias in many studies and RCTs, the evidence does

indicate that Tai Chi provides aerobic/cardiorespiratory benefit. Several of the

studies cited indicate increases in VO2max of 16–20% over 1 year following par-

ticipation in Tai Chi, although a recent meta-analysis suggests the effects may be

smaller [15]. The magnitude of the changes documented undoubtedly relates to

the specific form of Tai Chi, the frequency and duration of the exercise and the

duration over which change is assessed. Indeed, it is these diverse variables that

require decisions for an RCT with respect to both the details of the Tai Chi pro-

gramme and the duration of follow-up. The debate relates to both our expectancy

for benefits from Tai Chi and the wider evidence relating to exercise and health.

For the former, it is the debate about ‘good aging’ versus interventions for

patients – treatment or prevention. For the latter, it is whether benefits relate to

activity or physical fitness. Debates about levels of aerobic exercise that convey

benefits for cardiovascular disease have oscillated between emphasis on vigor-

ous aerobic exercise to overcoming a sedentary lifestyle. While there is much

evidence to suggest that within limits ‘more is better’, benefits are apparent only

if levels are �3 METS or 50% VO2max, a threshold close to that of Tai Chi and

how intensely it is performed. However, it has been argued that intensity is irrel-

evant and that it is cumulative activity that determines benefits. This begs the

question as to what participants are doing at times other than the formal Tai Chi

intervention programme during any RCT – a variable that has not been documented

to date, and one unlikely in long-term follow-up. What has been established in
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favour of low-intensity exercise is improved adherence across participants as a

whole, and long-term benefits with respect to health and aging accrue only with

maintained practice. Personality variables, including a sense of control, may also

be associated with both adherence and more general levels of activity. Such mea-

sures have not been incorporated into studies of the outcomes from Tai Chi

interventions despite the fact that variables such as neuroticism are known to be

associated with autonomic reactivity and personality types, such as the type D

personality, are predictors of both the incidence and the outcomes of cardiovas-

cular conditions. The failure to identify and document such powerful moderator

variables is almost certain to influence outcomes from an RCT. Tai Chi may not

benefit all and examination of such moderators will lead to better targeting and

possibly more positive findings in RCTs. Despite these caveats and given aero-

bic gains from Tai Chi, the inferential case for health benefits is good – there is

substantial evidence that diverse forms of exercise of low or moderate intensity

convey substantial health benefits [24].

While advocating the merits of studies that have attempted to better under-

stand potential mediators for beneficial effects of Tai Chi, with recent encourag-

ing studies, there has also been an increase in improved controlled trials

assessing cardiovascular benefits since the two excellent reviews of 2004 [1, 2].

Not all of these studies have randomised participants to group but, in quasi-

experimental designs, they have attempted a matched control design. Several of

these studies have been cited already in this commentary; other studies that have

provided non-experimental designs over this period are not reviewed. The stud-

ies are listed in table 1. Two studies [12, 23] were directed primarily to examin-

ing mediators of benefits from Tai Chi and assessed between-group outcomes

only acutely during and immediately after Tai Chi exercise. The follow-up period

for the remaining studies was extended and ranged from 6 weeks to 12 months,

although only 2 recent studies provided 1-year outcomes [25, 26], with the large

majority assessing outcomes after 12 weeks. The most frequent dependent mea-

sures were baseline change in systolic and diastolic BP (SDP, DBP) and all but

one study [26] provided reductions in SBP after only 12 weeks despite the very

different ages and nature of the participants. For example, in our study [10] the

decrease of approximately 9 mm Hg was similar to that provided in the earliest

study. The decreases in the younger, non-clinical population were rather larger

than the 5 mm Hg at 3 months reported in the extended study of Wolf et al. [25]

with a frail elderly population where the intensity of exercise is likely to have

been low. Unsurprisingly, given the present analysis, the largest reductions

reported are for participants in two studies with participants with initial high BP

[4, 5] and for whom decreases of 19 and 15 mm Hg, respectively, were reported.

The one study reporting no beneficial change in BP also reported absence of

change in several other non-cardiovascular variables [26]. Nevertheless, this
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Table 1. Experimental studies of effects of Tai Chi on cardiovascular responses from 2003

Authors Age and sample Country Population1 Design Duration Outcome2

Tsai et al. [4] 51 years (mean); Taiwan Chinese RCT 12 weeks SBP, DBP and serum cholesterol

borderline decreased; HDL increased

hypertensives; n � 78

Thornton 33–55 years; healthy Hong Kong Chinese RCT 12 weeks SBP and DBP decreased

et al. [10]3 women; n � 34 

Yeh et al. [6]3 64 years (mean); USA Caucasian RCT 12 weeks BP not reported; decreased

heart failure serum B natriuretic peptide

patients; n � 30

Lee [5] hypertensive Korea Korean Non-matched 6 weeks SBP and DBP decreased;

elderly; n � 28 controls cholesterol unchanged; cortisol

unchanged

Lu and Kuo [12] TCC practitioners, Taiwan Chinese TCC group, During TC and HRV lower in practitioners;

healthy elderly; non-matched to 60 min after enhanced vagal balance in both

n � 40 controls exercise groups after exercise

Taylor-Piliae �45 years; community USA Chinese Quasi- 12 weeks SBP and DBP decreased; aerobic 

et al. [11] sample; at risk CVD experimental power (indirect) increased

Wolf et al.[25]3 70–97 years; frail, USA Caucasian RCT 12 months SBP and HR decreased; DBP no

independent difference

residential centres

Motivala 60–85 years; USA Caucasian TCC group; Acute changes Pre-ejection period decrease:

et al. [23] n � 8 non-matched 10 min before decreased sympathetic effect; 

controls and after  no group difference in BP

exercise
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Thomas 65–74 years; Hong Kong Chinese RCT � 3 groups: 12 months No change in BP; no change in

et al. [26]3 healthy; n � 207 TC, resistance lipids/cholesterol only resistance

exercise, control group increased insulin sensitivity

Audette 71 years (mean); USA Caucasian RCT (partly)  12 weeks BP changes not reported; HRV

et al. [13]3 women only; �3 groups: changes indicating increased 

sedentary TC, walking, vagal and decreased sympathetic

control function; aerobic power (indirect)

increased

TC � Tai Chi; TCC � Tai Chi Chuan; HR � heart rate; HRV � heart rate variability. 
1Ethnicity relates to the majority of the sample.
2Comments here relate to between-group effects where relevant rather than pre- to post-change in the dependent variable.
3Studies also document functional/behavioural dependent variables.
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study was well designed and the negative outcome, especially for a Chinese pop-

ulation where cultural support exists, should not be lightly dismissed. The

‘explanation’ cited by the authors, specifically the possible decrease in alterna-

tive forms of activity in their participants, has been empirically documented in

other studies when individuals undertake a formal exercise programme. This

emphasises the need to assess wider diary information from participants in an

RCT that may influence dependent measures, including activity and diet.

Not one of the 10 trials cited in table 1 took the opportunity to correlate

change in the dependent measure of interest with any potential mediator.

Obvious possibilities are correlates between self-efficacy or mood, BP change

and aerobic gain. More positively, however, several studies have assessed alter-

native physiological variables that relate to cardiovascular pathology [4–6, 12,

23, 26], supporting an awareness of the need to examine alternative mediators

to that of BP. Unfortunately, no study has examined a change in BP reactivity to
challenge following Tai Chi exercise, or the return to baseline following such

challenge.

In conclusion, there have been an increasing number of controlled trials

that indicate benefits from Tai Chi for cardiovascular function, although not

without exception. There may be a positive bias in the literature for publication

of studies towards those reporting positive outcomes. It is recommended that

future studies incorporate within participant correlation analyses within experi-

mental designs to better identify mediator variables and to delineate partici-

pants for whom this form of exercise conveys benefits. It is also important to

consider the possibility that benefits for different individual are dependent on

different mediators. If we are to have better RCTs, it is necessary to have a more

clear understanding of the mechanisms through which changes in cardiovascu-

lar variables are effected. RCTs are important but they are not the only way for-

ward and the need may not be for simply bigger and better trials but trials that

either target populations or incorporate moderator variables/plausible media-

tors that then provide a better understanding of the outcomes from such trials.
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Abstract
Previous studies have suggested that Taiji (T’ai Chi) practice may improve immune

function. The current study examined whether 5 months of moderate traditional Taiji and

Qigong (TQ) practice could improve the immune response to influenza vaccine in older

adults. Fifty older adults participated in this study. Baseline pre-vaccine blood samples were

collected. Subjects received the 2003–2004 influenza vaccine during the 1st week of the

intervention. Post-vaccine blood samples were collected 3, 6 and 20 weeks after intervention

for analysis of anti-influenza hemagglutination inhibition titers. Findings indicated a signifi-

cant increase in the magnitude and duration of the antibody response to influenza vaccine in

TQ participants when compared to controls. There was a significant between-group differ-

ence at 3 and 20 weeks after vaccine, and at 20 weeks the TQ group had significantly higher

titers compared to the pre-vaccine time point, whereas the controls did not. A higher percent-

age of TQ subjects also responded to the influenza A strains with a protective antibody

response, but differences between groups were not statistically significant. Traditional TQ

practice improves the antibody response to influenza vaccine in older adults, but further

study is needed to determine whether the enhanced response is sufficient to provide defini-

tive protection from influenza infection.

Copyright © 2008 S. Karger AG, Basel

The health of older adults is a topic of increasing concern amid aging

populations in North America and elsewhere in the world. In particular, influ-

enza is a topic of annual concern for this age group. Each year, the influenza

virus is responsible for an estimated 36,000 deaths and up to 150,000 hos-

pitalizations in the United States [1]. Persons above 65 years of age are at
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increased risk of serious illness and death, especially those with chronic dis-

eases [1–3]. The most effective means of influenza virus prevention is admin-

istration of the influenza vaccine. Although the vaccine is usually effective at

preventing serious illness and death in young adults, a large percentage of

older adults do not typically generate protective levels of antibodies to the flu

vaccine [4, 5]. These realities have led to research aimed at identifying factors

that can lessen influenza incidence and severity and/or improve influenza vac-

cine efficacy.

In recent years, there has been an expanding interest in alternative and

complementary therapies, although few studies have examined the impact of

holistic or behavioral interventions on immune function. One popular, yet

understudied therapy is Taiji (T’ai Chi), a fusion of martial arts with Daoist phi-

losophy and traditional Chinese medicine [6]. Many studies on older adults

report that Taiji improves quality of life, flexibility, strength, cardiovascular

function, pain, balance, and kinesthetic sense [7–9]. The use of Taiji as a behav-

ioral intervention in older adults is particularly attractive due to age-related loss

of function and problems with even moderate intensity exercise interventions.

One recent study also found that a Westernized form of Taiji led to a 50%

improvement in the immune response to varicella zoster virus (the shingles

virus) in a small group of healthy older adults [10]. These results suggest that

Taiji may alter immunity in the elderly. The purpose of this study was to deter-

mine whether traditional Taiji and Qigong practice may improve the antibody

response to influenza vaccine in sedentary older adults.

A Traditional Taiji Curriculum

Most studies of the effects of Taiji on various aspects of health and well-

being have used the practice of Taiji form alone as their intervention. While the

slow movement that is most commonly recognized as Taiji is certainly a corner-

stone of Taijiquan training, it is only one aspect of the art. Through the cen-

turies, three forms of Taiji practice have evolved to form an efficient and

comprehensive curriculum:

– Qigong: Principally forms of sitting and standing meditation

– Taiji form: Mainly slow movement practice

– Push-hands: Two-person balance, strength, and reaction training

Each of these forms of practice is interrelated and synergistic – each exer-

cise builds upon skills developed from the others. Further, it is a truism of Taiji

training that the combined effects of correct practice of all exercises are greater

than practice of individual exercises. In this study we elected to use two of the

traditional practices – form and Qigong – but for practical purposes, not the
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third1. Broadening the curriculum to include both form and Qigong practice,

not only captures more of the tradition, but also appears to deepen the health

benefits. In a recent study at the University of Illinois, the Taiji/Qigong effect

was significant for balance and lower body strength 2 months after beginning

an intervention [Yang et al., unpubl. data]. The seven-movement choreographed

Taiji form taught during the intervention was not memorized by the participants

until the end of the 4th month; therefore, much of the credit for the rapid

improvement in strength and balance must be attributed to the sitting and stand-

ing meditation component of the intervention curriculum. Therefore, both were

included in this study.

Sitting and Standing Qigong Meditation
Standing Qigong meditation is literally translated from the Chinese as

‘standing pole’ or ‘standing post’ exercise and is the basis for Taiji movement.

In fact, the Taiji form movement is often referred to as ‘moving pole’, high-

lighting the fact that Taiji movement is rooted in the practice of standing medi-

tation. Both the classical literature of Taijiquan and the oral tradition of the

internal martial arts repeatedly emphasize that standing training is integral to

Taiji movement.

Sitting and standing meditation are related exercises but yield different

benefits. Both are ‘mind/body’ integrative exercises of the nervous system and

both strengthen core musculature – upon which the mechanics of Taiji move-

ment fundamentally rely. However, in general, sitting meditation is directed rel-

atively more toward training the former (central nervous system) and standing

to the latter (core strength). The standing and sitting meditation exercises are so

crucial to efficient Taiji practice that it is precisely these exercises that were

omitted from public teaching when the goal was to preserve the ‘secret’ of the

art within a small, select group of family members or disciples. These practices

are now an ‘open secret’, but little information has yet been disseminated as to

why they are important, and almost none of the current Taiji research mentions

them.

1Although push-hands is a foundational aspect of Taiji practice and is essential to real-

ize the maximum possible benefits of practice, correct practice requires a foundation of skill

developed through standing and sitting meditation and form practice. It is the first author’s

conclusion that push-hands can be practiced and enjoyed by older adults, but that there is lit-

tle purpose in introducing this practice at the beginning stages of an intervention. Further

information concerning the purpose and interrelated nature of the sitting and standing medi-

tation, form, and push-hands exercises, including hypothesized mechanisms, is detailed in

Yang and Grubisich [6].
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Choreographed Form Movement
Over the last several hundred years, varied expressions or styles of Taiji

have developed.

Although these different forms of Taiji vary in outward appearance, the

principles of the movements remain the same. Understanding the mechanics of

movement – as opposed to memorizing a specific choreography – is what is

important in understanding Taiji movement. Once the essential mechanics are

understood, any movement can be done as Taiji movement. Hence the ‘style’ or

outward appearance of choreography is ultimately unimportant, but the princi-

ples of practice and mechanics of movement are essential and define ‘Taiji

movement’.

For beginning practitioners in general and older adults in particular, we devel-

oped and observed the following guidelines to ensure accessibility of our Taiji

form to older adults while retaining the appropriate character of Taiji exercise:

– Form movements should not be overly complicated. While truly com-

plex movements were omitted, some demanding postures, such as kicking

motions requiring single leg stance or backwards walking motions, were

retained to challenge healthy participants of any age.

– Range of motion should be as large as comfortably allowed. Beginners

should gradually increase the range of motion of form movements to improve

physical capabilities. Within the comfortable limit of ability, each practitioner

should approach the maximum comfortable limits of waist turning and weight

shifting during form practice. Doing so increases range of motion around the

body joints while increasing the comfortable range of motion within the base of

support, effectively increasing the radius about which one can maintain bal-

ance. (Once a person understands and can do a movement, however, it can be

performed in any radius, big or small – there is no difference in the mechanics

of how the movement is generated.) Therefore large movements were empha-

sized in our Taiji choreography.

– Varied directional movements should be included in the choreography.

A wide variety of directional movement was used to challenge healthy practi-

tioners of any age. Simply repeating the same or similar movements along a sin-

gle directional line yields limited benefit in mind/body connection.

– Protect the knees. Postures and movements that are potentially injurious

to the knees were avoided. According to Taiji principles, the knees should be

slightly bent. However, beginning students of any age should not be encouraged

to practice in lower postures. Besides violating basic Taiji principles, lower

stances increase the risk of injury to the knees. Similarly, correct footwork must

be employed so that the knees are not stressed during form movement. Postures

and footwork should always be relaxed and natural – this requires constant

stance adjustment during form practice.
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Again, these differences in the complexity of movement and range of

motion are applicable to and desirable for beginners of any age, and are

described here as a variable subset of the general principles of Taiji practice and

mechanics of Taiji movement.

Materials and Methods

Subjects
We recruited 41 subjects from a larger study examining sensory and strategic mecha-

nisms of balance improvement afforded by a combined Taiji and Qigong (TQ) program for

older adults [Yang, et al., unpubl. data]. Twenty-seven of those recruited had been assigned to

the TQ intervention versus only 14 in the wait-list control (CON). Because of the large differ-

ence in subject number between groups, we recruited an additional 9 CON subjects using the

same inclusion and exclusion criteria as the larger study for a final distribution of 27 and 23 in

the TQ and CON groups, respectively. In this substudy, subjects were excluded if they were tak-

ing medications that altered immune responsiveness (e.g. corticosteroids or cancer therapies),

or had conditions associated with immune dysfunction (e.g. severe autoimmune disorders or

arthritis), neurological disorders, or had cognitive deficits as assessed by the Pfeiffer exam

[11]. All subjects completed informed consent forms approved by the University Institutional

Review Board. Each subject filled out a detailed medical history providing information about

diagnosed diseases, medication use, general health problems, alcohol intake, smoking status

and exercise participation. Each participant also completed the Pittsburgh Sleep Quality Index

[12] to evaluate sleep quality. With respect to this substudy, 3 subjects dropped out of the Taiji

intervention, one each at 5, 8 and 16 weeks. We were able to obtain post-vaccination blood

samples from all of these subjects and included them in an intent-to-treat analysis.

Research Design and Intervention
The TQ group participated in three 1-hour classes per week for 20 weeks. The control

group was asked to continue routine activities for the 20 weeks. Each 1-hour class consisted

of equal parts of Qigong and Taiji form practice. The form consisted of 7 movements dis-

tilled from the Chen Style Essential 48 movement form. The seven movements selected

focused on fundamental mobility skills: weight shifting to both sides (stepping and pivoting

forward, backwards, sideways and diagonally), range of motion and coordination. They were

also selected for their adaptability and accessibility. The forms were broken down into com-

ponents that could be taught and practiced separately and then gradually connected by transi-

tions until, by the 4th month, they could be performed continuously as a complete routine.

The Qigong practice consisted of sitting and standing meditation. Students began with short

periods of sitting. Standing was added in week 2 and times were gradually increased for both,

until by the beginning of the 13th week participants were performing one 10-min sitting and

two 10-min standing meditations in each 1-hour class. This combination of equal parts form

and Qigong reflects the traditional Chinese training curriculum. The written and oral tradi-

tion of Chinese internal arts is clear on the primacy of standing and sitting meditation in nur-

turing complete and efficient development of Taiji’s many benefits.

Pre-vaccine blood sampling and influenza vaccination occurred during the first week

of the intervention. All subjects were vaccinated with a commercially available 2003–2004
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influenza vaccine (Fluzone, Aventis-Pasteur, Swiftwater, Pa., USA) containing 15 �g of

hemagglutinin from H1N1 (New Caledonia/20/99), H3N2 (Panama/2007/99), and B (Hong

Kong/1434/2002) strains of the virus. Blood samples were taken 3, 6 and 20 weeks after the

vaccination with the 20-week time point corresponding to the end of the intervention for this

substudy. Serum samples were stored frozen at �80�C for later analysis.

Antibody Titer Analysis
Once all samples were collected, they were shipped frozen to a Center for Disease

Control-affiliated reference laboratory (Hackensack Medical Center, Hackensack NJ) for

blinded analysis of anti-influenza antibody titer by hemagglutination inhibition (HI) assay.

Serial two-fold dilutions (e.g. 10–10,240) of participant sera were subject to HI assay per-

formed using standard microtiter techniques, which included controls for nonspecific HI.

The appropriate A and B test antigens for HI were obtained as egg allantoic fluid (WHO

Collaborating Center for Influenza, Center for Disease Control, Atlanta, Ga., USA). All sam-

ples from a single subject were run in the same assay. In addition to raw antibody titer, we

determined influenza vaccine efficacy as the percentage of subjects that responded to the

vaccine with an antibody titer �40 HI (at any time point after vaccination), which is consid-

ered a titer sufficient to protect people from influenza infection [13].

Statistics
Student’s t tests and �2 tests were performed to compare treatment groups on descrip-

tive variables and �2 was used to explore differences in the percentage of subjects achieving

protective HI responses. In order to assess the magnitude of change in HI antibody titers over

time, we used a generalized estimating equations model for gamma-distributed responses.

Because the dependent variable here has a strong right skew, the gamma distribution is an

appropriate model. The generalized estimating equation model is widely used for the analy-

sis of longitudinal biometric data.

Because the subjects were extremely diverse in their responses, we employed a within-

subjects analysis. Subjects with missing data at a single time point (n � 11) were included in

intent-to-treat design. Due to low statistical power associated with the small sample size, we

pooled the HI antibody responses from the three different influenza strains included in the

vaccine. This pooling was done using the geometric mean, which is an appropriate method of

aggregation for variables that have a multiplicative relationship.

No problems were observed during model fitting. Because the sample size is relatively

small, we used clustered-by-subjects bootstrapping to compute standard errors. To examine

the effect in a more interpretable way, we generated predicted values for each treatment group

by week, along with 99.2% confidence intervals. 99.2% gives the Bonferroni adjustment for

six time and group comparisons, corresponding to an overall �-level of 0.05.

Results

Table 1 contains descriptive baseline information regarding the 50 partici-

pants in the intent-to-treat sample. There were no statistically significant differ-

ences in gender, weight, height, or BMI between the two groups. There was a

borderline significant age difference between the two groups, with the Taiji



Yang/Verkuilen/Rosengren/Mariani/Reed/Grubisich/Woods/Schlagal 70

participants about 5 years older on average than controls. The groups were also

similar in that there was no difference in the number of medications they took

or the number of diagnosed diseases they were afflicted with. Sleep quality as

measured by the PSQI was similar as was the number of times they exercised

(�20 min enough to ‘break a sweat’) each week. Groups were also similar in

their intake of vitamin supplements and alcohol (table 1).

As prior influenza vaccination or exposure can alter pre-vaccine antibody

titer and the net response to the influenza vaccine, we compared pre-vaccine HI

titers between the two treatment groups. Importantly, there were no significant

differences in pre-vaccine antibody titers between the Taiji and control groups

(table 1), suggesting similar vaccine or exposure histories. We queried subjects

about whether they had received the previous years’ influenza vaccine (which

contained identical strains to the 2003–2004 vaccine). Unfortunately, as is often

the case in the elderly, 1 TQ and 3 control subjects could not remember if they

had or had not received the previous years’ shot. However, there were no differ-

ences between groups in the number of subjects that reported having the previ-

ous years’ influenza vaccination (12/20 and 13/26 for control and TQ subjects,

respectively; �2 � 0.46; 0.56).

Table 1. Baseline comparisons between control and Taiji groups

Variable Control (n � 23) Taiji (n � 27) Statistic; p value

Males/Females 7/16 6/21 �2 � 0.44; 0.54

Age, years 74.5 	 1.6 79.5 	 1.9 t � 2.0; p � 0.05

Weight, kg 71.4 	 2.0 63.9 	 3.0 t � 1.9; p � 0.06

Height, cm 165 	 1.8 162 	 1.7 t � 1.1; p � 0.28

BMI 26.2 	 0.57 24.1 	 1.0 t � 1.7; p � 0.09

Diagnosed illnesses 3.4 	 0.5 3.2 	 0.5 t � 0.36; p � 0.72

Medications 4.0 	 0.5 3.6 	 0.5 t � 0.60; p � 0.55

PSQI 4.7 	 0.8 5.3 	 0.6 t � 0.56; p � 0.58

Exercise, times/week 3.8 	 0.5 3.9 	 0.5 t � 0.20; p � 0.84

Vitamin supplements 18/23 25/27 �2 � 0.53; 0.47

Alcohol intake, oz/week 2.8 	 0.9 1.1 	 0.3 t � 1.9; p � 0.06

Baseline H1N11 3.99 	 0.28 (0–5.32) 3.78 	 0.39 (0–7.32) t � 0.42; p � 0.67

Baseline H3N21 6.74 	 0.53 (4.32–13.32) 6.0 	 0.45 (0–10.32) t � 1.1; p � 0.28

Baseline B1 6.00 	 0.39 (3.32–10.32) 5.48 	 0.48 (0–10.32) t � 0.80; p � 0.42

PSQI � Pittsburg Sleep Quality Index.
1Expressed as log2 titer.
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The percentage attendance at the supervised TQ sessions over the course of

the 20-week intervention was 80.5 	 2.9% (range 23–96%). In questionnaires

administered to the participants asking about TQ practice outside of the super-

vised sessions we found that the TQ group self-practiced the techniques an

average of 2.8 	 0.48 (range 0–7) times per week. The average length of a self-

practice meditation session was 8.9 
 0.2 min (range 0–30 min).

Analysis of the HI titers can be found in figure 1. There was a statistically

significant (p � 0.05) increase in predicted geometric mean antibody titer in

the TQ when compared to the control group at the 3- and 20-week time points

(note that the mean of the CON group falls outside the 99.2% CI). Compared to

the pre-vaccine time point, vaccination of the CON group resulted in a statisti-

cally significant (p � 0.05) 58 and 54% increase in anti-influenza HI titer at 3

and 6 weeks post-vaccine, respectively. The anti-influenza titer at 20 weeks after

vaccine (�10% increase) was not significantly different from the pre-vaccine

time. This is in contrast to the statistically significant (p � 0.05) 173, 130, and

109% increases relative to pre-vaccine at 3, 6, and 20 weeks after vaccination,

respectively, in the TQ group (fig. 1). We found no significant correlations

between attendance or self-reported self-practice and maximal post-vaccination

antibody responses (r � 0.01–0.3, p � 0.05); however, our sample size is quite
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Fig. 1. Composite geometric mean HI antibody titers (	99.2% confidence interval)

in CON (n � 23) and TQ (n � 27) subjects before and 3, 6 and 20 weeks after vaccination.

Group comparisons revealed significantly elevated titers at 3 and 20 weeks after vaccina-

tion in the TQ when compared to the CON group (asterisks). With respect to time, both

groups responded to the vaccine with significant elevations in titer at 3 and 6 weeks after

vaccination. However, only the TQ group had significantly higher (when compared to pre-

vaccination) titers at 20 weeks after vaccine.
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low for an analysis of this type. Moreover, attendance at the sessions was rela-

tively homogenous among the participants. Only one subject (23% attendance

rate) was below 65%, with the majority of participants attending �80% of the

supervised sessions.

Another way to examine influenza vaccine efficacy is to determine the per-

centage of people who developed a protective response (e.g. �40 HI) after vac-

cination [14]. As can be seen in figure 2, while more Taiji participants had a

protective (e.g. �40 HI in response to the vaccine) titer response, particularly

for the influenza A strains, this was not statistically significant via �2 analysis

(p � 0.21, 0.47, and 0.96 for H1N1, H3N2 and B strains, respectively).

Discussion

This is the first study to examine the influence of a Taiji intervention on the

response to influenza vaccine in older adults. Influenza is a major problem for

this population because of age-related immunodysregulation that contributes to

increased susceptibility, longer recovery, and failure to become adequately immu-

nized when given the influenza vaccine [13]. Many strategies have been employed

to improve influenza vaccine efficacy in the elderly. In this study, we found that

5 months of an easily performed behavioral Taiji and Qigong intervention could
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Fig. 2. Percentage of subjects that responded to the 2003–2004 influenza vaccine with a

protective (e.g. �40 HI) response. Despite higher percentages in the Taiji group for the

influenza A strains, �2 analysis revealed no statistically significant differences between groups

in the percentage of study participants responding with protective responses (p � 0.21, 0.47,

and 0.96 for H1N1, H3N2 and B strains, respectively).



Taiji and Influenza Vaccine Response 73

improve the magnitude and duration of the HI anti-influenza antibody titer

response in a small cohort of older adults. Unfortunately, while there was a sta-

tistically significant increase in the amount of anti-influenza antibody produced

in response to the vaccine in the Taiji group when compared to controls, the

intervention failed to stimulate antibody production above a critical level (e.g.

�40 HI) needed for protection against influenza infection [14]. Although there

were some differences across the vaccine strains, there was a tendency for the

intervention to increase the percentage of people exhibiting a protective titer

�40 HI, although this was not statistically significant.

There are a few limitations to this study that are noteworthy. First, this was

intended as a proof of concept study and was not a true randomized controlled

trial. We were unsuccessful in recruiting enough control subjects (n � 14) from

the larger parent trial to effectively compare the efficacy of the intervention

(n � 27) on influenza vaccine responses. As such, we recruited additional sub-

jects (n � 9) to the wait-list control group in a nonrandomized fashion. We

made every attempt to make sure that these subjects were similar to the parent

trial by using the same inclusion/exclusion criteria. Our results indicated that on

most variables (e.g. gender, BMI, number of medications, diagnosed diseases,

exercise participation, vitamin and alcohol use) the two groups were compara-

ble. The only borderline significant (p � 0.05) difference was in age. The TQ

group was on average 5.5 years older than the control group. However, older

age results in reduced influenza vaccine responsiveness [13], suggesting a pos-

sible underestimation of the TQ effects reported in the current study. A second

limitation of the present study was our lack of an attention control group. This

limited our ability to determine whether the increase in antibody titer seen in

the TQ group was due to the behavioral Taiji intervention or socialization into

the study. Third, while we made every attempt to ascertain each participant’s

previous year’s (2002–2003; which was identical to the 2003–2004 vaccine

used in the current study) influenza vaccine exposure, a few of our subjects

could not recall whether they had or had not received that vaccine. In the 92%

who could recall, there were no significant differences in the percentage receiv-

ing the vaccine in the TQ (50%) when compared to the controls (60%). We also

found no differences in baseline titers to any of the strains (table 1) and, impor-

tantly, our statistical model adjusted baselines between the groups to examine

relative change over time. Thus, we are confident that group differences in the

response to the influenza vaccine used in this study were due to factors other

than prior exposure. Lastly, while anti-influenza antibodies generated in response

to vaccine are important in influenza prevention, cell-mediated immune

responses also play a role [13]. Indeed, a recent study suggests that T cell-medi-

ated responses mounted in response to the influenza vaccine may be more

predictive of vaccine protection in the elderly when compared to antibody
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responses [15]. We did not assess the cell-mediated immune response to the

vaccine in the present study. Despite these limitations, studies such as this one

provide evidence for mind-body interactions and demonstrate the utility of

such behavioral interventions as complementary therapy for those whose

immune systems operate suboptimally. Clearly, there needs to be a large, ran-

domized controlled trial on TQ intervention and vaccine efficacy in this at-risk

population.

There have been some studies that have examined the effects of Taiji and

Qigong on immune function in various populations. Unfortunately, few of these

studies have included clinically relevant measures of immunocompetence and

several are inadequately controlled. For example, Manzaneque et al. [16] found

that 1 month of Qigong training lowered total leukocyte, eosinophil, monocyte

and complement C3 levels. Jones [17] found that 14 weeks of Guolin Qigong

increased the IFN-�:IL-10 ratio in leukocytes cultured with phytohemagglu-

tinin in vitro. The lack of a control group in this study made it difficult to assess

the contribution of the intervention. Moreover, simple measures of leukocyte

counts or ex vivo cytokine production in response to polyclonal stimulation

have little clinical relevance. In one carefully controlled clinically relevant trial,

Irwin et al. [10] found that 15 weeks of a Westernized version of Taiji signifi-

cantly increase varicella zoster virus-specific immunity in men and women

aged over 60. Also, it has been found that Qigong-trained subjects mounted bet-

ter responses to delayed-type hypersensitivity recall antigens when compared to

controls [18]. The latter is clinically relevant because low delayed-type hyper-

sensitivity responses have been found to be related to higher mortality due to

sepsis [19]. Although not Taiji, mindfulness meditation techniques have

resulted in improved antibody titers to influenza vaccine in a group of younger

subjects [20]. Recent evidence also suggests that physical exercise can improve

the antibody response to influenza vaccination in previously sedentary elderly

[21]. This effect was mediated, in part, by improvements in psychosocial factors

[22, 23], which unfortunately we did not assess in the present study.

While the underlying mechanisms behind behavioral intervention’s benefi-

cial effects on immune responsiveness in some studies remains unclear, it is

well known that there exist established links between behavior and neuroen-

docrine factors that can impact immune cells. For example, immune cells

express adrenergic and cholinergic receptors and catecholamines and acetyl-

choline have profound effects on their functions [24, 25]. Interestingly,

Taijiquan (T’ai Chi Chuan) has been found to enhance vagal modulation and

shift the sympathovagal balance towards a reduction in sympathetic tone [26].

Whether changes in autonomic balance in response to behavioral interventions

like Taiji are responsible for altered immune responsiveness to challenge is

unknown, but testable. This is the first study adopting a traditional curriculum
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of Qigong meditation and Taiji form practice to examine the effect of Taiji on

older adults’ immune function. It would be useful in future studies to examine

the effects of each of the three components of Taiji curriculum (Qigong, form,

and push-hands) and also to use them in different combinations. It would be

also important to study the effects of static (standing and sitting) and dynamic

Qigong separately and the combined.

In summary, we have found that 20 weeks of Taiji can increase the anti-

body response to influenza vaccine in older adults. Unfortunately, the interven-

tion failed to increase antibody titers above the well-established protective level

(�40 HI); however, a higher percentage of TQ subjects did respond favorably to

the influenza A strains in the vaccine. Our results provide ‘proof-of-concept’

and suggest that there needs to be a larger dedicated intervention trial with Taiji

to definitively determine whether this type of behavioral intervention can

improve influenza vaccine efficacy in older adults.
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Abstract
Eighty subjects aged over 60 participated in this study. Ankle and knee joint kinesthesia

were measured in 21 long-term TC practitioners (TC group), 20 long-term swimming/running

exercisers (S/R group), and 27 sedentary controls (control group). The results showed that

ankle joint kinesthesia significantly differed among the three groups (p � 0.001). TC practi-

tioners could detect a significantly smaller amount of motion than could the S/R exercisers

(p � 0.022) and sedentary counterparts (p � 0.001). No significant difference was found

between the S/R group and the sedentary control group (p � 0.701). For the knee joint, the

threshold for detection of passive motion was significantly different in knee extension and

flexion. For knee flexion, the TC group showed a significantly smaller mean threshold for

detection of passive motion than did the subjects in the control group (p � 0.026). There were

no significant differences between the S/R group and the control group (p � 0.312), the TC

group and S/R group (p � 0.533). For knee extension, no significant difference was noted

among the three groups (p � 0.597).

Copyright © 2008 S. Karger AG, Basel

Postural equilibrium needs proprioceptive acuity and precise neuromuscular

control. Proprioception is the afferent information that contributes to conscious

sensation (muscle sense), total posture (postural equilibrium), and segmental pos-

ture (joint stability) [1]. Many studies have indicated that proprioception dimin-

ishes with age [2–4]. Gerontologists have postulated that impaired proprioception

makes it difficult for older people to detect changes in body position until it is too

late for compensatory behaviors to prevent falls [5]. Indeed, some studies have

shown that diminished proprioception is a major contributing factor to falls in the

elderly [6]. It is very important for old people to retain this ability.

Balance Control and Falls Prevention and Tai Chi
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Exercise has been shown to have beneficial effects on improving a number

of sensorimotor systems that contribute to stability [7, 8]. Gauchard et al. [9]

reported that proprioceptive exercise (Yoga and soft gymnastics) appeared to

have the better impact on balance control in the elderly compared with bioener-

getic physical activities. But the authors did not point out the underlying reasons,

whether different kinds of exercises could cause different effects on propriocep-

tion of old people. A number of studies have provided positive evidence that TC

practitioners performed better in balance control, flexibility and muscle strength

tests [10, 11]. Moreover, a study conducted by Wolf et al. [12], with a relatively

large sample size, identified that the intervention of TC reduced the risk of mul-

tiple falls by as much as 47.5%. To date, little is known whether TC exercise may

be a better form of proprioceptive exercise than other physical activities.

The purpose of this study was to assess whether long-term TC practice

could produce benefits for old people’s proprioception and whether this impact

of TC on proprioception was more evident compared with other common activ-

ities in the elderly. Such knowledge would be very helpful to explain the mech-

anisms by which TC exercise improves balance capacity.

Methods

Subjects

A total of 68 old people were recruited to participate in this study. They were predomi-

nantly healthy and had no history of significant cardiovascular, pulmonary, metabolic, mus-

culoskeletal or neurologic diseases. 21 subjects in the TC group had regularly practiced TC

for approximately 1.5 h every day over the past 4 years or more. The swimming/running

(S/R) group was composed of 20 subjects, who had practiced swimming and/or running for

at least 1 h every day for 4 or more years. Meanwhile, the subjects in the TC and S/R groups

had not involved in any other regular physical activity in the previous 5 years. 27 elderly sub-

jects in the sedentary control group had not engaged in any regular exercise training for more

than 4 years. No significant difference was noted in gender, age, body height, and body

weight across the three groups (table 1).

Table 1. Characteristics of the TC, S/R and control groups

Group Males/females Age, years Height, cm Weight, kg

TC (n � 21) 12/9 66.1 (5.2) 163.6 (7.9) 64.8 (9.9)

S/R (n � 20) 12/8 65.4 (3.0) 164.1 (8.6) 66.5 (12.4)

Control (n � 27) 15/12 65.6 (3.0) 163.9 (7.8) 68.5 (10.9)

Values for age, height and weight are expressed as mean and standard deviation (SD).
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Measurement

Each subject individually participated in two separate sessions of data collection. The

first one was measurement of ankle joint kinesthesia. After a brief rest period, knee joint

kinesthesia was tested.

Ankle Joint Kinesthesia Test
Data were collected using the instrumentation and procedures described by Lentell

et al. [13], but small changes were instituted. As illustrated in figure 1, the custom-made

device is a box with a movable platform that rotates about a single axis in two directions.

With the foot resting on this platform, plantar-dorsiflexion of ankle movements can occur.

This platform is moved by an electric motor that rotates the foot on an axis at a rate of 0.4�/s.

Movement can be stopped at any time with the use of a hand-held switch. The angular motion

achieved by the platform is calculated by the dents that the motor rotates.

The device is also equipped with a hanging scale and a fixed pulley supported by a tres-

tle, which is outside of the device. A thigh cuff attached to the lower end of the scale is

Fig. 1. Testing apparatus and a subject positioning for evaluation of passive motion

sense of ankle joint.
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wrapped around the lower thigh of the subjects. Through adjusting the length of the cuff, the

extremity is lifted by the scale and its weight is recorded when the subjects fully relax their

thigh. After this, the thigh cuff is attached to one end of the rope around the pulley and the

other end is hung with weights. The extremity can then be adjusted to where the foot is in

contact with the platform. Through adding or reducing the weights, the investigator can stan-

dardize the weight of the lower extremity resting on the platform during testing.

For data collection, each subject was seated on an adjustable chair and his or her

dominant foot was so placed on the platform that the axis of the apparatus coincided with the

plantar-dorsiflexion axis of the ankle joint. The hip, knee, and ankle were positioned at 90�
respectively. In order to standardize the sensory cues from the contact between the instru-

ment and the plantar surface of the foot, 50% of each subject’s lower extremity weight was

rested on the platform by the use of the thigh cuff suspension system. During testing, the sub-

jects’ eyes were closed and they wore headphones with music playing to eliminate visual and

auditory stimuli from the testing procedure apparatus.

Each test movement began with the foot placed on the horizontal platform, namely the

starting position was 0�. The subjects were instructed to concentrate on their foot and to press

the hand switch when they could sense motion and identify the direction of the movement.

After performing two practice trials, the motor was then engaged to rotate the foot into dor-

siflexion or plantarflexion at a random time interval between 2 and 10 s after subject instruc-

tion. The researcher recorded the rotation angles of the platform and the direction of

movements as passive motion sense. At least six randomized trials were conducted: three for

plantarflexion, three for dorsiflexion. The mean values of three trials in one direction were

calculated.

Knee Joint Kinesthesia Test
The method of assessing knee kinesthesia was similar to those described in previous

studies [2, 14]. As shown in figure 2, the apparatus consists of electric motor, governor,

counter system, transmission and linkage system. A moveable frame can rotate around a sin-

gle axis in two directions at a velocity of 0.4�/s. Angular displacement of the frame is calcu-

lated by the dents that the motor rotates.

Each subject performed two practice tests to become familiar with the test process

before completing the trials. At least six randomized trials (three trials for extension, three tri-

als for flexion) were tested in his or her dominant leg according to the following protocol. The

subjects wore shorts to negate any extraneous skin sensation from clothing through the knee

area. They sat in an adjustable chair with the legs hanging freely over the edge of the seat 5 cm

proximal to the popliteal fossa. A custom-made inflatable cuff was fitted above the knee joint

and inflated to 20 mm Hg to neutralize cutaneous sensation. The axis of rotation of the knee

joint was aligned with the axis of rotation of the frame. Then the researcher placed the lower

part of the shank of the subject on the frame. An ankle inflatable cuff was applied and inflated

to 20 mm Hg to reduce multisensory afferent discharge at the shank-machine interface. To fur-

ther reduce unwanted sensory input, the subjects kept their eyes closed and wore headphones

with music playing to eliminate the sight and sound of the apparatus.

The starting position of each trial was 45� of knee flexion as measured by an electrogo-

niometer (Penny and Giles, Christchurch, UK). Subjects were told that their legs could move

in a flexed or extended direction beginning at a random delay of 2–10 s after the examiner

signaled the start of the test. Once the subject detected motion of the leg, he or she pressed a

handheld stop button and confirmed the direction of the motion. The rotation angles of the
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frame were defined as the threshold for detection of the knee joint. Mean values of three tri-

als in one direction were used for analysis.

Data Analysis

All variables were presented as means and standard deviations. Passive motion sense of

ankle and knee joint in different directions were respectively compared using paired t test in

each group. Because there were no significant differences between the directions of ankle

movement, plantarflexion and dorsiflexion data were averaged to present the ankle kinesthe-

sia. One-way analysis of variance was used to estimate significant differences among groups.

The post-hoc Scheffe tests were performed when necessary to isolate the differences and

p � 0.05 was considered statistically significant.

Fig. 2. Customized apparatus used to

test passive motion sense of knee joint.
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Results

Ankle Joint Kinesthesia

Ankle joint kinesthesia significantly differed among the three groups

(p � 0.001). Movements of 1.21 � 0.33� were perceived in the TC group,

1.78 � 0.82� in the S/R group, and 1.95 � 0.66� in the sedentary control

group. The post-hoc test showed that TC practitioners could detect a signi-

ficantly smaller amount of motion than the sedentary counterparts (p � 0.001)

and swimming/running exercisers (p � 0.022), while no significant differ-

ence was found between the S/R group and sedentary control group

(p � 0.701; fig. 3).

Knee Joint Kinesthesia

The threshold for detection of passive motion was significantly different

in the knee extension and flexion of each group; the knees were more sensitive

to a flexion arc than they were to an extension arc. One-way ANOVA analysis

indicated that significant differences in passive motion sense were evident in

TC group
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Fig. 3. Comparison of ankle kinesthesis in the TC, S/R and control groups. Error bar indi-

cates standard error of mean (SEM). **p � 0.01, *p � 0.05 compared with the TC group.
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knee flexion across the three groups (p � 0.025). Further analysis showed

that the TC group had a significantly smaller mean threshold for detection

of passive motion than did the subjects in the control group (p � 0.026).

There were no significant differences between the S/R group and the control

group (p � 0.312), the TC group and S/R group (p � 0.533). For knee exten-

sion, no significant difference was found among the three groups (p � 0.597;

fig. 4).

Discussion

Although many studies have indicated that the adaptation of regular physi-

cal activity can certainly attenuate the age-related decline in many physiologic

systems, few of them have been concerned about the effects of exercise on pro-

prioception of old people, especially for the effects of different kinds of exer-

cise. Our study provided evidence that long-term TC practitioners not only

showed better ankle and knee joint kinesthesia than sedentary controls but also

their ankle joint kinesthesia was better than the long-term swimming/running

exercisers. Furthermore, the latter did not perform better in ankle and knee joint

kinesthesis test than their sedentary counterparts.

The movements of TC are gracefully fluent and consummately precise

because specificity of joint angles and body position is of critical importance in

accurately and correctly performing each form [15]. Acute awareness of
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body position and movement is demanded by the nature of the activity. Thus TC

practice might have more benefits for proprioception. The findings of the pre-

sent study identified this characteristic.

Swimming and running are two of the most common exercises practiced

by elderly people, which are excellent forms of aerobic exercise, and provide

good training stimuli for the cardiopulmonary function and muscle strength.

Compared with TC exercise, swimming or running is a kind of cyclic repetitive

action. The awareness of joint position and movement is not specially empha-

sized during these exercise forms. Additionally, most elderly people exercise

only for enhancing health and recreation; they usually do not pay much atten-

tion to joint position and angles during exercise, unless the awareness of the

joint position and angles is specially required in some exercises, such as TC.

This might be one of the reasons that swimming/running exercisers did not

show the better scores in the measurements of knee and ankle kinesthesia in this

study.

Of particular interest in this study, the impact of TC practice on proprio-

ception was different in knee and ankle joints. Its effect on ankle joint kinesthe-

sia was more prominent than that on knee joint kinesthesia. The passive motion

sense of the ankle joint in the TC group was not only significantly better than

that in sedentary control group but also than that in swimming/running group.

However, for the knee joint TC exercise only produced a better effect than the

sedentary control group. These results might be attributed to the characteristics

of TC movements. The old TC proverb states, ‘When performing TC, the feet

act as roots’. Although almost all TC forms are performed in semi-squat posi-

tion, which enhances the loading of muscles and motion ranges of knee joints,

the continuous transformation of different postures and steps causes more

changes of ankle joint movements, such as turning toes outward or inward, rais-

ing toes or putting down and so on. Moreover, while making stride foot place-

ment is slow and deliberate. These movements might be of benefit for retaining

proprioceptor’s sensitivity located in the joint capsules, ligaments, tendons and

muscles.

The ankle proprioception is very important for the elderly to maintain

proper postural control. Many studies have indicated that a movement pattern

for postural correction in elderly adults is different from that of young adults.

The elderly rely more on hip movements while the young people rely on ankle

movements to control postural stability [16]. Decline of somatosensory infor-

mation from feet is one of the major factors pertaining to this pattern change

with age [17]. Therefore, the considerable impact of TC practice on ankle pro-

prioception was very beneficial for old people to retain balance control.

Decline in proprioception with age may be an important contributing fac-

tor to falls in the elderly, and this may be influenced by regular physical activity.
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The current study demonstrated that compared with other common activities,

long-term TC exercise produced more beneficial effects on retaining the old

people’s proprioception in ankle and knee joints, which may be helpful to main-

tain balance control in the elderly.

Conclusion

For the ankle joint, TC practitioners could detect a significantly smaller

amount of motion than S/R exercisers and sedentary counterparts. For the knee

joint, the TC group showed a significantly smaller mean threshold for detection

of passive motion in knee flexion compared with the control group.
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Abstract
Background and Aims: The efficacy of Tai Chi (TC) to improve neuromuscular

response characteristics underlying dynamic balance recovery in balance-impaired seniors at

high risk for falling was examined during perturbed walking. Methods: Twenty-two subjects

were randomized into TC or control groups. Nineteen subjects (68–92 years, BERG 44 or less)

completed the study. TC training incorporated repetitive exercises using TC’s essential

motor/biomechanical strategies, techniques, and postural components. Control training used

axial exercises, balance awareness/education and stress reduction. Groups trained 1.5 h/day,

5 days/week for 3 weeks. After post-testing, controls received TC training. Subjects walked

across a force plate triggered to move forward 15 cm at 40 cm/s at heelstrike. Tibialis anterior

and medial gastrocnemius responses during balance recovery were recorded from electromyo-

grams. Four clinical measures of balance were also examined. Results: TC subjects, but not

controls, significantly reduced tibialis anterior response time from 148.92 � 45.11 ms to

98.67 � 17.22 ms (p � 0.004) and decreased cocontraction of antagonist muscles (p � 0.003)

of the perturbed leg. All clinical balance measures significantly improved after TC.

Conclusions: TC training transferred to improved neuromuscular responses controlling the

ankle joint during perturbed gait in balance-impaired seniors who had surgical interventions to

their back, hips, knees and arthritis. The fast, accurate neuromuscular activation crucial for effi-

cacious response to slips also transferred to four clinical measures of functional balance.

Significant enhancement was achieved with 3 weeks of training.

Copyright © 2008 S. Karger AG, Basel

A variety of studies concerning Tai Chi’s (TC) effects on balance control in

older adults have been performed, and many showed that TC reduced fall risk and

improved balance in older adults [1–5]. Though these studies indicated TC

improved senior’s balance, the mechanisms underlying this improvement were not

clear, and it is unknown which recovery mechanisms were most affected.
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Additionally, no TC studies have, to date, examined reactive balance control during

gait in seniors at high-risk for falling [6]. Consequently, it would be most informa-

tive to examine specific neuromuscular mechanisms before and after TC training

and compare the results to a similar but different training given to a control group.

Additionally, in order to adequately identify if the intervention training transfers to

dynamic balance recovery, there is a need to use a testing paradigm that mimics

real world balance challenges. Lastly, it would be informative to train older sub-

jects that represent the general population that balance programs would need to

address, i.e. seniors with multiple sources of balance deficits.

The most common situation encountered by the elderly which leads to

falling is tripping or slipping while walking forward, followed by falling during

transfer and falling on stairs or steps [7]. Balance recovery during walking is a

dynamic process requiring the ability to make rapid, coordinated, and accurate

modifications to body posture to prevent falling. Given that an inability to

recover from a slip or trip during walking accounts for the majority of falls in

seniors, it would be most informative to examine the effects of balance interven-

tions during a slip/trip while walking. Thus, the dynamics of the recovery

process required by real world activities suggests that assessments, interventions

and test measures using sudden perturbations during gait are necessary to truly

evaluate balance control. Furthermore, therapeutic interventions would likely

benefit by incorporating balance skill training that practices controlling a variety

of spatial and temporal changes during a dynamic movement such as gait.

Previously, Tang and Woollacott [8] investigated neuromuscular mecha-

nisms underlying age-related declines in balance reactions by ‘slipping’ young

or healthy older subjects using a forward platform movement. The platform slid

10 cm forward at 40 cm/s at heelstrike. Postural muscle responses were recorded

from electromyograms (EMGs). They hypothesized older adults would use a less

effective reactive balance strategy than young adults. Results indicated that,

compared to young adults, older adults’ postural muscle responses were charac-

terized by: (1) increased coactivation of agonist and antagonist muscles; (2) longer

contraction onset time, and (3) longer muscle burst durations.

Our present study [9] used a similar test paradigm to determine the effects

of TC training on neuromuscular response characteristics underlying balance

control in balance-impaired seniors at high risk for falling. We did, however,

lengthen the distance of the slip to 15 cm. We compared training effects after

TC to a control group given a similar intensity training using axial exercises,

stretching, stress reduction, and awareness/balance education. We hypothesized

that neural mechanisms contributing to improvements after TC training would

include: (1) decreased time to tibialis anterior (TA) muscle contraction onset in

response to the perturbation, (2) improved organization of muscle responses and

(3) reduced cocontraction of antagonist muscles during postural adjustments.
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We also hypothesized TC training would transfer to an improved performance

on four commonly used clinical tests of functional balance control: Functional

Reach (FR), Timed Up and GO (TUG), One leg stance time, and Tandem stance

time.

Previous TC studies differed from the present study in five ways. To date,

TC interventions did not include balance-impaired older adults with multiple

surgical interventions to their back, hips and/or knees. Because it is likely that

interventions for balance-impaired older populations would include such indi-

viduals, we did not exclude this population. Second, previous TC studies relied

heavily on standing balance measures [1–6] whereas our study examined neu-

romuscular responses during a large/fast slip during locomotion. Third, studies

did not compare differences in balance responses in the same subjects after two

different interventions. Our control group was given the TC intervention after

completing control training. This crossover design allowed us to explore neuro-

muscular responses before and after two interventions in the same subjects.

Fourth, previous TC research [1–6] used TC postural sequences. Our interven-

tion focused on the use of TC principles (motor and biomechanical techniques

and postural elements) to control dynamic balance rather than performing a

sequence of postures. Fifth, past studies did not examine a short (3 weeks)

intensified training that better suits clinical and therapeutic environments.

Our study was conducted to determine how fall-recovery mechanisms

were affected by TC balance training in aging populations at high risk for falls

[9, 10]. Our long-term goals include further development of training and

assessment programs for mobility-impaired populations, applying TC training

principles to the design of robotic and mechanical training aids and to training

protocols that enhance reflexive motor skills, injury prevention, and team per-

formance for sports and industry.

Methods

Clinical Measures

Control and TC groups received identical clinical testing before and after training.

Scores evaluated before each type of training served as the pretest for post-training compari-

son. FR [11], TUG [12], single right/left leg stance, tandem stance right/left leg behind were

chosen because they are common clinical tests used to assess balance skills in older adults

[13], and they could be quantified.

Tests were demonstrated by the examiner until participants clearly understood the task.

Data from the first trial the participant was able to perform were recorded because our study

focused on change in the initial recovery response. Maximum time recorded for single and

tandem stance tests was 30 s [2]. Subjects with maximum scores of 30 s were scored with the

value of 30 s. The difference score of subjects with scores of 30 s at pre- and post-training
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was 0. Single stance time was recorded from the right and left leg separately. Tandem stance

was tested once with the right leg in front and once with the left leg in front. In order to have

comparable responses on clinical and laboratory tests, we used the initial score for TUG and

FR, although this departs from normal testing procedures. Participants were tested barefoot

or in stocking feet.

Functional Reach
FR examines limits of stability in the forward direction [14] and is related to range of

motion in the axial spinal column. It is sensitive to change after exercise [15]. Subjects were

directed to stand with feet shoulder-width apart and raise their right arm to 90� in front. The

distance they were able to lean forward without moving their feet was recorded in inches.

Timed Up and Go
TUG is related to functional capacity measured by the Barthel Index [16]. Seated sub-

jects stood up from a chair, walked 3 m at normal speed, turned around, returned to the chair

and sat down. Performance was timed in seconds with a stopwatch.

Single Stance Time
This is a demanding task for stability because the body’s center of mass must balance

on a narrow base of support. Due its difficulty, it has become the most frequently used mea-

sure of balance in studies of older adults [17]. Subjects stood with eyes open on one leg and

raised the other leg above the ground. The number of seconds the subject maintained balance

without touching the ground with the elevated foot or grabbing a support was recorded.

Maximum time recorded was 30 s [2, 17].

Tandem Stance Time
Subjects stood unsupported with one foot placed so that the heel of the forward foot

was in front of the toe of the back foot and both feet formed a straight line [2]. This is a

bipedal variation of single stance. Maximum time recorded was 30 s.

Subjects

Subjects were invited to the University of Oregon Motor Control lab after they had

passed a phone interview. Participation criteria were 65 years or older, diagnosed as balance-

impaired by their physician or physical therapist, Berg balance score of 45 or less [18], no

diagnosed neurological disorders, able to stand without support and cognitively able to fol-

low instructions. Those with arthritis, back, knee, or hip surgery were not excluded because

these subjects represented the real world population that balance interventions need to

address. Subjects lived independently in the community and drove or rode a bus to training or

test sites. Each participant signed an informed consent approved by the Committee for the

Protection of Human Subjects/Institutional Review Board of the University of Oregon and

conformed to the standards set by the Declaration of Helsinki.

Participants (n � 22) were randomly divided into TC or control groups. Nineteen sub-

jects (68–92 years, mean 77.55) completed the study. Three female subjects were dropped

from the control group (2 wanted only TC training and 1 declined testing on the platform).
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One control (14) did not complete crossover training because of a family emergency. Groups

(table 1) were similar in age (p � 0.96), height (p � 0.63), mass (p � 0.30), and impairment

(arthritis, p � 0.15; spinal surgery, p � 0.41; knee surgery, p � 0.75; hip replacement,

p � 0.17; Berg, p � 0.96, TUG, p � 0.79; FR, p � 0.57).

Interventions

Training was 1.5 h/day, 5 days/week for 3 weeks in local community centers. Groups

received similar times for exercise and discussion. Pre-testing for each group took place

Table 1. Demographics of the groups

Subject No. Gender Age Height, cm Mass, kg Berg TUG, s FR, inches

Group 1
1 F 75.0 165.0 69.5 42.0 13.79 8.0

2 F 68.0 164.0 75.2 30.0 10.04 9.5

3 F 75.0 162.0 94.0 24.0 13.03 10.0

4 F 92.0 169.0 61.5 41.0 15.66 13.0

5 F 81.0 156.0 66.0 41.0 12.55 10.0

6 F 82.0 167.0 71.0 38.0 14.69 6.0

7 F 76.0 164.0 70.5 41.0 11.30 9.0

8 M 71.0 165.0 66.0 42.0 11.70 11.0

9 F 86.0 149.5 61.0 33.0 18.31 6.0

10 F 73.0 156.0 71.5 40.0 10.09 9.0

11 F 75.0 162.0 63.5 42.0 12.58 8.0

Mean 77.6 161.8 70.0 37.6 13.07 9.05

SD 7.0 5.7 9.1 6.02 2.47 2.05

Groups 2a and 2b
12 F 68.0 170.00 75.5 40.0 12.27 9.00

13 F 80.0 160.00 80.0 36.0 12.80 6.00

14 F 82.0 163.00 58.0 41.0 10.06 6.25

15 F 81.0 159.00 69.5 44.0 12.62 10.50

16 F 85.0 164.00 69.0 28.0 18.47 4.50

17 M 75.0 179.00 98.0 44.0 12.05 6.50

18 F 73.0 149.00 67.0 39.0 13.00 12.00

19 F 76.0 164.00 88.5 28.0 15.85 12.00

Mean 77.5 163.50 75.7 37.5 13.39 8.34

SD 5.5 8.70 12.8 6.41 2.59 2.92

Group 1 and groups 2a and 2b were similar in age (p � 0.96), height (p � 0.63), mass

(p � 0.30), and impairment (arthritis: p � 0.15; surgery to spine: p � 0.41, knee: p � 0.75, or

hip: p � 0.17), Berg (p � 0.96), TUG (p � 0.79), FR (p � 0.57). Reprinted with permission

from Gatts and Woollacott [9].
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during the week before training and post-testing the week after. Average time between testing

was 4 weeks.

Tai Chi
We used classical TC training techniques, which differ from previous reports of TC

interventions. Traditional methods first perform well-coordinated sequencing of change

(flow) within a standing posture before progressing to walking postures or linking postures

into sequences. This stage involves learning to control and integrate several TC principles:

accurate center of mass and segmental positioning, muscle force control, flowing oscillation

(as opposed to jerking), and dynamic balance control during changes in the configuration of

the base of support. Each principle was first practiced individually. Next, principles were

combined one by one so that a growing number of principles melded within a single exer-

cise/posture. During the next stage a complete TC posture was practiced bilaterally during

stance. Once postures were performed accurately during stance, TC gait was added. Each

posture and gesture was carefully practiced individually so the students could seek to correct

their mistakes and gain the benefit of the practice [19]. Dr. Gatts, who trained in TC full time

for 9 years with Chinese masters and has taught TC since 1984, based the TC intervention on

her work with over 6,000 adults, most of whom had balance/mobility deficits.

The following TC postures were used: Commencement, White Stork Cools its Wing,

Brush Knee, Play the Guitar/Play the Harp, Repulse the Monkey, Heel Kick, Toe Kick,

Golden Cockerel, Fair Lady Works the Shuttles, Part the Wild Horses’ Mane, Cloud Hands,

Cross Hands. Tai Chi Chuan: The 27 Forms [20], researched and ghostwritten by Dr. Gatts,

lists the health benefits of each posture.

Controls
Control training included components theoretically similar to TC training: awareness

and balance education, stress reduction, deep breathing, and axial exercise. Awareness edu-

cation covered age-related changes in sensory, neuromuscular, biomechanical and cognitive

systems and how such changes can lead to decreased balance control and reduced ability to

simultaneously attend to multiple factors. Techniques and strategies to increase sensory

awareness of fall onset, factors contributing to falls or near falls and useful recovery strate-

gies were also covered [17, 21, 22]. Balance education included environmental and home

safety information [21, 23, 24]. Exercise, deep breathing, stress reduction, and tension con-

trol components used the Axial Exercise Program [25] and the Guide to Fitness After Fifty

[26]. Axial exercises were chosen because they were designed to improve postural alignment,

increase range of motion, coordinate relaxed movement as opposed to effort, relax tight mus-

cles using deep breathing, use muscle groups with appropriate mechanical advantage, and

enhance participation of appropriate synergistic muscles used in activities of daily living.

Controls received TC training after post-control training testing.

Lab Procedures

Subjects participated in identical lab sessions before and after training and were tested

barefoot or in stocking feet. Since previous research indicated adaptations to platform per-

turbations can occur by the third trial [27], we analyzed responses from the first trial because

this was analogous to a real life slip where we do not have a chance to ‘do it again’. Berger
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et al. [28] have shown EMG responses were unaltered by pre-warning or random onset of the

perturbation. Therefore, we told our high-risk population that the forceplate would move for-

ward 15 cm. Subjects walked at self-selected speed. Data were collected for 6 s. An overhead

suspension cable was attached to a body harness worn by the subject.

The slip was induced as subjects walked across a custom-built force platform con-

structed of two metal platforms (1.84 m long � 0.51 m wide � 0.35 m high) incorporated

into the center of a 5 m long � 1.10 m wide � 0.35 m high wooden walkway. A moveable

force plate (0.61 m long � 0.17 m wide) was placed in the center of each platform. The left

plate remained stationary while the right plate moved 15 cm forward at 40 cm/sec. This

velocity was chosen because it matched reported horizontal heel velocities on slippery sur-

faces during realistic slips [29]. Plate movement was triggered by a 40-newton Fz force sig-

nal from the right heel strike connected to a PC via a D–A converter. Analog data (EMG and

force platform data) were collected with a data acquisition system (AMLAB, Australia). All

data were analyzed from the onset of actual plate movement.

EMG surface electrodes MA-300 from Motion Lab Systems, Inc. (Baton Rouge, La.,

USA) recorded neuromuscular responses. Electrodes were placed on the right TA, right

medial gastrocnemius (GA) and on the ulna head of the wrist (ground). Electrode output

went to a preamp/power supply attached to a vest worn by the subject. Common-mode rejec-

tion ratio was �100 dB at 40 Hz. EMG signal output was �5 V full scale. Raw analog EMG

signals were on-line preamplified (gain 4,000) and analog filtered (20–2,000 Hz), then con-

verted into digital signals sampled at 1,200 HZ for 6 s. A built-in low-pass analog filter was

set at 600 Hz.

Custom-written programs in MATLAB (The MathWorks, Natick, Mass., USA) were

used for further data processing. EMG signals were full-wave rectified and low-pass filtered

using a fourth order dual-pass Butterworth filter prior to analysis. Cutoff frequency was

50 Hz. Plate onset time was determined as the time the plate registered 3 standard deviations

(SD) above its stationary position. Baseline muscle activity was computed for each muscle

by averaging its summed activity for 500 ms before plate onset. EMG activity was computed

and graphed for 50 ms before plate onset to 1,800 ms after plate onset. EMG activity in each

muscle was computed for pre- to post-differences for: cocontraction of the agonist/antago-

nist, muscle burst duration, muscle onset latency, reversed activation (GA onset preceded TA

onset), and percent muscle burst duration (to account for differences in walking speed).

Cocontraction was the time the TA and GA were simultaneously active longer than

10 ms during muscle burst duration. Burst duration was defined as time between muscle

onset and offset, with offset defined as the time at which muscle activity fell below 2 SD for

longer than 30 ms. Muscle onset latency was the time between plate onset and the time when

muscle activity increased 2 SD above baseline. Reversed activation was defined as a trial dur-

ing which GA onset preceded TA onset. Percent duration was defined as the percent of time

a muscle was active while the right foot remained on the plate.

Analysis

PROC MIXED from SAS software was used to run a one-way analysis of covariance

(ANCOVA) to evaluate pre-post differences in clinical measures. PROC MEANS from SAS

software was used to run a t test examining each lab measure one at a time. Results were com-

pared with nonparametric tests from PROC UNIVARIATE. Muscle response organization



Gatts 94

and occurrence of cocontraction were measured with two outcomes: correct (agonist con-

tracts before antagonist muscle, 10 ms or less overlap of the TA and GA muscle bursts)/incor-

rect (antagonist contracts before agonist, 10 ms or more overlap of the TA and GA muscle

bursts). Accounting for the correlated structure of responses across test periods, logistic

regression coefficients were computed to estimate odds of a correct response in each group

and then compared the odds ratio of the treatment group with the control group. PROC GEN-

MOD of SAS was used, as it allowed choosing an appropriate covariance structure. Exact

Pearson �2 test, designed for small cell counts, examined the effect of time. An exact logistic

regression test examined training effects. Additional statistical details can be found in Gatts

and Woollacott [9].

Results

Table 2 shows main effects of training for each clinical measure. TC

groups improved significantly on most tests while controls significantly

improved only on FR. Interestingly, after TC, control subjects were able to sig-

nificantly improve their FR distance by an additional 4.22 inches.

Table 3 shows main training effects for each neuromuscular measure. TC

subjects (group 1 and 2b) significantly reduced TA onset times, but controls

(group 2a) did not (fig. 1a). TA muscle burst duration did not change signifi-

cantly in any group after training. GA onset changed significantly after train-

ing only in TC group 2b and was chiefly due to 2 subjects taking 282 and

Table 2. Main effects of training on clinical measures

Measure Group 1 Group 2a Group 2b 

mean SE p mean SE p mean SE p

Timed Up and Go, s 3.53 0.49 0.0001 0.08 0.57 0.8949 3.02 0.62 0.0001

FR, inches 3.31 0.63 0.0001 2.90 0.77 0.0011 4.22 0.93 0.0002

Stand on right leg, s 13.06 3.25 0.0007 0.19 3.65 0.9583 9.65 4.00 0.0260

Stand on left leg, s 12.58 2.41 0.0001 0.30 2.63 0.9101 4.11 2.83 0.1644

Tandem stance right leg 12.79 3.00 0.0004 0.004 3.44 0.9991 8.20 3.85 0.0452

behind, s

Tandem stance left leg 12.81 3.00 0.0003 2.27 3.42 0.5133 9.84 3.85 0.0182

behind, s

Least square means from ANCOVA model with main effects for group. Mean and standard error (SE) are

based on the pre-post difference scores. p � 0.05 for main effect. Group 1 � TC only; Group 2 � crossover

group (controls 2a, TC 2b). Reprinted with permission from Gatts and Woollacott [9].
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Table 3. Main effects of training on TA and GA measures

Measure Group 1 Group 2a Group 2b

Mean SD p Mean SD p Mean SD p

TA onset 1, ms 148.92 45.11 136.42 73.21 104.98 25.58

TA onset 2, ms 98.67 17.22 �0.004* 104.15 23.8 �0.138 87.62 10.19 �0.028*

TA duration 1, ms 158.95 105.60 223.27 92.61 158.33 82.15

TA duration 2, ms 161.50 63.70 �0.473 165.52 78.73 �0.099 144.76 65.45 �0.400

TA duration 1, %1 15 12 20 9 18 8

TA duration 2, %1 17 7 �0.298 19 8 �0.426 17 9 �0.451

GA onset 1, ms 349.49 168.90 328.75 242.99 238.81 87.52

GA onset 2, ms 316.93 66.43 �0.310 242.81 81.81 �0.173 380.95 119.74 �0.025*

GA duration 1, ms 246.97 120.50 325.88 278.74 242.86 253.2

GA duration 2, ms 88.93 68.55 �0.002* 223.23 240.9 �0.060 166.9 126.19 �0.250

GA duration 1, %1 22 14 27 22 27 25

GA duration 2, %1 10 8 �0.012* 25 24 �0.340 21 17 �0.300

Subjects reversed 1, 33 50 14.30

%2

Subjects reversed 2, 0 �0.105 12.5 �0.128 0 �0.500

%2

Cocontraction 1, ms 60.33 80.15 119.90 123.58 60.81 113.52

Cocontraction 2, ms 0.50 1.58 58.63 105.28 0.00 0.00

Subject with 60 63 43

cocontraction 1, %2

Subjects with 0 �0.016* 50 �0.192 0 �0.096

cocontraction 2, %2

*p � 0.05 (paired-sample t tests, one-tailed). 1 designates pre-test and 2 designates post-test. Reprinted with permission from Gatts and

Woollacott [9].
1Normalized muscle activity as a percent of time the muscle is active while the foot remains on the plate accounts for possible differences in

walking velocity.
2An odds ratio was used to compare odds of the event occurring at time 1 and time 2.
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295 ms longer to activate their GA after TC training. GA muscle burst duration

was significantly reduced in group 1, although controls approached

significance (p � 0.060). After TC, controls further reduced their GA dura-

tion for a total reduction in GA burst duration of 178.61 ms. The lack of
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Fig. 1. Group 1 received TC only (TC). The control group first received control train-

ing (2a). After post-control training testing they then received TC (2b). a TA onset latency is

shown for each group. Onset 1 indicates before the intervention and onset 2 after the inter-

vention. b, c Groups 1 and 2b do not have a post-intervention bar because they eliminated

reversed activation (i.e. GA onset before TA) and cocontraction. Reprinted with permission

from Gatts and Woollacott [9].
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significance in group 2b was probably due to a threshold in the total reduction

possible relative to the task. After training, both the TC and control groups

improved their muscle response organization by activating the TA before the

GA. This is a functionally appropriate response employed to help reposition a

lagging center of mass forward toward the right leg that was rapidly moved

forward by the platform acceleration. Figure 1b illustrates that all groups

reduced occurrence of reversed activation after the training, although not sig-

nificantly. Odds of reversed activation occurring after training was almost

identical after both interventions: (6.23 times less occurrence after TC versus

6.16 times less after control training). However, only TC eliminated reversed

activation.

Figure 1c illustrates pre-post changes in cocontraction during recovery.

Only TC group 1 changed significantly (p � 0.016). Note that TC group 2b

also eliminated cocontraction. Combining both TC groups to examine effects of

training, we found odds of a cocontraction occurring was significantly less after

TC training [TC � 18 times less compared to 1.6 times less after control train-

ing (TC 18:1, p � 0.003, control 1.6:1, p � 1.0)]. This means TC was highly

effective in reducing TA and GA coactivation during a large/fast perturbation

delivered while walking in balance-impaired seniors. This is important because

coactivation reflects increased expenditure of energy used to regain balance and

lengthens the time for restoring joint/segment angular trajectories used to main-

tain the gait cycle [8]. Thus, if this response were eliminated, balance responses

would likely be faster. This conclusion was supported by our EMG data (table 3,

fig. 1a, c).

Figure 2 presents pre- and post-TC training EMG data from an 86-year-old

subject at high risk for falling. Before starting the TC training, she had fallen 3

times and could not get up. Figure 2a illustrates both a reversed activation and

coactivation of the GA and TA muscles. This response disrupted the gait cycle

and required the subject to drop the left swing leg to the ground to prevent

falling backward. Post-TC training (fig. 2b) shows improved muscle activation

characteristics associated with smooth recovery and continuation of the gait

cycle. The TA is activated before the GA, there is no coactivation, muscle bursts

are clearly defined and maintain the on/off coordination of a healthy gait cycle.

Notice the voltage produced by the GA has increased fourfold after TC balance

training.

The percent of time a muscle was active from heelstrike to toeoff is shown

in table 3 as %TA or %GA duration. None of the groups changed significantly

in %TA duration. The crossover group’s (i.e. control � 2a, TC � 2b) %GA

duration was not significantly different but the duration in group 1 was signifi-

cantly reduced following TC (p � 0.012). The decline was likely related to a

significant reduction in GA burst duration in group 1.
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Fig. 2. Raw EMG data from a single subject in group 1. Plate onset is indicated by the

vertical line. a Muscular activation problems are shown by the GA onset occurring before the

TA onset and both muscles are cocontracting the entire time the plate is moving. This caused

the subject to drop the swing leg to the ground to prevent a fall. b After TC (TC) training

muscle characteristics improve. TA onset occurs before the GA and cocontraction is elimi-

nated. Muscles’ bursts are clearly defined and maintain the on/off coordination of a healthy

gait cycle. Note the fourfold increase in GA voltage after TC training. Reprinted with per-

mission from Gatts and Woollacott [9].
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Discussion

Prior research found older adults had difficulty maintaining a normal gait

cycle during recovery from a slip due to delayed distal muscle activation, high

rates of cocontraction, and prolonged muscle bursts [8]. These responses

resulted in a decreased forward momentum, backward fall of the trunk, inter-

ruption of the gait cycle, and dropping the swing leg to the ground in order to

regain balance. In the present study, we examined the effect of TC and control

training on neuromuscular mechanisms controlling the ankle joint of the per-

turbed leg during large/fast forward movement of the base of support during

walking. Responses from the TA are important because previous work found

responses serve to resist change in rotation of the perturbed ankle joint during

gait progression and help speed up the body’s rate of forward progression to

realign the whole body center of mass over the perturbed stance leg [30]. GA

responses are important because they strongly respond to ankle joint displace-

ment and can prevent the shank from efficiently rolling over the foot, which

acts to impede the continuation of gait [31]. Overall, responses from muscles

controlling the ankle joint are significant elicitors for reactive postural

responses in perturbed gait. We also examined four commonly used clinical

balance measures in order to see if similar trends existed between lab and clini-

cal measures of balance improvement because these clinical tests have been

shown to correlate with functional mobility [13, 32].

All clinical measures significantly improved in TC group 1 while five of

six measures improved significantly for crossover TC group 2b. Control train-

ing (group 2a) improved significantly only on FR, and after TC the same sub-

jects reached 4.22 inches further (p � 0.0002). Thus, the TC balance training

not only affected the lower body, it also transferred to significant increase in

limits of stability in the forward region and range of motion in the axial spinal

column. EMG results indicated neuromuscular mechanisms supporting balance

control demonstrated a similar trend to clinical measures. Only TC training sig-

nificantly reduced TA response time (group 1, p � 0.004; group 2b, p � 0.028)

and the occurrence of a cocontraction (p � 0.003) of the agonist and antagonist

muscles. This supported our hypothesis. After TC, the TA activated up to 50 ms

faster. This is worthy of note because the TC intervention used slow move-

ments, yet the effect of training transferred to significantly faster muscle onset

in both TC trained groups. This may be related to the elimination of cocontrac-

tion in TC-trained groups. Reduction or elimination of cocontraction keeps the

muscles and joints flexible. This would allow muscles to respond more quickly

while making adjustments required to restore a disrupted base of support, help

restore forward momentum and continue the gait cycle. Control training did not

significantly reduce either TA onset time or cocontraction rates. However, TC



Gatts 100

and control training were very similar in their ability to reduce the occurrence

of reversed activation.

Previous research examining muscle response onsets in unstable versus

healthy seniors found similar onset latency differences to the pre-TC versus

post-TC improvements we found in our study [33]. Interestingly, after the TC

intervention improvements made by balance-impaired subjects in our study

were larger. These results indicated that older adults with functional balance

problems have slower onset latencies and those who are functionally well bal-

anced show latencies within our range from pre- to post-training.

Berger et al. [28] suggested the early part of an EMG signal from leg mus-

cles during stumbling represented complex reactions generated in a spinal path-

way by group II and III afferents and were probably controlled by supraspinal

centers. Our results showed TC training improved reactive postural responses in

neural mechanisms controlling the ankle joint of the perturbed stance leg. Thus,

changes in responses we found may involve a key polysynaptic spinal or brain-

stem reflex loop involved with dynamic balance responses because such

responses have been shown to react within 70–90 ms of perturbation in healthy

young adults. This onset is faster than vestibular or visually mediated activation,

and these responses can be modified by training and experience [8, 28, 34].

Rapid, correct, and plastic neuromuscular activation is crucial for controlling

the high-speed task-specific, yet quickly changing dynamics required to prevent a

fall. The central nervous system must select the correct muscles for the task. These

muscles must be activated and inhibited in the proper sequence and relationship, at

the appropriate time, force, and duration. A series of linked events sets up a

‘domino effect’ if the neuromuscular activation and coordination is inappropriate.

For example, if the TA of the weight-bearing leg delays activation to a forward slip

of its foot, the body’s center of mass lags dangerously behind the forward moving

base of support. If a reversed activation occurs, a GA contraction contributes to

further backward falling. This event necessitates the contralateral leg interrupt its

forward swing by dropping to the ground to create a new base of support. This

backward movement interrupts the gait cycle and requires additional and appropri-

ate control of muscle forces, segmental coordination and anatomical positioning.

Lastly, the central nervous system must initiate a new gait cycle.

Both interventions were similar in their ability to improve muscle activa-

tion sequencing (6.23 times less reversed activation after TC versus controls

6.16). Only TC eliminated cocontraction and reversed activation and improved

TA onset by up to 50 ms. Clinical measures demonstrated a similar trend; TC

groups improved significantly on more measures than did controls. Thus, the

TC intervention transferred to improvements on four measures of functional

balance efficacy. Kinematic and force plate data collected simultaneously with

our EMG data supported this conclusion: TC training was associated with
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significantly reduced compensatory backward stepping (p � 0.003), signifi-

cantly more efficient recovery step positioning used to continue gait (p � 0.001)

and significantly improved control of recovery step width (p � 0.034), while

controls showed no significant change [10].

How might the TC protocol we used have contributed to our results?

Although traditional TC training incorporates educational factors regarding

posture and balance control, relating movement performance to fall prevention

strategies was a significant departure from TC interventions previously

reported in clinical journals. As in traditional TC training, we regard the cogni-

tive element as an important factor to enhance and internalize the new motor

skills. One of the differences between our study and previous studies [1, 35]

that may have led to strong training effects was that we concentrated on TC

movement principles within each single form rather than linking postures into

sequences. Lastly, our training was both shorter (3 weeks) and more intense

than most others, with sessions 5 days/week for 1.5 h/day.

We did not measure bilateral muscles of the ankle, knee and trunk because

previous research [8] indicated seniors had equivalent slowing of muscular

responses in both the ipsilateral and the contralateral leg when compared to

young adults. The muscles we chose as representing the 10 muscles Tang and

Woollacott used were the TA (activated first) and its antagonist, because slow-

ing of the TA was representative of other agonist muscles of the ipsi- and con-

tralateral legs and the GA responses were representative of antagonist

cocontraction that tended to be observed at other joints as well as the ankle

joint. This characterization of responses at the ankle joint allowed us to analyze

fewer variables, yet gather key information about improvements in response

characteristics associated with TC training [9, 10].

Complimentary and alternative medical practices are increasingly utilized

by the general population. However, how these practices achieve their benefi-

cial effects is still largely unclear. Data from our study help clarify how neural

mechanisms can benefit from TC training. The likelihood that TC training

would transfer to balance improvement in the real world was also supported by

significant improvements on four widely used and validated clinical tests of

functional balance [13, 30]: TUG, Single leg stance time, Tandem stance time,

and FR (table 2). Overall, TC training significantly reduced neuromuscular

response time, enhanced flexibility in the ankle joint by significantly reducing

cocontraction, and improved functional coordination of agonist-antagonist acti-

vation in muscles controlling the ankle of the perturbed single stance leg during

recovery of balance. TC also significantly improved the ability to control step-

ping strategies and continue the gait cycle [10].

Current evidence indicates TC balance recovery principles may be com-

bined with mechanical training aids to reduce trip-related falls in older women.
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We recently applied our TC experience training older adults to the design and

implementation of task-specific, individualized training protocols incorporating

an obstacle and computerized treadmill. Current data from the ongoing study

indicate motor skills acquired on the treadmill transfer to walking overground. In

response to an unexpected trip during overground walking, the fall rate of

untrained controls was 22.6% compared to zero for trained subjects, and the

treadmill-acquired motor skills were retained for 1 month [36].

Overall, our results can be used to (a) guide clinicians interested in ‘evidence-

based practice’, (b) support TC’s acceptance by medical communities, and 

(c) promote referrals for TC as a neuromuscular balance rehabilitation therapy.
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Abstract
Background/Aims: In addition to environmental factors, deteriorating sensorimotor

control of balance will predispose older adults to falls. Understanding the aging effects on

sensorimotor control of balance performance is important for designing fall prevention pro-

grams for older adults. How repeated practice of Tai Chi can improve limb joint propriocep-

tion, integration of neural signals in the central nervous system for balance control, and

motor output at the level of knee muscles is discussed in this chapter. Results: Our previous

studies showed that elderly Tai Chi practitioners performed significantly better than elderly

nonpractitioners in (1) knee joint proprioception, (2) reduced or conflicting sensory situa-

tions that demand more visual or vestibular contributions, (3) standing balance control after

vestibular stimulation without visual input, (4) voluntary weight shifting in different direc-

tions within the base of support, (5) single-leg stance during perturbations of the support sur-

face, and (6) knee extensor and flexor muscle strength. In a prospective study, we further

showed that 4 weeks of daily Tai Chi practice but not general education produced significant

improvement in balance performance. Conclusion: The requirements of Tai Chi for accu-

rate joint positioning and weight transfer involving smooth coordination of neck, trunk,

upper and lower limb movements, make it particularly useful for improving the sensorimotor

control of balance in the elderly. Because Tai Chi can be practiced any time and anywhere,

and is well accepted by older people in both the East and now the West, it is especially suited

to be a key component of a low-costing community-based fall prevention program alongside

with education about environmental factors.

Copyright © 2008 S. Karger AG, Basel

The world population is aging. The number of people aged 90–99 years is

expected to rise from just over 8 million in 2002 to 60 million in 2050 [1]. Falls

have been identified as one of the major causes of morbidity and mortality in
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older adults [2]. Approximately 32% of community-dwelling elderly over the

age of 75 fall at least once a year [3]. In the United States, the cost of hip frac-

tures in the elderly attributed to falls has been reported to be about USD 10 bil-

lion in 2001 [4]. This represents a major financial burden for society.

In addition to environmental factors, physiological factors intrinsic to

older adults are known to predispose them to falls [5–7]. It is therefore impor-

tant to understand the effects of aging on the control of balance when designing

fall prevention programs for older people.

Sensorimotor control of balance is complex (fig. 1). On the input side, 3

sensory systems are involved. These are: somatosensory, visual and vestibular

systems. They contribute to the coordination of the axial (neck and trunk) and

limb muscles against gravity to different degrees depending on the environmen-

tal conditions. To achieve appropriate balance control, all the relevant informa-

tion from the 3 sensory systems will first be integrated by the central nervous

system (CNS) [8]. Control of the position of head and body in space then

requires the generation and coordination of appropriate muscle forces by

descending pathways to counteract gravity in such a way as to maintain the

head and body in equilibrium over the base of support. However, both sensory

systems (input) and muscle strength (output) are known to deteriorate with age.

When degeneration is severe, it could affect balance control and predispose

these older subjects to falls [5, 9, 10]. In this article, we will first discuss the

Postural muscles

Balance control

Eye muscles

Gaze stabilization

Fig. 1. Sensorimotor control of balance.
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problems arising from sensorimotor control of balance due to aging, namely the

3 sensory systems, integration of sensorimotor signals in the CNS, and motor

output via limb muscles, then review the effects of Tai Chi on these components

of balance control.

Sensory Input: Limb Proprioception

Limb proprioception is a sense of the ‘position’ and ‘movement’ of one’s

own limbs in the absence of vision, termed ‘limb position sense’ and ‘kinesthe-

sia’, respectively [8]. Limb proprioception has been found to diminish with age,

after ligamentous injuries, and as a result of some pathological conditions such

as stroke and osteoarthritis [11, 12]. More importantly, older fallers have been

shown to have significantly reduced proprioception of their lower limbs [13, 14].

Tai Chi puts great emphasis on exact joint positioning and the direction of

limb movement. Therefore, we hypothesized that repeated practice of Tai Chi

would develop a heightened sense of limb joint position in Tai Chi practitioners.

To focus on joint proprioceptive input without motor involvement, we devel-

oped a passive joint repositioning paradigm for testing knee joint position sense

with excellent repeatability (ICC � 0.90) [15]. In that study, elderly Tai Chi

practitioners and control subjects similar in age, gender and physical activity

level were compared in terms of the acuity of their knee joint proprioception.

Tai Chi practitioners with a mean of 10.1 (SD 9.5) years of experience were

shown to have better knee joint proprioceptive acuity (average absolute angle

error � 2.1 � 1.2�) when compared with that of control subjects (4.0 � 3.4�,
p � 0.023) [15]. Better joint proprioception in Tai Chi practitioners has also

been found by other investigators when the ‘threshold’ for detecting joint move-

ment test was measured at the knee and ankle joints [16], and in an active joint

repositioning test at the knee [17]. Our study further showed that absolute angle

error in the knee joint repositioning test had a significantly positive correlation

with reaction time (r � 0.572, p � 0.000) and a significantly negative correla-

tion with the maximum excursion of the center of gravity (r � �0.340,

p � 0.034) during subject’s voluntary weight shifting to different spatial limits

of stability, in the so-called ‘limits of stability test’ [15, 18]. These results high-

lighted the importance of knee joint position sense in functional activities

involving leaning or weight shifting during upright stance.

Drawing from the knowledge garnered from contemporary neuroimaging

studies, we purported that improved joint proprioception as a result of long-

term Tai Chi practice could have induced plastic changes in the cortex [15]. Tai

Chi practice requiring repeated precise positioning of body and limb joints in

space could bring about increased discharges of the muscle spindle receptors
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through descending commands via �-� co-activation during voluntary move-

ments and increased output of the appropriate muscles [19]. Findings from neu-

roimaging studies suggested that the resultant increased afferent input and

efferent output would increase the strength of synaptic connections in the

involved pathways and/or afferent-induced plastic (structural) changes in the

brain [20, 21].

However, these findings on lower limb joint proprioception were obtained

in studies with cross-sectional designs, so a causal relationship between Tai Chi

practice and improved joint proprioception has yet to be examined through a

prospective intervention study.

Integration of Sensorimotor Signals in the CNS 
for Proper Balance Control

Depending on the environmental context under which proper balance con-

trol is required, Nashner [22] suggested that the weighting given to a sensory

modality providing less accurate information will be reduced, while the weight-

ing of sensory modalities providing more accurate information will be

increased. He termed the process of selecting and integrating appropriate sen-

sory information at the level of the CNS ‘sensory organization’ (fig. 2) [22].

The inability to select and integrate appropriate sensory information to produce

appropriate balance responses may be another factor which predisposes the

elderly subjects to fall. Wallmann [23] compared elderly fallers with nonfallers
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Vision

Support

Normal

Fixed

Absent

Fixed

Sway
referenced

Normal

Fixed Sway
referenced

Absent

Sway
referenced

Sway
referenced

1 2 3 4 5 6

Sway
referenced

Fig. 2. Sensory organization test for 6 different sensory conditions.
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and found that fallers swayed significantly more when the supporting platform

swayed in the same direction and magnitude of the subjects.

Balance Control under Reduced or Conflicting Sensory Conditions
Practicing Tai Chi involves head-and-body and limb movements which

would stimulate the somatosensory, visual and vestibular systems. The question

of whether long-term, repeated Tai Chi practice can improve balance control in

the presence of reduced or conflicting somatosensory, visual and vestibular

conditions had been addressed by our research group [24] and by Wong et al.

[25]. We tested subjects under 6 combinations of sensory conditions: with their

eyes open, eyes closed, or sway-referenced visual surround, and with the sup-

porting surface fixed or sway referenced (fig. 2). Our findings showed that

elderly Tai Chi practitioners exhibited better balance control when they stood

under conditions that demanded an increased reliance on the visual and vestibu-

lar systems than nonpractitioners similar in age, gender, and physical activity

level [24]. Of particular interest is that these older Tai Chi practitioners even

attained a level of balance control performance similar to that of young, healthy

subjects, especially when there was an increased reliance on the visual and

vestibular systems [26]. Wong et al. [25] also showed that Tai Chi practitioners

swayed significantly less than did a control group in the more challenging con-

dition where the somatosensory input was off-set by absent or conflicting visual

input.

Balance Control after Excessive Vestibular Stimulation
Somatosensory cues from the support surface and visual cues from the

external environment can provide adequate information to maintain balance

control only when they can serve as correct references, such as when the sup-

port surface or the visual surround is fixed. The vestibular system provides

information about the position and movement of the head with respect to grav-

ity and to inertial forces. Thus, it is not similarly influenced by changes in sur-

face and visual conditions. Vestibular input can provide a reference that could

be invoked to suppress conflicting somatosensory and visual inputs. However,

degeneration of the vestibular receptor with aging [27] can mean that some

elderly persons can no longer rely on adequate or accurate vestibular input to

maintain their balance.

After whole head-and-body rotation, a subject has to suppress erroneous

hyperactive postrotational vestibular cues and rely on properly weighted

somatosensory input to maintain normal standing balance. Figure 3 shows a

representative subject sitting on a rotational chair with her head fixed at 30�
angle below the horizontal plane so as to selectively stimulate her horizontal

semicircular canals [28]. After whole head-and-body rotation at 80�/s for 60 s
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with eyes closed, she was told to stand up immediately with her eyes still

closed. In order to maintain quiet standing without undue sway, subjects must

suppress erroneous vestibular inputs by relying on correct somatosensory

inputs in the absence of visual input.

Our results showed that elderly subjects exhibited significantly within-

group increases in anteroposterior (AP) and mediolateral sway after vestibular

stimulation (p � 0.001 for all measures), but Tai Chi practitioners of similar

age exhibited less sway in the AP direction. Furthermore, significantly smaller

percentage increases in total sway path, peak amplitude and mean velocity of

body sway in the AP direction were found in Tai Chi practitioners when com-

pared with those of control subjects (p � 0.003–0.016) [28]. Significantly bet-

ter performance in the Tai Chi practitioners could be the result of improvements

in joint proprioception [15–17], central integration [26, 29], and/or muscle

strength [30]. Whatever the mechanism, the improved balance control should

help older adults to better maintain their balance even when they are subject to

Fig. 3. Fixation of the subject and experimental set-up for whole head-and-body rota-

tion using a rotational chair.
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excessive vestibular stimulation. Thus, Tai Chi could be an effective component

of a fall prevention program for older persons even when they face more chal-

lenging situations requiring proper balance control.

Balance Control during Weight Shifting and Perturbed Single-Leg Stance
Impaired balance performance has been identified as a major factor that

causes falls in the elderly [5]. Tai Chi practice involves precisely controlled

weight transfer during voluntary shifts of the body in double-leg stance, and

from double- to single-leg stance, as exemplified by a Tai Chi form called ‘kick

with the heel’ maneuver (fig. 4). Will these practitioners be able to control their

limits of stability better than their healthy counterparts? Results from our study

showed that elderly Tai Chi practitioners initiated voluntary shifting of their

weight to different spatial positions within their base of support more quickly

(reaction time, p � 0.008), leaned their body further without losing their stabil-

ity (maximum excursion, p � 0.001), and showed better control of their leaning

trajectory than control subjects (p � 0.008) [15]. However, it is well known that

Fig. 4. The ‘kick with the heel’ maneuver.
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falls seldom occur during double-leg stance, as the centre of mass is well within

the base of support [9]. We therefore examined the control of body sway in

single-leg stance on a support surface being perturbed by forward or backward

platform movement [30]. Our findings demonstrated that Tai Chi practitioners

manifested smaller AP body sway angles in perturbed single-leg stance than did

control subjects (p � 0.001).

Lower Limb Muscle Strength and Balance Control

Muscle size and related neuromuscular function are known to decrease

with age. The decline in muscle strength is largely not discerned until about the

sixth decade of life [31]. Patla et al. [32] compared healthy elderly subjects

(mean age � 69 years) with young subjects (mean age � 20 years) by asking

them to step forward, sideways or backward with a designated leg in response to

a light signal. Analysis of the vertical force component of the movements

revealed that elderly subjects took longer to reach peak force in all 3 stepping

directions, and they produced lower peak force during forward stepping. Note

that the peak force developed in the stepping leg was required to transfer body

weight to the nonstepping leg. These findings strongly suggested that the mus-

cles of the elderly subjects were weaker from a functional perspective than

those of young persons. Such deficits could play a role in impaired postural

control, resulting in falls among the elderly [4, 33].

To address possible effects of Tai Chi practice on muscle strength, we com-

pared concentric and eccentric isokinetic test results of dominant knee flexors

and extensors at an angular velocity of 30�/s between Tai Chi practitioners and

control subjects similar in age, gender and activity level [30]. Our results

showed that elderly Tai Chi practitioners had significantly greater peak

torque–body weight ratio in concentric and eccentric isokinetic contractions of

knee flexor and extensor muscles (p � 0.05). Moreover, the extent of strength

increase was similar between knee extensors and knee flexors. These findings

differed from those of Wu et al. [34], who found no difference in knee flexor

strength between Tai Chi practitioners and the control group when isokinetic

evaluation of their Tai Chi practitioners was conducted at 60 and 120�/s. Our

study [30] adopted a slower isokinetic testing speed, as Tai Chi involves mainly

slow movements, and this training specificity may explain our finding of

stronger knee flexors besides knee extensors among the Tai Chi practitioners.

The results further showed that knee muscle strength in the elderly was nega-

tively correlated with body sway angles in AP perturbed single-leg stance

(r � �0.335 to �0.529, p � 0.05 or 0.01). These findings again highlighted

the importance of knee muscle strength in actual balance performance.
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Tai Chi as a Fall Prevention Program

From a practical point of view, older subjects may not have the time or

wish to spend a long time to learn a fall prevention program. So, the question

arises as to how long will an elderly subject need to practice Tai Chi to achieve

significant improvements in sensorimotor control of balance? We conducted a

prospective study with older subjects similar in age, gender, height and weight

who voluntarily participated in either supervised Tai Chi or general education

for 1.5 h a day, 6 times a week, for 8 weeks [29]. This randomized control trial

showed that 4 weeks of daily Tai Chi practice was sufficient to produce signifi-

cant improvements in the sensorimotor control of balance performance in older

subjects, as measured by significantly less body sway when standing under con-

ditions requiring an increased reliance on the vestibular system (p � 0.006) and

better directional control in the limits of stability test (p � 0.018), when com-

pared with those of the control group receiving general education. Of impor-

tance is that the gains in these novice Tai Chi practitioners were comparable to

those of experienced practitioners with 7–10 years of Tai Chi, and were main-

tained even at 4 weeks after the intervention ended.

Conclusion

Degeneration of the sensory and motor systems involved with balance con-

trol in the older adults due to aging could be substantial. How Tai Chi improves

each component of the sensorimotor control of balance has been presented in

the studies reviewed above. Briefly, studies from our research group and others

have shown that repeated practice of Tai Chi improved the practitioners’ joint

proprioception, integration of sensorimotor signals in the CNS, knee muscle

strength, and balance control under more challenging conditions. The latter

could be reduced/conflicting sensory conditions after excessive vestibular stim-

ulation, intentional weight shifting within the base of support and/or single-leg

support on a moving platform. Because Tai Chi can be practiced by older adults

any time and anywhere, it is particularly suited to preventing or slowing down

the development of balance disorders in this age group. In fact, Tai Chi practice

has already been shown to be effective in helping to prevent falls among older

adults [35, 36]. In contrast to Western exercises requiring exercise equipment

and/or a gymnasium, Tai Chi is relatively low costing. Once learned, it could be

practiced any time and anywhere, in parks or any outdoor or indoor space in

hospitals, community center or even at home. Therefore, municipal govern-

ments should widely promote the teaching of Tai Chi in the parks and through

community and old age centers.
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Abstract
Balance function begins to decline from middle age on, and poor balance function

increases the risk of fall and injury. Suitable exercise training may improve balance function

and prevent accidental falls. The coordination of visual, proprioceptive, vestibular and mus-

culoskeletal system is important to maintain balance. Balance function can be evaluated by

functional balance testing and sensory organization testing. Tai Chi Chuan (TC) is a popular

conditioning exercise in the Chinese community, and recent studies substantiate that TC is

effective in balance function enhancement and falls prevention. In studies utilizing func-

tional balance testing, TC may increase the duration of one-leg standing and the distance of

functional reach. In studies utilizing sensory organization testing, TC improves static and

dynamic balance, especially in more challenging sensory perturbed condition. Therefore, TC

may be prescribed as an alternative exercise program for elderly subjects or balance-impaired

patients. Participants can choose to perform a complete set of TC or selected movements

according to their needs. In conclusion, TC may improve balance function and is appropriate

for implementation in the community.

Copyright © 2008 S. Karger AG, Basel

Balance function is important during sports and daily activities. In elderly

population, poor balance function may result in accidental fall and injuries.

Falls are a major cause of morbidity, hospitalization, and even mortality among

older people. Approximately 30% of those over 65 years of age sustain a fall,

with about half of them having multiple events. About 10–15% of falls result in

serious injuries and in soft tissue injuries. Serious injuries, such as major frac-

ture and traumatic brain injury, may cause complications and even death. From

1996 to 2000, the incidence of hip fracture in Taiwan was 225/100,000 in men
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and 505/100,000 in women in individuals 50 years or older. Most of them

(89%) received surgical treatment and the economic burden to the society and

family was great. Previous studies reported that exercise training can enhance

balance function, and it may reduce the rate of falls and fall-related injuries. In

recent years, Tai Chi (TC) has acquired attention owning to its potential bene-

fits to physical fitness traits such as aerobic function, muscular strength and

flexibility. Recent research also proved the effect of TC in balance promotion

and falls prevention. In this chapter, we review the existing literature and intro-

duce the effects of TC on balance function promotion.

Definition and Organization of Balance

Balance is defined as the state of an object when the resultant load acting

upon it is zero (Newton’s first Law) [1]. Balance is often referred as the ability

of maintenance in postural stability of a person not to fall.

In the systematic model, balance is a complex process which depends on

the integration of mechanical, sensory, and motor processing strategies to keep

stable upright standing. The visual, proprioceptive, and vestibular systems are

three sources of afferent information to influence the control of balance which

is termed ‘sensory organization’ [2].

The second component, termed ‘muscle coordination’, describes the

processes which determine the temporal sequencing and the contractile activity

in the muscles of legs and trunk to generate the supportive reactions. The motor

strategies for perturbation of balance can be initiated by automatic responses by

ankle strategy, hip strategy, suspensory strategy or stepping strategy.

The good postural control depends on sensorimotor integration which

requires adequate muscle strength, body alignment, flexibility of trunk and

limbs, sensory inputs and central processing. Impaired balance and strength of

lower extremities were noticed as major risk factors of fall [2].

Evaluation of Balance Function

The popular balance test can be divided into two categories: functional and

laboratory-based tests. The functional balance tests are evaluated by one-leg

standing test, Tandem stance, Berg balance test, Romberg test, functional reach

test, stepping , timed up and go, and lateral stability test. The laboratory-based

test is represented by the sensory organization test (SOT), tilt board with sen-

sors and biomechanic analysis with force plate. The SOT was developed by

Nashner; the subject’s postural control is tested while standing under 6 reduced
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or conflicting sensory conditions, including combinations of 3 visual condi-

tions (eyes open, eyes closed, sway referenced) with 2 support surface condi-

tions (fixed, sway referenced) and 1 simultaneous perturbation of vision and

proprioception condition (eye open with sway vision and sway surface).

TC Exercise and Balance

TC is a traditional Chinese conditioning exercise. The basic forms of TC

exercise are a series of graceful movements linked together in a continuous

sequence. TC puts emphasis on maintaining a vertical posture with extended

head and trunk position, constantly shifting weight from one leg to the other,

with a lower center of gravity (knee and hips held in flexion). Shifting of body

weight, rotations, and standing on a single leg with push-pull movements of

upper extremities are repeatedly practiced while performing TC. Thus, delicate

joint control and muscle coordination are facilitated to achieve good balance

control of the body.

Studies of TC and Balance Control

Functional Balance Testing
TC is an exercise with slow motion, and hence the duration of one-leg

standing is significantly prolonged. Tse and Bailey [3] were the first to evaluate

the beneficial effects of TC on balance. One-leg standing with eyes open and

closed was tested in 18 elderly subjects (9 TC practitioners and 9 nonpractition-

ers), and the TC group practiced this exercise for at least 1 year. The TC group

displayed significantly longer one-leg standing duration than the control group

in both legs.

TC is practiced at very slow speed, thus biomechanically TC gait may be

different from normal walking. In a recent study, Mao et al. [4] compared the

duration of one-leg standing during TC practice with that of one-leg standing

during normal walking. The duration of each one-leg stance was longer during

TC than during walking (1.95 vs. 0.4 s). Additionally, the medial-lateral and

anteroposterior displacements of the center of pressure (COP) were increased

during TC practice. Balancing on one leg for longer periods required more mus-

cle activities [5], thus TC gait may help managing the activities encountered in

daily activities, and may reduce the risk of falls in the elderly.

TC is also effective in improving functional balance in patients with arthri-

tis. Song et al. [6] randomized 72 older women with arthritis into a TC group

and a control group. After 12 weeks of training, the TC group displayed significant
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improvement in dynamic balance measured by one-leg standing test. Further,

the arthritic symptom and physical function were also improved.

Most studies found a 12-week TC program is sufficient to improve balance

function. In a recent study, however, Zhang et al. [7] reported that an 8-week

simplified TC program (1 h daily) was effective in enhancing dynamic balance,

flexibility and reduce fear of falls. Tsang and Hui-Chan [8] compared the effect

of a 4-week and an 8-week TC training on balance control in elderly individu-

als. After 4 or 8 weeks of TC training, participants showed similar improve-

ments in vestibular ratio and directional control in the limits of stability test.

Further, the improved balance from week 4 was comparable to that of experi-

enced TC practitioners. The results implied that even a 4-week intensive TC

program was sufficient to improve balance function in elderly subjects.

Most studies applied TC in elderly population, but TC is also effective to

enhance balance in middle-aged individuals. Jacobson et al. [9] reported that TC

could improve balance, kinesthetic sense, and strength in younger populations.

Thornton et al. [10] also reported a 12-week Yang TC program (3 times per

week) could significantly improve functional reach in women aged 35–55 years.

Sensory Organization Testing
Wolf et al. [11] reported the effect of TC training in an Atlanta subgroup of

the clinical trial of FICSIT (Fraility and Injuries: Cooperative Studies of

Intervention Techniques). Seventy-two inactive older adults over the age of 70

were randomly assigned to three groups, TC, balance training and educational

group. The TC group practices 10 forms of Yang’s style twice weekly for 15

weeks, while the balance training group received computerized balance train-

ing. Testing analyzed postural sway under four conditions: standing with eyes

open, standing with eyes closed, toes up with eyes open, toes up with eyes

closed. The results showed that the balance training group had significant

improvement in postural stability, but the TC group and the control groups did

not. However, the TC group displayed less fear of falling and experienced a

delayed onset of falls.

Wolfson’s group reported the result of a Connecticut subgroup in the FIC-

SIT study. One hundred and ten healthy elderly with a mean age of 80 years

participated in a 3-month balance training and then received 6 months of TC

training. Computerized and nonplatform balance training significantly

improved all balance measures (loss of balance, single stance time, voluntary

limits of stability, isokinetic torque of lower extremities and gait velocity), and

subsequent TC training could maintain the gains from balance training.

Studies of postural control and balance in TC have flourished in the recent

decade. Some studies reported TC had a significant effect on strength enhance-

ment of lower extremities for improvement of postural stability [9, 12]. Many
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studies using the SOT proved the effectiveness of TC on static and dynamic bal-

ance [9, 13]. Moreover, several randomized control studies also reported the

beneficial effects of TC on balance control in at-risk or ill elderly individuals

[14, 15]. The results can be summarized according to different sensory systems.

Balance and the Proprioceptive System

Wong et al. [13] utilized the SOT to evaluate 25 elderly long-term TC prac-

titioners and 14 controls. In static postural balance testing, there was no differ-

ence between the TC and the control group in simple conditions. In more

challenging conditions, the TC group showed better postural control in the con-

dition with simultaneous perturbation of vision and proprioception (i.e. eyes

open with sway surface, sway vision with sway surface). Further, the TC group

also performed better in rhythmic forward-backward weight shifting test.

Tsang and Hui-chan [16] examined the knee proprioception in 42 elderly

subjects by using the passive knee joint reposition test. The results displayed

that TC practitioners had better knee joint proprioceptive acuity than control

subjects. Because TC puts a great emphasis on exact joint positions and direc-

tions, the practice of TC may improve the sense of position in lower extremities.

In another study, Tsang and Hui-Chan [8] reported that TC practitioners had

similar knee joint proprioceptive acuity. Similarly, Xu et al. [5] measured ankle

and knee joint kinesthesis by detecting the threshold of passive movement in

elderly TC practitioners, swimmers/runners, and controls. TC practitioners not

only showed better proprioception at the ankle and knee joints than the controls,

but also showed better ankle kinesthesis than swimmers/runners.

In a recent study, Fong and Ng [17] compared long-term (practice for 1–3

years) and short-term (practice for 3 months) TC training for middle-aged and

older individuals. The long-term TC training group exhibited significantly faster

reflex reaction time in hamstrings and gastrocnemius and a longer balance time

on a tilt board than the short-term TC training and the control groups. Both the

long-term and short-term training groups had significantly better knee joint

position accuracy than the control group. The results implied that both long-term

and short-term TC training might improve joint position sense, but only long-

term TC training could significantly enhance dynamic standing balance.

In a recent study, Woo et al. [18] randomized 90 men and 90 women into

3 groups (TC, resistance training and control). The TC group practiced simplified

24-form TC three times per week for 12 months; while the resistance training

group underwent Thera-Band exercise with medium strength. However, no sig-

nificant changes in balance, muscle strength and flexibility were observed in

men and women for either exercise group compared with controls.
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Balance and the Visual System

Lin and Wong [19] used the SOT to evaluate 14 elderly TC practitioners

and 14 healthy elderly subjects. The results showed that they had better postural

stability at sway-referenced vision and fixed support, and even at the more chal-

lenging condition of sway-referenced vision and support than the control group.

Tsang et al. [20] investigated elderly TC practitioners using the SOT and found

that their visual ratio was higher than that of nonpractitioners, and even compa-

rable to the ratio of the young subjects. The results implied long-term practice

of TC improved balance control in the elderly population and there was an

increased reliance on the visual system during stance. In addition, elderly TC

practitioners attained the same level of balance control as young subjects when

standing in reduced or conflicting sensory conditions.

Balance and the Vestibular System

Wong et al. [13] found that elderly TC practitioners had better maximal

stability and average velocity than the controls under the condition of sway-

referenced support and eyes closed (ECSS). Long-term TC practitioners (prac-

ticed TC for 20.4 � 7 years) used more ankle strategy under the condition of

ECSS than the short-term TC practitioners (practiced TC for less than 3 years).

Tsang and Hui-Chan [21] proposed that practicing TC involved head move-

ments that stimulate the vestibular system. By using the SOT, the elderly TC

practitioners attained a higher vestibular ratio than the controls under the condi-

tion of ECSS.

TC may be applied to patients with balance disorders. Hain et al. [22]

reported the effect of TC on 22 patients with balance disorders. Patients learned

8 TC movements and practiced at home everyday at least for 30 min. After 2

months, significant improvements were found in the SOT and the Dizziness

Handicap Inventory scores. McGibbon et al. [14] also reported a randomized

clinical trial in older adults with vestibulopathy. Thirty-six subjects were ran-

domized into a 10-week program of vestibular rehabilitation or TC exercise.

The improvements of the TC group were associated with reorganized neuro-

muscular pattern in lower extremities, while the vestibular rehabilitation group

only had better control of upper body motion to minimize loss of balance.

Tsang and Hui-Chan [23] compared the effects of vestibular stimulation

on standing balance between older TC practitioners and sedentary controls.

Subjects sat on a chair with their heads fixed at 30� of flexion, and experienced

clockwise whole body rotation at 80�/s for 60 s with eyes closed. After rotation,

subjects stood on a forced platform with eyes closed, and maintained their static
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balance. The TC group showed significantly smaller increases in total sway

path, peak amplitude, and mean velocity of body sway in the anterioposterior

direction than the control group.

Balance and Muscle Strength or Flexibility

TC is performed in a semi-squat posture with head and body rotations, and

changes the base of support from double stance to single-leg standing. Various

degrees of concentric and eccentric contractions of leg muscles are performed

during the practice. Therefore, TC could significantly enhance muscular

strength and endurance in the lower extremities. Lan et al. [12] evaluated

the effect of a 6-month TC program in older individuals. In the male group, the

concentric peak torque of knee extensor increased by 15.1–20.0%, while the

eccentric peak torque increased by 15.1–23.7%. In the male TCC group,

the endurance ratio of knee extensor also increased by 10.3–13.5%. In the

female group, the concentric peak torque of knee extensor increased by

13.5–24.2%, while the eccentric peak torque increased by 18.3–23.8%. The

female TCC group also showed a 10.1–14.6% increase in the endurance ratio of

knee extensor. Lan et al. [12] reported that a 12-month TC program could sig-

nificantly improve muscle strength of knee extensors/flexors and thoracolum-

bar flexibility. Other studies also mentioned that TC increases flexibility of the

knee [24] and trunk [7].

Biomechanical Benefits of TC

Wu and Hitt [25] measured the ground reaction force, COP and plantar

pressure patterns under the stance foot of TC. The results showed TC gait had a

low impact force, a fairly evenly distributed body weight between the forefoot

and rearfoot regions, and a large medial-lateral displacement of the foot COP.

The low-impact force may be attributed to the slow speed of TC and the coordi-

nated activities of the muscles of lower extremities. In addition, maintaining

foot COP in the mid-foot region and keeping the plantar pressure equally dis-

tributed between the forefoot and rearfoot require a precise control of the neu-

romuscular system, and the biomechanical characteristics of TC may be helpful

to functional balance.

Most studies investigated the effect of TC on balance function, but few

studies examined the effect of TC on biomechanical responses to large, fast

walking perturbation in balance-impaired seniors. Because the inability to

recover from a slip or trip during walking accounts for the majority of falls, to
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examine the training effect on recovery during a slip while walking may be bet-

ter than balance testing in standing position.

Conclusion

TC exercise is effective in the organization of proprioceptive, visual and

vestibular systems, which are important to maintain balance and prevent falls.

Additionally, TC is practiced at very slow speed with a semi-squat posture, thus

it improves muscle strength of the lower extremities. TC gait has a low-impact

force, and the body weight is evenly distributed on the forefoot and rearfoot

regions. In this unique posture, delicate neuromuscular coordination is needed.

TC can be applied not only to healthy middle-aged or elderly individuals, but

also to frail or balance-impaired seniors. A 4-week short-term but intensive pro-

gram appears to be sufficient to improve the balance function. Although most

TC studies reported beneficial effects on balance function, the training proto-

col, i.e. style, duration, number of movements, was variable among these stud-

ies. In future studies, a simple and standardized TC program may be needed to

facilitate learning in the community.
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Abstract
Background: Considerable research evidence has been accumulated since 1990 that

practicing Tai Chi can ameliorate multiple characteristics in older adults that place them at

increased risk of falling, including poor balance, loss of strength, limited flexibility, and fear

of falling. However, relatively few studies have directly examined the influence of Tai Chi

practice on falls in this population. Results: Nine randomized controlled trials utilizing Tai

Chi (n � 6), or Tai Chi-inspired exercise (n � 3), were published between 1996 and July,

2007. The studies varied considerably on study settings, participant characteristics, sample

size, type of Tai Chi intervention, length of intervention and quality of the study design. Of

the six studies that used Tai Chi forms, three showed significant improvement in fall-related

outcomes. One study using Tai Chi-inspired exercise also had a significant fall-related out-

come. Conclusion: Despite the evidence demonstrating the beneficial influence of Tai Chi

practice on known risk factors for falling in older adults, evidence indicating an actual

impact on falls-related outcomes is equivocal. More large-scale, longitudinal studies with

consistent intervention parameters and clinically meaningful outcome variables are needed

to a clarify the role of Tai Chi in effective falls prevention programs. The recent development

of a standardized, research-to-practice Tai Chi falls prevention program may be an important

step in this process.

Copyright © 2008 S. Karger AG, Basel

The well-documented fiscal and quality-of-life costs to individuals, health-

care systems and society related to premature morbidity and mortality from

falling in older adults are likely to continue to rise as a result of the worldwide

growth in the proportion of the population aged over 65 as well as their increas-

ing longevity. Given these conditions, identifying efficacious, cost-effective

interventions to reduce the risk of falling, the number of falls, or the number of

injurious falls, in this population is imperative. Although falling in older adults
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is a multifactorial phenomenon [1], involving both internal (i.e. physiologi-

cal/psychological deficits) and external (e.g. uneven/slippery surfaces, poor

lighting) factors [2], the identification of impaired gait, poor balance, and mus-

cle weakness as significant risk factors highlights the importance of exercise

programs aimed at ameliorating these characteristics. Essential features of

Tai Chi, including its slow, low-impact movements, requiring multidirectional

weight shifting, single and double leg weight-bearing, and awareness of align-

ment, clearly challenge these functional limitations in older adults in a con-

trolled and progressive fashion, as shown in multiple studies [see the chapters

by Lan et al., pp. 12–19; Xu et al., pp. 20–29; Wu, pp. 30–39; Taylor-Piliae, pp.

40–53; Thornton, pp. 54–63; Li et al., pp. 77–86; Gatts, pp. 87–103; Tsang and 

Hui-Chan, pp. 104–114; Wong and Lan, pp. 115–123].

Although a logical extension of the findings of improved balance and

strength in older adults who participated in Tai Chi would be a decrease in the

falls-related measures mentioned previously, without well-designed, random-

ized, controlled trials with falls-related outcomes, it would be difficult to pre-

sent Tai Chi as an effective falls prevention intervention.

Tai Chi and Fall Prevention

Beginning with the pioneering study by Wolf et al. in 1996 [3], only nine

Tai Chi-related randomized controlled trials with fall-related outcomes have

appeared in the literature [2–10]. Six of these have used some form of ‘pure’Tai

Chi as an intervention [3, 5–7, 9, 10]; the remaining studies have involved Tai

Chi-‘inspired’ exercise or a mixed intervention [2, 4, 8]. Despite the theoretical

and research support that indicates Tai Chi as a viable mechanism for improving

fall-related outcomes in older adults, the results to date have been equivocal.

The lack of consistent findings may be due to the large variations in study set-

tings, participant characteristics, sample size, type of Tai Chi intervention,

length of intervention and quality of the study design. A summary of study

characteristics of the nine papers, in chronological order, is presented in table 1.

To get a clearer picture of the impact of Tai Chi training on fall-related out-

comes, it seems useful to divide these trials into groups based on shared char-

acteristics such as the setting or subject inclusion/exclusion criteria. Thus, the

nine papers can be categorized into studies of: (a) healthy, community-dwelling

older adults with standardized Tai Chi intervention in the research setting [3, 6],

(b) healthy, community-dwelling older adults with nonstandardized Tai Chi

intervention conducted in community settings [9, 10], (c) older adults specifi-

cally at risk for falling based on objective attributes such recent fall episodes,
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Table 1. Summary of Tai Chi trials and falls prevention.

Author Ages Location Sample Intervention Frequency Duration Falls outcomes

characteristics

Wolf et al. �70 years USA Community- 10-form Yang style Tai Chi – 15 weeks Risk of falls reduced 

[3] (mean �76.2) living; n � 200 (n � 72); computerized 2/week by 47.5% in Tai

(male � 38; balance training (45 min total); Chi group 

female � 162) (n � 64); education computerized (RR � 0.525; 95%

control (n � 64) balance training CI: 0.321–0.86)

and education

control – 1/week

Nowalk �65 years USA long-term care Tai Chi/cognitive Tai Chi – 3/week 52–112 No significant

et al. [2] (mean � 84) facilities; n � 110 behavioral/educational (session length weeks differences in rate 

(male � 15; program (n � 38); not indicated); of falls or time to 

female � 95) strength and strength 3/week first fall between

conditioning/educational (session length intervention or

program (n � 37); not indicated); control groups

educational program educational

control (n � 35) control (frequency

and session length 

not indicated)

Barnett �65 years Australia Community- Multifaceted exercise, 1 h/week 37 weeks Rate of falls

et al. [4] (mean � 74.9) living; n � 163 incorporating modified reduced by 40% in

(male � 54; Tai Chi (n � 83); intervention group 

female � 109) control (n � 80) (IRR � 0.605; 

95% CI: 0.36–0.99);

lower proportion for

�2 falls (RR � 0.44; 

95% CI: 0.21–0.96)
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Wolf �70 years USA Nursing home Specifically Tai Chi – 2/week 48 weeks No significant 

et al. [5] (mean � 80.9) residents; n � 311 selected 6-form (progressing differences in rate of 

(male � 20; Tai Chi (n � 145); from 60 min to falls between groups; 

female � 291) wellness education 90 min over the for participants

(n � 141) study); wellness with previous fall 

education – fractures, TC group 

1 h/week had significantly lower 

fall risk (RR � 0.58;

95% CI: 0.38–0.9)

Li �70 years USA Community- 24-form Yang-style Both groups – 26 weeks Significantly fewer 

et al. [6] (mean � 77.5) living; n � 256 (n � 125); stretching 1-hour falls in TC group  

(male � 77; control (n � 131) classes; (p � 0.007); 

female � 179) 3/week significantly lower risk 

for moderate 

(RR � 0.31; 95% CI:

0.12–0.84) and severe 

(RR � 0.28; 

95% CI: 0.09–0.86)

injurious falls in

TC group

Choi �60 years Korea Residential 12-form Sun style 35-min 12 weeks No significant

et al. [7] (mean � 77.8) care facility; (n � 29); control classes; differences in fall 

n � 68 (n � 30) 3/week episodes

(male � 15; 

female � 44)

Faber �63 years Netherlands Nursing home Tai Chi-inspired 90 min/session 20 weeks No significant

et al. [8] (mean � 84.9) residents; exercises (n � 80); (30 min differences in

n � 238 functional walking socializing percentage of

(male � 50; (n � 66); control component); participants

female � 188) (n � 92) 1/week for who fell or time

4 weeks; to first fall.

2/week for 

16 weeks
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Lin et al. �65 years Taiwan Community- 13-form Chen style 1 h/class; 52 weeks No significant

[9] living; (n � 88); education 6/week differences in

n � 1,288 program (n � 1,288) occurrence of injurious 

(male � 737; falls

female � 551)

Voukelatos �60 years Australia Community- Community-based 1 h/week 16 weeks Hazard ratio for 2 or 

et al. [10] (mean � 69) living; n � 702 classes – various Tai more falls in TC group

(male � 115; Chi styles (83% Sun significantly different

female � 587) style; 3% Yang style; compared to control 

14% mixture of (HR � 0.33; 95% CI:

Tai Chi styles; 0.14–0.78) at 16 weeks. 

n � 353); wait-list At 8 weeks

control (n � 349) postintervention

follow-up, significantly

lower risk for multiple 

falls in TC group 

(RR � 0.54; 95% CI:

0.28–0.96); and 

significantly lower fall 

rate (IRR � 0.67;

95% CI: 0.46–0.96)

Table 1. (continued)

Author Ages Location Sample Intervention Frequency Duration Falls outcomes

characteristics
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impaired balance or hypotension [4, 5, 7], and (d) residents of long-term care

facilities [2, 5, 7, 8].

Healthy, Community-Dwelling Adults in Research Settings
Well-controlled studies with strong internal validity are important in estab-

lishing the viability of causal relationships in studies of human function.

Significant findings provide justification for expanding research parameters,

such as participant characteristics and intervention attributes, to gain a more

complete understanding of the scope of the relationship.

Wolf et al. [3] compared the efficacy of two methods of exercise on falls.

Community-living healthy adults (n � 200) were randomized to Tai Chi train-

ing, computerized balance training or an educational control group. The Tai Chi

intervention was a simplified 10-form program that met two times per week for

45 min of total individualized contact time. Participants in the computerized

balance training group had one 45 min session per week. Results of this 15-week

trial showed that Tai Chi participants experienced a significant reduction (by

about 47%) in the rate of falls compared to the exercise control participants in

follow-up that ranged from 7 to 20 months.

Li et al. [6] confirmed the general findings of Wolf and his colleagues.

Participants (n � 256) were randomly assigned to a Tai Chi or stretching con-

trol group. The Tai Chi intervention used the 24-form Yang style, with 1-hour

classes meeting three times per week for 24 weeks. The stretching control met

for the same time. At the end of a 6-month intervention, significantly fewer falls

(38 vs. 73), and lower proportions of fallers (28 vs. 46%), and injurious falls (7

vs. 18%) were observed in the Tai Chi condition, compared to a low-impact

stretching control condition. Overall, the risk of multiple falls in the Tai Chi

group was 55% lower than that of the stretching controls. Of equal importance,

intervention gains in these measures were maintained at a 6-month postinter-

vention follow-up in the Tai Chi group.

Healthy, Community-Dwelling Adults in Community Settings
Laboratory-based randomized, controlled trials are conducted with rigor-

ous predefined study conditions, which limit the applicability of the findings to

nonequivalent settings. Community-based studies are necessary to clarify the

generalizability, or robustness, of the causal relationship under investigation.

A study by Lin et al. [9] involved six villages from the same province in

Taiwan. Two of the villages were selected to support a 1-hour per day, 6 day per

week Tai Chi class conducted in public spaces while the remaining villages

were used as controls. However, all villages received 1 year of public falls pre-

vention education prior to the Tai Chi intervention. Moreover, 5 persons from

control villages practiced Tai Chi and were included in analyses of Tai Chi
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practitioners (n � 88). In the final analyses comparing the Tai Chi practitioners,

inhabitants of the villages in which the Tai Chi program was offered, and the

control villagers, no significant differences were found in the rate of injurious

falls.

Voukelatos et al. [10] assigned 702 community-dwelling adults aged 60

and older to participate in a 1-hour class, 1 day a week for 16 weeks or to a 24

weeks wait-list control group. Existing community-based Tai Chi classes were

utilized and represented a variety of styles. No modifications were imposed by

the investigators but participants were required to pay a modest fee as an incen-

tive to enhance attendance. Fall data were evaluated at the end of the 16-week

program and at an 8-week postintervention follow-up. Although the incident

rate ratio was not significant at the end of the intervention, it was significant at

the 8-week follow-up, with the Tai Chi group demonstrating a 33% lower rate of

falling than the control group. However, the hazard ratio for 2 or more falls was

significantly different between the Tai Chi and control groups at both 16 and 24

weeks (HR � 0.33 at both time points).

Older Adults Specifically at Risk for Falling
Although age is a known risk factor for falling, not all older adults are at

the same risk. Several researchers have attempted to determine the utility of Tai

Chi in reducing the risk of falling in the most vulnerable of older adults by

specifically targeting those at highest risk, that is, those with multiple specific

high-risk characteristics, including a history of recent falls, impaired balance,

lower limb weakness or gait disturbances.

In a community-based program in Australia, Barnett et al. [4] randomly

assigned 163 high-risk patients referred from physiotherapy clinics to either a

1 h per week structured exercise class for 1 year or a falls prevention education

control group. The exercise intervention consisted of in-class and at-home

activities designed to improve strength, aerobic capacity, coordination and bal-

ance. Modified Tai Chi exercises were used as part of the program aimed at

coordination and balance improvement. The exercise group also received the

falls prevention educational material. The exercise group had a significantly

lower fall rate than the control (IRR � 0.605; 95% CI � 0.36–0.99) as well as

a significantly lower proportion of participants who experienced 2 or more falls

(RR � 0.44; 95% CI � 0.21–0.96). There was no significant difference

between groups on the rate of injurious falls.

Wolf et al. [5] extended their previous work on Tai Chi and falling in older

adults by recruiting older adults who were less robust (that is, transitioning to

frailty). Residents from 20 nursing homes (n � 311) were randomized into an

‘intense’ Tai Chi group or a wellness education control. The Tai Chi group met

two times per week for 48 weeks, and practiced a simplified 6-form Tai Chi,
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increasing the training load from 1 h per class initially to 90 min per class at the

end of the study. The wellness education control met for 1 h per week. Although

there was no significant difference between groups on the risk of falling over

the course of the study, fall data from month 4 through month 12 showed a sig-

nificantly reduced risk of falls in the Tai Chi group compared with the control

group (RR � 0.54; 95% CI � 0.36–0.81). Moreover, there was a significantly

lower fall rate for Tai Chi participants without a previous fall fracture compared

to those in the control group (RR � 0.58; 95% CI � 0.38–0.90).

Most recently, Choi [7] led a study of at-risk nursing home residents

(n � 68) in Korea, who were randomly assigned to a standardized 12-form Sun

style Tai Chi class or a control group. The Tai Chi class met for 35 min, three

times per week for 12 weeks. No significant differences were found between

groups for fall episodes.

Residents of Long-Term Care Facilities
Being a resident of a nursing home or long-term care facility is a signifi-

cant risk factor for falling, with the rate of falling in nursing home residents

approximately double that of community-dwelling older adults. These settings

also produce more serious injurious falls [11, 12]. However, few studies have

looked at Tai Chi interventions in this high-risk population. In addition to the

studies of Wolf et al. [5] and Choi et al. [7], discussed in the previous section,

which involved high-risk nursing home residents, only two studies of healthy

nursing home residents (i.e. those without specified additional risk factors for

falling) have been conducted.

Nowalk et al. [2] recruited 110 residents from two senior housing facili-

ties to participate in FallsFREE, a study of three falls prevention interventions:

(a) educational programs, including walking and medication management (this

group served as the control), (b) educational programs plus ‘individualized,

progressive strength training and conditioning’, and (c) educational programs,

behavioral-cognitive training, and Tai Chi (conducted three times per week.

However, neither the length of each class nor the type of Tai Chi is specified).

No significant differences were found between groups on either rate of falls or

time to first fall.

Faber et al. [8] restricted exclusion criteria for participants in their study of

two falls prevention interventions in the Netherlands to ‘enable the generaliz-

ability of the results’. Residents of long-term care centers (n � 238) were

assigned to: (a) control group, (b) a Functional Walking group, with a focus on

balance and functional strength, or (c) an In Balance program, initially incorpo-

rating therapeutic elements of Tai Chi, progressing to a simplified form of Tai

Chi, among other exercises. The workloads for both interventions were progres-

sively increased from one, 90-min session per week for 4 weeks, to two, 90-min
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sessions per week for 16 weeks. However, 30 min of each session was devoted

to socialization. No significant differences were found for the fall incidence

rate between groups.

Summary of Findings

Despite the differences in methodology, conditions and results in the ran-

domized controlled trials examining the influence of Tai Chi on fall-related out-

comes, several overarching conclusions seem warranted: (a) Tai Chi is an

efficacious falls prevention intervention in health, community-dwelling older

adults [3, 6, 10], (b) currently there is little evidence that Tai Chi is efficacious

in falls prevention in specific high-risk populations [2, 4, 5, 7, 8], (c) programs

based on standard Tai Chi forms are more likely to be effective than those uti-

lizing Tai Chi ‘inspired’ exercises [2, 3, 6, 8, 10], and (d) a coordinated, system-

atic research agenda is required if the conditions under which, and the

populations for whom, Tai Chi can be advocated to reliably improve fall-related

outcomes are to be identified.

Translating Research to Practice

Although the findings of the Tai Chi trials are mixed, there is sufficient

evidence to indicate that Tai Chi can improve fall-related outcomes in older

adults. However, as Close [13] argues, the ‘real challenge is . . . to ensure that

clinical trial data can be successfully translated and applied to the populations

who stand to benefit the most from the intervention’. To date, only Li et al. [6]

have attempted to fill this research-to-practice gap. Drawing on the essential

elements of their successful intervention, they utilized a two-stage process to:

(a) develop ‘a program package that is content appropriate, attractive to poten-

tial clients, and logistically practical’ [14], and (b) implement and evaluate the

resulting program in the field [15]. The first objective was achieved through a

mixed qualitative and quantitative process involving input from experts in pub-

lic health, epidemiology, physical and occupational therapy, Tai Chi instruction,

service evaluation and senior services provision. The utility of the resulting pro-

gram, Tai Chi – Moving for Better Balance, was evaluated through the RE-AIM

framework [16, 17] in six senior centers in Oregon, USA. Findings indicate the

program to be logistical feasible, with high client satisfaction, significant

impact on participant characteristics such as balance, and promising results for

falls attenuation. The program has been adopted by a state agency and dissemi-

nated to senior service providers throughout the state.
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Conclusions

There is no doubt that Tai Chi is effective in enhancing a wide range of

physiological and psychological characteristics in older adults, including some,

such as impaired balance and poor lower extremity strength, which have been

identified as risk factors for falling. However, the research evidence on the effi-

cacy of Tai Chi practice on fall-related outcomes is problematic. Currently,

there are still too few randomized controlled trials, which are too fragmented, to

gain a complete picture of the relationship between Tai Chi and falls prevention.

To date, only Wolf et al. [3, 5] has attempted anything like an extension study,

and only Li [6, 14, 15] has developed a research-to-practice translation of a suc-

cessful Tai Chi intervention.

The fact that the existing studies have come from four continents indicates

the widespread belief in the possibilities of Tai Chi in reducing fall-related risk in

older adults and highlights the opportunity for collaborative research to identify

the appropriate combination(s) of program features and participant characteristics

for best outcomes [18]. Systematic, progressive explorations of features of the Tai

Chi-falls relationship such as optimal style, frequency, duration, and intensity

parameters for varying populations, and use of consistent, clinically relevant

falls-related outcomes [19] are imperative if the full potential of Tai Chi to posi-

tively impact fall-related morbidity and mortality in older adults is to be realized.
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Abstract
Background/Aims: Physical exercise has positive effects on the body as well as on

the mind. The purpose of this study was to examine the effects of Tai Chi exercise on college

students’ perceptions of their physical and mental health. A 3-month Tai Chi intervention

(1 h, twice/week) was administrated to 30 college students. The SF-36v2 health survey ques-

tionnaire was employed to evaluate the mental health dimension (MHD) and physical health

dimension (PHD) before and after the intervention by means of a paired t test (p � 0.05).

PHD including physical functioning, role physical, bodily pain, general health, and MHD

including social functioning, role mental/emotion function, vitality, and perceptions of men-

tal health were assessed. Results: Physical measures of bodily pain and general health, and

mental measures of role mental/emotion function, vitality, and mental health were signifi-

cantly improved after Tai Chi intervention. When the overall PHD or MHD scores were eval-

uated, the MHD increased significantly. Conclusions: Tai Chi exercise had positive effects

on the self-assessed physical and mental health of college students. Scores on the MHD

appeared to be particularly sensitive to change. Colleges/universities might consider offering

Tai Chi as a component of their ongoing physical activity programs available to students.

Copyright © 2008 S. Karger AG, Basel

Improving and maintaining mental health and physical health are of con-

cern for everyone. Mental health may be described as a healthy mind with pos-

itive attitude and emotional well-being, and with the competence to live a full

and creative life and the flexibility to deal with life’s inevitable challenges.

Physical health may be described as a healthy body with good physical func-

tions and with the competence to fulfill physical demands and challenges in

daily life. To balance the busy schedule, heavy work load and mental stress, and

all aspects of life – social, physical, spiritual and emotional, it is critical to keep

Mental Health and Social Aspects of Tai Chi
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our physical condition and mental status at the optimal level. Numerous studies

[1–6] suggested that physical exercises are beneficial to mental health and

physical health. Blumenthal et al. [1] concluded that a 16-week aerobic exercise

may reduce depression in older adults. Paluska and Schwenk [2] reported that

physical activity may play an important role in the management of depression

and anxiety, and in general acute anxiety responds better to exercise than

chronic anxiety. Vuori [3] stated that there is sufficient scientific evidence rec-

ommending regular lifelong physical activity as part of a healthy lifestyle for

everyone in order to enhance musculoskeletal health and functions.

Tai Chi Quan is an ancient Chinese martial art and an exercise which is

well known for its effects and benefits on balance and coordination training for

older populations [4]. Ryan [7] described Tai Chi (Quan) as an exercise, a

dance, a method of achieving mental peace and relaxation, and a philosophy of

life. Tai Chi may also be thought of as a moving form of yoga and meditation.

Compared to some popular exercises, such as walking, jogging, running, or

weight lifting, Tai Chi is unique because it is a body-mind exercise, and it has a

low impact on the joints. Tai Chi is gaining acceptance in the United States for

improving personal health and fitness.

People who practice Tai Chi gain and maintain a healthy body as well as an

alert mind, as demonstrated by the ability to concentrate better on routine tasks

and to make decisions more effectively [8–11]. However, research on Tai Chi

exercise has mainly focused on older adults and the use of Tai Chi for balance

and fall prevention [5, 12, 13]. Hain, et al. [6] conducted a study to determine if

the practice of Tai Chi significantly improved balance. Twenty-two subjects (16

were 61 years old or older) with mild balance disorders were studied using five

measures of balance. The participants underwent 8 weeks of Tai Chi training

and practice and the results demonstrated that the posturography test, the

Dizziness Handicap Inventory questionnaire, Romberg test and the Medical

Outcomes Study Survey scores improved significantly, and findings from this

study suggested that Tai Chi practice improved balance for patients with mild

balance disorders. Tse and Bailey [12] investigated the potential value of Tai

Chi exercise in promoting postural control of the well elderly. The subjects in

the study were 65 years of age and older. Comparison of performance on five

balance tests between 9 Tai Chi practitioners and nine nonpractitioners demon-

strated that the Tai Chi practitioners had significantly better postural control

than the sedentary nonpractitioners. Wolf et al. [13] explored the effect of Tai

Chi and computerized balance training on postural stability in 24 older adults

and concluded that Tai Chi practice may not improve measures of postural sta-

bility; however, Tai Chi may gain its success, in part, from promoting confi-

dence without reducing sway rather than primarily facilitating a reduction in

sway-based measures.
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As observed in the literature, research on Tai Chi exercise has mainly

focused on the older population [5, 12, 13]. The effects of Tai Chi exercise on

physical and mental health among college students are not well documented.

Therefore, the purpose of this study was to determine the effects of Tai Chi, a

body-mind harmony exercise, on college students’ perceptions of their mental

health, and physical health.

Methods

Research Design
A one-group, pre-test, post-test design [14] was utilized in this study. A 3-month series

of 1-hour Tai Chi exercise, twice weekly, was the intervention. The multidimensional 

SF-36v2 health survey questionnaire (refer to appendix) was employed to measure the phys-

ical and mental health of the participants before and after the intervention. Paired t test was

used to examine the participants’ changes of physical and mental health perception before

and after Tai Chi practice.

Participants
Thirty college students (11 males and 19 females) attending a large urban university in

the southeast volunteered as participants. These college students were enrolled in a university

class, ‘Tai Chi – A Philosophy for Health and a Therapeutic Exercise,’ and the class was

offered to graduate and undergraduate students. All participants were informed of the proce-

dures of the experiment and signed a University approved human subject consent form indi-

cating their voluntary participation. All participants were healthy and denied low back

dysfunction or any pathological diseases which might negatively impact their performance.

The mean age was 24.23 � 2.74 (standard deviation, SD) years, the mean body height was

170.85 � 6.12 cm, and the mean body weight was 69.82 � 18.97 kg. Approximately 70% of

these participants were graduate students and 30% were undergraduate students.

Instrumentation
Physical health dimension (PHD) and mental health dimension (MHD) were assessed

with the multidimensional SF-36v2 health survey questionnaire [15]. The SF-36v2 contains

36 items and was designed for use in clinical practice, research, health policy evaluations,

and general population surveys. The questionnaire covers eight variables of functioning.

Physical health measures include:

1 Physical functioning (PF) – limitations in activities such as sports, climbing stairs,

walking and dressing;

2 Role physical (RP) – extent to which health interferes with work, housework, or

schoolwork;

3 Bodily pain (BP) – extent of BP in the past month;

4 General health (GH) – extent of overall physical distress in the past month.

Mental health measures include:

5 Vitality (VT) – sense of energy and freedom from fatigue;

6 Social functioning (SF) – extent to which health interferes with social activities

such as visiting friends or relatives in the past month;
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7 Role mental/emotion function (RE) – limitations in usual role activities (work or

home) because of emotional problems;

8 General mental health perceptions (MH) – perceptions of mental health.

The SF-36v2 has been used extensively and has good psychometric properties and clin-

ical validity [15]. The scores from these eight variables were generated based on the stan-

dardized scoring procedure [16]. The raw scores were transformed to Z scores using the

norms (means and SDs) of the US population in 1998 [16]; then, the Z score of each variable

was normalized using the following equation: Normalized score � 50 � Z score � 10.

Procedures
An experienced Tai Chi instructor who has taught Tai Chi exercises for many years, includ-

ing classes at the university level and workshops at national conferences, led this Tai Chi exercise

intervention. In the first 2 weeks, the participants learned Tai Chi philosophy, the principles of Tai

Chi practice, breathing techniques, and the single Tai Chi forms. In the subsequent 2 weeks, the

participants combined the single Tai Chi forms together and completed the psychomotor learn-

ing of the Tai Chi 24 forms. For the remainder of the 3 months of the study, the participants prac-

ticed the Tai Chi 24 forms with relaxation techniques [17]. Each practice session consisted of

10 min of breathing and stretching exercises followed by 50 min of practice of Tai Chi 24 forms.

Participants practiced twice a week on Monday and Wednesday, and make-up sessions were pro-

vided on Thursday and Friday for those who missed a regularly scheduled practice session.

Data Analysis
With permission of the Medical Outcomes Trust, a nonprofit organization for the SF-

36 Health Survey, the raw data were analyzed using the SF-36 software. The normalized

scores of the eight variables and the overall scores in physical and mental dimensions from

SF-36v2 were generated and the changes of physical and mental health before and after the

Tai Chi intervention were examined by means of paired t test in SPSS [18].

Results

Physical Health Dimension
The results [14] of the comparison of the overall PHD before and after the

Tai Chi Quan exercise intervention are presented in figure 1. Of the four physi-

cal health variables (PF, RP, BP and GH), two variables, BP and GH were sig-

nificantly improved (p � 0.05) with the Tai Chi intervention. The mean score of

BP was improved from 51.41 to 56.60 and the mean of score of GH was

improved from 53.20 to 56.45. The overall score of PHD, a combination of the

four physical health variables, was enhanced, but did not show statistically sig-

nificant improvement after the Tai Chi intervention.

Mental Health Dimension
Comparisons of the MHD variables before and after Tai Chi practice are

presented in figure 2. Three of the four mental health variables, VT, RE and MH
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significantly improved (p � 0.05) after the Tai Chi intervention. The mean score

of VT was improved from 49.06 to 55.00, the mean score of RE was improved

from 45.27 to 50.27, and the mean score of MH was improved from 46.26 to

50.76. The overall MHD, a combination of the four mental health variables,

showed statistically significant improvement (from 44.26 to 49.71) as well.
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Fig. 1. Comparisons of PHD scores (mean and SD) before and after Tai Chi interven-

tion. *p � 0.05, paired t test.
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Fig. 2. Comparisons of MHD scores (mean and SD) before and after Tai Chi interven-

tion. *p � 0.05, paired t test.
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Discussion

The results of this study [14] indicated that a Tai Chi program can be benefi-

cial to improving the physical and mental health of college students. In particular,

the MHD was particularly sensitive to change in this group, as shown in figure 2.

VT, defined as a sense of energy and freedom from fatigue, mental/emotional role

function, defined as limitations in usual home or work activities because of emo-

tional problems, and general emotional health all improved as measured at the end

of Tai Chi intervention by the SF-36v2. These results initially were surprising to us,

given the fact that our sample consisted of healthy graduate and undergraduate stu-

dents. However, the stresses of daily living, juggling schedules, and making ends

meet are factors with which students must constantly grapple. College students,

and in particular graduate students, are faced with a myriad of stresses including

demands on time, financial issues, peer and academic pressure, and competing

role strain. The overall mental health score for the general population in the US is

50 [16]. However, the participants in this study had scores of 44.26 and 49.71

before and after Tai Chi intervention, respectively. These college students 

had overall mental health scores well below the national average prior to the Tai

Chi intervention. The participants’ scores closely approximated the national aver-

age after the intervention. We think college students, especially graduate students

in some intensive academic programs are stressed, and Tai Chi as a mental relax-

ation exercise has good results of reducing acute stress or anxiety [2] for this group

of people. Most participants (approximately 75%) in this Tai Chi program said

they felt much more relaxed at the end Tai Chi practice.

The results of the improved mental health scores found in this study are

supported by previous studies [2, 10]. Jin [10] examined changes in psycholog-

ical functioning following participation in Tai Chi exercise and found that par-

ticipants were less tense, depressed, angry, fatigued and confused. Paluska and

Schwenk [2] stated that physical activity may play an important role in the man-

agement of mild to moderate mental health anxiety/diseases, and acute anxiety

responds better to exercise than chronic anxiety.

In the PHD, in particular the BP variable, defined as the extent of pain in the

past month, and the general physical health variable changed significantly, as

depicted in figure 1. As with the combined mental health score, the mean physical

health score was 50 for the general US population [16]. The participants from this

study had scores of 55.47 and 56.70 before and after Tai Chi intervention, well

above the mean for the general population. This was to be expected as younger par-

ticipants have less chronic (physical) disease and are generally in better health.

This study was limited by its nonexperimental design. The lack of a

control/comparison group limited its application and a follow-up study comparing

Tai Chi with a more traditional exercise program with college students would be
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helpful. Given the unique mind-body aspects of Tai Chi, it would be particularly

interesting to compare the mental health scores between these types of exercise.

The majority of students involved in the study was enrolled in the graduate physical

therapy program, and as such may be more aware of exercise benefits, and in par-

ticular benefits of Tai Chi, or may expect more improvement than students outside

of healthcare or physical education programs. A future study would benefit from a

more diverse participant pool regarding selected majors and courses of study.

Conclusions

Tai Chi Quan is a unique form of exercise, combining mind and body

through a series of low-impact movements. This study offers interesting data for

consideration. College students may benefit from regular practice of Tai Chi.

Tai Chi may be helpful in mediating emotional and psychological stresses that

accompany the life experiences of graduate and undergraduate students.

Colleges and universities might consider offering Tai Chi classes as a compo-

nent of their ongoing physical activity programs available to students.

Appendix

SF-36v2™ Health Survey

This survey asks for your views about your health. This information will help you keep track of

how you feel and how well you are able to do your usual activities.

Answer every question by selecting the answer as indicated. If you are unsure about how to

answer a question, please give the best answer you can.

1) In general, would you say your health is:

Excellent Very good Good Fair Poor

❍ ❍ ❍ ❍ ❍

2) Compared to one year ago, how would you rate your health in general
now?

Much Somewhat About Somewhat Much 

better now better now the same worse now worse now

than one than one as one than one than one

year ago year ago year ago year ago year ago

❍ ❍ ❍ ❍ ❍
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3) The following questions are about activities you might do during a typical 
day. Does your health now limit you in these activities? If so, how much? 
[Fill in a circle on each line.]

Yes, Yes, No, not

limited limited limited

a lot a little at all

a. Vigorous Activities, such as running, lifting ❍ ❍ ❍
heavy objects, participating in strenuous sports

b. Moderate Activities, such as moving a table, ❍ ❍ ❍
pushing a vacuum cleaner, bowling, or 

playing golf

c. Lifting or carrying groceries ❍ ❍ ❍
d. Climbing several flights of stairs ❍ ❍ ❍
e. Climbing one flight of stairs ❍ ❍ ❍
f. Bending, kneeling, or stooping ❍ ❍ ❍
g. Walking more than a mile ❍ ❍ ❍
h. Walking several hundred yards ❍ ❍ ❍
i. Walking one hundred yards ❍ ❍ ❍
j. Bathing or dressing yourself ❍ ❍ ❍

4) During the past 4 weeks, how much of the time have you had any of the
following problems with your work or other regular daily activities as 
a result of your physical health?

All Most Some A little None

of the of the of the of the of the

time time time time time

a. Cut down on the amount of time you ❍ ❍ ❍ ❍ ❍
spent on work or other activities

b. Accomplished less than you would like ❍ ❍ ❍ ❍ ❍
c. Were limited in the kind of work or ❍ ❍ ❍ ❍ ❍

other activities

d. Had difficulty performing the work or ❍ ❍ ❍ ❍ ❍
other activities (for example, it took 

extra effort)

5) During the past 4 weeks, how much of the time have you had any of 
the following problems with your work or other regular daily activities 
as a result of any emotional problems (such as feeling depressed or
anxious)?

All Most Some A little None 

of the of the of the of the of the

time time time time time

a. Cut down on the amount of ❍ ❍ ❍ ❍ ❍
time you spent on work or 

other activities

b. Accomplished less than you ❍ ❍ ❍ ❍ ❍
would like
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c. Did work or activities ❍ ❍ ❍ ❍ ❍
less carefully than usual

6) During the past 4 weeks, to what extent has your physical health or
emotional problems interfered with your normal social activities with 
family, friends, neighbors, or groups?

Not at all Slightly Moderately Quite a bit Extremely

❍ ❍ ❍ ❍ ❍

7) How much bodily pain have you had during the past 4 weeks?

None Very Mild Mild Moderate Severe Very Severe

❍ ❍ ❍ ❍ ❍ ❍

8) During the past 4 weeks, how much did pain interfere with your normal work
(including both work outside the home and housework)?

Not at all A little bit Moderately Quite a bit Extremely

❍ ❍ ❍ ❍ ❍✩
9) These questions are about how you feel and how things have been

with you during the past 4 weeks. For each question, please give the
one answer that comes closest to the way you have been feeling. How
much of the time during the past 4 weeks...

All Most Some A little None 

of the of the of the of the of the

time time time time time

a. Did you feel full of life? ❍ ❍ ❍ ❍ ❍
b. Have you been very nervous? ❍ ❍ ❍ ❍ ❍
c. Have you felt so down in the dumps ❍ ❍ ❍ ❍ ❍

that nothing could cheer you up?

d. Have you felt calm and peaceful? ❍ ❍ ❍ ❍ ❍
e. Did you have a lot of energy? ❍ ❍ ❍ ❍ ❍
f. Have you felt downhearted and ❍ ❍ ❍ ❍ ❍

depressed?

g. Did you feel worn out? ❍ ❍ ❍ ❍ ❍
h. Have you been happy? ❍ ❍ ❍ ❍ ❍
i. Did you feel tired? ❍ ❍ ❍ ❍ ❍

10) During the past 4 weeks, how much of the time has your physical health or
emotional problems interfered with your social activities (like visiting
friends, relatives, etc.)?

All of the Most of Some of A little None of 

time the time the time of the time the time

❍ ❍ ❍ ❍ ❍
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11) How TRUE or FALSE is each of the following statements for you?

Definitely Mostly Don’t Mostly Definitely

true true know false false

a. I seem to get sick a little ❍ ❍ ❍ ❍ ❍

easier than other people

b. I am as healthy as ❍ ❍ ❍ ❍ ❍

anybody I know

c. I expect my health to ❍ ❍ ❍ ❍ ❍

get worse

d. My health is excellent ❍ ❍ ❍ ❍ ❍
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Effect of Tai Chi on Depressive Symptoms
amongst Chinese Older Patients with Major
Depression: The Role of Social Support

Kee-Lee Chou

Sau Po Centre on Ageing, The University of Hong Kong, Hong Kong, SAR, China

Abstract
The objective of this study was to determine whether the effects of Tai Chi training on

depressive symptoms in Chinese older patients with depression remained statistically signif-

icant after social support was controlled. Fourteen community-dwelling older patients from a

psychogeriatric outpatient clinic were randomly assigned to either a 3-month Tai Chi inter-

vention with 36 sessions or a wait-list control. Depression was assessed by the Center for

Epidemiological Studies Depression Scale (CES-D), whereas social support was measured

by the Lubben Social Network Scale (LSNS). By performing multiple regression analyses,

we examined whether the effect of group assignment (Tai Chi and control groups) on five

measures of depressive symptoms (i.e. the total scores of the CES-D scale, and scores of all

its subscales including symptoms related to somatic, negative affect, interpersonal relation,

and well-being) remained significant after controlling for age, gender, education, and LSNS.

Results indicate that the beneficial impact of Tai Chi on five measures of depressive symp-

toms remained significant when we adjusted for age, gender, and education. On the other

hand, the effect of our intervention disappeared when changes of social support were con-

trolled for. Social support might be partly responsible for the effect of Tai Chi on depressive

symptoms because practicing Tai Chi is a social activity in nature.

Copyright © 2008 S. Karger AG, Basel

As the world becomes more and more globalized, exchanges between the

West and the East become more frequent. With the high degree of specialization

of health care and the high cost of Western medicine, there is a growing interest

in how Eastern traditional medicine can be harmoniously integrated to provide

complimentary modes of treatment in areas such as the mental health of older

adults. This notion of Eastern and Western medicine complimenting each other

is increased by the advocacy of body-mind medicine, which believes in a holistic
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view (e.g. the mind and the body are not separable) of the human being rather

the dualist model. Tai Chi, a Chinese traditional physical exercise, is one possi-

ble form of complimentary medicine for mental health problems in Western as

well as Asian countries. Although the beneficial effects of physical exercise on

mental health has been well demonstrated in the West, few studies have been

conducted to test the effectiveness of Tai Chi in the prevention and treatment of

depression among Chinese older adults [for exception, see 1] and, to our knowl-

edge, no study has attempted to identify aspects of the psychological mecha-

nisms underlying its effect. This study aimed to fill this knowledge gap by

evaluating the role of social support and cognitive capacity in the effect of Tai

Chi on depressive symptoms among older patients with clinical depression.

This kind of investigation will provide important information so that we can

have a better understanding of the role of Tai Chi in mental health.

Consequently, the acceptance of the role of Tai Chi in the broader mental health

service sector will be greatly enhanced.

Exercise and Mental Health

Although the beneficial effect of physical exercise on physical health is

well-known [2], much less attention has been paid to the therapeutic impact of

exercise on mental illnesses [3–5]. Exercise indeed plays a therapeutic role in

mental health problems and thus can enhance the quality of life for those

elderly with mental disorder. In both clinical or nonclinical areas of mental

health, there are five important benefits that are associated with the use of exer-

cise: (a) exercise is highly affordable; (b) exercise could be practiced with min-

imal supervision; (c) exercise provides an alternative option for those who

prefer not to use medication or have no access to intensive counseling services;

(d) exercise provides additional physical health benefits that other forms of

clinical interventions do not, and (e) the negative side effects (e.g. injury or

exercise dependence) of exercise are minimal [4].

Depression and Its Treatment in Hong Kong

Hong Kong has one of the highest elderly suicide rates in the world and

many cross-sectional studies have already documented the epidemic of depres-

sion among local elderly persons. Recent local epidemiological studies have

shown the prevalence rate of depression among older people aged over 65

exceeds 30% [1, 6]. In Hong Kong, prescription drugs continue to be the most

frequently used treatment for depression although psychotherapy and ECT
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might also be used. Exercise has not been routinely used in treatment of depres-

sion and this might be due to the fact that mental health service practitioners

have a dualist tendency to treat the mind and body as separate entities [7]. More

recently, a body-and-mind approach to medicine has been advocated as a better

therapeutic model in health care services [8], thereby necessitating additional

research into this area.

Exercise and Depression

Previous randomized clinical trial studies have shown that vigorous and reg-

ular exercise was related to a significant reduction in depression and that the

reduction in depression is of the same order as that found in a variety of standard

psychotherapeutic treatment [4, 9]. However, inconsistent findings were found

when researchers compared the effect of exercise with traditional treatments (e.g.

psychotherapy or behavioral intervention) for depression. In their review paper

incorporating a wide variety of subjects, North et al. [10] concluded that exercise

reduced depression more than relaxation training or engaging in enjoyable activi-

ties, but did not produce effects that were different from psychotherapy. However,

in studies with only clinically depressed subjects, exercise produced the same

effects as psychotherapy, and behavioral interventions (relaxation or mediation)

[11, 12] while exercise used in combination with individual psychotherapy, or

exercise together with drug therapy, produced the largest effects. Even though

Mutrie cautions that the range of psychotherapeutic techniques used in these stud-

ies does not always mirror what is considered best practice for depressed patients,

i.e. cognitive-behavioral therapy, determining that exercise is at least as effective

as more traditional therapies is encouraging, especially considering the time and

cost involved with treatment such as psychotherapy. Thus, because exercise is

cost-effective it has positive physical health benefits, it is effective in alleviating

depression, and it is a viable adjunct or alternative to many of the more traditional

depression therapies. Furthermore, any exercise study is enhanced if the partici-

pants have a strong empathy towards the type of intervention since this is likely to

promote greater compliance during the intervention and habituation after the

intervention ceases. Thus traditional Chinese exercises such as Tai Chi are felt to

be highly appropriate for this elderly Chinese population.

Mechanism of How Exercise Works

Although different explanations have been proposed, very little is yet known

of the mechanism underlying the effect of exercise on depression [13, 14] and it



Tai Chi and Depression: The Role of Social Support 149

is the major shortcoming in this area of the literature. It is felt that this short-

coming contributes to the lack of acceptance by mental health service profes-

sionals of the role exercise can play [15]. Therefore, it is important to try and

understand how exercise helps treat depression, but unfortunately few studies

have attempted to investigate the mechanism by which the effects of exercise

are able help explain the psychological basis of depression [14]. This may be

compounded by the multifactorial nature of depression and that the various psy-

chological theories of depression might predict that different mechanisms

mediate the impact of exercise on depression. Interpersonal theories of depres-

sion may suggest mediators including interpersonal relationship, social sup-

port, or seeking reassurance [16].

Chinese Traditional Exercises

Previous studies on the relationship between exercise and depression have

emphasized Western styles of aerobic exercise, e.g. walking, jogging, cycling

[17]. Only a few studies have been conducted to test the relationship between

Chinese traditional exercises, such as Tai Chi and depression. Tai Chi is not only

the most popular form of physical exercise among Hong Kong elderly people

[18], it is also a style of life that promotes the Taoist philosophical values of ‘let-

ting go’ of struggles and interpersonal conflicts, maintaining a peaceful mind

and a sense of harmony, which are congruent with the Chinese traditional aspi-

ration of life fulfillment. Tai Chi, in its physical and exercise form, is a series of

individual dance-like movements linked together in a continuous, smooth-flowing

sequence. Various studies have found that the beneficial effects of Tai Chi on

physical health [19], are comparable to moderate exercise in older adults

[20–22]. Furthermore, with its emphasis on enriching the spiritual mind, it is

likely that Tai Chi would also contribute to enhanced mental health, which may

even surpass the effects of Western style exercises. In fact, previous studies have

shown that Tai Chi reduces mood disturbances just after the exercise [23],

enhances psychosocial well-being [24], reduces anxiety in frustration [25], and

increases life satisfaction and positive affect [26]. In 2003, we conducted a ran-

domized clinical trial to investigate the impact of Tai Chi on older adults with

clinical depression and found that the 3-month Tai Chi intervention with 36 ses-

sions resulted in significant reductions in the total scores of the Center for

Epidemiological Studies Depression Scale (CES-D), and scores of all its sub-

scales including symptoms related to somatic, negative affect, interpersonal rela-

tion, and well-being. In this paper, we examined the effect of this Tai Chi

intervention on the indicators of psychological well-being and evaluated whether

the impact of Tai Chi on depressive symptoms is mediated by social support.
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Method

Participants
Our study population consisted of community-dwelling depressed patients who

attended a psychogeriatric outpatient clinic located in Hong Kong. Thirty patients who met

our selection criteria were invited and 14 of them agreed to participate in our study. The

screening instrument was the Chinese version of the CES-D [27], which has been validated

in previous studies [28]. The inclusion criteria were: (1) fulfillment of the DSM-IV diagnos-

tic criteria for either unipolar major or minor depression or dysthymia but the cause of

depression was not organic in nature; (2) a CES-D score at or higher than the common cut-

off of 16 for diagnosable depression [29]; (3) age 60 years old and above; (4) no involvement

in any regular exercise in the past 6 months; (5) no specific medical contraindication to exer-

cise, e.g. unstable cardiac condition or major stroke; (6) preserved physical ability e.g.

whether the subject could move his/her limbs in Tai Chi exercise; (7) intact cognition – scores

�25 on the Mini-Mental State Examination [30], and (8) willingness to be randomly

assigned to any of the two conditions of this research. The mean age of these 14 selected sub-

jects was 72.6 years (SD � 4.2). Half of them were female. Their mean duration of education

was 4.6 years (SD � 4.6). 57.1% were married, 35.7% were widowed, and 7.10% were

divorced.

Procedures
Informed consent forms were obtained from study participants. A battery of psycho-

logical tests and health indicators was administered at the baseline (pretreatment). Included

in this test battery was the Chinese version of the 20-item CES-D scale which was used to

measure depressive symptoms. Radloff [27] discussed the properties of the scale and its

appropriateness for use with community-dwelling older adults in detail. The participants

were asked for 20 depressive symptoms that they might have experienced in the 1-week

period preceding the interview. The 20 items were scored on a standard 4-point scale from 0

to 3, and the scale or subscales was the unweighted sum of the corresponding items. The

Chinese version of the CES-D had been validated in earlier studies [28, 31], and the back

translation was used to make sure the meaning of items in CES-D was the same for Hong

Kong Chinese elderly and American elderly. Five scores were obtained from the CES-D as

follows: the total 20-item scores, the psychological symptoms scores, the somatic symptoms

scores, the interpersonal problem scores, and well-being scores [27, 32]. Participants’ social

support networks were assessed by the Lubben Social Network Scale (LSNS) [33], which is

a 10-item measure of five aspects of social networks: family network, friend networks, help-

ing others, confidant relationships (that is, be a confidant or has a confidant), and living

arrangements. The scale has been widely used in studies on the Hong Kong Chinese elderly

population [34, 35].

One well-trained interviewer who was blinded to the group assignment and study

hypothesis collected the self-reported data in a face-to-face format at participants’ residence.

Subjects were randomly assigned to one of two conditions: Tai Chi training group (n � 7)

and the control group (n � 7). The mean for attendance rate in 36 Tai Chi sessions in the Tai

Chi group was 95%. In the Tai Chi training condition, participants received a Tai Chi training

program in which participants were instructed to engage in three 45-min sessions per week,

throughout the 3-month intervention period. The form of Tai Chi we selected was an 18-form

Yang’s style [36] which is commonly practiced in Hong Kong aged population. Each session



Tai Chi and Depression: The Role of Social Support 151

consisted of a 10-min warm-up, 25 min of Tai Chi practice, and a 10-min cool-down. All ses-

sions were led by an experienced Tai Chi practitioner who demonstrated the warm-up and

cool-down exercises, taught Tai Chi movements, and promoted relaxation, deep breathing,

and concentration of the mind. Subjects in the wait-list condition were told that their treat-

ment would be delayed for 3 months, after which they could choose the Tai Chi program. At

the end of the treatment and wait-list conditions, i.e. 3 months after the baseline, all subjects

were reassessed on the same battery as at pretreatment.

Data Analysis
To assess the changes in depressive symptoms and social support before and after

the Tai Chi intervention, we computed the differences in scores of the 20-item CES-D,

four subscales of CES-D (somatic, negative affect, interpersonal, and well-being), and LSNS

we measured before and after the clinical trial. Then, we performed regression analyses to

examine whether the effect of Tai Chi on depressive symptoms remained significant when

participants’ age, gender, years of education or social support (measured by LSNS) were

controlled.

Results

As can be seen in table 1, the effect of group assignment (Tai Chi and con-

trol groups) on five measures of depressive symptoms namely the CES-D scale

and its four subscales (somatic, negative affect, interpersonal, and well-being)

remained significant after we controlled age, gender or education. However,

when we adjusted the changes of social support during the clinical trial, the

impact of Tai Chi on all measures of depressive symptoms disappeared.

Conclusion

In our previous study, we have shown that Tai Chi has a positive effect on

reducing depressive symptoms compared with no treatment in older patients

with depression. Tai Chi is equally effective in reducing all four categories of

depressive symptoms including somatic symptoms, psychological symptoms,

symptoms related to interpersonal relation, and symptoms associated with well-

being. Taken together, these findings show that, at least in short-term, Tai Chi

reduces a broad range of depressive symptoms in Chinese older patients with

depression.

However, it is important understand the mechanism underlying the positive

impact of Tai Chi on depressive symptoms. Results of the current study indicate

that social support might partly contribute to the beneficial effect of Tai Chi

because Tai Chi is a group activity in which practitioners could receive social

support from their peers. Other factors potentially contributing to the positive
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Table 1. Main effects  of group assignment (Tai Chi and control groups) on depression:

results of multiple regression analyses (beta)

Changes in CES-D scores
Predictor variables

Group assignment 0.82** 0.72** 0.77** 0.79** 0.40

Age �0.21

Gender �0.34*

Years of education 0.23

Changes in LSNS �0.52

Changes in Somatic symptoms subscale scores
Predictor variables

Group assignment 0.66* 0.53* 0.63* 0.66* 0.29

Age �0.27

Gender –0.23

Years of education 0.04

Changes in LSNS �0.46

Changes in Negative affect symptoms subscale scores
Predictor variables

Group assignment 0.70** 0.58* 0.66** 0.67** 0.36

Age �0.23

Gender �0.25

Years of education 0.20

Changes in LSNS �0.41

Changes in Interpersonal symptoms subscale scores
Predictor variables

Group assignment 0.63* 0.50 0.58* 0.61* 0.38

Age �0.26

Gender �0.33

Years of education 0.19

Changes in LSNS �0.31

Changes in Well-being subscale scores
Predictor variables

Group assignment 0.64* 0.60* 0.61* 0.60* 0.12

Age �0.08

Gender �0.23

Years of education 0.35

Changes in LSNS �0.65

*p � 0.05; **p � 0.01.
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effects of Tai Chi practice would also be evaluated in the next phase of studies,

e.g. self-efficacy, self-concept, physical health, spiritual well-being and attribu-

tion style. Given that the aim is to help our elderly population develop a lifestyle

of health maintenance, continual practice of Tai Chi is a highly desirable

outcome factor. Identifying the factors that may contribute to persistent Tai Chi

practice after the intervention compared to other forms of aerobic exercise

would also be of further interest.

Group differences emerged in this study even though the statistical power

was low. Nonetheless, the small sample size and the absence of attentional con-

trol group make these results suggestive only, and future studies should be con-

ducted to replicate the findings with large sample sizes and with the attentional

control group. Moreover, it would be interesting to make a direct comparison of

the effect on depressive symptoms of Tai Chi with that of other Western aerobic

exercise such as brisk walking.
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Health and Well-Being in Older Adults
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Hong Kong, SAR, China

Abstract
Activity participation has a positive impact on both quantity and quality of life (QOL).

Regular participations in physical, social, and cultural activities are associated with success-

ful aging. There is considerable evidence that Tai Chi has positive health benefits; physical,

psychosocial and therapeutic. Furthermore, Tai Chi does not only consist of a physical com-

ponent, but also sociocultural, meditative components that are believed to contribute to over-

all well-being. This chapter describes the benefits of Tai Chi exercise for the older adults,

particularly in terms of the psychosocial aspect. The perceived meanings, associated values

and well-being, as well as the impact on QOL, of Tai Chi practice among the older adults in

Hong Kong are also discussed. Tai Chi exercise is chosen by the elderly participants for its

gentle and soft movements. Besides the physical aspect, the benefits they describe include

lifestyle issues, as well as psychological and social benefits. Evidence points out that the

improvements in physical and mental health through the practice of Tai Chi among the older

adults are related to their perceived level of QOL. Findings from numerous studies support

the belief that the practice of Tai Chi has multiple benefits to practitioners that are not only

physical in nature. It is recommended as a strategy to promote successful aging.

Copyright © 2008 S. Karger AG, Basel

Meeting the social and health needs of aging population is one of the major

challenges confronting all governments in the 21 century as elderly citizens

become a growing segment in all countries. The United States Census Bureau

projects that by the year 2020, 17.7% of the population will be aged 65 or over

and that this figure will grow to 22.9% in 2050 [1]. Other countries such as

Japan, Germany, France, and the UK are projected to reach these figures 20

years earlier than the US [2]. Hong Kong, for example, has a current population

of 7 million. By the year 2025, it is predicted that 25% of the Hong Kong pop-

ulation will be over the age of 65 [3].
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On the other hand, another fact is dominating the gerontological literature.

Rowe, a US-based gerontologist points out that there is a ‘compression of mor-

bidity’ in old age today – more people are living longer but they are also living

healthier [4]. The prevalence of many chronic disorders is falling; 89% of those

65–74 (the young old) now report no disability, and 40% of those over 85 (the

oldest old) have no functional deficits. Taking the US as example, a 65-year-old

American male, on average, can expect to spend 12 of his remaining 15 years

fully independent [4].

How the 20–25% of our populations will occupy their time, maintain their

health and find meaning during the postretirement years to enhance their well-

being is of concern to individuals, families, health care providers and govern-

ments. Furthermore, the psychosocial benefits that result from participation in

specific activities or types of activities, particularly from the practitioners’ per-

spective, will provide a powerful basis for health promotion at both the individ-

ual and community level. This chapter aims to synthesize the current findings,

both empirical and qualitative, on the psychosocial benefits of Tai Chi exercise

in promoting health and well-being among the older adults.

Successful Aging

Despite the fact that consensus has not been reached regarding the defini-

tion of successful aging, there is emerging agreement over many of the compo-

nents. A low probability of disease and disease-related disability is a primary

condition that separates successful aging from pathological or usual aging

(nonpathological but with a high risk for ageing processes) [5]. However, other

components also are required. These include cognitive and physical/biological

function [5]; mental function [6]; life satisfaction [6]; personal control [6], and

social/interpersonal relationships and competency [5, 6]. Furthermore, pursu-

ing meaningful and productive activities appear to contribute to both quality of

life (QOL) [5] and slowing down the onset of some health risks.

In fact, the World Health Organization launched the revised disablement

classification, now called the Classification of Functioning, Disability and Health

(ICF) in November of 2001 [7]. The classification provides both a language to

describe and investigate issues related to functioning, disability and health as well

as a multidirectional model that begins to display the complexity of relationships

between health, body functions, activities, participation, personal factors and the

environment [7]. It is the relationship between participation and health that is of

particular concern when exploring postretirement activity patterns.

Furthermore, engagement in activity has become synonymous with posi-

tive or successful ageing. Rowe further maintains that successful aging is more
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than avoidance or delay of pathology but also includes maintenance or enhance-

ment of physical and cognitive function and full engagement in life, including

productive activities and interpersonal relationships [4]. The opposite is also

now observed. Lack of participation in activities is considered an indication of

less successful aging [8]. The concepts of participation (through self-selected

activities, such as Tai Chi exercise), health, and QOL are consistent with the

tenets of activity theory [9], which provides a framework for understanding the

relationship between participation and health. Those concepts are further

explored in the sections below.

Participation and Well-Being

There is abundant evidence to indicate significant relationships between

exercise, health and functioning of older adults [10, 11], as well as between

exercise and positive mood [12]. Elderly persons who exercise may also experi-

ence an enhanced sense of well-being [13]. However, recent research is now

showing that ‘successful aging’ is also strongly correlated with other factors.

For example, lifestyle and daily routine, social support mechanisms, autonomy

and control each play an important part in maintaining health and independence

[14].

Lifestyle and Daily Routine

Daily or regular participation in activities other than exercise has been

shown to increase both the quantity and quality of life. Increased life span has

been reported in two large prospective studies examining participation in social,

productive and cultural activities. A prospective study of 12,982 adults in

Sweden concluded that participants who participated in cultural events lived

longer than those who rarely attended similar events [15]. A second study by

Glass et al. [16] also supports this increased life expectancy. They demonstrated

that productive, social and physical activities were each associated with

improved mortality rates of 2,761 elderly participants in a 13-year prospective

study. In fact, participation in social and/or productive activities that involved

little or no enhancement of fitness lowered the risk of all-cause mortality as

much as participation in fitness activities.

In addition to increased quantity of life, pursuing meaningful and produc-

tive activities and remaining active contribute to QOL [17]. A randomized con-

trolled trial in the United States, examined the benefits of preventive occupational

therapy (participation in meaningful activities) as compared to traditional social
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groups. The results demonstrated significant benefits in terms of health, func-

tion and QOL [14]. An interesting feature of this study was the application to a

multiethnic sample. When compared to other groups, Asian participants

showed greater improvements in life satisfaction, measures of depression and

health perceptions [14].

Social Support Mechanisms

As noted above, participation in social activities is associated with

increased life span [16]. Social support also contributes to well-being. After

controlling for potential confounding effects, the MacArthur studies of success-

ful ageing (n � 1,189 adults of age 70–79) found that respondents with more

social ties showed less functional decline [18]. Although participation in physi-

cal activity may decline with disability, severity of disability, such as rheuma-

toid arthritis, does not appear to reduce the level of participation in social

activities and people with higher levels of satisfaction with their social network

report more positive feelings of well-being [19].

Autonomy and Control

An internal locus of control and/or a sense of perceived control are posi-

tively associated with exercise and participation in leisure activities [20] which

are in turn linked to greater perceived health and QOL/life satisfaction [20].

Self-selection and choice of activities provides the most meaning and satisfac-

tion for elderly persons, in turn enhancing life satisfaction [21].

Tai Chi Exercise and Older Adults

Tai Chi, also known as Tai Chi Chuan (boxing), is a form of classical

Chinese marital art developed 700 years ago. Historically, practicing Tai Chi

was to improve or maintain health, ensure self-defense, improve mental accom-

plishment and to obtain immortality [22]. Adopted by many Chinese as a form

of self-strengthening or health maintenance practice, Tai Chi consists of a

sequence of 150 movements and postures. Although it is difficult to completely

master Tai Chi by ordinary laymen, with perseverance and continuing practice,

it is a low cost, safe and enjoyable form of exercise [23]. Often practiced in a

group, it also provides an opportunity for socialization [23]. While traditionally,

the ultimate goal for learning and practicing Tai Chi was to become immortal,
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today the popular belief is that it promotes the highest level of longevity [22] as

it also provides a vehicle for meditation and spiritual well-being [12].

In Hong Kong and Asia, Tai Chi is particularly popular among older adults

due to the gentle movement and the traditional belief that it contributes to ‘a

happy old age’ [24]. Kwan [25], in a review of 17 studies on the needs of the

elderly in Hong Kong, reported that besides watching television, Tai Chi and/or

‘morning exercise’ is the second most popular activity of the elderly and one of

the few that is not sedentary. This popularity is not confined to Asia. Studies of

Chinese-American elderly adults, who have lived most of their adult lives in the

US, show high levels of participation in culturally related activities [26]. Tai Chi

is reported as one of the activities which they identify as ‘the single activity in

which they participate most’ [26].

Benefits of Tai Chi Exercise

Despite the fact that Tai Chi has been practiced for hundreds of years, sys-

tematic studies of its benefits were not carried out until the late 20th century.

These studies, primarily from a medical point of view, have focused on physical,

psychological and therapeutic benefits [24]. Since the findings are well docu-

mented in other chapters of this book, only the major benefits are recaptured here.

Physical Benefits

The physical benefits of Tai Chi have in fact been extensively investigated

[27]. Tai Chi has been shown to increase strength, improve joint flexibility, and

relieve muscular tension [24, 28]. Improved balance, posture, and gait are also

improved through practice [12, 27]. These in turn have been associated with a

reduced risk and fear of falling among the elderly [12, 29]. When practiced by

elderly people with motor impairments and/or functional deficits, Tai Chi also

appears to lead to improved physical status [23] and lowered risk of falls [30].

Schaller [31] concludes that for all elderly who practice Tai Chi, balance is

maintained or improved, but for those elderly adults with some degree of

impaired function, it may be even more effective in improving balance.

Psychological Benefits

Tai Chi also has an impact on mental health [29] and is an effective thera-

peutic tool for stress management. It has been reported to lead to an increase in
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awareness of somatic tension [12], resulting in reduced anxiety and mood dis-

turbance [22, 32], and an improved ability to focus and concentrate [33]. High

levels of tranquility [34], stress reduction and mental relaxation are the reported

results [35].

Therapeutic Benefits

In addition to physical and psychological benefits, studies report on the

therapeutic and medical benefits of Tai Chi. Relief from symptoms of pain and

insomnia are often reported [29] as are improvements related to a number of

diseases including rheumatoid arthritis, osteoarthritis and osteoporosis [24];

chronic pulmonary disease [24]; depression and chronic fatigue syndrome [24].

Improvement of cardiovascular fitness [36] and enhancement of immunity in

older people [37] may contribute, in part to the reported therapeutic benefits. In a

quasi-experimental study (n � 39), Taylor-Piliae et al. [32] further found in

their 12-week Tai Chi exercise program for older adult immigrants of Chinese

background that the exercise statistically significantly increased subjects’ self-

efficacy to overcome barriers to Tai Chi, confidence to perform the exercise,

and perceived social support.

A Study on the Meanings and Perceived Benefits of 
Tai Chi among the Older Adults

To add to the objective findings on the benefits of Tai Chi as mentioned

above, a descriptive study was conducted by Yau and Packer [38] to gain an in-

depth understanding of the perceived importance, meanings and health benefits

from the perspective of a group of elderly, long-term Tai Chi practitioners in

Hong Kong. In addition, the participants’ perspective on Tai Chi and its contri-

bution to QOL were explored.

Methodology

This study, adopting a qualitative approach employing focus group tech-

niques, explored the perceived importance, meanings, and health benefits of

participation in Tai Chi by people over the age of 55 in Hong Kong. Purposive

sampling was used to recruit informants for focus groups to explore the topic in

depth [39]. Participants provide an audience for one another that encourages
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discussion such that information including a wide range of opinions, attitudes,

and behaviors can be collected.

Subjects

Regular Tai Chi practitioners were contacted through Tai Chi masters and

invited to participate. Four focus groups were formed with a total of 18 partici-

pants; the number of participants in each group ranged from 3 to 6. In one

group, 3 participants had visible physical disabilities; they too were regular

practitioners of Tai Chi. Participants ranged in age from 51 to 85 years with a

mean age of 67. The average years practicing Tai Chi was 8.5 years (range

3–26) with more than two thirds of the participants practicing Tai Chi daily for

at least 1 hour.

Data Collection and Analysis

Each focus group, moderated by a trained research assistant, lasted

1–1.5 hour, and was conducted in Cantonese, the common local dialect. A

focus-group guide was developed based on the literature and key informant

information. Although a number of core questions were predesigned and asked,

additional questions were developed on the spot for clarification and elabora-

tion of any arising themes.

All focus groups were audio-taped and subsequently transcribed and coded

using constant comparative method. Two researchers independently coded the

transcripts using content analysis to identify common themes in the responses

of the participants, as well as to increase the credibility and trustworthiness of

the data.

Findings

Two recurring themes echo throughout the data: participation provides

meaning and a pattern to daily life, and participation promotes health and well-

being. Each theme is described in more detail below, as well as the perceived

relationship between Tai Chi and QOL.

Participation Provides Meaning and Pattern to Life
Participants in the focus groups were all long-term practitioners of Tai Chi.

It is, therefore, not surprising that Tai Chi formed part of their daily routine.
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However, the extent to which Tai Chi became a focus around which they orga-

nized their day was noteworthy. Analysis indicated that two main ideas domi-

nated their perceptions about participation in Tai Chi: firstly, they consistently

reported that the characteristics of Tai Chi were a ‘good fit’ for older adults. It is

described as ‘soft’, ‘less vigorous with gentle movements’, ‘effortless’ and ‘in

slow motion’. These qualities also provided their rationale for recommending

Tai Chi as opposed to other activities.

Secondly, that regular practice of Tai Chi carried over into other aspects of

their daily routine such that it created a comfortable rhythm and pattern in daily

life. The early morning practice of Tai Chi set the tone of the day, provided a

temporal reference and appeared to provide a focal point for planning. This

morning routine was credited with benefits throughout the rhythm of the day at

home, work and within the family. The importance of this ‘anchor’ to the day

appeared to be important both for those who still work, as well as those who are

retired.

Participation Leads to Health and Well-Being
Participation in Tai Chi provides a strong source of mutual social support

and encourages development of inner calmness, both highly valued but intangi-

ble assets of participation. The positive atmosphere of practicing in groups was

highly valued by participants. This positive atmosphere promoted strong mutual

support that went beyond the time designated for participation. The mutual

support extended to companionship, concern for each other, and sharing of

experiences.

More directly, participants also strongly perceived Tai Chi as an active

strategy to improve physical and mental health. Many participants directly

related health benefits to participation in Tai Chi; physical, cognitive and men-

tal health benefits. Accompanying this improved health was a new belief in

their ability to take active control of their health with positive results.

Perceived Relationship between Tai Chi and QOL
Despite the fact that QOL is not a familiar term or concept for elderly

adults in Hong Kong, after clarification with examples by the researchers, the

participants seemed to be able to relate the practice of Tai Chi to their under-

standing of QOL. They perceived these improved physical, psychological,

social and lifestyle benefits, to be linked to improved QOL. It was interesting

that the psychological, social and lifestyle benefits were more strongly linked to

QOL than the physical benefits. Specifically, improvement in marital relation-

ships, memory and cognitive function, mental alertness, stress management,

and temperament and outlook were highlighted as important. In particular,

many participants found that they were able to control their emotions and
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maintain calmness to deal with life’s problems. Furthermore, as the participants

were all devoted practitioners, their responses might have been skewed.

However, a search of the literature also failed to find any significant negative

effects or contraindications for the Tai Chi exercise.

Conclusion

Activity participation has a positive impact on both quantity and quality of

life. Regular participations in physical, social, and cultural activities are associ-

ated with successful aging. Autonomy, perceived control and social support net-

works are now believed to be key factors. There is considerable evidence that

Tai Chi has physical, psychosocial and therapeutic health benefits. Tai Chi has

both a physical component as well as a sociocultural, meditative component

that is believed to contribute to overall well-being.

Studies also indicate that Tai Chi is considered a smooth, gentle and soft

exercise. Although it is suitable for all ages, elderly adults feel it suits their

needs for safety, has limited barriers and is matched to their ability level. The

perceived benefits that accrue from participation include: (1) participation pro-

vides meaning and pattern to life, and (2) participation leads to health and well-

being. These benefits often extend to family, work and daily interactions. The

findings from the numerous studies have further supported the idea that the

practice of Tai Chi has multiple benefits, and due to its reduced physical

demand, Tai Chi may provide an excellent strategy for health promotion and

successful aging.
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Stress Reduction to Middle School Children
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Abstract
Tai Chi (TC) is the focus of a growing body of literature both qualitative and empirical.

Yet there is a paucity of literature on teaching TC to either adolescents or children ages 10–13

presumably because of the level of attention and concentration TC requires. In the pediatric

setting, TC appears best combined with other practice activities like mindfulness-based

stress reduction (MBSR) that complement the practice of TC, sustain interest and synergisti-

cally enhance the benefits TC has been shown to produce in older populations. The literature

on the effects of (MBSR) practices with children and teens are also limited. However, the

corpus of TC studies suggests significant benefits could be transgenerational if presented in

novel ways and taught in developmentally appropriate approaches to children. This chapter

explores combining MBSR exercises with TC as one practice that can potentially accomplish

this synergy. The chapter includes recommendations for a course design based on two pro-

jects created by the author integrating TC and MBSR for ages 11–14 in the inner city of

Boston, Mass., USA.

Copyright © 2008 S. Karger AG, Basel

Tai Chi (TC) is the focus of a growing body of literature both qualitative

and empirical. TC has its origins in antiquity and grew out of shamanistic

dances patterned after animals [1]. Forms of these patterns come down to us

now in varied and widely performed health promotion activity called chi kung

or qi gong [1, 2]. The TC movements encourage sensitivity to internal sensation

and demand concentration and attention and as such are recommended for

health promotion in adults. This chapter reviews selected literature and explores
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the social question of whether and how TC can be taught to children at middle

school age 11–13.

A Review of Selected Literature: Can TC Be Taught to Children?

Searching Tai Chi and Tai Ji using search engines such as the Cumulative

Index of Nursing and Allied Health Literature, Ovid Medline, and other nonin-

dexed citations from 1950 to the present yielded 1,186 citations. The vast foci

of these citations were on the use of TC in older adults. Only two citations from

this search were focused directly on the impact of TC on children [3, 4]. One

reason supposed for the lack of studies of TC with children and adolescents is

the increased demand TC places on the student for attention, concentration,

precision and the slowness required to execute the movements exactly.

Traditionally, because of their age, TC has not been easily taught to children

ages 11–14. This has undoubtedly discouraged research into TC in the pediatric

population, and is one explanation of the paucity of literature on the subject.

However, the corpus of studies suggests significant benefits could be transgen-

erational if presented in novel ways and taught in developmentally appropriate

approaches to children.

The two articles on TC, specific to children, show that TC can be taught to

young populations with self-reported positive attitudes toward TC practice, and

when combined with other activities result in socially positive outcomes.

Baron [3] examined the psychological effects (self-competence, visual-

motor integration, reduction in anxiety) of a TC class for fourth to sixth graders

(ages 10–12). After pre-testing, students were randomly assigned to an experi-

mental group for a 12-week TC program, or to a comparison group following

usual school routines. Results found that the experimental TC group did not

demonstrate improved perceived self-competence, visual-motor integration, or

reduced trait anxiety. However, self-reports indicated very positive attitudes

toward TC practice.

This writer used a novel approach teaching TC to two groups of 6th grade

girls and 8th grade boys aged 11–13 in a Boston public middle-school that inte-

grated TC with mindfulness-based stress reduction exercises (MBSR) [4].

During and after the program, students reported subjective statements of well-

being, calmness, relaxation, improved sleep, less reactivity, increased self-care,

self-awareness, and a sense of interconnection or interdependence with nature

[4].

In the popular literature, searched on Amazon.com, only a few books were

published on TC for children. Each integrates TC practices or TC-like move-

ments with other practices to create fun ways for children to learn to play with
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their posture and movement in Tai-Chi-like-ways that promote a holistic

experience.

In view of this literature on TC in the pediatric population, TC can be

taught to children; however, it appears best when combined with other practice

activities in order to sustain interest and synergistically enhance the benefits

that TC practice produces in other populations. This chapter considers MBSR

as one such practice that can potentially accomplish this synergy with TC in the

pediatric population.

MBSR, like TC, has been widely studied in adults. MBSR was so named

and developed by Kabat-Zinn and colleagues at the University of

Massachusetts Medical Center, and was taught through a variety of exercises

and methods presented systematically in an 8-week educational format [5]. The

methods were designed to engender mindfulness.

Mindfulness can be defined as a nonjudgmental attention to all stimuli that

emerge into one’s field of awareness on a moment-by-moment basis. The stance

is one of compassion, befriending, interest and openness toward experience

whether pleasant or unpleasant [6]. The MBSR program is premised on the the-

sis that engendering nonjudgmental awareness to real-time experience helps

one disengage from self-related thoughts, feelings, and perceptions that can

have a detrimental impact (e.g. anxiety) on the person [5, 6].

A Review of Selected Literature on MBSR: What Is Its Effect on
Children?

Selected studies show MBSR, like TC, conferring health benefits on adult

populations. Diverse examples include studies using meditation with cancer

patients [7], promoting health in inner city bilingual populations [8], to evi-

dence correlating increased neural changes in the brains of adult meditators in

cortical areas known to mediate emotional regulation [9, 10].

The literature on the effects of mindfulness with children and teens is more

robust than on TC [8, 11–17].

Ott [11, 12] showed that mindfulness practice could easily be taught to

children in combination with yoga or by itself to produce positive outcomes.

Semple et al. [13] found preliminary support for treating childhood anxi-

ety in a small sample of 7–8 year olds with group mindfulness techniques.

Following this, they reported significantly reduced attentional problems in 9- to

12-year-olds exposed to a 12-week manualized protocol using MBSR [14].

Participants who completed the program showed trends of lessening anxiety

and depressive symptoms. The researchers found that all children in the study

easily understood the mindfulness concepts being taught, participated readily in
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activities using various senses, and involved themselves in finding ways to

apply their new knowledge to everyday situations. Parental ratings were also

positive citing improvements in academic performance and regulating formerly

problematic behaviors.

Bootzin and Stevens [15] used MBSR in an integrated approach teaching

sleep hygiene in adolescents with substance abuse history and sleep disturbance

because insomnia is highly correlated with recidivism. They found those stu-

dents who completed at least four sessions of an eight-session manualized pro-

gram had improved sleep and less risk of recidivism.

MBSR practices have profound consequences for reducing morbidity in

adolescence into adulthood through methods that address emotional regulation

and increase tolerance of stress [8, 16]. An example of a successful clinical

intervention using MBSR is called dialectical behavior therapy, which teaches

emotional regulation to parasuicidal, stress-intolerant youth [17].

Self-Regulation as the Basis for Learning

Self-regulation of emotion and attention is a prerequisite for both children

and adults in order for learning to occur [14]. Learning is supported by a safe

holding environment and reliable structure that children need [18]. Learning is

enhanced by acquiring skills that help children regulate their emotions with an

enhanced sense of self-awareness. Diekman found that the domain of self-

awareness is present in children and should be considered to be constant

throughout the life cycle. He suggested that practices like mindfulness increase

our capacity to respond to experience consciously, providing us with a greater

range of conscious choice while reducing emotional reactivity to experience

[see 14].

To summarize, mindfulness practices with adolescents teaches emotional

regulation skills that promote self-care, and provide a protective factor reducing

the risk of longer-term maladaptive development. The data suggest that when

combined, MBSR and TC have the potential to help the student regulate emo-

tional reactivity, interest students, and provide concrete strategies for adoles-

cents and children to contain emotionally laden stress.

Elements for Designing a TC/MBSR Program for Children

In response to the child’s need for structure, teaching TC/MBSR should

include some ground rules that are not usually needed when teaching adults

[14]. These include valuing kindness in actions and speech, not talking when
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another is speaking, raising one’s hand ‘to get the floor’, sharing ideas with the

group, not talking during mindfulness exercises, and creating an option to sit

out of an exercise (in a designated quiet space).

Designing a TC program for children should consider the following rec-

ommendations.

Mastery of TC by the facilitator is not necessary but there should be a

working command of the simple elements outlined below. It is appropriate to

team teach MBSR and TC; however, MBSR must be practiced by both facilita-

tors because it is essential in order to replace another skill set (didactic

model/goal oriented) with a new set of skills that emphasize nonjudgment and

acceptance over quantitative change.

The program should be located in a school where children, parents and/or

faculty are located at school and can be engaged [14, 19].

Group teaching is preferred over individual training. Through group shar-

ing adolescent students learn from each other and become aware of their own

idiosyncratic perceptual ‘filters’. MBSR emphasizes developing nonjudgmen-

tal language that describes the interaction of thoughts, feeling and bodily sensa-

tions and how they influence behavior in real-time situations [14].

Core to children’s learning and practicing is establishing a working rela-

tionship with the parents around the techniques being learned using homework

that can be done in exercises of about 10–15 min [14].

A course design is suggested here. Each session can be 60–90 min (adult

classes are 2 h) [4]. The six TC elements simplified from the Yang Style Form

are Wu Chi/Opening TC, Grasping Bird’s Tail, Ward Off, Two Hand Press, Two

Hand Push, and Closing TC Hun Yuan stance [4, 20]. MBSR exercises are

included [4, 5].

Suggested course design, TC and MBSR:

Week 1

• Introduction to TC.

• Introductions among group members, group process, expectations for

participation.

• Brief discussion of TC as an approach to stress reduction.

• Abdominal breathing seated, lying down, standing [5, p. 72; 20, pp.

54–60].

• Body scan [5, p. 92].

Week 2

• Standing: Iron Shirt lower structure [21, pp. 92–95; 4].

• Standing: Iron Shirt upper structure [21, pp. 96–103; 4].

• Sitting with Breath [5, p. 73; 4].

Week 3

• Standing: Iron Shirt the Rooting Form [21, p. 101].
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• Opening TC Form [20, p. 57; 4].

• Breathing, sitting with body as a whole [5, p. 73; 4].

Week 4

• Opening TC form; Grasping Birds Tail [20, pp. 58–59].

• Two Hand Press [20, pp. 62–62].

• Breathing, Sitting with sound [5, p. 73].

Week 5

• Wu Chi stance; Opening TC Form; Grasping Birds Tail; Two Hand

Press [20, pp. 55–58].

• Two Hand Push [20, p. 63].

• Walking Meditation [5, pp. 114–119; 20, pp. 98–99].

Week 6

• Wu Chi, Opening TC Form; Grasping Birds Tail; Two Hand Press;

• Two Hand Push.

• Closing TC Hun Yuan stance [20, pp. 80–81; 4].

• Penetrating the unknown: sitting with choiceless awareness [5, p. 74].

Week 7

• Review.

• Closure.
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Abstract
Background: Parkinson’s disease (PD) and Alzheimer’s disease (ALZ) represent

later-life onset neurodegenerative disorders that gradually rob those afflicted of their quality

of life. Purpose: This chapter offers practice-based recommendations on how instruction

and practice of Tai Chi Chuan (TCC) can be adapted for individuals with PD and those with

ALZ. Research Evidence: Practice of TCC is widely advocated as an exercise option in

PD; however, little validating research exists. Even less is known about feasibility of applica-

tions of TCC for individuals with ALZ. Clinical Impressions: The slow, rhythmic pace of

functionally based exercises, internal organ stimulation, flexibility maintenance, balance-

training effects, and general health benefits of TCC and Tai Chi-like exercise practice have

clinical relevance for both conditions. Falls prevention, tremor reduction and motor control

may be of most importance in management of PD. Behavioral and general health benefits as

well as slowing of functional and cognitive decline are considerations with ALZ.

Recommendations: Strategies of exercise adaptation include use of Tai Chi-like exercise

for individuals with ALZ and those in middle or late stages of PD as well as providing

instructional resources and training for caregivers and exercise aides to facilitate practice as

a part of daily life.

Copyright © 2008 S. Karger AG, Basel

Parkinson’s disease (PD) and Alzheimer’s disease (ALZ) represent later-

life onset neurodegenerative disorders that gradually rob those afflicted of their

quality of life. In modern Western medicine, the two pathologies are classified

as distinct brain disorders. Cardinal symptoms of PD are tremor, muscular

rigidity, bradykinesis, and gait and balance impairment [1].

Clinical Applications of Tai Chi
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ALZ is initially experienced as forgetfulness and progresses to profound

cognitive impairment manifest as an inability to perform the most basic activi-

ties of daily living [2]. Quality of life and caregiving is further challenged by

behavioral disorders which are common in later stages of the disease. These

include confusion, agitation, depression, aggressiveness and restlessness.

The two clinical conditions are addressed together in this chapter because

progressing functional limitations associated with each disorder result in a

gradual loss of the ability to complete many basic tasks of daily life, and in both

conditions a collaborative management approach is advocated to ensure opti-

mal quality of life and minimization of burden of care through disease progres-

sion [3].

The purpose of this chapter is to (a) assess the strength of research evi-

dence assessing whether the practice of Tai Chi Chuan (TCC) might hold any

specific benefit for individuals with either PD or ALZ, (b) suggest possible the-

oretical basis for use of TCC in the management of these disorders, and (c) rec-

ommend how instruction and practice of TCC may be adapted for the two

clinical populations.

Methods

Methods used included a synthesis of available research and clinical impressions. The

search of the literature was conducted through June and July 2007. Key words for interven-

tion included tai chi chuan, taiji, t’ai chi chuh, mind body exercise, Parkinson’s disease,

Alzheimer’s disease, and dementia. Search strategies included use of primary electronic

search of PubMed, CINAHL (Ovid), CINAHL (Ebsco) and AMED as well as a search of bib-

liographic references and Internet sources including public media. Clinical impressions were

generated from reflective analysis of published descriptions of model programming and the

experiences of the author.

TCC and PD: Research Evidence

There appears to be practice consensus that TCC can be adapted for clini-

cal populations [4] and is an exercise option that may hold specific benefits for

individuals with PD [5–7]. However, research studies assessing effect of TCC

for individuals with PD are limited. One randomized clinical trial (n � 30)

assessed effects of a 12-week program finding falls reduction and slowing of

decline of function in those individuals in the Tai Chi group [8]. Two recently

published cohort studies offer confirmation of potential benefits. Li et al. [9]

assessed effect of a short, 5-day, 90-min per day training program of Tai 

Chi-based exercises for individuals with mild to moderate PD (n � 17).
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On postintervention evaluation, positive effect was observed in functional

measures of balance, mobility, and participant satisfaction. 

In a one group study, Klein and Rivers [10] explored effects of community

TCC group programming for individuals with PD (n � 8) and their support

partners (n � 7). On follow-up program evaluation, class participants reported

perceiving benefits in physical, emotional and social domains. Improved bal-

ance was the most frequently reported physical benefit for individuals with PD.

The following study excerpts describe mode and motivation for personal adop-

tion of exercise by individuals with PD:

‘I started doing some exercises first thing in the morning to get going’ [10, p 24].

‘Now, I sometimes do a few minutes of exercising during the day if I feel I am tiring or

getting stiff – especially the arm swinging and the breathing’ [10, p 24].

‘First and foremost – I have found that when my hand shakes, I can stop it by rubbing

my hands together and making a small ball to find my chi. This gives me back control.

Second – I breath [breathe] deeper, etc, now that I take Tai Chi. Third – Balance is greatly

improved’ [10, p 26].

Additional empirical evidence of similar experiences with TCC practice by

individuals with PD exists as published case study reports [11, 12] and as cited

within secondary sources [13].

TCC and PD: Clinical Impressions

Increasing frequency of falls is a diagnostic indicator of advancing PD [14].

There is evidence that TCC training can improve ankle-righting response in individ-

uals with a history of falls [15]. How the influence of TCC practice on ankle right-

ing response might generalize to individuals with PD is a topic for future research.

The elements of continuous movement, slow, reversing movements, syner-

gistic patterns, training in breath regulation and mind-body connection inherent

within the art form of TCC distinguish it from other more conventional exercise

options such as walking and aerobic circuit training. Basic Tai Chi postures

have movement elements similar in pattern and rhythm to slow reversing tech-

niques and movement patterns introduced into conventional physiotherapeutic

practice as described by Knott and Voss [16] intended to influence abnormal

muscular tone. The slow pacing of TCC exercise may allow time for muscle

recruitment within stabilizing muscles and slower twitch fibers of prime

movers for strength training and improved coordination of movement. The

dynamic quality, body part connectedness, and mental intention of practice may

develop kinesthetic awareness and proprioception.

Table 1 describes practice-based recommendations for adapting TCC

classes for individuals with PD. These include:
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• use of repeated arm swinging as a possible mechanism to release trunk

rigidity as a routine preparatory exercise and to offer a visceral massage;

• increase time practicing dynamic balance challenges to include Tai Chi

walking and repetitions of backwards walking (‘repulse monkey’) as well

as pivoting and stepping change of direction strategies for falls prevention;

• use reaching movement repetitions such as ‘picking fruit’ to maintain

shoulder flexibility, emphasize awareness of body position in space and

‘connectedness’ of movements, breathing regulation and calming internal

focus for maintaining physical functioning;

• invite family members as caregivers to join in TCC play, and

• provide time for socialization.

TCC and ALZ: Research Evidence

There is epidemiological evidence that regular physical activity is posi-

tively associated with reducing cognitive decline in older adults [17]. Exercise

is recommended in management of dementia [18]. Regular exercise has been

associated with reduced decline of activities of daily living in nursing home res-

idents with ALZ [19]. However, the proposition that TCC may have therapeutic

effect as an exercise option for individuals with ALZ requires controlled study.

An electronic search of PubMed revealed no primary clinical research in

this area. Continued search of the Internet postings of news media and proceed-

ings of professional conferences yielded information from one pilot study and

reports of two demonstration projects. The common focus of this early research

is feasibility. An ongoing pilot study being conducted by this author [20] evalu-

ates utility of a program of instruction supplemented with an instructional DVD

(‘Chi for You, Two, or More …’ Qi Concept Productions, Inc., 2006). Preliminary

results reported as conference proceedings found that family caregivers who

persisted with Tai Chi-like exercises perceive benefits of relaxation and stress

reduction for themselves and behavioral improvement in partners with ALZ.

Two additional conference reports, each describe successful implementation of

adapted Tai Chi-like exercise programming for individuals with ALZ or demen-

tia. In evaluation of a demonstration project investigating exercise in an adult

day care setting, Noyes et al. [21] found that some individuals in middle stages

of ALZ disease were able to participate in volunteer-led group classes which

included Tai Chi-like exercises while others needed one-on-one exercise guid-

ance provided by exercise aides. Another demonstration project [22] success-

fully piloted in long-term care settings used a train-the-trainer approach,

providing instructional resources to develop facility staff as leaders of Tai Chi-

like exercises. The program of exercise, titled CAREx [23], an acronym for
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Table 1. Practice-based programming goals and strategies for adapting TCC for individuals with PD

and ALZ by stage of disease

PD ALZ

Early No accommodation may be Rather than traditional forms practice, repeat 

stage needed – integrate into community movement patterns or simple combinations as 

classes as much as possible. choreographed practice. Integrate dynamic 

Qigong movement patterns into practice. 

Use trained caregivers or volunteers as

exercise partners or leaders for small group 

and one-on-one practice. Evaluate level of

participation rather than perfection of form.

Establish a quiet controlled environment.

Daily or BID practice may be as long as 

30–45 min or as little as 5–10 min.

Instruct primarily through visual cues and 

verbal reference to familiar functional 

tasks such as ‘reaching up into the cupboard 

for picking fruit’.

Soft Tai Chi wands or foam balls (10–12 inch in 

diameter) may be used to add variety to play 

and to allow participants to more easily

follow movement patterns as well as to assist in 

learning connectedness, position sense.

Middle Welcoming, slower-paced classes. Programming content and structure is generally 

stages Use arm swinging (repeated the same as early stage. Familiarity with 

trunk rotation) to exercises is based on procedural motor memory.

unlock trunk and pelvis. Consider seated and sit-to-stand programming.

Emphasize mental aspect and body Lead by demonstration. 

control, balance training and Individuals with late middle stage ALZ who may 

backwards walking, body and choose to join in intermittently or passively can 

trunk turning coordination. benefit through calming and socialization effects.

Use instruction aids e.g. soft Tai 

Chi wand and simplified partner 

practice.

Use verbal or tactile cues to help 

with any occurrences of ‘freezing’.

Allow time for socializing.

Late Seated or standing with guarding Programming is generally the same as late 

stage or ready support. middle stages. 

Emphasize breathing regulation Social, behavioral, and meditative benefits may 

and calming aspects. still be experienced even if physical participation 

Provide for socialization. is no longer evident.
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a

b c

Fig. 1. a Taiji Buddies class, Buffalo, N.Y., perform repetitions of ‘prayer wheel’.

Class led by P.J. Klein, Ed.D., P.T., includes, but is not limited to, individuals with PD and

their exercise support partners (taiji buddies). Goals of the class are to engage in regular

practice of mind/body exercise. Participation cost is covered under health and wellness ben-

efits of at least two major health insurers. Class description, sample routine demonstrations

and commentary by class participants is available in DVD format at www.chitime.info. 

b Example of ‘taiji wand’. Class member holding the wand joined the class as part of his

rehabilitation 10 days after deep brain stimulation surgery. Since that time, he and his wife

have been regularly attending members of the class. c Example of partner practice by a

mother/daughter pair. Mother on the right is 94 years old. Both have been participating in the

class for 3 years considering it to be a heath-promoting social activity.
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‘calming and relaxing exercises’, consists of easy-to-follow, repeated move-

ment patterns and postures which flow one into another adapted from TCC and

Qigong.

TCC and ALZ: Clinical Impressions

The few published accounts of demonstration projects [20–22] reviewed in

this chapter suggest using easy-to-follow, Tai Chi-like exercise rather than tradi-

tional TCC practice for individuals with ALZ. Several additional clinical impres-

sions arise from this work. These include the following. Potential benefits appear

to include behavioral, functional and cognitive effect. The slow pace and func-

tional origin of movement patterns characteristic of TCC practice may make Tai

Chi-like exercises easier for individuals with ALZ to perform as compared to

other exercise options. The general health benefits of physical activity may be

gained if sufficient minutes of exercise occur daily. Upper extremity patterns may

preserve shoulder flexibility required for self care. Repeated trunk rotations which

occur as a part of many of the movement patterns such as ‘gazing-at-the-moon’

may have an internal massage effect similar to what is experienced in walking

which can benefit individuals with limited walking ability. All three models use

caregivers (formal and informal) as exercise leaders. This strategy has been found

to be successful in home health care [24]. Future research might investigate evi-

dence of benefit to caregiver leaders as well as the individuals with ALZ.

Table 1 lists practice-based recommendations for adaptation of Tai Chi-

like exercise for individuals with ALZ. These include cuing procedural move-

ment patterns by recalling familiar functional tasks such as ‘reaching up into

the cupboard for the TCC exercise’ known as ‘picking fruit’. Inclusion of reach-

ing exercises aids in maintenance of flexibility and trunk control. Soft Tai Chi

wands made of foam tubes can be used to assist in learning connectedness and

position sense or as an aid in simply following the movement pattern. Finally,

emphasis is on participation and enjoying the calming experience rather than

perfection of form. Integrate Qigong movement patterns into practice. In the

later stage of the disease or on given days the individual with ALZ may not

physically participate, rather the engagement may be social and psychological

in the form of observation.

Conclusions

Research evidence investigating effect of TCC practice for individuals

with PD is limited in number and weak in design. Suggested outcomes for
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future study include falls prevention, mobility maintenance, motor control and

volitional influence of tremor, breathing regulation, and promotion of well

being. Research into utility of TCC as an exercise option for individuals with

ALZ is in its very early stages. However, using Tai Chi-like exercises rather

than traditional TCC practice appears to be most appropriate for these clinical

populations. Hopefully, continued interest in assessing feasibility of adapting

TCC and Tai Chi-like programming for these two clinical populations will

result in a more informative research base to guide future practice.
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Abstract
Coronary heart disease (CHD) is the leading cause of death in the developed countries

and many developing countries. Exercise training is the cornerstone of cardiac rehabilitation

program for patients with CHD, and exercise intensities in the 50–70% heart rate reserve have

been shown to improve functional capacity. However, recent studies found exercise with

lower intensity also displayed benefits to CHD patients, and increased the acceptance of

exercise program, particularly unfit and elderly patients. Tai Chi Chuan (TC) is a traditional

conditioning exercise in the Chinese community, and recently it has become more popular in

the Western societies. The exercise intensity of TC is low to moderate, depending on the

training style, posture and duration. Participants can choose to perform a complete set of TC

or selected movements according to their needs. Previous research substantiates that TC

enhances aerobic capacity, muscular strength, endothelial function and psychological well-

being. In addition, TC reduces some cardiovascular risk factors, such as hypertension and

dyslipidemia. Recent studies have also proved that TC is safe and effective for patients with

myocardial infarction, coronary bypass surgery and heart failure. Therefore, TC may be pre-

scribed as an alternative exercise program for selected patients with cardiovascular diseases.

In conclusion, TC has potential benefits for patients with CHD, and is appropriate for imple-

mentation in the community.

Copyright © 2008 S. Karger AG, Basel

Cardiovascular disease (CVD) is the leading cause of morbidity and mor-

tality in developed countries. In developing countries, the prevalence of CVD

also increases rapidly owing to fast economic growth and lifestyles change.

Coronary heart disease (CHD), the major category of CVD, is manifest as
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angina pectoris, acute myocardial infarction (AMI) and sudden cardiac death.

From 1985 to 1992, the CHD mortality rate in men aged 35–44 years increased

from 4.3/100,000 to 11.4/100,000 in South Korea, and from 4.1/100,000 to

7.8/100,000 in Taiwan [1]. Since 1992, the mortality related to CHD slightly

decreased in Taiwan due to improved cardiac care, but the hospitalization rates

for CHD significantly increased from 1996 to 2001 [2]. In China, a recent study

reported that the rates of CHD mortality in Beijing increased by 50% in men

and 27% in women from 1984 to 1999, and 77% of this increase might be

attributed to substantial rises in cholesterol levels [3].

Exercise training is the core component of cardiac rehabilitation for

patients with CHD. The prescribed exercise intensity should be above a certain

level to induce an effective training effect, yet below the metabolic load evokes

abnormal clinical signs and symptoms [4]. Moderate-intensity exercises have

been shown to improve functional capacity in cardiac patients, and it also pro-

vides suitable safety during unsupervised training. However, lower intensity

exercise increases the acceptance of training, particularly for unfit and elderly

patients. From the standpoint of exercise promotion, some oriental conditioning

exercises deserve more attention because they are less intense, easily accessi-

ble, low cost and therefore suitable for implementation in the community.

Tai Chi Chuan (TC) is a Chinese mind-body exercise. Recent studies have

shown that TC is beneficial to aerobic capacity [5–7], muscular strength [8, 9],

and some cardiovascular risk factors [10–14]. Further, TC appears to be safe

and effective for patients with AMI, coronary artery bypass grafting (CABG)

surgery and congestive heart failure (CHF). Therefore, TC may be prescribed as

an alternative exercise program for patients with CHD. This chapter reviews the

effect of TC on cardiovascular health based on the existing literature, and intro-

duces the potential application of TC in patients with CHD.

Tai Chi Training

Training Characteristics
TC is a branch of ancient martial arts that has been popular in the Chinese

society for several hundred years. TC is well known for its slow and graceful

movements, and the training doctrine is deeply rooted in Taoism. The goal of

Taoism is to achieve longevity through mind and body training. During the

practice, deep diaphragmatic breathing is integrated to complex body motions

to achieve a harmonious balance between body and mind. There are many TC

styles, among them Chen TC is the oldest, and Yang TC is the most popular

[15]. TC is performed in a semi-squat posture, and the exercise intensity can be

easily adjusted by controlling the postural height (fig. 1). The characteristics of
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TC are: mind concentration with breathing control; whole body exercise in

semi-squat posture; continuous, curved and spiral body movements [15]. Each

training session of classical Yang TC includes 20 min of warm-up, 24 min of TC

practice, and 10 min of cool-down. Warm-up exercises usually include 10

movements including range of motion exercises, stretching, and balance exer-

cises with 10–20 repetitions.

Exercise Intensity
The exercise intensity of TC depends on the training style, posture and

duration. Variation in training approaches results in substantial differences in

exercise intensity. Participants may practice selected movements instead of a

complete set of TC to improve balance or flexibility. However, if the training

goal is to increase aerobic capacity or muscular strength, a complete set of clas-

sical TC is recommended.

In a recent study, we used a K4 telemetry system to measure heart rate

(HR) responses and oxygen uptake (V
�
O2) while performing classical Yang TC

in middle-aged men [16]. The HR during TC practice was 58% of the HR

reserve, and the V
�
O2 during practice was 55% of the peak oxygen uptake

Fig. 1. An example of a typical TC form (push down and stand on one leg). The

sequential motions are performed in a semi-squat posture. Reproduced with permission from

China Sports [58].
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(V
�
O2peak). Additionally, we found the HR during TC practice was 50–58% of

HR reserve in males and females aged 25–80 years, which indicated its exercise

intensity was similar across different ages in each gender [17]. TC is an aerobic

exercise with moderate exercise intensity, and it fulfills the recommendations of

the American College of Sports Medicine regarding exercise to develop and

maintain cardiorespiratory fitness [18]. Other studies reported the energy cost

during TC practice was between 4.1 and 4.6 metabolic equivalents in young

participants [19]. For a simplified form of TC, the estimated exercise intensity

may decrease to 2.9 metabolic equivalents [19]. Because age and functional

capacity in CHD patients vary significantly, choosing a TC program with suit-

able exercise intensity is important to obtain a suitable training effect.

Training Effects of TC

Aerobic Capacity
Aerobic capacity is a strong predictor of cardiac and all-cause mortality in

patients with CVD. In a long-term follow-up for 12,169 patients with CHD,

Kavanagh et al. [20] compared the risk of death according to their V
�
O2peak val-

ues during graded exercise testing. V
�
O2peak values of 15, 15–22, and

�22 ml � kg�1 � min�1 yielded hazard ratios of 1.00, 0.62, and 0.39 of cardiac

death, respectively. Therefore, exercise training is the core component in car-

diac rehabilitation because it significantly improves the aerobic capacity and

hence reduces mortality.

Long-term TC training may enhance aerobic capacity. In cross-sectional

studies, Lan et al. [5] reported that the middle-aged TC group displayed

15.6–26.8% higher V
�
O2peak than the control group [21], while elderly TC practi-

tioners showed 18–19% higher V
�
O2peak than their sedentary counterparts. Further,

long-term TC practitioners displayed slower age-related decline of aerobic capac-

ity than their sedentary counterparts. In a 2-year follow-up study [22], the annual

decrease in V
�
O2peak was 0.55 in the male TC group and 0.8 ml � kg�1 � min�1 in

the control group. In the females, the TC groups displayed only half of the decline

in V
�
O2peak compared to the control group (0.3 vs. 0.6 ml � kg�1 � min�1). For

sedentary individuals, Lan et al. [6] also reported that entering a TC program sig-

nificantly enhance the aerobic capacity. After 1 year of TC training, elderly men

and women might increase V
�
O2peak by 16.1 and 21.3%, respectively.

Muscular Strength
Muscular strength and muscular endurance are important to the activities

of daily living. However, maximal muscular strength gradually declines after

50 years of age, thus many deconditioned cardiac patients lack the physical
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strength to perform daily activities. Improvement of muscular strength and

endurance enables cardiac patients to perform certain tasks with less physiolog-

ical stress and aids in maintaining their functional independence. Resistance

training appears to decrease cardiac demands during daily activities like carry-

ing or lifting heavy objects [23]. Additionally, resistance training provides an

effective method for improving muscular strength, preventing chronic medical

conditions, modifying coronary risk factors, and enhancing functional depen-

dence [24].

TC is performed in a semi-squat posture, and combined concentric and

eccentric contractions are needed in this posture. The lower the posture, the

higher demand will be put on quadriceps, thus significantly improving muscu-

lar strength of the lower extremities. Jacobson et al. [25] reported that a 12-

week TC program increased muscular strength of knee extensors. We also

proved that a 6-month TC program was effective in enhancing isokinetic

strength of knee extensors [8]. In that study, the male TC group increased by

15.1–20.0% of the concentric peak torque in knee extensors, while the eccentric

peak torque increased by 15.1–23.7%. In the female TC group, the concentric

and eccentric peak torque increased by 13.5–24.2 and 18.3–23.8%, respec-

tively. Both TC groups also showed significant increase in the endurance ratio

of knee extensors. In a recent study, Wu et al. [9] measured isokinetic muscular

strength of knee extensors, and reported that the TC group had higher muscle

power than the control group.

Endothelial Function and Microcirculation
Nitric oxide (NO) is an endothelium-dependent vasodilator that has an

important role in the vasodilatory response during exercise [26]. Lack of exer-

cise may predispose the coronary arteries to endothelial dysfunction and

arthrosclerosis due to low shear stress status. Low shear stress to the vessel wall

has been associated with endothelial proliferative status in animal studies [27],

and may contribute to the pathogenesis of arthrosclerosis [28, 29]. However,

physical conditioning may enhance vascular responsiveness to endothelium-

dependent vasodilators, i.e. NO, in skin and skeletal muscle [30].

Regular practice of TC may enhance endothelium-dependent dilation in

skin vasculature of older individuals. In a recent study, Wang et al. [31] reported

that older TC practitioners displayed a higher skin blood flow and level of

plasma NO metabolite than sedentary subjects at rest and after maximal exer-

cise. In addition, TC subjects had higher arterial blood flow and acetylcholine-

induced cutaneous perfusion than the sedentary controls.

TC training is also beneficial to microcirculation. By using impedance

plethysmography, we measured skin blood flow and vascular conductance in

elderly men before and after a maximal exercise [32]. The results showed that
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the TC group had higher hyperemic arterial inflow, venous capacity, and venous

outflow than their sedentary counterparts. The results implied that TC could

delay the age-related decline of venous compliance and hyperemic arterial

response.

Blood Lipids
Dyslipidemia, or abnormalities in blood lipid and lipoprotein, is a major

risk factor of CHD [33]. The prevalence of dyslipidemia increases with age and

westernized lifestyle, but regular exercise may ameliorate the trend toward

abnormal blood lipid profile. A recent meta-analysis [34] of 31 randomized

controlled trials with exercise training reported a significant decrease in total

cholesterol, low-density lipoprotein cholesterol (LDL-C), and triglyceride

(TG), and an increase in high-density lipoprotein cholesterol (HDL-C).

Typically, the changes in blood lipids were small and it was difficult to separate

the effects of exercise from confounders. This may be attributed to differences

in baseline lipid concentrations, training amount and intensity, changes in body

composition, or the adjunctive interventions such as diet or lipid-lowering

agents.

In a study reported by Jiang [35], 1 month of TC training induced an

increase in HDL-C and HDL-C/TG, but the level of total cholesterol was

unchanged. However, Tsai et al. [13] reported that TC might improve whole

blood lipid profile in mild hypertensive patients. In that study, 88 patients were

randomized into a TC group and a sedentary control group. After 12 weeks of

classical Yang TC training, total cholesterol, TG and LDL-C concentration

decreased by 15.2, 23.8 and 19.7 mg/dl, respectively. Further, HDL-C increased

by 4.7 mg/dl. In a recent randomized controlled study, Thomas et al. [36]

reported no significant change in total cholesterol, TG, LDL-C and HDL-C

after 12 months of TC training. Nevertheless, these subjects practiced 24-form

simplified TC, the exercise intensity and energy expenditure were lower than

for the classical 108-form TC, and this might have influenced the training

effect. In the future, more studies are needed to elucidate the effect of TC on

blood lipids.

Hypertension
Hypertension is the most prevalent form of CVD affecting approximately

1 billion patients worldwide. Hypertension is the major factor contributing to

more than one million heart attacks and 500,000 heart attack deaths annually in

the United States [37]. Hypertension is also a risk factor for heart failure and

peripheral vascular disease. Therefore, lowering BP benefits hypertensive indi-

viduals and significantly reduces the morbidity and mortality of CVD. Regular

exercise and lifestyle change are the core of current recommendations for
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prevention and treatment of hypertension. Recent meta-analyses [38, 39] from

54 randomized clinical trials indicated that aerobic exercise might significantly

reduce BP, and the reduction appears to be more pronounced in hypertensive

subjects (i.e. �7.4 and �5.8 mm Hg for systolic and diastolic BP, respectively)

[39].

TC training also shows beneficial effects for patients with high blood pres-

sure. In TC intervention studies, 6- to 12-week training programs significantly

decreased systolic and diastolic BP at rest or after exercise [10–14], and hyper-

tensive patients showed the most favorable improvement. The Fraility and

Injuries: Cooperative Studies of Intervention Techniques (FICSIT) study in

Atlanta reported that TC training could lower systolic BP from 172 to 159 mm Hg

after a 12-min walk in older individuals, and the effect of BP reduction is simi-

lar between TC and aerobic exercise [40]. The decrease in BP during exercise

may lower the rate pressure product, which indicates a decrease in myocardial

oxygen demand. In patients after AMI, 8 weeks of TC training program also

lowered resting systolic BP by 3 mm Hg and diastolic BP by 2 mm Hg [10].

Different styles of TC appeared to have a similar effect on BP reduction. Tsai

et al. [13] applied 108-form Yang TC to mild hypertensive patients, and reported

15.6- and 8.8-mm Hg reductions in systolic and diastolic BP, respectively. Talor-

Piliae et al. [11] utilized 24-form simplified TC in hypertensive patients and the

effect of BP reduction was similar (18.9 mm Hg in SBP and 8.9 mm Hg in DBP).

However, Thomas et al. [36] reported that 12 months of simplified TC training

could not induce any significant change in BP. Further studies are needed to

substantiate the effect of TC on blood pressure.

HR Variability
Cardiac vagal modulation decreased in various physiological and patho-

logical conditions, such as AMI [41] and heart failure [42]. Cardiac vagal func-

tion can be evaluated by spectral HR variability (HRV) analysis, and decreased

HRV was found to be associated with poor outcome in cardiac patients [43]. In

a recent study, Lu and Kuo [44] reported that TC practitioners displayed higher

HRV than their sedentary counterparts, which implied that TC might enhance

the vagal modulation and tilt the sympathovagal balance toward decreased sym-

pathetic modulation. In addition, HR, systolic BP, diastolic BP, mean arterial

BP and pulse pressure also decreased 30 and 60 min after TC practice. The

results showed that TC might increase HRV in healthy individuals and future

application to CHD patients may be considered.

Psychological Well-Being
Jin [45] reported that TC training could increase noradrenaline excretion in

urine, and decrease salivary cortisol concentration. The results implied that TC
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could reduce tension, depression, and anxiety. Moreover, the stress reduction

effect of TC was similar to walking at a speed of 6 km/h [46]. Brown et al. [47]

also reported a 16-week TC program could reduce mood disturbance and

improve general mood in women. In the Atlanta subgroup of the clinical trial of

FICSIT, Kutner et al. [48] randomized elderly subjects into the Tai Chi, balance

training, and exercise education groups. After 4 months of training, the follow-

up assessment found only TC subjects reported that their daily activities and

their overall life had been affected, but participants of the other two groups did

not. The data suggest that when mental as well as physical control is perceived

to be enhanced, with a sense of improvement in overall well-being, the motiva-

tion to continue exercising also increases.

TC Application in Patients with CHD

Exercise training cardiac rehabilitation for patients with CHD has not been

widely implemented in the developing countries. Traditional exercise training

highly relied on equipment training, but non-equipment-based rehabilitation

programs are the most practical option for developing countries. Furthermore,

the type of rehabilitation program should be matched to the needs and resources

of each community [49]. Therefore, TC may be used in cardiac rehabilitation

programs because it does not need any equipment and can be easily imple-

mented in communities.

Acute Myocardial Infarction
AMI is the most common cause of mortality in patients with CHD. An

overview of randomized trials of cardiac rehabilitation with exercise involv-

ing 4,554 patients with AMI indicated a 20% reduction of risk for total mor-

tality, a 22% reduction for cardiovascular mortality, and a 25% reduction in

the risk for fatal reinfarction [50]. Therefore, patients recovering from AMI

are recommended to receive cardiac rehabilitation services. However, most

patients find it inconvenient to attend exercise training courses in hospital

three times per week, and thereby the participation rate in rehabilitation pro-

gram is low. TC is easily accessible, and can be practiced in the community as

a group exercise. In addition, TC is an exercise with low to moderate inten-

sity, thus patients with AMI may choose TC as an alternative exercise pro-

gram according to their fitness level. Channer et al. [10] designed an 8-week

low-intensity TC program and applied it to patients with AMI. The results dis-

played that TC was effective in reducing blood pressure, and was safe for

patients after AMI.
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Coronary Artery Bypass Graft
Patients with CHD who suffer persistent symptoms while receiving med-

ical therapy may be considered for revascularization procedures, such as

CABG. CABG for coronary patients aims to increase blood flow to ischemic

myocardium beyond an obstructive lesion, and reduce cardiovascular morbidity

and mortality. Nevertheless, CABG patients exhibited a 30% decline in V
�
O2peak

compared to normal subjects owing to the severity of disease, longer decondi-

tioning and postoperative recovery required [7, 21]. The significant decrease in

V
�
O2peak in patients after CABG may be detrimental to their life adaptation, and

hence exercise is important to patients who undergo CABG.

In order to evaluate the training effect of TC, we underwent a 12-month TC

program for low-risk patients after CABG. CABG patients participated in a TC

program as a maintenance (phase III) rehabilitation program [7]. The TC group

practiced classical Yang TC every morning in the community setting, and the

control group was advised to walk at least 30 min three times per week. During

the performance of TC, the mean HR while performing TC was 48–57% of

their HR reserve. After 12 months of training, the TC group showed significant

improvement of oxygen uptake at the peak exercise and the ventilatory thresh-

old (VeT). At the peak exercise, the TC group showed a 10.3% increase in

V
�
O2peak (from 26.2 � 4.4 to 28.9 � 5.0 ml � kg�1 � min�1) and 11.8% increase in

peak work rate (from 135 � 26 to 151 � 28 W), while the control group did not

show any improvement. Further, the TC group also increased 17.6% in V
�
O2 at

the VeT, while the control group did not display significant change. The VeT

was used initially to assess the endurance with CVD, and it could be used as a

noninvasive estimate of lactate threshold [51]. Coyle et al. [52] reported that the

V
�
O2peak increased less than V

�
O2 at the lactate threshold in patients with CHD. It

should be noted that even a small increase in V
�
O2 at VeT is beneficial to cardiac

patients, because it could raise the functional level in activities of daily living.

Congestive Heart Failure
CHF is characterized by the inability of the heart to deliver sufficient oxy-

genated blood to tissue owing to impairment of cardiac output. CHF can result

in abnormalities in skeletal muscle metabolism, neurohormonal responses, vas-

cular and pulmonary function [53]. Exercise training improves functional

capacity and symptoms in patients with heart failure and left ventricular sys-

tolic dysfunction, but these changes usually occur without changes in left ven-

tricular function [54]. The increase in exercise tolerance may be attributed to

increased skeletal muscle oxidative enzymes and improved mitochondrial den-

sity [55]. Recent studies proved that low-intensity TC training might be benefi-

cial to patients with CHF. In a noncontrolled study of 5 patients, Fontana et al.

[56] reported that Tai Chi Chih could improve quality of life, 6-min walk and
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symptoms. In another study, Yeh et al. [57] randomized 30 patients into a TC

group (with mean ejection fraction of 24 � 7%) and a control group, and TC

participants practiced 5 basic simplified Yang TC movements twice weekly.

After 12 weeks of training, patients’ functional capacity and quality of life sig-

nificantly improved. Further, the TC group showed a decrease in serum B-type

natriuretic peptide levels, which implied the severity of heart failure might

improve after TC training. For patients with CHF, low-intensity exercise such as

simplified TC may increase the acceptance. Intermittent training protocol by

using selected TC movements is suitable for patients with very low endurance.

Conclusion

There are several reasons to recommend TC as an alternative exercise pro-

gram for patients with CHD. First, TC does not need special facilities or expen-

sive equipment, and it can be practiced anytime and anywhere. Second, TC is

effective in enhancing aerobic capacity, muscular strength and improving car-

diovascular risk factors. Third, TC is a low-cost, low-technology exercise, and it

can be easily implemented in the community. It is concluded that TC is effective

in promoting cardiovascular health, and it can be prescribed as a maintenance

exercise program for patients with CHD.
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Abstract
Objective: To review the physiological and psychosocial effects of a 12-week T’ai

Chi program (TC) in patients with heart failure (HF) as previously reported in a clinical trial.

Methods: We randomized 30 patients with chronic HF (left ventricular ejection fraction

�40%) to receive TC plus usual care (n � 15), or usual care alone (wait-list control,

n � 15). Outcome measures included quality of life, exercise capacity, B-type natriuretic

peptide, catecholamine levels, heart rate variability, and sleep stability. Results: The mean

age (�SD) of patients was 64 � 13 years, mean baseline ejection fraction (�SD) was

23 � 7%, and median New York Heart Association Class was 2 (range 1–4). At 12 weeks,

patients who participated in TC showed improved quality of life (mean change �17 � 11 vs.

8 � 15, Minnesota Living with HF Questionnaire, p � 0.001), increased exercise capacity

(mean change 85 � 46 vs. �51 � 58 m, 6-min walk, p � 0.001), and decreased B-type

natriuretic peptide (mean change �48 � 104 vs. 90 � 333 pg/ml, p � 0.03) compared to the

control group. Those who participated in TC also showed improvement in sleep stability

(increase in high-frequency coupling �0.05 � 0.10 vs. �0.06 � 0.09 proportion of esti-

mated total sleep time, p � 0.04; reduction in low-frequency coupling �0.09 � 0.09 vs.

�0.13 � 0.13 proportion of estimated total sleep time, p � 0.01), compared to the control

group. Conclusion: TC may enhance quality of life, exercise capacity, and sleep stability in

patients with chronic HF.

Copyright © 2008 S. Karger AG, Basel

Chronic heart failure (HF) is increasing in prevalence as the population

ages and is the most common reason for hospital admission among Medicare

patients. Approximately 5 million adults in the US are affected, with 550,000

new cases each year [1]. Despite recent therapeutic advances, patients with HF
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face progressively deteriorating function. Interventions that can improve func-

tional capacity, quality of life, and overall outcome are needed.

Sedentary lifestyles and physical inactivity, particularly in cardiac patients,

can lead to deconditioning and exercise intolerance. Historically, it was thought

that initiation of exercise in those with HF would exacerbate HF symptoms [2].

On the contrary, recent trials have demonstrated benefits of exercise in these

patients, including improved functional capacity, left ventricular hemodynam-

ics, and quality of life, attenuation of neurohormonal activation and ventricular

remodeling, and decreased risk of hospitalization and death. These studies,

however, have used varied exercises. Current American Heart Association guide-

lines do not specify a standard exercise prescription for patients with HF; opti-

mal protocols have yet to be defined [2, 3].

T’ai Chi is a mind-body exercise with origins in traditional Chinese mar-

tial and healing arts. Reported benefits include increased balance and decreased

incidence of falls, increased strength and flexibility, reduced pain and anxiety,

improved self-efficacy, and enhanced cardiopulmonary function [4, 5]. Mind-

body therapies like T’ai Chi are being increasingly recognized in cardiac reha-

bilitation programs in the US [6]. Unlike conventional treadmill or bicycle

exercise, T’ai Chi incorporates both physical and meditative elements and

emphasizes postural alignment, weight shifting, and low-impact, relaxed circu-

lar movements. Exercise intensity has been reported to be 2–4 metabolic equiv-

alents, comparable to mild-moderate aerobic exercise [7, 8]. Trials in HF

suggest that lower intensity activity may be just as beneficial as exercise of

higher intensity [9]. Because of its mild nature, T’ai Chi may be suitable for

older or severely deconditioned cardiac patients.

Prior randomized clinical trials of T’ai Chi in patients with HF are lacking.

One prospective, noncontrolled study (n � 5) reported improvements in HF-

specific quality of life, 6-min walk, and symptoms after a 12-week intervention

[6]. Other controlled trials of T’ai Chi have reported improvements in blood

pressure in patients after myocardial infarction [10] and increases in peak oxy-

gen uptake (V
�
O2) and work rate following coronary bypass surgery [11].

Observational studies of healthy T’ai Chi practitioners (compared to age-

matched sedentary controls) have suggested increased peak V
�
O2, exercise

endurance, cardiac output, and decreased peripheral vascular resistance and

adrenergic tone [5].

Our objective was to investigate whether T’ai Chi is beneficial as an

adjunctive treatment to usual care for patients with chronic HF in a prospective

randomized controlled trial, and to determine the feasibility of a larger trial.

Methods and results of this trial have previously been published in the

American Journal of Medicine and Sleep Medicine and are reviewed here 

[12, 13].
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Methods

Study Design

We enrolled 30 patients from advanced HF clinics at Beth Israel Deaconess Medical

Center and Brigham and Women’s Hospital in Boston, Mass., USA. Patients were assigned

randomly to receive either 12 weeks of T’ai Chi training in addition to usual care, or to usual

care alone, without a formal supervised exercise protocol (wait-list control). Usual care

included pharmacologic therapy, dietary counseling, and general exercise advice per

American Heart Association guidelines [3]. We used permuted block randomization with

variable block size to generate treatment assignments. All patients provided written

informed consent. Each institution’s human subjects review board approved the study

protocol.

Study Population

We included patients with chronic HF and left ventricular ejection fraction �40% by

echocardiography in the past year, and those on a stable medical regimen (no major changes

in medications in the past 3 months). We excluded patients with unstable angina, myocardial

infarction, or cardiac surgery within the past 3 months, uncontrolled cardiac arrhythmias,

major structural valvular disease, current participation in a conventional cardiac rehabilita-

tion program, lower extremity amputation, cognitive dysfunction, and inability to speak

English.

Intervention

One-hour group T’ai Chi classes were held twice weekly for 12 weeks (table 1). Guided

by similar interventions used in prior trials with elderly patients and those with limited

mobility [14], we developed a standard protocol of meditative warm-up exercises followed

by five simplified T’ai Chi movements from Master Cheng Man-Ch’ing’s Yang-style short

form [15]. Warm-up exercises included weight shifting, arm swinging, visualization tech-

niques, and stretches of the neck, shoulders, spine, arms and legs. Exercises focused on

releasing tension in the physical body, incorporating mindfulness and imagery into move-

ment, increasing awareness of breathing and promoting overall relaxation of body and mind.

Patients were allowed to progress at their own comfort and pace. Classes were supervised by

a physician. Patients were encouraged to practice at home three times per week and received

a 35-min instructional video that outlined movements presented in class.

Main Outcome Measures

All measures were obtained at baseline and 12 weeks. The quality of life assessment, 

6-min walk, and neurohormone levels were also obtained at 6 weeks in the event that data at

12 weeks were unavailable.
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Quality of Life
Quality of life was measured using Minnesota Living with HF Questionnaire, a stan-

dardized instrument assessing physical, psychological, and socioeconomic dimensions of ill-

ness. Scores range from 0–105, with a lower score denoting a more favorable functional status

[16]. Prior studies have reported a score of seven indicates some degree of impaired quality of

life and an improvement of five points represents a clinically meaningful change [2].

Exercise Capacity
Patients performed a standardized 6-min walk test. This test correlates with peak V

�
O2,

and has been used to assess functional capacity and predict survival in HF drug trials [17].

In addition, patients performed a symptom-limited bicycle exercise test to determine peak

V
�
O2. Testing was performed by a blinded assessor. Breath-by-breath respiratory gas analysis

Table 1. Outline and overview of the T’ai Chi intervention

Week Activities Approximate 

duration, min

1 Introductory session: overview of program
1. T’ai Chi principles, philosophies 15

2. Demonstration of T’ai 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 lungs’ 3

c. ‘Washing the body with qi’ 3

d. Standing meditation and breathing 3

2. Sitting:

a. Neck/shoulder stretches 6

b. Arm/leg stretches 3

c. Sitting meditation and breathing 6

Total warm-up time 30

T’ai Chi movements
1. ‘Raising the Power’ 5–10

2. ‘Withdraw and Push’ 5 per side

(Warm-up and movements 1–2)

3. ‘Grasp Sparrows 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

Reprinted with permission from Yeh et al. [12].
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was performed using a Sensormedic metabolic cart (Yorba Linda, Calif., USA). Peak values

were averaged from the final 20 s of the test. Peak V
�
O2 has a strong linear correlation with

cardiac output and skeletal muscle blood flow and is used to predict when patients with

chronic HF should undergo cardiac transplantation [18].

Secondary Outcome Measures

Neurohormones
B-type natriuretic peptide (BNP) was analyzed on whole blood collected in EDTA

using the Biosite Triage BNP Test (San Diego, Calif., USA) fluorescence immunoassay.

Levels of this cardiac biomarker correlate positively with degree of left ventricular dysfunc-

tion. Serum levels �100 pg/ml support a diagnosis of symptomatic HF [19].

Catecholamine samples were drawn on ice in heparinized tubes after 20-min rest with

intravenous catheter in place. After centrifugation, plasma was separated and stored at

�70	C. Analyses for norepinephrine, epinephrine, and dopamine were performed using

high-performance liquid chromatography/electrochemical detector.

Continuous Ambulatory Electrocardiographic Recording and 
Heart Rate Variability
Patients underwent 24-hour ambulatory electrocardiographic (ECG) monitoring to

assess cardiac arrhythmias and heart rate variability (HRV). Recordings were performed

using Marquette Electronics (Milwaukee, Wisc., USA) series 8500 Holter monitor, digitized

at 128 Hz. Annotations were manually verified and edited by a blinded technician.

For standard HRV, 27 of 30 patients provided two complete sets of ECG data. Of these,

9 were excluded from analysis: 2 patients had a nonsinus rhythm and 7 patients were paced.

In addition to 24-hour analysis, HRV statistics were separately calculated for sleep and wak-

ing activity. Sleep was defined as the 6 night-time hours of lowest heart rate (providing esti-

mated total sleep time, ETST). Waking activity was defined as the 6 daytime hours of highest

heart rate. Time and frequency domain HRV statistics were calculated, including average of

all normal sinus-to-normal sinus NN intervals (AVNN), standard deviation SD of all NN

intervals (SDNN), square root of mean of squares of differences between adjacent NN inter-

vals (rMSSD), percentage of differences between adjacent NN intervals greater than

10–50 ms (pNN10–50), LF (0.04–0.15 Hz), HF (0.15–0.4 Hz), and LF/HF ratio [20, 21].

Complete HRV methods are detailed elsewhere [13].

Spectrographic Analysis of Sleep Stability
We retrospectively analyzed 24-hour ECG data from the 18 subjects who provided 2 com-

plete sets of data, who were not paced, and who were in sinus rhythm. Using a previously

described technique, individual sleep spectrograms describing cardiopulmonary coupling were

generated that demonstrate periods of stability and instability [22]. A preponderance of power in

the low frequency band is associated with instability and periodic sleep behaviors, while excess

power in the high frequency band is associated with physiologic respiratory sinus arrhythmia

and stable/deep sleep. Low- and high-frequency coupling regimes have weak correlations with

standard sleep staging but more closely follow cyclic alternating pattern (CAP) scoring. Low-

frequency coupling is associated with CAP and high-frequency coupling with non-CAP. Details

of the sleep spectrogram technique are reported elsewhere [13].
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Statistical Analysis

All statistical analyses were performed on an intention-to-treat basis. Baseline charac-

teristics of the study patients were compared using t tests for continuous variables and

Fisher’s exact test for nominal variables. Two-sample Wilcoxon rank-sum tests adjusted for

baseline scores were used to compare the distribution of changes after 12 weeks between the

intervention and control groups. In addition, we compared within-group pre-post HRV statis-

tics using Wilcoxon rank-sum tests. Metabolic stress test and Holter data for 3 patients in the

control group were unavailable at 12 weeks. One patient was too debilitated to perform the

tests, one refused, and one was only available for phone follow-up. For the latter patient, we

were also unable to gather 6-min walk, BNP, and catecholamine measurements at 12 weeks.

For these missing data, the last value was carried forward for analysis.

Results

Subject Characteristics

The mean age of study patients was 64 � 13 years. There was an equal

gender distribution. The mean left ventricular ejection fraction was 23 � 7%

(table 2). Most patients were on consensus-guided medical therapy. There were

no statistically significant differences between the groups with regard to demo-

graphics, clinical factors, and rates of cardiovascular-related disease. Rates of

other comorbid conditions were also similar, with the exception of arthritis,

which was more prevalent in the intervention group (60 vs. 7%, p � 0.01).

Anxiety/depression was relatively common (�40% both groups). There were

no significant differences between the overall study population and the subset

of patients examined in HRV and sleep analyses (n � 18). At baseline, 77% of

patients reported some regular physical activity at home, such as walking

(range 5–65 min, 1–7 times per week).

Quality of Life, Exercise Capacity, and Neurohormones

Those who participated in T’ai Chi (n � 15) showed significantly

improved quality of life score (�17 � 11 vs. 8 � 15, p � 0.01), 6-min walk

distance (85 � 46 m vs. �51 � 58 m, p � 0.01) and serum BNP levels

(�48 � 104 vs. 90 � 333, p � 0.03) compared to the control group (n � 15).

Changes in peak oxygen uptake did not reach statistical significance, although

the intervention group showed almost 1 ml/kg/min improvement, while the con-

trol group showed 0.7 ml/kg/min deterioration (table 3). There were no signifi-

cant trends seen in resting catecholamine levels.
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Table 2. Baseline characteristics of the study sample

T’ai Chi (n � 15) Control (n � 15) p value

Demographic factors

Age, years 66 � 12 61 � 14 0.67

Men 10 (67) 9 (60) 0.71

Race: 0.28

Black 7 (47) 4 (27)

White 8 (53) 9 (60)

Asian 0 2 (13)

Clinical factors

Baseline ejection fraction, % 24 � 7 22 � 8 0.43

New York Heart Association class score 2.2 � 1.0 2.2 � 0.6 0.19

Class I 4 (27) 1 (6.6)

Class II 6 (40) 9 (60)

Class III 3 (20) 5 (33)

Class IV 2 (13) 0

Medications: 

Angiotensin-converting enzyme inhibitor 13 (87) 14 (93) 0.54


-Blocker 14 (93) 13 (87) 0.54

Loop diuretic 13 (87) 15 (100) 0.48

Digoxin 11 (73) 8 (53) 0.45

Spironolactone 4 (27) 4 (27) 1.00

Cholesterol-lowering agent 5 (33) 6 (40) 0.70

HF etiology 0.79

Idiopathic dilated 9 (60) 8 (53)

Ischemic 4 (27) 4 (27)

Alcohol-related 1 (7) 1 (7)

Hypertensive 0 1 (7)

Peripartum 1 (7) 0

Adriamycin-induced 0 1 (7)

Cardiovascular-related comorbidities

Coronary artery disease 4 (27) 7 (47) 0.45

Implanted cardiac device1 6 (40) 4 (27) 0.70

Arrhythmia 10 (67) 6 (40) 0.27

Valvular heart disease 7 (47) 3 (20) 0.25

Hypertension 11 (73) 9 (60) 0.70

Diabetes 3 (20) 5 (33) 0.68

Reprinted with permission from Yeh et al. [12]. Values in parentheses indicate percentages.

Values for age, baseline ejection fraction and New York Heart association class score are

expressed as mean � SD.
1Automatic implanted cardiac defibrillator and/or pacemaker.
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Table 3. Comparison of the effects of T’ai Chi versus control on mean change in outcome (�SD) during the 12-week trial

Outcome measure T’ai Chi (n � 15) Control (n � 15)1 Between group p

difference in value

Baseline 12-week Baseline 12-week change (95% CI)

Minnesota Living with Heart Failure2 43 � 21 26 � 23 44 � 20 52 � 25 �25 (�36, �14) 0.001

6-min walk, m 327 � 106 412 � 116 340 � 117 289 � 165 �135 (�85, �185) 0.001

Peak oxygen uptake, ml/kg/min 10.5 � 3 11.4 � 3 11.1 � 6 10.4 � 6 �1.6 (�0.2, �3) 0.08

Serum BNP2, pg/ml 329 � 377 281 � 365 285 � 340 375 � 429 �138 (�257, �19) 0.03

Plasma norepinephrine, ng/ml 1.3 � 0.7 1.9 � 2.3 1.2 � 0.8 1.4 � 0.7 �0.35 (�0.84, �1.54) 0.77

Reprinted with permission from Yeh et al. [12].
1Imputation methods (last value carried forward) were used for missing 12-week data, affecting 1 patient in the control group for Minnesota

Living with Heart Failure score and serum BNP, and 3 patients in the control group for peak oxygen uptake.
2For these measures a lower value is better. Thus, a negative between-group difference in change suggests improvement in Minnesota Living

with Heart Failure score and B-type natriuretic peptide, while a positive value suggests improvement in 6-min walk.
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Continuous ECG Recordings

Standard HRV
Twenty-four-hour Holter monitoring revealed no clinically important

intraindividual differences in incidence of arrhythmia at baseline and 12 weeks.

There were no statistically significant changes seen in the 24-hour HRV

analyses. However, the T’ai Chi group showed trends toward increased pNN

values during sleep that were not seen in the control group. There was a mar-

ginally significant increase in pNN30 (�10.2 � 12.1, p � 0.049) in the T’ai

Chi group with pNN10, pNN20 and pNN40 approaching significance at

p � 0.079, 0.060 and 0.054, respectively.

Sleep Spectrograms
After 12 weeks, in the T’ai Chi group, statistically significant improve-

ments were seen in sleep stability, with increases in high-frequency coupling

(stable sleep state: �0.05 � 0.10 vs. �0.06 � 0.09 proportion of ETST,

p � 0.04) and reductions in low-frequency coupling (unstable sleep state:

�0.09 � 0.09 vs. �0.13 � 0.13 proportion of ETST, p � 0.01), as compared

to the control group. Figure 1 illustrates the effect of T’ai Chi on the ECG-

derived sleep spectrogram of a representative patient, with an increase in high-

frequency coupling following 12 weeks of T’ai Chi.

Safety/Compliance

No adverse events occurred during class sessions. During the study period,

1 patient in the T’ai Chi group and 4 patients in the control group were hospi-

talized for HF exacerbation; no deaths occurred. We did not detect any signifi-

cant changes in mean blood pressure (119/72 mm Hg before vs. 117/72 after) or

heart rate (75 beats per min before vs. 73 after) immediately before and after a

T’ai Chi session.

Patients in the T’ai Chi group attended 83% of classes, and 93% reported

home practice (mean duration 85.5 min per week). All patients rated the classes

highly (4 on a 0–4 visual analog scale for enjoyment), and 14 of 15 patients

planned to continue T’ai Chi after the study.

Discussion

There is a growing interest in the application of T’ai Chi for patients with HF.

According to a recent report on National Institutes of Health research perspectives,
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Fig. 1. Effect of T’ai Chi on the sleep spectrogram. a ECG-derived sleep spectrogram at

baseline for a single patient. Note high-frequency (stable sleep state) and low-frequency

(unstable sleep state) cardiopulmonary coupling and spontaneous switching between states.

b Increase in high-frequency coupling following the T’ai Chi exposure. This change is evi-

dent across the night, and is thus distinctly different from the type of information that can be

obtained from standard sleep scoring approaches. Specifically, slow-wave (delta) sleep is an

increasingly small percentage of total sleep time in older adults and would thus be less useful

in this assessment. C � Cyclic alternating pattern; LFC � low-frequency coupling;
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application of complementary therapies to cardiovascular diseases is a funding

priority, and T’ai Chi is listed among areas of interest [23]. This chapter pre-

sents previously published data from the only randomized controlled trial to

date on T’ai Chi exercise in patients with HF.

In summary, we found that a 12-week T’ai Chi program can enhance the

quality of life and functional capacity in patients with chronic HF who are

already managed with standard medical therapy. Patients who participated in

T’ai Chi improved their 6-min walk distances and quality of life scores com-

pared to patients who did not practice T’ai Chi. We also observed a decrease in

BNP levels, suggesting an improvement in cardiac filling pressures after T’ai

Chi. With traditional HRV measures, there was a trend towards increased short-

term HRV during sleep in the T’ai Chi group, suggesting an improvement in

cardiac vagal modulation.

In patients with comparable HF severity, similar changes in exercise toler-

ance have been shown with conventional exercise. Trials using step aerobics,

treadmill, bicycle, arm or rowing ergometer have reported increases of 10–20%

in 6-min walk distance and increases of 12–31% in peak V
�
O2 [24], With T’ai

Chi, we report a comparable increase of �25% in 6-min walk distance. Results

of quality of life measures in conventional exercise trials have been mixed [24,

25], while we report significant improvements. Similar to our findings, conven-

tional exercise trials have failed to show consistent changes in resting norepi-

nephrine and epinephrine [24, 26].

In the retrospective sleep analysis, we found that a 12-week T’ai Chi pro-

gram can improve sleep stability. An increase in stable sleep may be a robust

marker of overall improved sleep quality. For patients with HF, unstable sleep may

cause excessive hemodynamic stress through respiratory and nonrespiratory

mechanisms, and may be associated with ventricular arrhythmias [27]. In con-

trast, stable sleep is associated with stable respiration and hemodynamics and

may protect from triggered arrhythmias. Improvements in sleep stability may

have potentially important restorative effects on chronic HF pathophysiology.

Sleep stability has not previously been described with T’ai Chi, although

one prior trial reported improvements in sleep quality, latency, and duration

after 24 weeks of T’ai Chi compared to conventional low-impact exercise [28].

Changes in sleep quality have also been demonstrated with other meditative

practices, such as mindfulness-based stress reduction and yoga [29, 30].

NC � noncyclic alternating pattern; HFC � high-frequency coupling; W/R � wake or

REM sleep, all derived from a single channel of ECG [5]. As polysomnographic data were

not available, the sleep period was defined as the 6 night-time hours of the 24-hour period

with the lowest mean heart rate. Reprinted with permission from Yeh et al. [13].
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T’ai Chi appears to be a safe alternative to conventional exercise. Adverse

events in the T’ai Chi literature are lacking. In conventional exercise trials,

cases of worsened HF, arrhythmias, and hypotension have been reported, and

minor musculoskeletal injuries are common [2]. In contrast, T’ai Chi encour-

ages patients to move fluidly with less strain and may be beneficial for patients

with musculoskeletal conditions [5].

While we report encouraging preliminary results, we recognize impor-

tant study limitations. First, our sample was small and likely underpowered to

detect differences in certain measures, e.g. peak V
�
O2 and standard HRV.

With a wait-list control, patients were not blinded to treatment assignment,

and we were unable to control for social interaction. Any social effect on

mood or perceived quality of life, however, would be unlikely to account for

the magnitude of change we observed in exercise capacity. For the retrospec-

tive sleep analysis, polysomnographic data were not available to correlate our

results.

In many ways, T’ai Chi appears to be an optimal exercise for patients with

HF. T’ai Chi’s gentle, low-impact, nonstrenuous movements may be suitable for

persons with a wide range of functional capacities, including the elderly and

more severely deconditioned, e.g. NYHA Class IV patients. Emphases on effi-

cient breathing and stress reduction also address important cardiorespiratory

processes. Further, T’ai Chi can be practiced in any environment, and requires

no equipment, possibly offering a cost advantage. Despite this favorable profile

and promising preliminary evidence, the exact mechanisms of T’ai Chi are not

well understood.

Ongoing investigations at Harvard Medical School and Beth Israel

Deaconess Medical Center in Boston continue to explore the role of T’ai Chi

exercise in the care of patients with HF. Currently, a larger randomized con-

trolled trial is underway that includes an attention-matched comparison, con-

trolling for group social effect. In addition to exercise capacity and

quality-of-life, an expanded list of outcomes includes left ventricular hemody-

namics, serum biomarkers of cardiac and immune function, mood, and exer-

cise self-efficacy. Other investigations are comparing T’ai Chi with

conventional aerobic exercise, and qualitative analyses are exploring patient

experiences, expectations, and belief systems. Further studies might also

define the population most likely to benefit from meditative exercise and

investigate whether benefits can be sustained or increased. Clearly, T’ai Chi is

a rich, complex, multimodal intervention. The challenge will be to design

research studies that can appropriately study such an intervention and provide

us meaningful insights regarding meditative exercise and its potential applica-

tion in a clinical setting.
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Abstract
Background/Aims: Treatment for breast cancer produces side effects that diminish

functional capacity and quality of life (QOL) among survivors. Tai Chi Chuan (TCC) is a

moderate form of exercise that may improve functional capacity and QOL in these individu-

als. Women who completed treatment for breast cancer were randomized to receive TCC or

psychosocial support therapy for 12 weeks (60 min; three times weekly). Results: The TCC

group demonstrated significant improvements in functional capacity, including aerobic

capacity, muscular strength, and flexibility, as well as QOL; the psychosocial support therapy

group showed significant improvements only in flexibility, with declines in aerobic capacity,

muscular strength, and QOL. Conclusions: The TCC group exhibited significant improve-

ments in functional capacity and QOL. These data suggest that TCC may enhance functional

capacity and QOL among breast cancer survivors.

Copyright © 2008 S. Karger AG, Basel

According to the American Cancer Society, survival rates for patients with

breast cancer have been increasing dramatically; the 5-plus-year survival of

women diagnosed with localized disease is 97% [1]. Unfortunately, however,

these women experience side effects from their cancer treatments that persist

for years. Exercise may be a safe method for improving quality of life (QOL)

among breast cancer survivors [2–6].

Although few studies have examined physical exercise patterns during and

after treatments for cancer, it appears that patients decrease the amount of phys-

ical exercise in which they engage after diagnosis and during treatment. Studies

found that exercise increases following treatment but it does not return to the

prediagnosis level [2, 3, 5, 6]. Several groups have studied the impact of exer-

cise interventions on functional capacity among breast cancer survivors [2, 3,

6]. These exercise studies utilized traditional modes of exercise (e.g. walking,
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cycling), and their long-term adherence rates were typically quite low [2, 3, 6].

Novel, alternative modes of physical exercise may better address the unique

needs of breast cancer survivors and facilitate increased exercise (re)adoption

and adherence.

Tai Chi Chuan (TCC), a practice that is rapidly gaining popularity in the

United States [7–11], is a form of exercise that may benefit breast cancer sur-

vivors. TCC has shown positive effects on QOL and components of health-

related fitness, such as cardiorespiratory function, strength, and flexibility in

individuals without cancer [8, 10, 12, 13]. The purpose of this study was to con-

duct an initial test of the efficacy and appropriateness of a TCC intervention by

comparing the benefits of a 12-week TCC program against a 12-week psy-

chosocial support therapy (PST) program (exercise control group) on functional

capacity (e.g. aerobic capacity, muscular strength, flexibility) and QOL in

breast cancer survivors.

Methods

Subjects

Women who completed treatments for breast cancer were recruited for this study.

To participate in the study, individuals were required to meet the following inclusion criteria:

(1) be female; (2) have a diagnosis of primary breast cancer stage 0–IIIb; (3) be between

1 week and 30 months after treatment; (4) have no drainage tubes or catheters; (5) engage in

moderate to vigorous physical activity no more than once a week; (6) have a physician’s

clearance for fitness testing and exercise; (7) have no physical limitations prohibiting

exercise, and (8) have no clinical diagnoses of mental disorders, as defined by the use of

psychotropic drugs and self-report.

Design and Procedures

Participants were randomly assigned to a 12-week TCC exercise group or PST typical

care control group. Each group met three times a week for 60 min. The PST sessions were

facilitated by a trained counselor and an Exercise Psychology graduate student and con-

ducted in an open-ended format that placed strong emphasis on teaching behavioral coping

strategies, peer support, and group cohesion. Participants in the PST group were instructed

not to begin any physical exercise programs or change their normal daily physical activity in

any way for the duration of the study.

The TCC group was led by an American College of Sports Medicine Certified Health

and Fitness Instructor with extensive training in Yang-style TCC. Participants performed

10 min of warm-up stretching and basic Chi Kung (stationary TCC fundamentals). The partic-

ipants then performed TCC for approximately 40 min and learned a 15-move short-form

sequence of Yang-style TCC. The 15 moves used in the current study intervention consisted of

the first 15 moves of the traditional 104-move Yang-style long form. During the final 10 min
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of each session, participants were instructed in regulatory breathing, imagery, and meditation

in order to enhance their TCC skills and provide an exercise cool-down. Participants in the

TCC group were instructed not to begin any other physical exercise programs and not to

change their normal daily physical activity during the course of the study [12, 13].

Measures

All of the testing protocols adhered to procedures and guidelines set forth by the American

College of Sports Medicine (ACSM). All tests were conducted by ACSM-certified personnel.

Functional capacity was assessed by evaluating three domains of health-related physical fitness:

aerobic capacity, muscular strength, and flexibility. Aerobic capacity was estimated using a 

6-min walk test protocol that has been used extensively in clinical exercise trials [14, 15]. Muscular

strength was evaluated using a handgrip dynamometer to assess the maximal voluntary grip

strength [15]. Although not a direct measure, handgrip dynamometry is correlated with overall

body strength [15]. Flexibility was assessed using goniometer measurements of shoulder flex-

ion, extension, abduction, and adduction [15]. QOL was measured using the Functional

Assessment of Chronic Illness Therapy-Fatigue survey, a 28-item scale developed specifically

for use in cancer clinical trials [16]. Adherence and compliance were monitored using atten-

dance rosters, facilitators’ process notes and participants’ home journals.

Results

Participants

Twenty-one women completed the study. Eleven TCC participants had a

72% exercise attendance rate with 100% compliance and ten PST group partici-

pants had a 67% PST attendance rate with 100% compliance during the sessions

attended. The reasons expressed by participants for discontinuing included not

liking their group assignment, work-family issues, joining a fitness center, severe

side effects from treatment (e.g. cognitive deficits), and scheduling conflicts.

Participants ranged in age from 33 to 78 years old (mean � 52 years;

SD � 9). The average height and weight were 164 cm (SD � 6) and 70 kg

(SD � 12.8), respectively. The average body mass index was 26.3 (SD � 4.9),

and average body fat percentage was 41.5 (SD � 5.7) as assessed by bioelectri-

cal impedance at baseline. Almost half the women were married, (48%). Most

were Caucasian (90%), had at least some college education (90%), were

employed outside the home (65%), and had household incomes above USD

40,000 (62%). All of the participants were diagnosed with stage 0–IIIb breast

cancer and had received surgical treatment (61% lumpectomy, 33% mastec-

tomy, 6% bilateral mastectomy). The majority also had received at least one

additional treatment modality: chemotherapy (84%), radiation therapy (61%),

or hormonal therapy (56%). Statistical comparisons, using independent t tests,
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showed no differences (p � 0.05) between participants in the two randomized

groups on these baseline characteristics. An additional thorough review of par-

ticipant records yielded no noticeable differences among the participants who

withdrew from the study and participants who did not withdraw.

Functional Capacity

Aerobic Capacity
A 2 � 2 (condition by time) repeated-measures ANOVA, with total dis-

tance walked (meters) during the 6-min walk test as the dependent variable,

revealed a time by condition interaction effect that approached conventional

levels for statistical significance (F1, 19 � 3.507; p � 0.077), suggesting a trend.

Follow-up repeated-measures ANOVAs, with the data split based on interven-

tion assignment, showed significant improvements in distance walked across

the 12-week period among the TCC participants (F1, 10 � 5.733; p � 0.038;

mean change � 26.93; SD � 37.30; ES � 0.46), with decreases in distance

walked among the PST group participants (p � 0.05; mean change � �1.35;

SD � 31.23; ES � �0.02; fig. 1).

Baseline and postintervention means and confidence intervals for all func-

tional capacity domains and QOL are provided in table 1.

Muscular Strength
A 2 � 2 (condition by time) repeated-measures ANOVA, with handgrip

strength (kilograms) as the dependent variable, revealed a significant time by

condition interaction (F1, 19 � 9.144; p � 0.007), as well as a significant time
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Table 1. Means and 95% confidence intervals at baseline and 12 weeks for aerobic capacity, strength, flexibility, and QOL

Mean at baseline Mean at 12 weeks

TCC (n � 11) PST (n � 10) TCC (n � 11) PST (n � 10)

mean CI mean CI mean CI mean CI

Aerobic capacity 609.1 564.0–654.3 611.6 555.1–668.3 636.12 602.7–669.5 610.3 556.0–664.5

(total distance

walked), m

Strength, kg 24.5 21.7–28.7 27.5 22.7–32.3 29.6 27.4–32.0 26.7 22.6–30.8

Flexibility, degrees

Flexion 128.1 116.3–140.1 125.8 116.9–134.7 144.3 135.1–153.6 132.1 122.3–141.8

Extension 43.3 35.7–50.9 44.4 36.3–52.4 68.9 60.2–77.6 51.4 39.7–63.0

Abduction 158.4 144.9–172.1 154.2 140.5–167.8 174.2 165.9–182.8 165.0 152.4–177.5

Horizontal adduction 26.8 21.3–32.5 23.7 19.9–27.4 38.9 32.6–45.2 26.3 20.4–32.1

Horizontal abduction 97.8 88.9–106.7 96.2 87.6–104.7 103.4 97.1–109.9 98.8 92.3–105.3

QOL 107.5 92.7–122.3 124.7 112.7–136.8 121.7 107.7–135.8 124.3 108.2–140.3
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main effect (F1, 19 � 4.256; p � 0.050). Decomposition of interaction and main

effects using follow-up repeated-measures ANOVAs, with the data split based

on intervention assignment, indicated significant improvements in handgrip

strength across the 12-week period in the TCC group (F1, 10 � 10.034;

p � 0.010; mean change � 4.50; SD � 4.71; ES � 1.08), but not in the PST

group which actually showed declines in handgrip strength (p � 0.05; mean

change � �0.85; SD � 3.15; ES � �0.13).

Flexibility
A 2 � 2 � 5 (condition by time by outcome) repeated-measures

MANOVA, with flexion, extension, abduction, horizontal adduction, and hori-

zontal abduction as the dependent variables, revealed a multivariate time by

condition interaction that approached statistical significance (F1, 19 � 2.719;

Wilks’ � � 0.061), suggesting a trend, as well as a significant multivariate

time main effect (F1, 19 � 14.524; Wilks’ � � 0.000). Further univariate ana-

lyses indicated significant time by condition interactions for extension 

(F1, 10 � 8.530; p � 0.009) and horizontal abduction (F1, 10 � 6.832; p � 0.017),

along with significant time main effects for flexion (F1, 10 � 14.831;

p � 0.001), extension (F1, 10 � 26.270; p � 0.000), abduction (F1, 10 � 32.658;

p � 0.000), horizontal adduction (F1, 10 � 7.527; p � 0.013), and horizontal

abduction (F1, 10 � 16.425; p � 0.001).

Follow-up repeated-measures ANOVAs, with the data split based on inter-

vention assignment, were also conducted. These measures showed significant

improvements across the 12-week period among the TCC participants in flexion

(F1, 10 � 12.965; p � 0.005; mean change � 16.18; SD � 14.91; ES � 1.4),

extension (F1, 10 � 34.665; p � 0.000; mean change � 25.55; SD � 14.39;

ES � 2.3), abduction (F1, 10 � 17.185; p � 0.002; mean change � 15.81;

SD � 12.66; ES � 1.2), horizontal adduction (F1, 10 � 6.612; p � 0.028; 

mean change � 5.64; SD � 7.27; ES � 9.1), and horizontal abduction 

(F1, 10 � 18.706; p � 0.002; mean change � 12.05; SD � 9.24; ES � 1.2). The

PST participants showed significant improvement in abduction only 

(F1, 9 � 18.826; p � 0.002; mean change � 10.80; SD � 7.87; ES � 0.17), with

additional, but not statistically significant, improvements in flexion (p � 0.05;

mean change � 6.30; SD � 11.40; ES � 0.64), extension (p � 0.05; mean

change � 7.00; SD � 14.69; ES � 0.44), horizontal abduction (p � 0.05;

mean change � 2.6; SD � 7.04; ES � 0.17), and horizontal adduction

(p � 0.05; mean change � 2.60; SD � 6.39; ES � 0.09).

Quality of Life
A 2 � 3 (condition by time) repeated-measures ANCOVA, with QOL as the

dependent variable and baseline self-esteem as the covariate (due to significant
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baseline differences between groups), revealed a significant time main effect

(F1, 19 � 8.04; p � 0.00). Follow-up repeated measures ANCOVAs, with the

data split based on intervention assignment, showed significant improvements

in QOL across the 12-week period among the TCC participants (F2, 9 � 4.34;

p � 0.03), but not in the PST participants (F2, 8 � 2.66; p � 0.14). Additionally,

a one-way ANOVA demonstrated a trend toward significant differences

between participants in the TCC and PST conditions on changes in QOL at 

12-weeks (F1, 19 � 3.66; p � 0.07), but not at 6 weeks (F1, 19 � 2.07; p � 0.17).

Furthermore, the TCC participants reported improvements in QOL at 6 and 12

weeks, while the PST participants reported decreases in QOL at both assess-

ment times.

Discussion

The results of this preliminary investigation suggest that TCC has a posi-

tive influence on functional capacity and QOL in women of all ages (33–78)

following treatment for breast cancer. The TCC group demonstrated significant

improvements at 6 and 12 weeks in aerobic capacity, muscular strength, flexi-

bility, and QOL even in a relatively small sample size of breast cancer sur-

vivors. The TCC group had excellent adherence and attendance rates compared

to other exercise programs reported in the literature. This suggests that the

novel integrative exercise modes have a potential to meet the unique needs of

breast cancer survivors and lead to improvements in both physical and emo-

tional well-being domains. More research is warranted given these positive

findings in a small group of survivors on the efficacy of TCC for improving

other common side effects associated with cancer and its treatments (i.e.

depression, anxiety, distress and sleep disturbance).

In contrast, the PST group showed declines at 12 weeks in aerobic capacity

and muscular fitness, with significant improvement in abduction and nonsignif-

icant improvements in all other areas of flexibility. The PST group also showed

declines in QOL. These findings support and expand previous research show-

ing benefits from exercise following cancer treatments [2–6, 12, 13, 17–26] and

suggest that groups that provide social supportive environment for breast cancer

survivors might not be as sufficient to address the multiple and complex physi-

cal and emotional needs of cancer survivors.

In conclusion, these results provide preliminary evidence that TCC may

improve aerobic capacity, muscular strength, and flexibility among cancer sur-

vivors as well as QOL. These data suggest that TCC has strong potential as a

post-treatment rehabilitative modality for improving functional capacity and

facilitating the resumption of an optimal QOL among breast cancer survivors. It
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is unclear from this pilot intervention which part of the group provided the most

benefit (e.g. social interaction, mindfulness components, physical activity).

Additional research with a larger sample is needed to further delineate the pos-

itive effects of TCC among cancer survivors. Future research should examine

the possibility of developing a TCC exercise program for breast cancer patients

undergoing treatment given the low intensity of the intervention, the high

adherence rates, lack of side effects and positive impact on domains of func-

tional capacity and QOL.
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Tai Chi Improves Pain and Functional
Status in Adults with Rheumatoid Arthritis:
Results of a Pilot Single-Blinded
Randomized Controlled Trial

Chenchen Wang

Tufts-New England Medical Center, Boston, Mass., USA

Abstract
Background/Aims: Rheumatoid arthritis (RA) is a serious health problem resulting

in significant morbidity and disability. Tai Chi may be beneficial to patients with RA as a

result of effects on muscle strength and ‘mind-body’ interactions. To obtain preliminary data

on the effects of Tai Chi on RA, we conducted a pilot randomized controlled trial. Twenty

patients with functional class I or II RA were randomly assigned to Tai Chi or attention con-

trol in twice-weekly sessions for 12 weeks. The American College of Rheumatology (ACR)

20 response criterion, functional capacity, health-related quality of life and the depression

index were assessed. Results: At 12 weeks, 5/10 patients (50%) randomized to Tai Chi

achieved an ACR 20% response compared with 0/10 (0%) in the control (p � 0.03). Tai Chi

had greater improvement in the disability index (p � 0.01), vitality subscale of the Medical

Outcome Study Short Form 36 (p � 0.01) and the depression index (p � 0.003). Similar

trends to improvement were also observed for disease activity, functional capacity and

health-related quality of life. No adverse events were observed and no patients withdrew

from the study. Conclusion: Tai Chi appears safe and may be beneficial for functional class

I or II RA. These promising results warrant further investigation into the potential comple-

mentary role of Tai Chi for treatment of RA.

Copyright © 2008 S. Karger AG, Basel

Pain and functional impairment are hallmarks of rheumatoid arthritis

(RA), a chronic, progressive, inflammatory systemic disease that causes joint

destruction and synovial inflammation, resulting in substantial long-term dis-

ability with reduced balance and coordination, aerobic capacity, and muscle

strength [1]. Patients with RA have a significantly shorter life expectancy
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compared with the general population [2]. Treatment and management of RA is

a major challenge for both rheumatologists and patients with RA.

Current pharmacological therapy focuses on decreasing inflammatory

activity and symptoms, limiting joint destruction and disability and improving

health-related quality of life (HRQL), and there is little evidence the therapies

reverse loss of function. In addition, the long-term consequence and effective-

ness of prolonged therapy with many of these agents is unknown [3].

Since 1975, a growing body of randomized and nonrandomized clinical

trials has demonstrated that adequate exercise might play an important role

in preventing disability and improving function in patients with RA [4–8].

However, numerous questions remain about the optimal exercise regimen

for patients with RA. For example, joint damage has been observed after

participating in certain high-impact exercises (such as classic aerobic,

strengthening exercises and impact sporting activities) [9–10]. Recently, rec-

ommendations from the American College of Rheumatology (ACR) guide-

lines have changed from high-intensity aerobic exercise to regular physical

activity [11].

These promising trends in the potential utility of low-impact exercise for

patients with RA and the increasing interest in nonpharmacologic therapies for

treatment of this chronic disease prompted us to evaluate Tai Chi as a potential

complementary therapy for patients with RA. Tai Chi is a traditional Chinese

martial art that has been practiced for many centuries [12]. Significant

improvements in cardiovascular and respiratory function, balance, strength,

flexibility and arthritis symptoms have been reported for a variety of patient

populations [13], but the effect of Tai Chi in RA has not been well studied in

randomized clinical trials. Although the mechanism of action of Tai Chi is

unknown, we hypothesized that Tai Chi may be beneficial to patients with RA

as a result of an effect on muscle strength, flexibility, pain, stress and anxiety as

well as ‘mind-body’ interactions [14]. Thus, the goal of this randomized trial

was to conduct a preliminary study to evaluate whether 12 weeks of Tai Chi

may be a safe and effective complementary therapy for patients with RA.

Methods

Study Design
This pilot study was a prospective, single-blind, randomized controlled clinical trial to

evaluate the safety, physical and psychological effects of Tai Chi training for patients suffer-

ing from functional class I and II RA [15]. The setting was an urban tertiary care academic

hospital in Boston. The study was approved by the Tufts-New England Medical Center

(Tufts-NEMC)/Tufts University Human Investigation Review committee and was conducted

in the General Clinical Research Center at Tufts-NEMC.
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Study Setting and Population
Adults aged 18 and older with functional class I or II RA (ACR criteria [15]) were eli-

gible to participate. The study was conducted between June 2002 and February 2003.

Subjects were excluded if they: (1) had prior experience with Tai Chi or other similar types of

complementary and alternative medicine such as Qi gong, yoga and acupuncture and/or were

unwilling to abstain from participation in Tai Chi (other than that provided for the study)

until completion of the study; (2) had cardiovascular or other severe diseases limitations pre-

cluding full participation, as determined by the primary care provider; (3) had a mini-mental

status score below 24 [16]; (4) were pregnant or breastfeeding; (5) were non-English speak-

ing, and (6) had participated in any other clinical trial within the last 30 days.

There were no eligibility criteria relating to medical therapy for RA. Patients continued

routine medications such as NSAIDS, corticosteroids and DMARDs and maintained treat-

ment visits with their primary care physician and rheumatologist throughout the conduct of

the study. The investigators recorded any changes made to treatment but did not change or

recommend change in medical therapy.

Twenty ambulatory patients with functional class I or II RA were recruited from the

outpatient Rheumatology clinic at Tufts and randomly assigned to receive Tai Chi (n � 10) or

attention control (n � 10) in twice-weekly 1-hour group sessions for 12 weeks.

Randomization assignments were made using computer-generated random numbers, in two

groups of 10 and were provided in a sealed, opaque envelope upon agreement to participate.

The maximum period between screening and randomization was 3 months.

Tai Chi Intervention
The Tai Chi program was based on classical Yang style [17]. Patients participated in

two 60-min Tai Chi sessions conducted each week for 12 weeks. Each session included: 

(1) 10 min of warm-up and a review of Tai Chi principles; (2) 30 min of Tai Chi exercises; 

(3) 10 min of breathing technique, and (4) 10 min of relaxation. Subjects were instructed to

practice Tai Chi at least 20 min once a day at home. All subjects were encouraged to maintain

their usual physical activities, but not to participate in additional strength training other than

their Tai Chi exercises.

Stretching and Wellness Education – Control Group
The control group also attended two 60-min sessions per week for 12 weeks. Each

session started with 40 min of information about (1) RA as a disease; (2) diet and nutrition;

(3) therapies to treat RA, and (4) physical and mental health education (recognizing and deal-

ing with stress and depression, etc.). The final 20 min consisted of stretching exercises

involving the upper body, trunk and lower body, each stretch being held for 10–15 s. Subjects

were also instructed to practice at least 20 min strength exercises once a day at home. All subjects

were encouraged to maintain their usual physical activities, but not to participate in addi-

tional strength training other than their class stretching exercises. Throughout the 12-week

period, we tracked the number of and reasons for missing sessions in both groups.

Outcome Measures
The primary outcome measure was the proportion of subjects who attained an ACR 20

response criterion at week 12 [18]. ACR 20 is a combined index of response that requires at

least 20% improvement in both the tender and swollen joint count, as well as at least 20%

improvement in 3 of the 5 following measures: patients’ measurement of pain, patient’s or



Effectiveness of Tai Chi in Rheumatoid Arthritis 221

physician’s global assessment of disease activity, or a physical function measure (the

Disability Index of the Health Assessment Questionnaire, HAQ) [19], and serum levels of 

C-reactive protein (CRP) or erythrocyte sedimentation rate (ESR).

Secondary outcomes included change in the tender and swollen joint scores, the Ritchie

Articular Index [20], the Disability Index of the HAQ, 10-cm visual analogue scale (VAS) self-

assessment of pain, a 10-cm VAS patient and physician global assessment of disease severity,

10-cm VAS self-assessment of fatigue, ESR, CRP and physical function. The HRQL measure

included the Medical Outcome Study Short Form 36 (SF-36) [21], and the EuroQol (EQ-5D)

[22], as well as the Center for Epidemiology Studies Depression (CES-D) index [23].

Functional assessment included grip strength (best of 3; Hand Dynamometer TKK

5401 Grip-D, Takei, Japan), time to complete the 50-foot walk and chair stand (with the tenth

repetition, using the best, lowest, score). Medications use, demographic information, current

exercise pattern, medical history, daily nutrition questionnaire, and adverse events were also

recorded.

The Ritchie Articular Index obtained according to the original description (53 joints in

26 units, graded for tenderness on pressure (0, no pain; 1, patient complains of pain; 2,

patient complains of pain and winces; 3, patient complains, winces, and withdraws; maxi-

mum score 78), was used to assess the degree of joint tenderness.

The HAQ is self-administered and performance is measured in activities of daily living

on 8 subscales, which are averaged to create a disability index ranging from 0 (able without

difficulty) to 3 (unable to do). The highest scores in each of the categories are then summed

(range 0–24) and divided by the number of categories scored, to give a disability index that

ranges from 0 to 3, with higher scores indicating more disability. The HAQ also includes pain

in the past week (15-cm visual analog scale that is scored 0–3).

The SF-36 is a widely used, standardized generic instrument with scores that are based

on responses to individual questions, which are summarized into 8 scales, each of which

measures a health concept. These scales include function domains and aspects of well-being

as follows: physical functioning, role-physical, bodily pain, general health, vitality, social

function, role-emotional and mental health. Scores for each scale range from 0 to 100, with

higher scores reflecting better health status. In addition to the eight scales providing the

health profile of the individual, two summary measures are available: physical health mea-

sure and mental health measure. These have been standardized to have a mean of 50 and a

standard deviation of 10. Higher scores on the scales indicate better HRQL.

The EQ-5D is also a generic measure, which describes health states in terms of five

dimensions: mobility (disability), self-care (disability), usual activities (handicap), pain/dis-

comfort (impairment), anxiety/depression (impairment). There is also a visual analogue ther-

mometer rating scale to evaluate the overall perception of health on a 0–100 scale. The

EQ-5D has been shown to possess high reliability and validity.

The CES-D has been demonstrated to have acceptable levels of reliability and validity.

It includes 20-item Likert-type scale used to assess depressive symptoms. The CES-D has

high internal consistency (r � 0.85–0.90), test-retest reliability (r � 0.57 for 2–8 weeks),

and correlates with clinical ratings of severity of depression. Scores range from 0 to 60, with

higher scores indicating greater dysphoria.

All outcome measures were administered at baseline and 12 weeks and 3-month tele-

phone follow-up. Physical examination (a full joint assessment for pain and swelling accord-

ing to the ACR guidelines) and functional capacities were blindly assessed by the study

rheumatologist and a physiologist.
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Statistical Considerations
This pilot study was intended to provide preliminary descriptive data on the potential

effect of Tai Chi in patients with RA and therefore the sample size of 20 patients, 10 per

group, was empiric. Between groups, continuous variables were compared using the

Wilcoxon rank-sum test and binary variables were compared using the Fisher exact test.

Within groups, we used the Wilcoxon signed-rank statistic to evaluate absolute and relative

change in continuous variables. The primary outcome (ACR 20) and clinical examination

were compared using an intent-to-treat analysis.

For this preliminary study, we report two-sided p values less than 0.05 as significant

without adjustment for multiple testing. All data analysis and testing were performed using

package SAS (Cary, N.C., USA) version 8.2.

Results

Patient Population
We screened 66 patients and 22 patients were evaluated at the baseline (fig. 1).

Two were ineligible after baseline evaluation – one had seronegative

spondyloarthropathy, and one was unable to commit to the study schedule. The

Reasons for exclusion (n�44)
Other diagnoses based on
Telephone screening
 10 Osteroarthritis
 8 Fibromalagia
 5 Low back pain
 2 RA (Functional class III)

Other reasons
 12 Non english speaking
 6 Unable to commit to the
  schedule
 1 Required compensation

Patients screened
(N�66)

Completed
screening/baseline

(N�22)

Stretching and wellness
education
(N�10)

Completed follow-up
evaluation (week 12)

(N�20)

Tai Chi intervention
(N�10)

1 Declined participation
1  Other diagnoses based on
  screening evaluation
 (seronegative
 spondyloarthropathy)

12-week
evaluation

(N�20)

Randomized
(N�20)

Fig. 1. Patient enrollment.
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baseline characteristics of the 20 study subjects are presented in table 1. At

baseline, the Tai Chi group had significantly worse HAQ scores and CRP, but

was similar in other characteristics including pain and ESR (table 1).

Outcomes
At 12 weeks, 5 of 10 (50%) Tai Chi subjects had achieved the ACR 20%

response compared with 0 of 10 in the controls (p � 0.03 in the unadjusted

model and p � 0.05 in the adjusted model). Among the 5 subjects who achieved

ACR 20 in the Tai Chi group, all had improvement in joint tenderness (20–81%),

joint swelling (25–80%) and physician’s global assessment of disease activity

(44–80%). Four subjects had improvement in pain measurements (20–84%),

HAQ score (71–100%) and CRP (36–89%). Two Tai Chi subjects had 20%

improvement in almost all the variables in the ACR 20 criteria even without con-

sidering the 2 variables (HAQ and CRP) that were not balanced between the

study groups at baseline, and thus could have biased the statistical analysis.

Table 2 shows mean change in disease activity, disability, and functional

capacity; table 3 shows mean change HRQL and depression scores at 12 weeks.

Table 1. Baseline demographic and clinical characteristics

Tai Chi Control p value

(n � 10) (n � 10)

Age, years 48 � 10 51 � 17 0.57

Females 80% 70% 1.00

White race 80% 70% 1.00

BMI 24 � 6 28 � 5 0.12

Weight, kg 64 � 16 82 � 23 0.08

Regular exercise 70% 90% 0.58

Duration of RA, years 14 � 6 15 � 11 0.86

Morning stiffness (�1 h) 50% 50% 1.00

NSAID 90% 60% 0.30

DMARD 60% 90% 0.30

Corticosteroids 30% 20% 1.00

Rheumatoid factor positive 90% 70% 0.58

Hemoglobin, g/dl 13.4 � 1.6 13.3 � 1.1 0.78

Albumin, g/dl 3.9 � 0.3 4.0 � 0.3 0.56

Values are mean � SD for continuous variables. BMI� Body mass index;

NSAID � nonsteroidal antirheumatic drug; DMARD � disease-modifying

antirheumatic drug.
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Table 2. Mean changes in disease activity, disability and functional capacity

Baseline Week 12 Change from p value

baseline 

to week 12 within group between group

Disease activity, disability
Tender joints 

Tai Chi 17.0 � 10.2 11.7 � 8.1 �5.3 � 5.9 0.02 0.06

Control 10.7 � 8.6 11.1 � 12.3 0.4 � 6.3 0.95

Swollen joints 

Tai Chi 13.5 � 10.6 12.3 � 10.6 �1.2 � 5.5 0.44 0.06

Control 6.7 � 8.0 8.4 � 9.9 1.7 � 3.0 0.15

Ritchie Articular Index

Tai Chi 0.5 � 0.4 0.3 � 0.3 �0.2 � 0.2 0.04 0.06

Control 0.3 � 0.3 0.3 � 0.4 0.04 � 0.2 0.76

HAQ Disability Index

Tai Chi 0.9 � 0.7* 0.4 � 0.4 �0.5 � 0.5 0.02 0.01
Control 0.4 � 0.3* 0.5 � 0.4 0.1 � 0.3 0.57

Pain past week, 0–3 scale1

Tai Chi 1.4 � 0.8 1.0 � 0.7 �0.4 � 0.8 0.13 0.23

Control 0.8 � 0.5 0.9 � 0.7 0.2 � 0.9 0.57

Pain (current; 10-cm VAS)

Tai Chi 3.2 � 2.2 2.3 � 2.0 �1.0 � 2.7 0.16 0.12

Control 1.4 � 1.3 3.0 � 2.4 1.6 � 2.8 0.14

Patient global (10-cm VAS)

Tai Chi 2.9 � 2.4 2.4 � 2.6 �0.5 � 1.6 0.55 0.59

Control 2.4 � 1.9 3.2 � 2.8 0.7 � 3.1 0.63

Fatigue (VAS; 10-cm VAS)

Tai Chi 4.5 � 2.5 2.9 � 2.3 �1.5 � 2.8 0.11 0.31

Control 3.6 � 3.0 3.1 � 1.9 �0.5 � 2.6 0.47

ESR, mm/h

Tai Chi 35.3 � 28.4 35.1 � 27.6 �0.2 � 9.1 0.98 0.56

Control 26.8 � 14.1 30.1 � 21.3 3.3 � 13.3 0.55

CRP, mg/l

Tai Chi 1.4 � 0.8* 1.3 � 1.3 �0.1 � 1.2 0.65 0.14

Control 0.5 � 0.4* 0.6 � 0.5 0.1 � 0.3 0.15

Functional Capacity
Grip strength, kg

Tai Chi 16.7 � 9.3 17.7 � 9.9 9.6 � 24.9 0.32 0.32

Control 23.3 � 9.3 22.5 � 9.0 �3.6 � 7.3 0.37

Chair stand time, s

Tai Chi 26.4 � 11.7 20.6 � 6.9 �19.0 � 11.9 0.01 0.57

Control 25.6 � 7.3 21.5 � 7.1 �15.8 � 12.9 0.04

50-foot walking time, s

Tai Chi 10.9 � 3.2 9.6 � 3.1 �12.0 � 8.0 0.01 0.94

Control 11.3 � 2.5 9.8 � 1.6 �11.6 � 12.1 0.03

Values are given as mean � SD. * p � 0.05, statistically significant difference at baseline between the Tai Chi

and control groups. p values for continuous variables are exact p values from Wilcoxon rank-sum test. p values for

categorical variables are from Fisher exact test. All tests are two sided.
1The HAQ includes pain in the past week (15-cm VAS with a score range of 0–3).
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Table 3. Mean changes in health status and depression index

Baseline Week 12 Change from p value

baseline 

to week 12 within group between group

PCS (0–50)

Tai Chi 36.4 � 8.8 42.8 � 8.2 6.3 � 9.5 0.11 0.28

Control 41.3 � 7.1 43.2 � 9.5 1.9 � 6.7 0.38

MCS (0–50)

Tai Chi 50.5 � 13.7 56.9 � 5.4 6.4 � 12.0 0.16 0.22

Control 54.8 � 9.2 54.2 � 9.2 �0.7 � 8.2 0.69

SF-36 subscales (0–100)

Physical functioning

Tai Chi 57.0 � 26.7 75.0 � 16.3 18.0 � 21.1 0.03 0.37

Control 66.5 � 16.3 76.3 � 17.5 9.8 � 15.2 0.07

Role-physical

Tai Chi 47.5 � 38.1 67.5 � 39.2 20.0 � 35.0 0.16 0.11

Control 62.5 � 41.2 55.0 � 38.7 �7.5 � 33.4 0.66

Bodily Pain

Tai Chi 50.8 � 19.4 63.4 � 16.5 12.6 � 19.7 0.11 0.75

Control 58.1 � 12.6 66.1 � 20.1 8.0 � 23.9 0.38

General health

Tai Chi 55.3 � 20.1 68.3 � 18.3 13.0 � 29.6 0.36 0.57

Control 67.3 � 17.2 69.0 � 17.0 1.7 � 10.9 0.70

Vitality

Tai Chi 44.5 � 23.0 64.0 � 15.4 19.5 � 24.2 0.04 0.01
Control 60.5 � 15.4 62.0 � 16.5 1.5 � 11.1 0.48

Social functioning

Tai Chi 72.5 � 28.1 85.0 � 16.5 12.5 � 23.6 0.16 0.08

Control 88.8 � 12.4 82.5 � 17.9 �6.3 � 13.5 0.25

Role-emotional

Tai Chi 70.0 � 48.3 100.0 � 0.0 30.0 � 48.3 0.25 0.14

Control 83.3 � 32.4 86.7 � 23.3 3.3 � 39.9 1.00

Mental health

Tai Chi 75.0 � 24.7 82.0 � 14.9 7.0 � 18.6 0.44 1.00

Control 77.6 � 13.5 79.6 � 16.2 2.0 � 6.6 0.29

EQ-5D Thermometer Rating Scale (0–100)

Tai Chi 72.4 � 19.2 78.8 � 13.8 6.4 � 24.5 0.31 0.09

Control 84.0 � 7.9 74.1 � 17.7 �9.9 � 18.0 0.13

CES-D

Tai Chi 16.6 � 3.5 14.3 � 1.9 �2.30 � 3.2 0.06 0.003
Control 13.0 � 3.6 15.8 � 4.1 2.80 � 4.8 0.07

Values are given as mean � 1 SD. PCS � Physical component score; MCS � mental component score;

CES-D � the Center for Epidemiology Studies Depression.
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Overall, the Tai Chi group improved in all 25 secondary outcomes, while the

control group improved in only some and never by as great an amount. The Tai

Chi group improved significantly more than the control group only on the HAQ

disability index (p � 0.01), the vitality subscale of SF-36 (p � 0.01) and the

CES-D (p � 0.003). Physical function variables (chair stand and 50-foot walk)

improved in both groups (within group comparisons, p � 0.05), but between-

group comparisons were not statistically significant. Overall, Tai Chi improved

both physical and mental health scores; however, the data suggest a stronger

effect on mental than physical components.

Two patients in the Tai Chi group changed their medication during the

study period (1 was prescribed DMARD therapy with infliximab and hydroxy-

chloroquine and another discontinued infliximab after losing health insurance).

Neither subject achieved the ACR 20 response. There were no adverse events

associated with Tai Chi or education and stretching training during the 12-week

study period. No patients withdrew from the study.

During the 3-month follow-up (telephone interview), 9 patients in the Tai

Chi group continued to practice Tai Chi (3 of them joined a Tai Chi class, 6

practiced Tai Chi at home). All 9 patients reported improvement (less joint pain

and fatigue) compared to the baseline measurement. One patient did not con-

tinue to practice because of flare-up. All 10 patients in the wellness education

and stretching exercises group reported that they maintained their healthy diet,

and 5 of 10 patients continue to practice stretch exercise at home. Two patients

flared up and changed their medication.

Discussion

This preliminary study shows that group Tai Chi is a safe and promising

complementary therapy for adults with functional class I or II RA. Specifically,

the results demonstrated that Tai Chi seems to be associated with trends toward

improvement in disease activity that relates to both symptoms of pain and the

cognitive coping process, which in turn is related to physical and psychological

disability.

Furthermore, Tai Chi was not only associated with trends to improvement in

symptoms of pain, physical function, and disability in RA, but also suggested a

strong improvement in depression. However, there are 2 variables (HAQ, CRP)

that differed significantly between groups at the baseline measurements, so it

appears that analyses of these effects are confounded. Due to the small sample

size of this pilot study, we did not attempt to adjust for these baseline differences.

Our results are consistent with two nonrandomized studies of Tai Chi for

RA that reported that there was no significant exacerbation of joint symptoms
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for 10-week Tai Chi [24]. It is also consistent with other Tai Chi studies in

which Tai Chi had beneficial effects on tension, anxiety, and depression [13].

The mechanisms by which Tai Chi may influence the disease process of

RA are unknown but may include effects on mental health, including stress

reduction and relaxation. We hypothesize that the carefully controlled breathing

of Tai Chi may result in a rested body, a peaceful mind and progressive relax-

ation that may break the arthritis ‘pain cycle’ (pain, stress, depression may all

interfere with functional capabilities) [25].

Although this study has demonstrated a substantial difference in the ACR

20 between the two groups, the relationship between exercise and disease activ-

ity measures remains unclear. Functional capacity is a major outcome variable

of therapeutic effects in RA [26] which is measured by HAQ and functional

capacity (grip strength, chair stand, walk time). While patient’s self-reported

physical function (HAQ) was improved in the Tai Chi group, the objective mea-

sures of functional capacity and laboratory measures of disease activity were

not significantly different between treatment groups. While this observation is

likely explained by the small sample size and the single-blinded nature of the

study (patient aware of group assignment), it is possible that patients are feeling

better about themselves and believe that they can do more than they actually

can. Future studies extending the duration of the Tai Chi intervention and care-

fully examining psychological adaptations such as self-efficacy and patients

sense of control over their disease are warranted. In addition, longer studies

should be done to investigate the impact of Tai Chi on joint damage, which we

could not assess in this small, 3-month pilot study.

The study was limited by the small sample size; moreover, the Tai Chi

group appears to have had more severe RA, as measured by higher HAQ, CRP,

and tender joint count at baseline and therefore may have had a greater chance

for improvement in the outcome measures. This difference likely occurred by

chance as a result of the small sample size for this study, rather than as a problem

with the randomization procedures. Thus it may have been easier for the Tai Chi

group than for the control group to improve by 20% or more (ACR criteria). The

Tai Chi group also weighed less than the controls (table 1), so we cannot exclude

that Tai Chi may help joint symptoms in nonobese more than obese individuals.

In spite of these limitations, the rigor of the study design and our promis-

ing results warrant further investigation into the potential complementary role

of Tai Chi for treatment of RA. The preliminary findings reported here support

the idea that Tai Chi is a safe and attractive exercise for improving physical and

especially mental health of patients with RA. Therefore, this preliminary work

can be used to develop a conceptual framework exploring the mechanisms that

influence complex outcomes such as pain, disability, depression and health-

related quality of life. Additional studies that measure the mental components
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of Tai Chi including psychological, neurological, immunological factors would

be critical for further understanding the complex pathophysiology of effect of

Tai Chi on chronic autoimmune disease such as RA.
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Abstract
This study investigated the effects of Tai Chi exercise on the levels of blood glucose,

insulin and insulin receptors of patients with type 2 diabetes. Twelve subjects aged 58–75

years old (66.5 � 8.5 years) with type 2 diabetes participated in the study. They were trained

with the protocol of Tai Chi exercise for 8 weeks. Blood glucose, serum insulin, and insulin

receptor activity were measured before and after the 8-week intervention and immediately

after a single bout exercise of Tai Chi after the protocol. The results showed that by 8 weeks

of Tai Chi exercise, the blood glucose decreased (p � 0.05), while high- and low-affinity

insulin receptor numbers (r1, r2) and low-affinity insulin receptor binding capacity (R2)

increased. Serum insulin increased (p � 0.05) but was still within the normal range. After

the single bout Tai Chi exercise, blood glucose, high- and low-affinity insulin receptor num-

bers (r1, r2), and their binding capacity (R1, R2) increased (p � 0.05), while serum insulin did

not change. The 8-week Tai Chi intervention therefore showed benefits on health status of

patients with type 2 diabetes.

Copyright © 2008 S. Karger AG, Basel

Diabetes mellitus (DM) is a metabolic disease affecting the regulation of

insulin and glucose, thereby causing a disruption in the normal control of

counter-regulatory hormones and macronutrients and resulting in blood glucose

accumulation. Metabolic deregulation leads to the production of noxious sub-

stances that have a particular propensity for damaging vascular and nervous

structures [1]. Physiological changes with aging as observed are responsible for

chronic degenerative diseases which are correlated with a concomitant increase

in DM and its associated complications, particularly cardiovascular disease and

diabetic nephropathy. The mortality of patients with diabetes is, in most instances,

related to these complications [2]. In 2000, the World Health Organization

(WHO) estimated that 177 million people were suffering from DM. This shows
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a 31% increase over 5 years, which is up from 135 million in 1995, and an

astonishing 490% increase over the 1985 estimate of 30 million. The WHO pro-

jects 350 million people will suffer from diabetes by 2030, and that DM may

account for 9% of the total global causes of death. Furthermore, with a pro-

jected prevalence increase of 134% within the next 25 years among individuals

over the age of 65 years, it will require costly medical procedures and may

impose an even larger financial burden on the social system in the USA [3].

Therefore, the primary prevention of DM would avoid the extremely high costs

of treatment for the end stage of the disease [4].

It is reported that subjects with type 2 diabetes are less active and have less

physical activity over their lifetime compared with individuals without diabetes

[5]. Thus, exercise/physical activity is one of the principal therapies for type 2

diabetes [6]. Exercise modalities, including endurance and resistance training,

were employed to improve metabolic control and to ameliorate the progression

of DM-related complications [1, 5–7]. Aerobic exercise with low-to-moderate

intensity of physical activity (of 40–70% VO2max) done daily in 30-min sessions

is strongly recommended [5, 6, 8]. The amount of muscle mass used over the

time of activity is beneficial to utilize glycogen in the liver and muscle for

improving insulin resistance [9]. However, heavy physical labor and unsafe

work environments may more likely lead to musculoskeletal damage [8].

Therefore, it is important to identify a mode of physical activity that can safely

and effectively maximize caloric expenditure [10]. Walking is the most com-

monly performed mode of activity for those with diabetes and is the most con-

venient low-impact mode of physical activity [6, 7]. However, because of

complications or coexisting conditions such as peripheral neuropathy or degen-

erative arthritis or foot problems, those with type 2 diabetes may need to do

nonweight-bearing activities [6]. No matter what exercise mode is chosen, sus-

taining a lifelong physical activity habit is important [11]. Several risk factors,

including glucose levels, blood pressure, lipid/cholesterol profile, and body

mass index (BMI), are reportedly improved with these modes of exercise [1, 4,

6, 8, 11]. However, although not all studies demonstrate an improvement in risk

factors, they consistently note improvement in complications and a reduction of

DM incidence [1]. Therefore, there is convincing evidence that exercise, with or

without specific improvements to traditional DM-related risk factors, is an

effective therapy for the management of DM [1].

Studies demonstrated that the pathophysiology of type 2 diabetes appears

to involve defects in both insulin action (insulin resistance) and secretion

(insulin deficiency). The insulin receptor substrate has been postulated to be

involved in insulin resistance. Insulin secretion is abnormal in type 2 diabetes

patients, with the first phase of insulin release generally being absent [12].

Acute exercise can favorably change abnormal blood glucose and insulin resistance
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in type 2 diabetes due to its synergistic action with insulin in insulin-sensitive

tissues. Furthermore, chronic regular exercise is imperative to sustaining

glucose-lowering effects and improving insulin sensitivity while promoting

beneficial physiological changes in patients with type 2 diabetes [7, 11]. These

include lower resting and submaximal heart rate, increased stroke volume and

cardiac output, enhanced oxygen extraction, and lower resting and exercise

blood pressure [4, 8, 10, 12].

Parallel to weight-bearing activities such as walking and nonweight-bearing

activities such as stationary cycling, swimming, or aquatic activities, Tai Chi

exercise is not only a low-impact mode of physical activity with slow and gentle

movements [13], but it is also a physical activity that uses muscle mass [14, 15].

Therefore, it could be said that Tai Chi exercise has the qualities of both weight-

bearing activities and nonweight-bearing activities. In addition, Tai Chi exercise

has effects on the health outcomes of patients with chronic diseases and in par-

ticular, benefits patients with cardiac diseases [16]. The other physiological

characteristics and beneficial effects of Tai Chi exercise on health are enhanced

cardiovascular function, increased strength, increased balance, decreased falls,

reduced pain perception, reduced anxiety, and improved self-efficiency [13].

Hence, Tai Chi exercise might be safer and more effective for patients with type

2 diabetes as compared to other exercises.

Despite the evidence that Tai Chi exercise promotes muscle strength in

patients with type 2 diabetes [15], the question of whether it could be a therapy

for type 2 diabetes has not been studied before. If Tai Chi exercise could

decrease blood glucose and especially play an effective role in pathophysiology

by improving the insulin resistance of patients with type 2 diabetes, it would be

an appropriate exercise mode for patients with type 2 diabetes. Thus, the pur-

pose of the current study was to study the changes in blood glucose of patients

with type 2 diabetes through 8 weeks of Tai Chi exercise, and to explain its

potential mechanics by analyzing changes in insulin receptor activities which

may play a central role as an intermediary step in the muscle glucose transport

process [17].

Methods

Subjects
Community-dwelling elders were recruited through questionnaire administration and

follow-up interviews after their basic information was obtained from their medical examina-

tion records. Subjects were not included in this investigation if they reported any of the fol-

lowing conditions: diabetic neuropathy, fundus hemorrhage, and foot ulceration. After

completing a detailed questionnaire on health condition, diet, medical history, lifestyle, and

menstrual status, 12 older women, aged 58–75 (66.5 � 8.5) years, with BMI 26.1 � 2.2, and
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a history of DM not longer than 2 (1.6 � 0.4) years, were recruited into the experiment. Five

of the subjects had no drug treatments, while the other 7 had oral drug treatments which were

not changed during the whole training period. None of them had regular physical exercise

before the study.

During the 1st week of experimentation, the subjects had more diet than usual as

assessed by self-report. All the participants were instructed not to change their usual dietary

habits during the training period.

The participants signed an informed consent. The study was approved by the local insti-

tutional review board.

Exercise Protocol
The subjects were trained in Tai Chi exercise lasting for 30 min beginning at about 6:30

every morning during 8 weeks. The exercise was organized and monitored by one qualified

Tai Chi instructor. Polar heart rate monitors (Polar Electro, Finland) were used to monitor

heart rates so that a 70% maximum heart rate for each subject was maintained for at least

10 min in each exercise. The maximum heart rate was calculated using the formula (220-age)

which is widely used in exercise prescription.

A single bout exercise was organized in the morning of the day immediately after the 8-

week intervention. In this exercise, the subjects performed the Tai Chi routines twice contin-

uously, lasting for about 12 min, while Polar heart rate monitors were used to ensure that a

70% maximum heart rate for each subject lasted for at least 5 min.

Data Collection
Elbow venous blood samples were collected (4 ml) three times: under empty stomach

condition during resting in the morning of the day immediately before (first time) and after

(second time) the 8-week Tai Chi intervention, and immediately after the single bout Tai Chi

exercise (third time) which was arranged when the third time elbow venous blood samples

had been collected. The blood samples were poured into glass test tubes with heparin for

anticoagulant. They were then kept refrigerated under low temperature (�30�C) until they

were measured the day after the acute exercise test. All tests were operated by the Experiment

Center of Su-Bei People’s Hospital in Yang-Zhou City. The experimental conditions includ-

ing the place, the laboratory assistants, and the series of instruments used were the same dur-

ing all the three testing times.

The blood glucose measurement was conducted using the oxidation method with the

auto biochemical analysis instrument (7170, Hitachi Limited Corporation).

The insulin was measured using the radioimmunoassay method by 125I-labelled insulin

radioimmunoassay kit (Chinese Institute of Atomic Energy, China). The red cell insulin receptor

measurement adopted the Gambhir method [18]. Meanwhile, the total blood insulin receptor kit

(Chengdu Huaxi Diabetes Research Institute, China) was used in the measurement. Finally, the

�-count instrument (GC-911, Institute of China University of Science and Technology, China

Isotope Company, China) was employed as radio counter. The steps in the red cell insulin recep-

tor measurement and computation were performed according to the kit instructions.

Statistics
All variables were presented as means and standard deviations (SD). Changes from the

8-week and acute Tai Chi exercise were analyzed by paired samples t test to detect differences

in blood glucose, insulin levels, high- and low-affinity insulin receptor numbers (r1, r2), and
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receptor binding capacity (R1, R2) before and after the 8 weeks, and after the single bout

exercise. The statistical significance level was set at p � 0.05. The statistical program SPSS

10.0 (SPSS, Chicago, Ill., USA) for Windows was used for data evaluation.

Results

The blood glucose measured after the 8-week Tai Chi intervention was

significantly lower (p � 0.05) than that measured before the intervention. The

blood glucose after the single bout Tai Chi exercise increased significantly

(p � 0.05) as compared to the data measured before the exercise.

The high- and low-affinity insulin receptor numbers (r1, r2) and the low-

affinity insulin receptor binding capacity (R2) after the 8-week Tai Chi inter-

vention were found to increase significantly (p � 0.05) compared with the data

measured before the intervention, indicating that insulin receptor activities

were increased and therefore insulin sensitivity was improved. Simultaneously,

all the r1 and r2 as well as R1 and R2 after the single bout exercise increased sig-

nificantly (p � 0.05) compared with the data measured before the exercise, also

indicating that there was significant improvement in insulin action.

The serum insulin measured after the 8-week Tai Chi intervention was sig-

nificantly higher (p � 0.05) than that measured before the intervention.

However, the single bout Tai Chi exercise did not significantly (p � 0.05)

increase the serum insulin. The insulin secretion was found to maintain its nor-

mal levels (5–20 mU/l) in all three cases.

The BMI of the subjects, which did not decrease (p � 0.05), was still

higher than the normal value of 25 as classified by WHO during the Geneva

Congress of Specialists in 1997 (table 1).

Discussion

The regulation of blood glucose requires a coordinated interaction between

several tissues, and this process is mediated by the release of and response to the

hormone insulin which in turn triggers an increase in glucose uptake in the target

tissues, muscles and fats, as well as the suppression of hepatic glucose release

[12]. The relative capacity of insulin to promote a decrease in blood glucose is

referred to as insulin sensitivity. The study of insulin sensitivity in humans typi-

cally involves the investigation of insulin action in skeletal muscles, which

accounts for 75% of glucose disposal. Type 2 diabetes is characterized by skele-

tal muscle insulin resistance and impaired glucose metabolism [9, 19]. In vivo,

muscle insulin sensitivity is regulated on a long-term basis by factors such as
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obesity, and it is altered in a more rapid manner by changes in dietary habits and

physical activity [19]. Significant evidence suggests that the acute and chronic

regulation of insulin receptor function contributes to alterations in insulin sensi-

tivity and glucose homeostasis. Insulin sensitivity is determined by the number

and binding affinity of insulin receptors [20].

Effect of Regular Tai Chi Exercise on Type 2 Diabetes
In the present study, we found that blood glucose was decreased by regular

Tai Chi exercise. Further exploration of the alteration of insulin sensitivity

revealed that it was significantly increased in association with the increase in

the number and binding affinity of insulin receptors, whereas serum insulin was

maintained within normal levels as was before the test.

Insulin receptor defect is the risk factor in the pathology of type 2 diabetes

[20]. However, the 8-week Tai Chi exercise evidently increased both the num-

bers and binding capacity of insulin receptors. It demonstrated that regular Tai

Chi exercise is good for type 2 diabetics to improve their insulin sensitivities.

It has been reported that controlled obesity could decrease blood glucose

in type 2 diabetes [9]. Therefore, exercise was widely perceived to be beneficial

for blood glucose control and weight loss in patients with type 2 diabetes.

Based on the WHO classification of body mass indexes, all subjects in this test

were overweight because their BMIs were above 25. Although the 8-week Tai

Chi exercise did not make their BMI decrease evidently, a decreasing trend was

found. Studies indicate that long-term (more than 4 months) exercise plays an

important role in the treatment of type 2 diabetes and may protect against the

Table 1. Effect of Tai Chi exercise on blood glucose, insulin receptor numbers, and

blood insulin in type 2 DM (n � 12)

Resting before Resting after After the single

8 weeks 8 weeks bout exercise

Blood glucose, M 7.75 � 0.96 6.97 � 1.06* 7.73 � 1.15#

R1 � 10�10, M 0.88 � 0.11 0.92 � 0.13 2.15 � 0.18#

R2 � 10�9, M 3.61 � 0.75 5.87 � 0.91* 7.53 � 1.23#

r1, sites 23 � 8 36 � 8* 71 � 11#

r2, sites 803 � 213 1083 � 253* 1460 � 337#

Insulin, mU/l 10.03 � 2.59 11.96 � 2.01* 11.47 � 2.29

BMI 26.1 � 2.2 25.8 � 2.6

*p � 0.05 vs. resting before the 8-week training; #p � 0.05 vs. resting after the 8-week

training.
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development of cardiovascular diseases by improving lipid metabolism [11].

Although the 8-week Tai Chi exercise did not decrease BMI evidently, it

demonstrated a decrease in blood glucose. In other words, it indicated that reg-

ular Tai Chi exercise could have a steady influence on reducing blood glucose in

type 2 diabetes.

Although clinical trials on the effects of exercise in patients with type 2

diabetes have conflicting results as to whether exercise training indeed reduces

the risk of diabetic complications, no significant changes in body mass were

noted. The possible reasons for this are as follows: (1) the exercise interventions

were of relatively short duration and involved only moderate amounts of exer-

cise, and (2) for relatively inactive people, increasing physical activity can

result in an increase in lean body mass. Therefore, exercise should be viewed as

beneficial on its own and not merely as a tool for weight loss [21]. Finally, pro-

moting insulin sensitivity in the skeletal muscles of type 2 diabetics by Tai Chi

exercise [15] might contribute to the improvement of their glucose metabolism

[19] through the strengthening of the said muscles.

Effect of Single Bout Tai Chi Exercise on Type 2 Diabetes
Monitoring the intensity of physical activity in persons with type 2 dia-

betes may require the use of heart rate or ratings of perceived exertion.

Activities of moderate intensity (60–80% of maximum heart rate, 50–74%

V
	
O2max) with mild changes in heart rate, blood pressure, and aerobic exercise

are usually recommended for type 2 diabetics in order to avoid further coronary

artery damage [1, 6, 7].

In our single bout Tai Chi exercise test, a 70% maximum heart rate of each

subject has been maintained within 5–6 min for a total of 12 min. This was con-

sistent with the result that the Tai Chi routine practice is a light to moderate

intensity exercise [22].

A single bout of exercise acutely improves glucose uptake-specific glucose

effectiveness and insulin sensitivity in individuals with normal glucose tolerance in

an intensity-dependent manner [23]. Single bout Tai Chi exercise advanced insulin

receptor affinity and further improved insulin sensitivity based on significantly

increasing the number of insulin receptors and their binding capacity while main-

taining the normal serum insulin. Simultaneously, the blood glucose did not

decrease, and in fact, it exhibited a slight increase. This result further indicates that

the exercise intensity of the Tai Chi routine is enough to stimulate glucose release

and utilization, which has a positive effect on blood glucose control according to

the increase in insulin sensitivity and decrease in resting blood glucose.

It is generally necessary to increase the safety and efficacy of exercise as

both a treatment and a cardiac monitoring strategy for patients with diabetes [8,

10]. Lower-intensity activities afford a more comfortable level of exertion and
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enhance the likelihood of adherence while lessening the likelihood of muscu-

loskeletal injury and foot trauma [8]. Hence, performing gentler Tai Chi move-

ments which are done in a more relaxed manner should be favorable in

controlling heart rates and adjusting the central nervous system to control the

blood glucose [24] while enhancing at the same time the regulation of energy

balance and peripheral metabolism through the monitoring of insulin sensitivity

[25]. The use of many muscles in Tai Chi movements may further enhance blood

glucose utilization. Therefore, Tai Chi exercise should be recommended for

patients with type 2 diabetes because of its efficacy in controlling blood glucose

and, as a gentle mode of exercise, for its safety in avoiding physical injuries.

Conclusion

The 8-week Tai Chi intervention provides evidence of Tai Chi’s benefits

among older women with type 2 diabetes. Particularly, the 8-week regular Tai

Chi exercise decreased blood glucose effectively while maintaining normal

insulin levels. Increasing insulin sensitivity might be the primary mechanism

which effectively improves the blood glucose metabolism in type 2 diabetes.
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