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Abstract

Objective: The rise in popularity of complementary and alternative medicine (CAM) in the United States has
stimulated increasing interest in researching CAM. One challenge to this research is determining the optimal
dose of a CAM intervention. T'ai Chi Chuan (TCC) has received considerable attention as a mind-body prac-
tice; however, it remains unclear exactly how much TCC practice is necessary to elicit a discernable effect.
Design: In this review, we selected 19 studies and examined the variation in the number and length of train-
ing sessions. Secondary and tertiary aims include examining attendance rates for each intervention and the in-
structions given to participants regarding home-based practice. The degree to which investigators monitored
participants” home-based practice was also examined.

Results: In the intent-to-treat analyses, the median time of TCC practice was 2877 minutes intended for par-
ticipants across the selected interventions. Fourteen (14) of the publications provided information about par-
ticipant attendance in the original publication, 2 provided additional information through further author in-
quiry, and 3 commented on TCC practice outside of the structured class environment through author inquiry.
Conclusions: The data reported are inconsistent in reported attendance and home-based practice rates, making
it difficult to speculate on the relationship between the amount of TCC and intervention effects. Further re-

search could contribute to this area by determining the optimal dose of TCC instruction.

Introduction

he widespread use of complementary and alternative

medicine (CAM) by the U.S. public'? warrants basic and
clinical research to determine the safety and efficacy of CAM
practices® as well as identification of the optimal dose for
specific CAM modalities. Lack of confirmed treatment sched-
ule and dosing information in clinical efficacy studies may
result in insufficient or misleading study outcomes. For ex-
ample, randomized clinical trials of saw palmetto may have
not shown effects due to inadequate dose of the identified
active ingredient.*

As data on physiologic correlates of t'ai chi practice are
mounting, such as recent findings of an augmented immune
response to a viral challenge,® the optimal dosing may be
particularly timely for T"ai Chi Chuan (TCC). A review of se-
lected TCC interventions reported that the number and
length of training sessions vary widely across studies.® Thus,
the primary objective of this study was to review the varia-
tion in the number and length of training sessions investi-
gated in randomized clinical trials of TCC. A secondary ob-

jective was to examine the reporting of participants” atten-
dance rates to scheduled intervention classes.

The extent to which study participants practice the mo-
dality on their own, independent of scheduled training ses-
sions, can further complicate the issue of dose. Thus, a third
objective of this study was to examine the extent to which
study participants were encouraged or discouraged from
practicing on their own (instruction given regarding home-
based practice). Included in this objective was the assessment
of the investigators’ recording and reporting of participants’
home-based practice.

Methods

A computerized search of studies investigating the clini-
cal effects of TCC of publications in English was conducted
in the PubMed, EMBASE, Allied and Complementary Med-
icine (AMED), and Manual, Alternative and Natural Ther-
apy (MANTIS) databases. Search terms included “Tai Chi,”
“clinical trial,” “randomized controlled trial evaluation
study,” “meta-analysis,” “cross-sectional studies,” “follow-
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up studies,” “cohort studies,” “cohort analysis,” “prospec-
tive studies,” “case-control studies,” “controlled study,” and
“comparative study” and have been used previously.® The
inclusion criteria for the selected group of studies was de-
fined as: randomized prospective study of TCC-naive par-
ticipants, defined TCC intervention, at least one control
group, and adequate sample size allowing for statistical anal-
ysis of study outcomes.

Within the selected publications, the total number of min-
utes of each TCC session, multiplied by the number of ses-
sions assigned by the intervention (i.e., 3 hour-long sessions
per week for 12 weeks = 2160 minutes) was calculated for
each study in the intent-to-treat analysis (Fig. 1). This method
was selected to examine the intended treatment program
across the selected TCC interventions, irrespective of
dropouts or low/high attendance rates.

Attendance rates to the intervention classes were exam-
ined across the selected publications. Fourteen (14) publica-
tions reported attendance rates and were included in the
mean analyses (calculated by multiplying the reported av-
erage attendance rate by the number of intended minutes for
each intervention). Instructions given to participants re-
garding home-based practice were also examined. Some
published studies did not report attendance rates or further
instructions about practicing TCC outside of the scheduled
intervention. Where data regarding the attendance rate or
instructions regarding practice were not included in the pub-
lication, an effort was made to contact authors to obtain the
missing information by individualized surveys sent over e-
mail. Two (2) of the authors provided additional informa-
tion over the phone.

Results

The computerized literature search yielded a total of 93
published studies between 1989 and 2006. Reviews, retro-
spective studies, and 2 studies that applied a combination
regimen with TCC movements were removed from further
analysis. Nineteen (19) of these studies were included in this
review as these studies met the inclusion criteria (2 of these
studies”® were reported across 2 separate publications™!%),
yielding a final sample of 19 publications (Table 1).

All 19 of the included publications reported on the length
and duration of the intended TCC class schedule in the orig-
inal report. In the intent-to-treat analyses, the total number
of minutes of intended class during the intervention ranged
from 540 minutes (16 hour-long sessions across 12 weeks)!!
to 10,800 minutes (45-minute sessions, 5 times per week for
12 months).!? The median of t'ai chi practice was 2877 min-
utes across the 19 interventions (see Fig. 1).

As can be seen from Table 1, TCC has been studied in a
wide range of patient populations and has been investigated
thoroughly in elderly populations (7 out of the 19 studies se-
lected). The attendance rates and instructions regarding
home-based practice are highlighted and summarized be-
low, in addition to being presented in Table 1.

Attendance to scheduled interventions

Attendance rates were reported in 14 out of the 19 publi-
cations, and authors reported attendance rates for 2 addi-
tional studies (out of the 19 selected) via e-mail. This corre-
spondence is noted under the “Attendance Rates” column in
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Table 1. The average across these studies was 79% and 74%
attendance to TCC classes and comparison exercise groups,
respectively. When attendance was taken into account (for
these 14 studies), the median amount of TCC practice re-
ceived by participants was 2069 minutes.

Instruction given regarding outside TCC practice

In addition to attendance reporting, we examined publi-
cations for the instructions given to participants by the TCC
instructor regarding TCC practice outside of the scheduled
class meetings. Ten (10) of the studies selected for review
encouraged participants to practice TCC outside of
class.”91113-19 For example, 2 publications'® recommended
practicing daily TCC, outside of class instruction, to partici-
pants. Another study specified home practice at least 3 times
a week outside of supervised instruction. Within this group
(of 10 studies) of selected studies, we were unable to find de-
tails regarding materials (e.g., training videotapes) given to
participants for outside practice or details of instruction be-
yond the recommended amount of practice. Only 1 of the 10
studies that encouraged outside practice® reported the
amount of TCC practiced at home by participants (which in-
creased over the intervention period). The remaining 9 stud-
ies did not discuss the amount of home TCC practice. From
these 10 studies, 9 authors were successfully contacted via
e-mail (T.S., personal correspondence); however, the authors
were unable to provide further data on home practice ad-
herence or high-practice versus low-practice subgroup
analyses.

Three of the studies®®10 included in this review discour-
aged TCC practice outside of the scheduled class environ-
ment, instructing participants to not change outside physi-
cal activity. This group of studies is highlighted in Table 1.
These study investigators confirmed (T.S., personal corre-
spondence via e-mail) the compliance of study participants
with these instructions via participants” self-report. If par-
ticipants did in fact practice TCC outside of the structured
class environment, the investigators were unable to comment
on the amount or number of participants’ home-based
practice.

Both the study with the shortest!! as well as the study with
the longest!? duration of TCC practice (540 versus 10,800
minutes, respectively) demonstrated benefit from TCC in-
tervention compared to their respective control groups.
When osteoarthritis patients practiced 540 minutes of TCC
over 12 weeks, the TCC group experienced less pain and
stiffness and reported fewer difficulties in physical func-
tioning compared to controls. Postmenopausal women per-
forming TCC for 10,800 minutes over 12 months for almost
20 times more than in the previously quoted study demon-
strated slower bone mineral density loss (it should be noted
that both groups still showed some bone loss over the year).
Thus, TCC practice may show an effect based on a wide
range of practice duration or “TCC dose.”

Discussion

This review and author survey shows that the duration or
“dose” of formal TCC training administered across these se-
lected studies varies greatly. In addition, instructions re-
garding home TCC practice vary between studies. In those
cases where home practice is encouraged, there is little mon-
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FIG. 1. Intent-to-treat summary of t'ai chi training.

itoring of the adherence to the recommendation in terms of
time spent. As a result of this variability in study design and
monitoring of the study intervention, the dose of TCC re-
ceived by participants in published TCC studies is highly
variable. Nevertheless, this mind-body practice has received
increasing attention as an exercise intervention for a num-
ber of health conditions (for review see Li et al.?), with a re-
cent, widely popularized publication suggesting possible im-
munostimulatory effects from t'ai chi practice.’

TCC may improve the risk of falling in elderly persons,
balance for vestibulopathy patients, and cardiovascular out-
comes, physical functioning, and pain in patients with
chronic conditions.® Based on the current review, it is clear
that although the majority of interventions teach participants
for an average of 2877 minutes over the course of the inter-
vention (typically 1-hour-long sessions 3 times per week),
there is no consensus on how much TCC practice would be
necessary to see a benefit in the various conditions studied.

It is not clear how investigators determine the dose of TCC
to be included in their studies. Only one publication in this
review?® cited the TCC program (40-minute TCC practice 3
times per week for 16 weeks). The other investigators did
not comment on their rationale for selecting the length or in-
tensity of their t'ai chi program. The Arthritis Foundation
suggests practicing daily: “The practice can take as few as

five minutes or can last as long as an hour per session.”?!
However, we were unable to find any other recommenda-
tions or suggestions on what would constitute an effective
practice. Although the data reported here did not find a con-
sistent relationship between the dose of TCC and effects of
intervention, further research should determine the optimal
dose of TCC for various conditions.

One strategy for studying varying doses of TCC would be
to test duration and intensities drawn from the exercise lit-
erature. Indeed, TCC is often characterized as an exercise in-
tervention, with corresponding cardiovascular and respira-
tory benefit.?>?®> Thus, TCC instruction may follow
guidelines similar to other physical exercise programs, such
as the surgeon general’s recommendation of 30 minutes of
moderate-intensity exercise 5 days per week.?* This amount
of exercise has been shown to be effective for major depres-
sive disorder, and although the investigators hypothesized
a dose response, lower amounts of exercise were not signif-
icantly different for the control group.?> The investigation of
dose optimization for exercise interventions may be an area
for further study, which could in turn contribute to estab-
lishing an effective dose in aerobic CAM activities such as
TCC.

A cursory review of other CAM mind-body investigations
(possibly sharing meditative aspects of TCC) revealed a
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small amount of pilot data suggesting dose responses. For
instance, Gross et al.?® demonstrated a significant dose-re-
sponse relationship between hours of practice and reduction
in anxiety and sleep symptom change (from baseline to 3-
month follow-up) in a Mindfulness Based Stress Reduction
Program. The intended “dose” was 225 minutes of mindful-
ness meditation per week (45 minutes per day at least 5 days
per week for 8 weeks). Participants (N = 20) averaged 18.7
minutes per day across the 8 weeks, with adherence to home-
based practice monitored through telephone calls and pa-
tient logs. Greater amounts of total practice (including time
in class and at-home practice) produced significantly greater
improvements in sleep quality and anxiety ratings. A simi-
lar dose response was noted in home yoga practice, which
yielded greater hip function and gait strength.?” Participants
attended 2 90-minute yoga classes per week for 8 weeks and
were asked to complete at least 20 minutes of directed home
practice on alternate days, completing daily logs of home-
based practice. Participants who practiced at home an aver-
age of 30 minutes or more per day (n = 10) experienced sig-
nificant changes in both hip extension and pelvic tilt than
those who practiced less than 30 minutes a day on average.
In both of these programs, home-based practice is the tenet
of the intervention, and making concerted efforts to monitor
this practice time is essential. Larger trials with similar study
designs that prove effective and well-adhered to could guide
future methodologies for investigating dose optimization for
TCC.

One limitation to the current inquiry into dose optimiza-
tion is that this study does not take quality of TCC practice
into account. All of the studies reviewed here utilized the
skills of a t’ai chi master; however, what dictates a master is
not clarified by any of the investigators. Furthermore, there
is almost no mention, outside of anecdotal notes of partici-
pants” satisfaction, of how well participants performed
within the structured intervention. Some participants may
have maintained a high level of focus throughout the class
period, which is one tenet of TCC practice. Other participants
could have been completely unfocused during their time in
class. Although there is no ranking system of TCC perfor-
mance that we were able to identify, the issue of quality may
precede the current investigation into dose optimization and
should be addressed by future investigators.

Reporting at the level of detail that is highlighted in this
paper may not be a priority for the majority of behavioral
intervention research despite recent attempts to include such
recommendations in the CONSORT guidelines of clinical
trial reporting.?® CAM, such as TCC, should be studied ap-
plying rigorous research methodology. Dose optimization
for CAM behavioral interventions requires close monitoring
and determination of how much of an intervention was ac-
tually received by participants, resulting in increased rigor
of CAM research data. Well-designed and -executed clinical
research in CAM is needed to inform the public about safety
and efficacy of CAM practices that are becoming increasingly
popular.
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