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Challenges Inherent to T’ai Chi Research: Part I—T’ai Chi
as a Complex Multicomponent Intervention
PETER M. WAYNE, Ph.D., and TED J. KAPTCHUK

ABSTRACT
In this, the first of 2 companion papers, we present a framework for viewing t’ai chi as a complex, multicomponent intervention that integrates numerous physical, cognitive, and ritualistic components. We discuss how
the richness and complexity of t’ai chi poses challenges related to the traditional distinction between specific
versus nonspecific effects, the development and interpretation of valid sham controls, and more generally, to
the reductionist causal approach of attributing observed outcomes to single, independent component factors.
We also discuss parallels between t’ai chi research and the emerging field of whole systems research, and how
t’ai chi research may benefit from the use of an ecologic framework. In a second, companion paper, we discuss additional challenges inherent in defining the t’ai chi intervention itself, and more comprehensively outline the benefits and limitations of commonly used clinical research designs to evaluate the efficacy and safety
of t’ai chi.

ness14–21 immune function,22,23 and general stress management.24–26 This research has been summarized and critically
evaluated in recent reviews.12–32 However, little attention
has been devoted to evaluating “how” t’ai chi is scientifically studied, and the advantages or limitations of different
methodological approaches. Understanding the strength and
weakness of each approach will increase the likelihood of a
complete and unbiased understanding of the potential value
of t’ai chi in health care.
We begin this paper with a brief overview of the history
and principles of t’ai chi and present a framework for viewing t’ai chi as a complex, multicomponent intervention that
integrates numerous physical, cognitive, and ritualistic components. We discuss how the richness and complexity of t’ai
chi poses challenges related to the traditional distinction between specific versus nonspecific effects, the development
of valid (inert) sham controls, and more generally, to the reductionistic (causal) approach of attributing observed outcomes to single, independent, component factors. We con-

INTRODUCTION

T

’ai chi, also referred to as Taiji, T’ai Chi Chuan, or Taijiquan, is a mind–body exercise that originated in China,
and that is growing in popularity in the West. Recent surveys suggest that approximately 5 million Americans have
practiced t’ai chi, and this number is increasing.1,2 Because
t’ai chi is purported to be safe and effective, even for the
elderly and frail, it has the potential to be widely integrated
into health care. However, the extent of its integration and
adoption by the health care community will depend to a large
degree on research-based evidence regarding its efficacy and
safety for different populations and for specific medical conditions.
A growing body of clinical research has begun to evaluate the efficacy and safety of t’ai chi as a preventative and
rehabilitative therapeutic tool for a variety of health issues
including: balance and postural stability,3–12 musculoskeletal strength and flexibility,6,13–15 cardiorespiratory fitOsher Institute, Harvard Medical School, Boston, MA.
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clude with a discussion of the potential of whole systems
(ecologic) approaches to studying t’ai chi. In a companion
paper,33 we will discuss additional challenges inherent to
the study of t’ai chi including t’ai chi’s pluralism, the concept of t’ai chi dosage, and long-term versus short-term evaluations of t’ai chi’s efficacy and safety, and outline the
benefits and limitations of commonly employed clinical research methods.

T’AI CHI: GENERAL BACKGROUND

characterization of the complexity of t’ai chi intervention
and the potential therapeutic effects on its practitioners is
presented in Figure 1. This diagram summarizes t’ai chi’s
therapeutic components into 8 broad classes. Below we
briefly review the relevance of each of these components,
citing, when available, evidence of its potential therapeutic
value. This deconstruction of t’ai chi into separate components will help illustrate that t’ai chi is a complex intervention, and provide a framework for both better evaluating the
advantages and disadvantages of various research methodologies and for interpreting results of studies to date.

Definition and history

Musculoskeletal strength, flexibility and efficiency

T’ai Chi Chuan is commonly translated as “Supreme
(Grand) Ultimate Fist or Boxing,” with “Supreme Ultimate”
referring to the all-encompassing Taoist dialectical principle of Yin and Yang on which it is based.34,35 T’ai chi is variously described as a meditative or internal martial art or a
moving mind–body exercise. In this paper, we define t’ai
chi as an exercise based on slow intentional movements, often coordinated with breathing and imagery, which aims to
strengthen and relax the physical body and mind, enhance
the natural flow of what the Chinese call qi (a nontranslatable word that describes the interpenetration and connection
of phenomenon, or life energy), and improve health, personal development, and self-defense.
The history of t’ai chi is not well understood. China has
a long history of health-enhancement exercises that mimic
animal movements, however, how these earlier exercises
link to what we now call t’ai chi is unclear.35 The first written mention of T’ai Chi Chuan is in a 17th-century text authored by the martial artist Chen Wangting where it is described as a new style of kung fu.35 Despite this explicit
origin in the martial arts, t’ai chi as currently taught and
practiced commonly integrates Traditional Chinese Medicine principles of health and longevity, meditative and spiritual principles, and Taoist philosophy into its training regimen.36–40

Perhaps the most obvious component of t’ai chi training
is its emphasis of the musculoskeletal system. Phrases from
historical t’ai chi classics such as “suspend the spine like a
string of pearls from heaven,” and “stand like a balance and
move like a cartwheel,”35 reflect inherent, sophisticated insight regarding human balance and movement. A large body
of sound research supports that t’ai chi training can improve
musculoskeletal strength and flexibility.6,12–15 Research using sophisticated motion analysis has also demonstrated that
t’ai chi alters a number of neuromuscular components associated with quiet standing and gait,9,43,44 and along with
improved strength and flexibility, markedly improves balance and reduces the probability of falling among the elderly.4,45,46

T’AI CHI IS A MULTICOMPONENT
COMPLEX INTERVENTION
Regardless of specific style, form, or teaching approach,
t’ai chi itself is inherently a complex intervention, composed
of multiple components each of which have potentially independent and synergistic therapeutic value. As such, the
study of t’ai chi may best be viewed as a form of wholesystems research41,42 rather than the study of a single active
ingredient. T’ai chi is readily described as being composed
of 2 (mind–body) or 3 components (mind–body–spirit,
mind–body–breath); however, even these hyphenated categorizations are too broad and are themselves composed of
multiple components. A more whole-systems or ecologic

Breathing
Efficient breathing is a central focus of many t’ai chi
training systems, and breath is often directly associated with
the concept of cultivation of qi: “The inhalation and exhalation are long and deep and the qi sinks to the dan tian”
(dan tian means “cinnabar fields” and is located slightly beneath and behind the navel). Many modern t’ai chi books
devote entire sections to breathing techniques.40,47 While
t’ai chi studies to date have not specifically evaluated the
therapeutic effects of 1 form of breathing versus another,
there is a some evidence that suggests that patterns of breathing, in and of themselves, can make a significant impact on
numerous health-related outcomes including metabolic rate,
heart rate variability, blood pressure, immunity, and
mood.48–51 Not surprisingly, t’ai chi has been shown to increase oxygen uptake and exercise capacity,32 and to improve functional status in conditions with impaired cardiorespiratory physiology including chronic heart disease.52

Concentration, attention, and mindfulness
The “mind” component of t’ai chi includes a number of
interrelated aspects that may each confer therapeutic value.
One central concept of t’ai chi is concentration or focus,
whereby the mind becomes unified in its purpose for an extended period of time.47 This focused attention can be di-
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FIG. 1. A whole-systems or ecologic characterization of the complexity of t’ai chi interventions and their purported therapeutic components.

rected to one’s own body as well as to the external environment. A typical t’ai chi phrase that exemplifies this principle is: “Cleanse your mind and concentrate on the slowness and evenness of your movements.” Experimentally,
quantifying the relative therapeutic contribution of concentration/attention versus other components of t’ai chi may not
be feasible, as teaching Tai Chi without concentration/attention would mean it was not “true” t’ai chi. However, recent studies have demonstrated that concentration and mindfulness meditation in and of itself (i.e., without overt
exercise) has significant neurophysiologic effects, which, in,
turn may modulate multiple aspects of health including immune function, mood, and pain.53–57 Additionally, studies
have shown that long-term t’ai chi practitioners have greater
body awareness (e.g., a kinesthetic sense) compared to nonpractitioners and other athletes.6,58,59

Imagery, visualization, and intention
Another set of mind-related components of t’ai chi includes imagery, visualization, and intention. Imagery is a

thought process that invokes and uses the senses to serve as
a form of communication between perception, emotion, and
bodily change.60 Research from fields as diverse as medical
placebo and shamanism have demonstrated that our images
and beliefs/expectations directly influence our physiology
and health.60–63 Modern cognitive neuroscience has learned
that imagining certain movements activates many of the
same brain regions that are engaged during the actual movement.64,65 This observation adds support to a common t’ai
chi saying, “imagination becomes reality.”66 T’ai chi training is typically rich in images or metaphors drawn from the
t’ai chi classics such as: “move like a river” and “stand
rooted like a tree,” and the names of many t’ai chi movements themselves (e.g., “Cloud Hands,” “Crane Spreads its
Wings”) include images that guide students toward certain
kinesthetic, emotional, and energetic states. Even more fundamentally, the t’ai chi classics often emphasize notions derived from the earliest layers of Chinese thought that all
movement begins with thought or intention: “The mind (yi,
intention) leads the qi, and the qi moves the body.”35 As
with attention and breathing, the therapeutic roles of im-
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agery and intention per se have not been decoupled from
other components in t’ai chi research, and again, removing
these elements would invalidate the training as well as attempts to assess t’ai chi’s benefit in clinical trials. However,
a growing body of research has clearly demonstrated that
the use of active imagery and expectancy has multiple therapeutic effects,62,67 and recent studies have even demonstrated that simply visualizing movements without physically practicing them can improve recovery of motor
function following impairment as well as the learning of new
complex movements.68,69

Physical touch and subtle energy
Different forms of physical stimulation are often integrated into t’ai chi training. Self-massage before and/or after a t’ai chi training session is commonly practiced.39,47,70
In the process of form correction, teachers will commonly
touch and physically adjust students’ postures. Even greater
physical interactions take place during a 2-person contact
exercise such as sensing and pushing hands. In some cases
it is believed that interactions, especially those implemented
by experienced teachers, include an energetic or healing
component. The relative importance of massage and touch
in t’ai chi has not been specifically evaluated, however, a
significant body of research suggests that equivalent forms
of self- and interpersonal tactile stimulation can have marked
physiological and psychological effects.71–74 Additionally,
the impact of more subtle, energy- or qi-based healing transmission in t’ai chi is also poorly understood, although some
studies are beginning to explore this independently.75 Anthropologists have pointed out that touch in ritual “changes
how a body feels by altering what it feels.”76

Psychosocial interactions
Training in t’ai chi includes significant psychosocial interactions resulting from student interactions with instructors as well as with other students. In some cases, as in many
churches, synagogues, and senior centers, t’ai chi schools
can provide a significant source of community-based social
support. While we are not aware of studies evaluating the
benefits of t’ai chi learned with (e.g., classes) versus without social support (e.g., videos), social support and identifying oneself as being part of a group has been demonstrated
to have therapeutic value for patients with a variety of medical conditions.77–79
Some unique characteristics of the teacher–student relationship in t’ai chi are worth distinguishing from other therapeutic encounters. One role of the t’ai chi teacher is to
evaluate students’ exercise performance, and prescribe modifications and new material to facilitate progression. In this
capacity, they are similar to physicians and health care
providers who diagnose patients, and then prescribe medications or therapies. However, t’ai chi instructors also commonly play the roles of motivators, coachs, and therapists.
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Current models of biomedicine, especially in controlled research settings, consider providers as relatively inert vehicles for the transmission of information, despite significant
evidence suggesting that variation in health care practitioner’s attitudes and expectations regarding the effectiveness of an intervention makes an impact on outcomes.63,80
An even greater distinction between t’ai chi instructors and
other health care providers is that t’ai chi instructors are expected to embody the principles of their art, and it is largely
through this embodiment that they transmit the principles
(i.e., via visual demonstration of movements, during interactive exercises or form corrections), and more generally,
by their overall demeanor. As such, the teacher is far from
an inert carrier of information. This richness of the
teacher–student relationship in t’ai chi challenges the commonly used distinction between specific and nonspecific effects emphasized in placebo-controlled trials.80,81

Alternative health paradigm and philosophy
As has been described in other complementary and alternative medicine modalities,82 some people are attracted
to t’ai chi because of its holistic health paradigm, philosophy, and spiritual principles.47 Disease and medical conditions viewed through t’ai chi’s Traditional Chinese Medicine perspective offer an alternative framework with which
to view health and medical conditions. It has been suggested
that being provided an alternative medical diagnosis, in and
of itself, may result in significant therapeutic effects.83,84
Exposure and adherence to the philosophical and spiritual
principles of t’ai chi, which draw heavily from many Asian
traditions including Taoism and Buddhism,40,85 may thus
have therapeutic and remoralizing value independent of
physical practices. Studies have not compared the effects of
t’ai chi taught with and without an emphasis on philosophy
and spirituality, however, medical research has shown that
patients with strong spiritual beliefs and faith may live
longer and have better health outcomes than people who lack
such beliefs.78,86

Rituals, icons, and environment
Some aspects of t’ai chi, like other exercises or activities
performed in a repetitive manner, take on the characteristics
of a ritual (i.e., “the performance of more or less invariant
sequences of formal acts . . . not entirely encoded by the
performers.”).87 Long-term regular practice of the same t’ai
chi forms becomes a daily, almost liturgical act and can represent a journey to a sacred presence. Certain t’ai chi programs also encourage regular practice regimens and environments (e.g., daily morning practice in nature). Some
schools have mandatory “rituals” such as removing street
shoes before entering the training space or saluting to the
teacher. For some practitioners, even putting on t’ai chi
“slippers” has ritualistic qualities. Many training spaces also
commonly contain t’ai chi–related art and symbolic icons,
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and play meditative music during classes. Collectively, these
rituals, icons, and environmental factors have the potential
to create a culturally rich context for meaning, remembering, and perhaps even amplifying certain therapeutic experiences during t’ai chi practice. Psychosocial factors are underscored as “participants accept, and indicate to themselves
and to others that they accept the philosophy and symbols
. . . encoded in the canon” of the entire system.87 The very
repetition of a ritual may have a “performative” efficacy that
has a rhetorical, persuasive, or “illocutionary” effect that
“works” as Klienman and colleagues suggest, “even in the
absence of significant improvement of physical symptoms.”88,89 Through its “sensory, polyvalent, presentational,
and participatory [envelopment],”90 ritual “creates a diffusion of self”91 that can alter a person’s relationship to discomfort and disability.
Finally, independent of ritual effects, physical components of many t’ai chi environments may impact practitioners’ experiences. While we do not know of studies that have
compared the effects of learning t’ai chi in traditional
schools versus other environments (e.g., hospital settings),
some health care research indicates that certain environmental characteristic may have therapeutic effects. For example, patients in hospital rooms with unobstructed views
of nature or nature art have shorter postoperative stays, use
less pain medication, and express higher satisfaction with
nursing care than patients with obstructed views.92,93
In summary, t’ai chi is a multicomponent complex intervention integrating physical, cognitive, social, and environmental factors, all of which may confer some therapeutic effect. Moreover, many of these factors are inseparable and
synergistic. This complexity poses a number of challenges
to the design and interpretation of clinical trials, which we
discuss below and in a companion paper.33

IMPLICATION OF T’AI CHI’S COMPLEXITY
TO ITS EVIDENCE-BASED ASSESSMENT
Limitations of placebo-controlled trials and the
distinction between specific versus nonspecific effects
One conclusion emerging from the above discussion is
that the randomized, placebo-controlled research design in
which the efficacy of single, specific active ingredients is
studied, while all other co-occurring or contextual factors
are (in theory) controlled for and/or considered nonspecific,
may not provide a completely valid or practical design for
studying t’ai chi. First, t’ai chi has multiple potential “active ingredients,” each with evidence supporting potential
therapeutic effects. Second, the traditional concept of a
placebo control (i.e., a relatively inert or nonspecific intervention component that can be clearly distinguished from
specific components) is challenged by t’ai chi’s inherent
characteristics. Some factors traditionally viewed as non-

specific (e.g., therapist–patient interaction, attention, belief)
are integral to t’ai chi and removing them invalidates the intervention. In this way, t’ai chi is fraught with the theoretical and practical problems of psychotherapy randomized
clinical trial where what are nonspecific effects in drug trials may be characteristic and essential components of the
active intervention.94,95 Third, as in other complex systems,81,96,97 components considered specific versus nonspecific may be highly interdependent, and some cannot be independently isolated. For example, if one wished to do a
reductionist-type study to evaluate the effects of breathing mechanics on oxygen uptake, even if one believed attention and
concentration were not essential to improving breathing, it
would be practically impossible to independently evaluate
these factors; one cannot ask patients to modify neuromuscular aspects of breathing without them simultaneously shifting more attention and concentration to their breathing. For
these reasons, we believe it would be practically impossible
to construct a credible, dummy control that mimics the array
of active components of t’ai chi, eliminating the placebo-controlled design as a research tool for t’ai chi.33

Potential biases associated with randomization
The importance of intention, belief, and expectancy in
t’ai chi, and the implications of these behavioral characteristics to the randomization process also warrant highlighting. As discussed above, one cannot perform valid t’ai chi
without the intention or belief that there will be a positive
outcome. In this context, the whole process of randomization, during which patients not interested or invested in “doing” t’ai chi might be assigned to a t’ai chi intervention,
could compromise study validity and create bias.42 Randomization should be employed in most controlled studies,
because its advantages for minimizing bias for factors other
than expectancy and belief are important. When it is used,
however, the potential for bias should be acknowledged and
measures should be taken to assess expectancy- and beliefrelated characteristics in all study arms. Some supplementary approaches to the randomized controlled research
model, including preference designs, are discussed in our
companion paper.33

A whole-system ecologic framework for studying
t’ai chi
T’ai chi’s complexity poses more general challenges to
simple, single-factor, cause-and-effect reductionist models.
For example, the commonly reported reduction in falls following t’ai chi training probably results from multiple mechanisms including increased leg strength and flexibility,
changes in neuromuscular patterning/control, reduced fear
of falling, improved body awareness and concentration, and
a number of cognitive strategies (e.g., imagining being
rooted like a tree).31 Moreover, these factors are likely to
interact with one another, change in relative importance over
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time, and differ for different practitioners. In this sense, t’ai
chi faces many of the challenges encountered in whose systems research, which also (1) emphasizes understanding the
therapeutic effects of multicomponent interventions; (2) assumes complex interactions between components, including
the effects of patient’s beliefs and patient–practitioner interactions; and (3) allows for potentially unique responses
of individual patients, and patient-specific changes over time
in the therapeutic relevance of intervention components.41,42
Consequently, research attempting to understand the mechanisms underlying t’ai chi’s therapeutic effects may need to
draw on the tools used in disciplines such as epidemiology,
sociology, and ecology, which commonly deal with complex, multivariate phenomena.98–100 Some promising multivariate analytical tools suggested by whole-systems researchers include path analyses, structural equation
modeling, and confirmatory factor analysis.101

CONCLUSIONS
We conclude that t’ai chi is best viewed as a complex,
multicomponent intervention. The richness and complexity
of t’ai chi, including its integration of physical, cognitive,
and ritualistic components, poses challenges to the reductionist (causal) approach of attributing observed outcomes
to single, independent, component factors. Moreover, because belief, ritual, and psychosocial interactions are integral components of t’ai chi, traditional distinctions between
specific and nonspecific effects, and reliance on the placebocontrolled design may not be feasible. The study of t’ai chi
shares a number of similarities with the emerging field of
whole systems research, and may benefit from the use of its
ecologic framework and multivariate analytic tools.

ACKNOWLEDGMENTS
The authors thank Richard Hammerschlag, Ph.D., and
Hugh MacPherson, Ph.D., M.B.Ac.C., for helpful comments
on an earlier draft of the manuscript of this paper, and Brendan Carney for administrative assistance. This paper was
supported by grants 5 U19 AT002022-02, 1 R21 AT00350301A1, and 1 K24 AT004095 from the National Center for
Complementary and Alternative Medicine (NCCAM). Its
contents are solely the responsibility of the authors and do
not necessarily represent the official views of the NCCAM,
or the National Institutes of Health.

REFERENCES
1. Barnes PM, Powell-Griner E, McFann K, Nahin RL. Complementary and alternative medicine use among adults:
United States, 2002. Adv Data 2004;343:1–19.

2. Wojtek C-Zao. National Expert Meeting on Qi Gong and Tai
Chi Consensus Report. Urbana, IL: University of Illnois at
Urbana-Champaign, Nov. 2005.
3. Wolf S, Sattin R, Kutner N, et al. Intense Tai Chi exercise
training and fall occurrences in older, transitionally frail
adults: A randomized controlled trial. J Am Geriatr Soc
2003;51:1693–1701.
4. Wolf S, Barnhart H, Kutner N, et al. Reducing frailty and falls
in older persons: An investigation of Tai Chi and computerized
balance training. J Am Geriatr Soc 1996;44:489–497.
5. Wolf S, Coogler C, Xu T. Exploring the basis for Tai Chi
Chuan as a therapeutic exercise approach. Arch Phys Med
Rehabil 1997;78:886–892.
6. Jacobson B, Chen H, Cashel C. The effect of Tai Chi Chuan
training on balance, kinesthetic sense, and strength. Percept
Mot Skills 1997;84:27–33.
7. Hain T, Fuller L, Weil L, Kotsias J. Effects of T’ai Chi on
balance. Arch Otol Head Neck Surg 1999;125:1191–1195.
8. Wong A, Lin Y, Chou S, et al. Coordination exercise and
postural stability in elderly people: Effect of Tai Chi Chuan.
Arch Phys Med Rehabil 2001;82:608–612.
9. McGibbon C, Krebs D, Parker S, et al. Tai Chi and vestibular rehabilitation improve vestibulopathic gait via different
neuromuscular mechanisms: Preliminary report. BMC Neurol 2005;5:3.
10. McGibbon C, Krebs D, Wolf S, et al. Tai Chi and vestibular
rehabilitation effects on gaze and whole-body stability. J
Vestib Res 2004;14:467–478.
11. Wayne P, Scarborough D, Krebs D, et al. Tai Chi for vestibulopathic balance dysfunction: A case study. Altern Ther
Health Med 2005;11:60–66.
12. Wu G. Evaluation of the effectiveness of Tai Chi for improving balance and preventing falls in the older population:
a review. J Am Geriatr Soc 2002;50:746–754.
13. Lan C, Lai J, Chen S, Wong M. Tai Chi Chuan to improve
muscular strength and endurance in elderly individuals: A pilot study. Arch Phys Med Rehabil 2000;81:601–607.
14. Lan C, Lai J, Wong M. Cardiorespiratory function, flexibility, and body composition among geriatric Tai Chi Chuan
practitioners. Arch Phys Med Rehabil 1996;77:612–616.
15. Lan C, Lai J, Wong M. 12-month Tai Chi training in the elderly: Its effect on health fitness. Med Sci Sports Exerc
1998;30:345–351.
16. Channer K, Barrow D, Barrow R, et al. Changes in haemodynamic parameters following Tai Chi Chuan and aerobic
exercise in patients recovering from acute myocardial infarction. Postgrad Med J 1996;72:349–351.
17. Lan C, Chen S, Lai J, Wong M. The effect of Tai Chi on cardiorespiratory function in patients with coronary artery bypass surgery. Med Sci Sports Exerc 1999;31:634–638.
18. Young D, Appel L, Lee S. The effects of aerobic exercise
and T’ai Chi on blood pressure in older people: Results of a
randomized trial. J Am Geriatr Soc 1999;47:277–284.
19. Lai J, Lan C, Wong M, Tenh S. Two-year trends in cardiorespiratory function among older Tai Chi Chuan practitioners and sedentary subjects. J Am Geriatr Soc 1995;43:
1222–1227.
20. Lai J, Wong M, Lan C. Cardiorespiratory responses of Tai
Chi Chuan practitioners and sedentary subjects during cycle
ergometry. J Formos Med Assoc 1993;92:894–899.

T’AI CHI RESEARCH METHODOLOGIES
21. Schneider D, Leung R. Metabolic and cardiorespiratory responses to the performance of Wing Chun and Tai Chi Chuan
exercise. Int J Sports Med 1991;12:319–323.
22. Sun X, Xu Y, Xia Y. Determination of E-rosette-forming
lymphocytes in aged subjects with taichiquan exercise. Int J
Sports Med 1999;10:217–219.
23. Irwin M, Pike J, Cole J, Oxman M. Effects of a behavioral
intervention, Tai Chi Chih, on Varicella-Zoster Virus specific
immunity and health functioning in older adults. Psychosom
Med 2003;65:824–830.
24. Jin P. Changes in heart rate, noradrenaline, cortisol and mood
during Tai Chi. J Psychosom Res 1989;33:197–206.
25. Jin P. Efficacy of Tai Chi, brisk walking, meditation, and
reading in reducing mental and emotional stress. J Psychosom Res 1992;36:361–370.
26. Brown D, Wang Y, Ward A, et al. Chronic psychological effects of exercise and exercise plus cognitive strategies. Med
Sci Sports Exerc 1995;27:765–775.
27. Sandlund E, Norlander T. The effects of Tai Chi Chuan relaxation and exercise on stress responses and well-being: An
overview of research. Int J Stress Manage 2000;7:139–149.
28. Lan C, Lai J, Chen S. Tai Chi Chuan: An ancient wisdom on
exercise and health promotion. Sports Med 2002;32:217–224.
29. Li J, Hong Y, Chan K. Tai chi: physiological characteristics
and beneficial effects on health. Br J Sports Med 2001;35:
118–156.
30. Wolf S, O’Grady M, Xu T. Tai Chi Chuan. In: Wainapel S,
Fast A, eds. Alternative Medicine in Rehabilitation: A Guide
for Practitioners. New York: Demos Press, 2002:99–139.
31. Wayne P, Krebs D, Wolf S, et al. Can Tai-Chi improve
vestibulopathic postural control? Arch Phys Med Rehabil
2004;85:142–152.
32. Taylor-Pilae R, Froelicher E. The effectiveness of Tai Chi
exercise in improving aerobic capacity, a meta-analysis. J
Cardiovasc Nurs 2004;19:48–57.
33. Wayne P, Kaptchuk T. Challenges inherent to Tai Chi research: Part II. J Altern Complement Med 2008 (in press).
34. Cheng M. Cheng Tzu’s 13 Treatises on T’ai Chi Ch’uan.
New York: North Atlantic Books, 1984.
35. Wile D. Lost Tai-chi Classics from the Late Ch’ing Dynasty.
Albany, NY: State University of New York Press, 1996.
36. Cheng M-CI. T’ai Chi: The “Supreme Ultimate” Exercise for
Health, Sport and Self-Defense. North Clarendon, VT: Tuttle Publishing, 1996.
37. Frantzis BK. The Power of Internal Martial Arts: Combat Secrets of Ba Gua, Tai Chi, and Hsing-I. Berkley, CA: North
Atlantic Books, 1998.
38. Jwing-Ming Y. Tai Chi Chuan Yang Style. Boston: YMAA
Publishing, 1981.
39. Yang Y. Taijiquan: The Art of Nurturing, The Science of
Power. Champaign: Zhenwu Publications, 2005.
40. Chia M. The Inner Structure of Tai Chi: Tai Chi Chi Kung
I. Huntington, NY: Healing Too Books, 1996.
41. Ritenbaugh C, Verhoef M, Fleishman S, et al. Whole systems research: A discipline for studying complementary and
alternative medicine. Altern Ther Health Med 2003;9:32–36.
42. Verhoef MJ, Lewith G, Ritenbaugh C, et al. Complementary
and alternative medicine whole systems research: Beyond
identification of inadequacies of the RCT. Complement Ther
Med 2005;13:206–212.

101
43. Hass CJ, Gregor RJ, Waddell DE, et al. The influence of Tai
Chi training on the center of pressure trajectory during gait
initiation in older adults. Arch Phys Med Rehabil 2004;85:
1593–1598.
44. Wu G, Liu W, Hitt J, Millon D. Spatial, temporal and muscle action patterns of Tai Chi gait. J Electromyogr Kinesiol
2004;14:343–354.
45. Li F, Harmer P, Fisher KJ, et al. Tai Chi and fall reductions
in older adults: A randomized controlled trial. J Gerontol A
Biol Sci Med Sci 2005;60:187–194.
46. Li F, Fisher KJ, Harmer P, McAuley E. Falls self-efficacy as a
mediator of fear of falling in an exercise intervention for older
adults. J Gerontol B Psychol Sci Soc Sci 2005;60:P34–P40.
47. Chuckrow R. The Tai Chi Book. Boston: YMAA Publication Center, 1998.
48. Peng CK, Mietus JE, Liu Y, et al. Exaggerated heart rate oscillations during two meditation techniques. Int J Cardiol
1999;70:101–107.
49. Pal GK, Velkumary S, Madanmohan. Effect of short-term
practice of breathing exercises on autonomic functions in normal human volunteers. Indian J Med Res 2004;120:115–121.
50. Kimura H, Nagao F, Tanaka Y, et al. Beneficial effects of
the Nishino breathing method on immune activity and stress
level. J Altern Complement Med 2005;11:285–291.
51. Jerath R, Edry JW, Barnes VA, Jerath V. Physiology of long
pranayamic breathing: neural respiratory elements may provide a mechanism that explains how slow deep breathing
shifts the autonomic nervous system. Med Hypotheses
2006;67:566–571.
52. Yeh GY, Wood MJ, Lorell BH, et al. Effects of tai chi mindbody movement therapy on functional status and exercise capacity in patients with chronic heart failure: A randomized
controlled trial. Am J Med 2004;117:541–548.
53. Kubota Y, Sato W, Toichi M, et al. Frontal midline theta
rhythm is correlated with cardiac autonomic activities during
the performance of an attention demanding meditation procedure. Brain Res Cogn Brain Res 2001;11:281–287.
54. Davidson RJ, Kabat-Zinn J, Schumacher J, et al. Alterations
in brain and immune function produced by mindfulness meditation. Psychosom Med 2003;65:564–570.
55. Kingston J, Chadwick P, Meron D, Skinner TC. A pilot randomized control trial investigating the effect of mindfulness
practice on pain tolerance, psychological well-being, and
physiological activity. J Psychosom Res 2007;62:297–300.
56. Jain S, Shapiro SL, Swanick S, et al. A randomized controlled
trial of mindfulness meditation versus relaxation training: Effects on distress, positive States of mind, rumination, and distraction. Ann Behav Med 2007;33:11–21.
57. Sephton SE, Salmon P, Weissbecker I, et al. Mindfulness
meditation alleviates depressive symptoms in women with fibromyalgia: Results of a randomized clinical trial. Arthritis
Rheum 2007;57:77–85.
58. Xu D, Hong Y, Li J, Chan K. Effect of tai chi exercise on
proprioception of ankle and knee joints in old people. Br J
Sports Med 2004;38:50–54.
59. Fong SM, Ng GY. The effects on sensorimotor performance
and balance with Tai Chi training. Arch Phys Med Rehabil
2006;87:82–87.
60. Achterberg J. Imagery in Healing: Shamanism and Modern
Medicine. Austin, TX: Shambhala Publications, 1985.

102
61. Harrington A, ed. The Placebo Effect. An Interdisciplinary
Exploration. Cambridge: Harvard University Press, 1997.
62. Kirsch I. How Expectancies Shape Experience. Washington,
DC: American Psychological Association, 1999.
63. Kaptchuk TJ. The placebo effect in alternative medicine: Can
the performance of a healing ritual have clinical significance?
Ann Intern Med 2002;136:817–825.
64. Decety J, Jeannerod M, Durozard D, Baverel G. Central activation of autonomic effectors during mental simulation of
motor actions in man. J Physiol 1993;461:549–563.
65. Jeannerod M. Neural simulation of action: A unifying mechanism for motor cognition. Neuroimage 2001;14(1 Pt 2):
S103–S109.
66. Liang T. Imagination Becomes Reality: Teachings of Master
T.T. Liang, a Complete Guide to the 150 Posture Form. West
Chester, OH: Dragon Door Publications, 1992.
67. Watkins A. Mind-Body Medicine. New York: Churchill Livingstone, 1997.
68. Gentili R, Papaxanthis C, Pozzo T. Improvement and generalization of arm motor performance through motor imagery
practice. Neuroscience 2006;137:761–772.
69. Mulder T, Zijlstra S, Zijlstra W, Hochstenbach J. The role of
motor imagery in learning a totally novel movement. Exp
Brain Res 2004;154:211–217.
70. Clark A. The Complete Illustrated Guide to Tai Chi. Boston:
Element Books, 2000.
71. Kerr CE, Wasserman RH, Moore CI. Cortical dynamics as a
therapeutic mechanism for touch healing. J Altern Complement Med 2007;13:59–66.
72. Weze C, Leathard HL, Grange J, Tiplady P, Stevens G. Healing by gentle touch ameliorates stress and other symptoms in
people suffering with mental health disorders or psychological
stress. Evid Based Complement Alternat Med 2007;4:115–123.
73. Viggo Hansen N, Jorgensen T, Ortenblad L. Massage and touch
for dementia. Cochrane Database Syst Rev 2006;4:CD004989.
74. Beider S, Moyer CA. Randomized controlled trials of pediatric massage: A review. Evid Based Complement Alternat
Med 2007;4:23–34.
75. Chen KW. An analytic review of studies on measuring effects of external qi in China. Altern Ther Health Med
2004;10:38–50.
76. Desjarlais R. Presence. In: Laderman C, Roseman M, eds.
Performance in Healing. New York: Routledge, 1996.
77. Spiegel DF, Fawzy I. Psychosocial interventions and prognosis in Cancer. In: Koenig HG, Cohen HJ, eds. The Link
Between Religion and Health. New York: Oxford University
Press, 2002:84–100.
78. Koenig HGC, Harvey Jay. The Link Between Religion and
Health. New York: Oxford University Press, 2002.
79. Ironson GS, Neil S. Psychosocial factors, spirtuality/religiousness, and immune function in HIV/AIDS patients. In:
Koenig HG, Cohen HJ, eds. The Link Between Religion and
Health. New York: Oxford University Press, 2002:139–159.
80. Kaptchuk TJ. The double-blind, randomized, placebo-controlled trial: Gold standard or golden calf? J Clin Epidemiol
2001;54:541–549.
81. Paterson C, Dieppe P. Characteristic and incidental (placebo)
effects in complex interventions such as acupuncture. BMJ
2005;330:1202–1205.
82. Kaptchuk TJ, Eisenberg DM. The persuasive appeal of alternative medicine. Ann Intern Med 1998;129:1061–1065.

WAYNE AND KAPTCHUK
83. Brody H, Waters DB. Diagnosis is treatment. J Fam Pract
1980;10:445–449.
84. Adler HM. The history of the present illness as treatment:
Who’s listening and why does it matter? J Am Board Fam
Pract 1997;10:28–35.
85. Cheng M. Master Cheng’s Thirteen Chapters on T’ai Chi
Chuan. New York: Sweet Chi Press, 1982.
86. Seeman TE, Dubin LF, Seeman M. Religiosity/spirituality
and health: A critical review of the evidence for biological
pathways. Am Psychol 2003;58:53–63.
87. Rappaport R. Ritual and the Religion in the Making of Humanity. Cambridge, MA: Cambridge University Press, 1999.
88. Kleinman A, Eisenberg L, Good B. Culture, illness, and care:
Clinical lessons from anthropologic and cross-cultural research. Ann Intern Med 1978;88:251–258.
89. Kleinman A, Sung LH. Why do indigenous practitioners successfully heal? Soc Sci Med (Med Anthropol) 1979;13 B:7–26.
90. Tambiah S. Magic, Science and the Scope of Rationality.
Cambridge, MA: Cambridge University Press, 1990.
91. Glucklich A. The End of Magic. New York: Oxford University Press, 1997.
92. Ulrich R. Effects of exposure to nature and abstract pictures
on patients recovering from open heart surgery. J Soc Psychophysiol Res 1993;30:204–221.
93. Ulrich RS. View through a window may influence recovery
from surgery. Science 1984;224:420–421.
94. Herbert JD, Gaudiano BA. Moving from empirically supported
treatment lists to practice guidelines in psychotherapy: The role
of the placebo concept. J Clin Psychol 2005;61:893–908.
95. Kirsch I. Placebo psychotherapy: Synonym or oxymoron? J
Clin Psychol 2005;61:791–803.
96. Bell IR KM. Models for the study of whole systems. Integrative Cancer Ther 2006;5:293–307.
97. Ahn AC, Tewari M, Poon CS, Phillips RS. The limits of reductionism in medicine: Could systems biology offer an alternative? PLoS Med 2006;3:e208.
98. Jasienska G, Ellison PT. Energetic factors and seasonal
changes in ovarian function in women from rural Poland. Am
J Hum Biol 2004;16:563–580.
99. Galea S, Ahern J, Rudenstine S, et al. Urban built environment and depression: A multilevel analysis. J Epidemiol
Commun Health 2005;59:822–827.
100. Galea S, Ahern J. Distribution of education and population
health: An ecological analysis of New York City neighborhoods. Am J Public Health 2005;95:2198–2205.
101. Bell IR, Caspi O, Schwartz GE, et al. Integrative medicine
and systemic outcomes research: Issues in the emergence of
a new model for primary health care. Arch Intern Med
2002;162:133–140.

Address reprint requests to:
Peter M. Wayne, Ph.D.
T’ai Chi Research Programs
Division for Research and Education in Complementary
and Integrative Medical Therapies
Harvard Medical School
401 Park Drive, Suite 22A
Boston, MA 02215
E-mail: peter_wayne@hms.harvard.edu

