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Abstract

Objective—Systematically review frequency and quality of adverse event (AE) reports in
randomized clinical trials (RCTs) of Tai Chi (TC).

Data Sources—Electronic searches of PubMed/MEDLINE and additional databases from
inception through March 2013 of English-language RCTs. Search terms were tai chi, taiji, tai chi
chuan. Data were independently extracted by two investigators.

Study Selection—We included all available randomized controlled trials (RCTs) that were
published in English and used Tai Chi as an intervention. Inclusion and exclusion of studies were
reported in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.

Data Extraction—Eligible RCTs were categorized with respect to AE reporting: 1) No mention
of protocols for monitoring AEs or reports of AEs; 2) Reports of AEs either with or without
explicit protocols for monitoring AEs.
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Data Synthesis—153 eligible RCTs were identified, most targeting older adults. Only 50
eligible trials (33%) included reporting of AEs, and of these, only 18 trials (12% overall) also
reported an explicit AE monitoring protocol. Protocols varied with respect to rigor of systematic
monitoring in both Tai Chi and comparison groups. Reported AEs were typically minor and
expected, and primarily musculoskeletal related (e.g., knee and back pain); no intervention-related
serious AEs were reported.

Conclusions—Tai Chi is unlikely to result in serious adverse events, but may be associated with
minor musculoskeletal aches and pains. However, poor and inconsistent reporting of AEs greatly
limits the conclusions that can be drawn regarding the safety of Tai Chi.

Keywords
Tai Chi; Safety; Adverse Event; Randomized Controlled Trial

Paralleling the rapidly expanding adult population in the U.S. is a growing appreciation for
the benefits of exercise and physical activity in the prevention and rehabilitation of age-
related disease. 1 2Abbreviations Poor adherence to exercise programs, especially in older
adults,® has motivated research to identify novel, cost-effective, and sustainable exercises—
including complementary and alternative therapies—to address this population need. Tai Chi
is a low-impact, mind-body exercise originating in China that has become increasingly
popular 46 and has become a recognized therapeutic tool by the Western medical
community. One of the key features that has made Tai Chi a promising intervention,
especially for older and rehabilitating adults, is its purported safety. However, to our
knowledge, there has not been a formal review of the literature that has specifically and
comprehensively evaluated the reporting of adverse events and the safety of Tai Chi.

Adverse event (AE) reporting within clinical trials is an important source for evaluating the
safety of new therapies. An AE is broadly defined as any unfavorable or unintended event
that occurs during the course of a study. Typically, identification and reporting of AEs is not
restricted to events believed a priori to be directly related to the intervention; in some
studies, relatedness is only appreciated after review of all events during a trial.” Monitoring
of safety and AEs during clinical trials is required by Institutional Review Boards, and
international research guidelines for all human research involving the delivery of treatment
interventions have been developed. The CONSORT has suggested that AEs should be
described in the results section of published articles.8 However, even in pharmacological
trials, where guidelines are well developed and definitions of AEs are relatively clear,
reporting is inconsistent.%-12 Complete and consistent reporting of AEs in trials of non-
pharmacological interventions can be even more problematic, due to less developed
guidelines.13. 14

The main purpose of this systematic review is to evaluate the frequency and type of AE
occurrences in RCTs of Tai Chi for all populations. A secondary aim is to evaluate the
consistency and quality of AE monitoring protocols used in the included trials. We conclude
with recommendations for improving our understanding of the safety of Tai Chi, including
guidelines for reporting AEs in future trials of Tai Chi and related mind-body exercises.
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Literature Search

Electronic literature searches were conducted using PubMed/MEDLINE, EBSCOhost and
the Cochrane Library from inception through March 2013. Search terms were tai chi, taiji,
tai chi chuan; searches were limited to English-language RCTs. Hand searches were
performed of retrieved articles for additional references.

Eligibility Criteria

We first included all available randomized controlled trials (RCTs) that were published in
English and used Tai Chi as an intervention. No exclusions were made on the basis of
population, type of Tai Chi intervention or intervention controls. Inclusion and exclusion of
studies were reported in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.

All identified RCTs were then categorized into two groups with respect to their reporting of
adverse events. Group | studies did not report AEs in the results or discussion and did not
include any formal protocols for monitoring and reporting and were thus excluded from
further analysis. Group Il studies did report AEs in the results or discussion, with or without
a formal protocol for monitoring and reporting AEs.

Data Extraction and Synthesis

Data pertinent to AE reporting and AE monitoring protocols, as well as study design,
location, duration, subject population, and Tai Chi and control interventions were
independently extracted by two reviewers in a standardized manner. Discrepancies were
resolved through discussion, and a third arbiter when needed. Synthesis of data on AEs is
summarized for all Group Il studies in narrative form, including explicit report and detail of
an AE monitoring protocol, details of study design, and types and frequencies of AE's. Our
analytic methods were based on descriptive statistics which were calculated within an Excel
database. The methodological quality of reporting for the subset of studies that included an
explicit AE reporting protocol was further assessed using criteria from the CONSORT
extension checklist of ten recommendations when reporting harms in randomized controlled
trials.8 Key criteria are: defining adverse events (#3), clarifying how harms-related
information was collected (#4), describing plans for presenting and analyzing information
on harms (#5), and describing information on harms for all treatment arm s (#6).

Reporting of Adverse Events

Adverse events were defined according to the National Institutes of Health (NIH) as
follows:15 “Unfavorable changes in health ... that occur in trial participants during the
clinical trial or within a specified period following the trial.” Using NIH guidelines, adverse
events were further divided into two types, “Serious” and “Other (not including Serious).”
Serious Adverse Events include adverse events that result in death, require either in-patient
hospitalization or the prolongation of hospitalization, are life-threatening, result in a
persistent or significant disability/incapacity or result in a congenital anomaly/birth defect.
Other important medical events, based upon appropriate medical judgment, may also be
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considered Serious Adverse Events if a trial participant's health is at risk and intervention is
required to prevent an outcome mentioned. Other Adverse Events are those that are not
Serious Adverse Events.

For the present systematic review, to qualify as a reported AE an incident had to be
explicitly referred to as AE. However, to provide context for interpreting quality of
reporting, we also systematically quantified all health events reported in publications,
including explicit or implicit references to health related drop-outs in CONSORT flow
diagrams, study results and discussion sections. For a study to qualify as having an AE
reporting protocol, there had to be explicit mention of methods associated with monitoring,
soliciting, and recording AE's (e.g., direct observation, during outcome visits, regular
surveys or phone calls), either directly from participants or from staff or intervention
instructors.

Literature Search

Figure 1 summarizes the flow of our literature search and selection process. Our initial
search resulted in 1,909 studies. Eight hundred and sixty-five publications were excluded
because they were duplicate articles in different databases. Eight hundred and seventy-seven
publications were further excluded for the following reasons: 342 irrelevant to the search
(e.g., author last name “Tai”); 412 not randomized controlled trials; 64 did not report
original data, 37 non-English language; 22 not full text articles (i.e., abstracts). Of the
remaining 167 articles: 6 included only information on design methodology; 3 did not utilize
Tai Chi as an intervention; and 5 reported identical duplicate data. This resulted in a total of
153 publications. Of these, 100 were excluded because they did not have a monitoring
protocol or adverse event reports. Three additional studies included a monitoring protocol,
but did not have adverse event reports. Fifty trials mentioned AE reporting and were
included for quantitative synthesis.

Participant characteristics and study setting

The 50 trials identified by our search that included an AE report are summarized in Table 1.
The average age of study participants was 65y (median= 69y, range 11-102y). Forty-two
studies included men and women, 7 women only, and 1 men only. One trial was in
adolescents. Twentysix studies recruited community dwelling individuals, 18 were based in
hospital settings, 5 were based in independent or assisted senior living facilities, and 1 in a
university setting. Twelve studies targeted individuals with balance impairments,
musculoskeletal weakness, or reduced physical function; 20 with metabolic, cardiovascular,
or immune disorders; 9 with chronic pain; and 4 with cognitive deficits or mood disorders.
The remaining studies included healthy individuals that ranged from young to older adults
(n=5). One half of the studies were conducted in the United States (n = 25).

Intervention and control group characteristics

Tai Chi interventions varied greatly in content, dosage, duration and intensity. The majority
of studies (n= 30) employed interventions described as ‘simplified” research protocols,
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and/or included a subset of movements typically learned in traditional Tai Chi
choreographed sets; 13 employed complete traditional Tai Chi sets (e.g., Yang style 24-
form); 1 integrated Tai Chi exercises within a multi-component intervention including other
cognitive or physical exercises; 1 utilized community-based pragmatic interventions; and 5
studies did not provide Tai Chi intervention details.

Individual Tai Chi sessions varied in duration from 20 to 120 minutes. The frequency of
sessions varied from 1 to 5 times per week, with overall training programs lasting 6 weeks to
1 year. Qualifications of instructors were mentioned in only 22 of 50 studies.

Twenty trials used active exercise control groups (e.g., resistance training, aerobics,
flexibility, and balance training), 1 employed non-exercise activities (e.g., dietary
supplements); 10 studies utilized group education and support programs; and 19 employed a
non-intervention control including waitlist and usual care.

Patterns of Adverse Events Reporting

Of the 153 identified publications evaluating Tai Chi, 100 (65%) included no mention of
either AE monitoring protocols or AEs, and an additional 3 studies only mentioned an AE
protocol but no AE report. Of the 50 eligible studies that included an explicit AE report,
only 18 trials included an explicit monitoring protocol, which provides a more reliable
framework for interpreting the validity of AE reports. Information for all 50 trials is
summarized in Table 1.

Reported AEs varied in scope and detail (Table 1). Fourteen studies®-2° (28%) solely
reported on intervention-related AEs; 15 studies30-44 (30%) did not specify between groups;
20 studies*>-6> (409%) more comprehensively reported other AEs including non-intervention
related hospitalizations and new medical diagnoses (e.g. cancer). One study5¢ (2%) reported
AEs only in the control group.

Among the 50 studies in Table 1, no serious AEs related to Tai Chi was reported, and 32
studies 18: 20, 21, 26-29, 31-34, 36-39, 41-44, 50-52, 55-57, 59-65 renorted no occurrence of any AES
related to intervention. Fifteen 16. 17,19, 23-25, 30, 45, 47-49, 53, 54, 58, 59 f the 50 studies
specifically reported occurrences of minor musculoskeletal aches and pain, with complaints
of lower extremity pain (knee and ankle) being most common. Six studies16: 19, 24, 47, 49,58
mentioned a report of back/spine related pain. In one?” of these back pain reports, pain was
severe leading to study withdrawal; subsequent analysis revealed a pre-existing condition of
stenosis missed during screening. Falls were not consistently reported as AEs, in part
because falls were considered as outcomes in many studies. Four8: 52. 58. 66 stydies reported
falls.

AE monitoring protocols varied greatly among the studies in Table 1. Of the 18 studies that
included an explicit AE monitoring protocol, slightly more than half included explicit
tracking of AEs in both the Tai Chi intervention group and the control16: 30. 31.45-52,67 (n =
10; 56%): 2 studies”: 18 (11%) only reported monitoring protocols for Tai Chi and 6
studies®: 32 33,53-55 (3304) did not explicitly state which groups were monitored. Details
regarding how AEs were monitored also varied, with 7 studiesl 19. 32, 33, 45, 48, 49, 67 (390s)
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including multiple methods (e.g., study staff queries, instructor observation), 9

studies 16. 18, 31, 46, 47, 50-54 (5004) reported only one source of information, and 2

studies30: 5 (11%) did not explicitly indicate how AE information was collected. Similarly,
frequency of monitoring AEs also varied, with 5 studies!’-19. 32, 33 (289%) querying
participants after each intervention session; 9 studies30: 31. 45-52, 67 (5004) collecting AE
reports at regular assessments (e.g., weekly or monthly); 1 (6%) study®3 relying on recall at
the end of the intervention period; 3 studies'6: 54 55 (17%) did not explicitly describe
frequency of monitoring.

When evaluated according to the CONSORT extension checklist for reporting harms in
randomized controlled trials,10 studies (56%)listed addressed adverse events with
definitions for each (recommendation #3), 13 (72%) clarified how harms-related information
was collected (#4), 1 (6%) described plans for presenting and analyzing harms (#5), 7 (39%)
described for each arm the participant withdrawals due to harms (#6), and 6 (33%) provided
a balanced discussion of benefits and harms (#10) (see Table 2).

Discussion

Tai Chi is increasingly recognized by the Western medical community as an effective
exercise for rehabilitation and prevention of multiple medical conditions, and Tai Chi
programs are now offered through academic medical centers, assisted living facilities, and
community senior centers across the United States.58 Tai Chi's purported safety, along with
evidence of its clinical effectiveness and cost-effectiveness, has likely contributed to growth
in its health-related use, especially among older adults and those deconditioned by chronic
illnesses.

Our systematic review has identified significant flaws in the reporting of adverse events in
trials of Tai Chi, which greatly limits the conclusions that can be drawn to date regarding
Tai Chi's safety. Based on 153 randomized trials of Tai Chi published between 1977 and
2013, we found highly inconsistent, and overall, very poor reporting of AE monitoring
protocols and AEs. Sixty five percent of these trials (n = 100) included no mention
whatsoever of either monitoring protocols or AEs, and an additional 23% (n = 35) did not
include the adequate information required for evaluating the validity of AE reports (i.e.,
information on the monitoring protocols used to solicit information on AEs, or the AEs
themselves). Of note, 39% of the 100 studies that included no explicit mention of an AE
included reports of health-related drop-outs in either the study's CONSORT diagram or in
the publication text, suggesting that AEs were under-reported. Only 18 of the 50 trials
included in Table 1 (representing < 12% of all 153 trials) reported both an AE monitoring
protocol and explicit AE reports, and the quality of reporting in these studies was variable
with only a small proportion of studies adequately meeting important CONSORT
recommendations for reporting harms in RCTs. Some studies®3 relied on monitoring
procedures with a high risk of bias (e.g., recall of AEs at a single time point at the end of the
study), or only monitored and reported AEs for the Tai Chi group making it impossible to
assess if the frequency or types of events observed in a group learning Tai Chi differs from
control interventions or natural history. By comparison, the less biased studies included
monitoring protocols applied repeatedly throughout the study (e.g., weekly or monthly),
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and/or solicited information from multiple sources (e.g., patient self-reports, instructor
reports), and monitored and documented AEs in both the intervention and control groups.
Additionally, reports of AEs in more reliable studies were more comprehensive, not limited
to intervention-related events, and provided quantitative data (e.g. frequency of event types).
Based on this small subset of more reliable studies, there were no reports of serious AEs, the
majority of the reported AEs were unrelated to study interventions, and AEs that were
deemed related to the Tai Chi intervention were minor and anticipated musculoskeletal
aches and pains.

Reports of minor musculoskeletal pain related to Tai Chi training are consistent with AEs
reported in other exercise studies,%9: 70 including studies of mind-body therapies like
yoga,’l 72 but lower than AEs reported in more combat-oriented martial arts. 737> Of note,
lower extremity, and especially knee pain, was reported in 9 17. 19, 23, 25,30, 48, 54, 58, 59 (f
the 50 trials in Table 1. Biomechanic studies support that during Tai Chi training,
practitioners experience higher shear force and frontal plane torques at the ankle, knee, and
hip joints, as compared to natural walking.”8-79 A recent commentary on Tai Chi safety
emphasized that Tai Chi practice requires the knee joint to regularly conform to a semi-
flexed position, thus incurring high mechanical load and putting it at risk for injury.89 The
commentary cites two observational studies from China with reports of knee injury higher
than those observed in our study. In one study, 32 of 219 (15%) novice Tai Chi practitioners
experienced some form of knee complication after 3 to 6 months of training.8! In another
study of 200 longer-term Tai Chi practitioners, 23% had a history of knee joint injury, 8.5%
had patella strain, 7% had meniscus injury, 3.0% had knee fat pad injury, 2.0% had medial
collateral ligament injury, 1.5% had cruciate ligament injury, and 1% had lateral collateral
injury. The commentary concluded that to minimize knee injuries, Tai Chi training requires
careful attention to appropriate load, biomechanics, and overall effort.89 However, these
results are difficult to interpret as the prevalence of these injuries in age-matched individuals
in the same population is not known. Nevertheless, these observations reflect more
widespread concerns expressed in the lay literature about Tai Chi's safety for knees and
other musculoskeletal conditions%: 82. 83 especially in those with pre-existing conditions. Of
note, no intervention-related cardiovascular adverse events were reported, including in the
higher quality studies of heart failure and COPD patients, although these studies are
relatively small. Finally, our review also found no reports of psychological AEs, which have
been reported in related mind-body exercises including gigong and meditation.84 85

There is a rich literature highlighting a long history of poor reporting of AEs in clinical trials
of both pharmacological and non-pharmacological interventions.8%: 87 To address these
concerns, the CONSORT Statement extension with recommendations on the reporting of
harms was published in 2004. Nevertheless, a recent review of orthopedic physical therapy
studies found AE reporting poorly complied with CONSORT guidelines, and like our study,
observed that 58% of all studies did not show evidence of any AE monitoring
whatsoever.88: 89 Similarly, a Cochrane review on exercise for reducing osteoporosis-related
fractures found that none of the 7 reviewed RCTs included AE reporting.9°

In keeping with the broad guidelines of the CONSORT Statement Extension of the reporting
of harms statement, we emphasize the following guidelines for the reporting of AEs in Tai
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Chi studies. First, protocols for defining and monitoring AEs should be clearly defined in
the methods section of all studies. Second, protocols should include assessments repeated
throughout the course of the entire trial. Third, AEs should be assessed using multiple
sources of information, including self-reports by patients, pro-active queries by study staff,
physician report (if appropriate) and observations by teachers or intervention administrators,
as relying on individual sources can be limited. Fourth, monitoring of AEs should take place
in all groups (intervention and control) using equivalent protocols. Fifth, all unfavorable
changes in medical conditions should be reported as potential AEs, not just those deemed to
be intervention related. Finally, reports should be made quantitatively, with information on
frequency of occurrence.

While the above recommendations will greatly improve our estimates of potential shorter-
term AEs in clinical settings, they will not inform longer-term potential adverse effects in
more typical community-based settings where Tai Chi is typically practiced. Thus, the study
of AEs in Tai Chi should also include systematic cross-sectional and longitudinal surveys
and audits of short- and long-term practitioners in community-based settings as has been
done in other emerging integrative medical therapies.%1 92

Study Limitations

There are a number of limitations to this study. First, our study only included trials
published in the English language. Future studies might include other languages for a better
global estimate of AE reporting. Asian language journals, for example, may be more likely
to publish Tai Chi research. Second, because of the small number of studies as well as the
heterogeneity of both interventions and controls, our study only employed descriptive
statistics and narrative summaries of AE reports. As the literature evolves, future studies
with more formal meta-analyses for assessing relative harms of Tai Chi when compared to
other control interventions may be helpful. Finally, our study only included AEs reported in
randomized trials. As noted above, data from audits and cross-sectional studies, especially of
longer-term practitioners, as well as uncontrolled longitudinal studies may better inform
long-term effects in the community.

Conclusions

Estimates of potential harm related to any novel therapy is a critical component of the
evidence required by the medical community for informing policy and referrals. Similarly,
patient concerns regarding exercise safety and injury may limit broader compliance with
recommendations for exercise and more active lifestyles.6 Poor and inconsistent reporting of
AEs greatly limits the conclusions that can be drawn regarding the safety of Tai Chi. Based
on a small number of less biased studies, Tai Chi is unlikely to result in serious adverse
events, but may be associated with minor musculoskeletal aches and pains. Until AE
reporting in Tai Chi trials is improved, we cannot draw more definitive conclusions
regarding its safety. Already existing CONSORT guidelines for comprehensive monitoring
and reporting of AEs in future trials of Tai Chi should be enforced. Additionally, these
guidelines should be supplemented by systematic audits of short- and long-term practitioners
in community based setting.
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