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Abstract

Background
Tai Chi (TC) is a mind-body exercise that shows potential as an effective and safe intervention for
preventing fall-related fractures in the elderly. Few randomized trials have simultaneously
evaluated TC’s potential to reduce bone loss and improve fall-predictive balance parameters in
osteopenic women.
Methods
In a pragmatic randomized trial, 86 post-menopausal osteopenic women, aged 45-70, were recruited
from community clinics. Women were assigned to either nine months of TC training plus usual care
(UC) vs. UC alone. Primary outcomes were changes between baseline and nine months of bone
mineral density (BMD) of the proximal femur and lumbar spine (dual-energy X-ray
absorptiometry) and serum markers of bone resorption and formation. Secondary outcomes
included quality of life. In a subsample (n=16), quiet standing fall-predictive sway parameters and
clinical balance tests were also assessed. Both intent-to-treat and per-protocol analyses were
employed.
Results
For BMD, no intent-to-treat analyses were statistically significant; however, per protocol analyses
(i.e., only including TC participants who completed ≥ 75% training requirements) of femoral neck
BMD changes were significantly different between TC and UC (+0.04 vs. -0.98%; P=0.05).
Changes in bone formation markers and physical domains of quality of life were also more
favorable in per protocol TC vs. UC (P=0.05). Changes in sway parameters were significantly
improved by TC vs. UC (average sway velocity, P=0.027; anterior-posterior sway range, P=0.014).
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Clinical measures of balance and function showed non-significant trends in favor of TC.
Conclusions
TC training offered through existing community-based programs is a safe, feasible, and promising
intervention for reducing multiple fracture risks. Our results affirm the value of a more definitive,
longer-term trial of TC for osteopenic women, adequately powered to detect clinically relevant
effects of TC on attenuation of BMD loss and reduction of fall risk in this population.

Trial registration: clinical trials.gov NCT01039012
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Background

Fractures resulting from osteopenia (low bone mineral density (BMD)) are associated with
significant long-term, morbidity and high medical costs [1, 2]. Optimal interventions for osteopenic
women are not yet well-defined [3]. Since life-long drug therapy is expensive with uncertain
consequences and potential toxicities, non-pharmacologic therapy offers an attractive alternative.
Current guidelines for osteopenia include the recommendation for regular exercise [4]. However,
there is currently no consensus regarding the optimal types and regimens of exercise for treating
low BMD, or for addressing other fracture-related risk factors relevant to women with osteopenia
(e.g. poor balance, decreased muscle strength).

Tai Chi (TC) is a mind-body exercise that is growing in popularity in the U.S. and shows potential as an
effective, safe and practical intervention for women with low BMD. A substantial body of research
suggests TC training may reduce falls and associated risk factors [5-8]. A handful of studies have
evaluated the direct effects of TC on BMD [9-13]. However, few studies are randomized trials, most
have significant methodological limitations, and we are not aware of any trials that have evaluated the
impact of TC on both BMD and postural control in osteopenic women [14, 15].

We conducted a pilot randomized controlled trial to assess study feasibility and to preliminarily
assess the effectiveness of TC combined with usual care, compared to usual care alone, for
attenuating bone loss in post-menopausal osteopenic women. An embedded biomotion sub-study
was also undertaken to evaluate if Tai Chi training could improve parameters of balance that have
been associated with reduced fall risk. In this short trial with a modest sample size, BMD was not
5

expected to show statistically significant changes, but was measured to detect treatment-related
trends and to estimate an effect size for a future study. To provide interventions that simulate
community-based TC programs and maximize external validity, we utilized a pragmatic design by
allowing participants to choose from prescreened TC schools in the Greater Boston area.

Methods

Study Design
Details regarding study design are presented elsewhere [16]. A total of 86 post-menopausal
osteopenic women were randomized in a 1:1 ratio to receive 9 months of TC training in addition to
usual care, or to usual care alone (control group). Study participants randomized to usual care were
offered a 3-month course of TC as a courtesy following the trial. Primary outcomes assessed at 9
months were dual-energy X-ray absorptiometry (DXA) measures of BMD of the femoral neck, total
hip, and lumbar spine, and serum levels of C-terminal telopeptide of type I collagen (CTX) and
osteocalcin (OSC), biomarkers of bone resorption and formation, respectively. Outcomes assessed
in the biomotion sub-study included two sway parameters measured during quiet standing (sway
velocity and stabilogram ellipse area), and two clinical tests (tandem walk balance test and repeated
chair rise). Institutional Review Boards of Harvard Medical School, Beth Israel Deaconess Medical
Center, Hebrew SeniorLife, and Partner’s HealthCare approved this study. All recruitment and
intervention protocols took place between September 2008 and January 2010.

Study population
Participants were recruited from a large network of Boston area clinics serving approximately
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300,000 members. Inclusion criteria were: 1) Women ages 45-70y; 2) BMD T-scores of the femoral
neck or trochanter and/or spine between -1.0 and -2.5; 3) post-menopausal without menses for ≥ 12
months; 4) exercise no more than 5 days a week on average for more than 60 minutes per day.
Exclusion criteria were: 1) Osteoporosis (T-score < -2.5) at any site; 2) prior or current use of
medication that influence bone metabolism (e.g. steroids, anticoagulants); 3) prior or current use of
medications that modify bone metabolism (e.g. bisphosphonates, selective estrogen receptor
modulators); 4) use of calcium supplements above 1200 mg); 5) current or prior year use of estrogen
or calcitonin; 6) malignancies other than skin cancer; 7) diagnosis of anorexia along with a BMI of
< 17.5; 8) conditions that cause secondary osteoporosis (e.g. Cushing’s syndrome,
hyperparathyroidism); 9) tobacco use in past year; 10) physical or mental disabilities precluding
active study participation; 11) scheduling limitations that would preclude participation; 12) practice
of TC within past 2 years.

We used mailings to invite women aged 45-70 who had eligible DXA scan results during the prior
two years. Those interested who passed a phone screen were scheduled for a visit at the Beth Israel
Deaconess Medical Center Clinical Research Center where they provided written informed consent
to participate in the study, and a DXA scan was conducted to confirm eligibility. Randomization
assignments were given to participants following baseline testing; these were generated by
computer using a permuted block design with a variable block size.

Interventions
Participants randomized to both groups were encouraged to follow standard of care for osteopenic
women (including daily calcium, vitamin D, and regular exercise) as prescribed by their primary
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physicians. Participants in the TC group received nine months of TC training in addition to usual
care. All TC interventions were administered at one of seven pre-screened schools within the
Greater Boston area that met specific guidelines described elsewhere [16]. Instructors were asked to
teach using the same approach and protocols employed for non-study, community participants.
Study participants were asked to attend a minimum of two classes per week for the first month, and
one class per week for eight months thereafter (minimum class duration of one hour). They were
asked to practice an additional two times per week during the first month, and three times per week
thereafter (minimum of 30 minutes per session), which could be home practice or additional classes
at their school. Thus, participants were asked to participate in TC training a total of 99.5 hours over
the 9 month interventions.

Outcome measures
All primary outcome measures were assessed by study staff blind to treatment assignment. BMD of
the hip and spine was measured by DXA using a QDR 4500 Discovery densitometer (Hologic, Inc.,
Waltham, MA) in the array (fan beam) mode by the same technician at each visit. At the screening
visit, subjects underwent a single measurement of the left hip and spine. Nine-month follow-up
measurements were analyzed using the “comparison” feature of the standard Hologic APEX 2.3
analysis program for matched identical regions of interest, and all serial scans were reviewed for
quality and scan analysis by one of the investigators.

Bone resorption was assessed using serum CTX [17, 18]. Serum OSC was used as a marker for
bone formation [17, 19]. We hypothesized that TC would have antiresorptive effects and expected
to see decreases in markers of both resorption and formation, since the two are often tightly coupled
[20]. All specimens were obtained in the morning and following a 12 hour fast to minimize diurnal
8

variability.

The Medical Outcomes Survey Form (SF-36) health status survey was used to assess overall healthrelated quality of life [21]. We also evaluated menopausal-specific symptoms using the
Menopause Quality of Life instrument (MENQOL) [22, 23]. Physical activity was assessed using
the Seven-Day Physical Activity Recall (PAR) [24, 25], recently modified to include strength and
flexibility activities [24, 26]. The PAR estimates daily total energy expenditure (kcal/kg/d).

Attendance at TC classes was recorded and home practice was tracked using a weekly practice log.
Adverse events were monitored through systematic monthly safety calls conducted by study staff.

Expectation regarding the beneficial impacts of TC for bone health was assessed for all participants
at baseline [27]. For participants in the TC group, satisfaction with the intervention was assessed
by asking the following four statements (5 point scale; 1 strongly agree, 5 strongly disagree) at 3
and 9 month visits: ‘Overall, I am satisfied with my TC experience in the study’; ‘Overall, I am
satisfied with my TC school’; ‘Overall, I am satisfied with the TC teachers I am training with’; ‘I
would recommend the TC program I am enrolled in to a friend or relative.’

Biomotion sub-study methods and outcomes
A total of 16 participants, 8 from each group, volunteered to participate in an embedded sub-study
to evaluate the impact of TC on balance-related outcomes. All balance outcomes were assessed in
the Motion Analysis Laboratory (MAL) of Spaulding Rehabilitation Hospital. All tests were
performed barefoot and completed in one session of approximately 3 hours. Biomotion
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instrumentation in the MAL includes an eight-camera motion analysis system (VICON, Oxford,
UK) and force platforms (AMTI, Watertown, MA). The force platforms were used to collect ground
reaction forces, from which we estimated center of pressure (CoP) data and parameters of balance
control during quiet standing.

Tests of quiet standing were conducted while subjects stood on a force platform for 40 s with arms
by their side, feet shoulder-width apart and their eyes closed. Tests with eyes closed are known to
be more “provocative” than tests performed with eyes open. Each subject completed 10 trials;
subjects were allowed to take a short break and sit down after 5 trials. Raw trajectories were
extracted from the force plates and smoothed with a 4th order Butterworth filter with cut-off
frequency of 25 Hz. A scatter plot of the anteroposterior (AP) and mediolateral (ML) displacement
of the CoP, called a stabilogram, was analyzed for each trial. Balance control during the quiet
standing trials was characterized via traditional sway parameters including average sway velocity
(mm/sec), total stabilogram ellipse area (mm2), and anterior-posterior (AP) sway range. These
parameters have shown to be predictive of falls [28, 29].

Subjects also performed two widely used clinical tests; tandem walking [30] and repeated chair rise
[31, 32]. These tests have been shown to discriminate balance ability, be predictive of falls, and to
be related to muscle strength [31, 33-35]. During the tandem walking test, subjects were instructed
to walk so that at each step the toes of the back foot touched the heel of the front foot. Subjects
were asked to walk 10 meters as quickly as possible. During the chair rise test, subjects were asked
to sit on the same standard chair so that their back was in contact with the back rest. They were then
instructed to stand up and sit down again 10 times without stopping at a comfortable speed. Both
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clinical tests were repeated three times and the average of all trials was used. Subjects were given
rest breaks between each test and trials of a test.

Statistical Analysis, Sample Size and Power
Primary clinical outcomes were percentage change from baseline to 9 months in DXA, CTX and
OSC. All primary analyses were conducted according to the intention-to-treat paradigm. For
primary and secondary outcome measures, we used Wilcoxon rank sum tests to compare change
from baseline between treatment groups. Secondary pre-specified analyses included a per protocol
evaluation. Participants were considered per protocol if they adhered to a minimum of 75% of
required classes (43 hours total) and home practice (56.5 hours total), which was defined as 74.6
hours of total training over 9 months.

Based on results of Yamazaki’s study of walking for women with osteopenia [36] and allowing for
15% loss to follow-up, we estimated that 43 women per group would provide 60% power to detect
a between-group difference in the change in bone mineral density (DXA) of 0.9% and 80% power
to detect differences in change in CTX of 20%.

Results

Recruitment feasibility, protocol adherence, and safety
Figure 1 summarizes participant study flow. Forty-two of 43 (98%) individuals in each group
completed baseline and 9-month follow-up protocols. Adherence with TC interventions was
variable. Twenty-six patients (60%) were considered per protocol. Average combined total training
time (i.e., class plus home) over the 9-month intervention was 83.2 hours (median=93.2h; range = 0
11

to 226h) for all participants randomized to TC and 120.6 hours (median=107.3; range 82 to 226h)
for those who were per protocol. Interventions were administered at six of the seven pre-screened
schools that were provided as options to participants, with 59% of those attending classes based on
the Wu style of TC and 41% attending classes based on the Yang style of TC. Participant selfreported satisfaction with their TC intervention was very high; median satisfaction scores for all
questions were 1.0 (highest score) at 3 and 9 months.

Baseline characteristics
Randomization resulted in comparable TC and control groups at baseline (Table 1). For all
variables, values for the subset of per-protocol participants were comparable to those in the larger
sample, minimizing some sources of bias in post-hoc comparisons between Usual Care and TC
compliant groups.

Intervention related changes in outcomes
TC tended to attenuate bone loss at all sites measured (Figure 2, Table 2). At the femoral neck,
women randomized to Usual Care lost an average of approximately 1% (-0.98%) over the 9-month
period. In contrast, those randomized to TC experienced no loss (-0.01%), and for the TC per
protocol subset, there was a slight increase in BMD (+0.04%). The intent-to-treat analysis
comparing randomized groups was not statistically significant (P=0.23); however, the secondary
comparison between the per protocol and Usual Care groups did differ significantly (P=0.05).

Average magnitudes of 9-month BMD changes in the total hip and total spine ranged from more
than a 1% loss (e.g., Usual Care total spine) to slight increases in (e.g., per protocol total hip). At
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both sites, trends paralleled the femoral neck with the per protocol TC group resulting in the
greatest attenuation of BMD loss; however, comparisons between groups were not statistically
different. The observed effect sizes for femoral neck, spine and hip were 0.34, 0.22, and 0.08,
respectively.

Bone turnover markers
Treatment related changes for markers of both resorption (CTX) and formation (OSC) were modest
and trended in the same direction (Figure 3, Table 2). In the Usual Care group, average serum
concentrations of both CTX and OSC increased (4.3% and 6.3%, respectively). In contrast, in the
per protocol TC group, both CTX and OSC decreased (-7.1% and -5.1%, respectively). Values in
the randomized TC group were intermediate. No intent-to-treat comparisons were statistically
significant, but the difference in the magnitude of OSC changes between the Usual Care and per
protocol TC group were statistically significant (P=0.03).

Quality of life and physical activity
Subscales related to physical function for both the SF-36 and MENQOL showed trends towards
modest improvement in women who practiced TC per protocol (Table 3). Post-hoc analyses
comparing this subgroup to the Usual Care group were significant at 3 months for the SF-36
physical scale (P=0.02) and at 9 months for MENQOL physical subscale (P=0.03). Similar, but
statistically non-significant trends were observed for all other MENQOL subscales. Self-reported
physical activity (PAR) increased over the course of the trial in all groups (Table 3).

Biomotion sub-study results
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Fifteen of the 16 sub-study participants completed follow-up assessments. Baseline characteristics
of this sub-group, including median age, BMI, time since menopause, and BMD were comparable
to those for the total randomized study population. Nine months of TC training resulted in
improved balance compared to Usual Care (Table 4). Median change values for all sway parameters
improved for the TC group but worsened for Usual Care; group differences were statistically
significant for average sway velocity (P=0.027) and AP sway range (P=0.014) and stabilogram
ellipse area differences approached significance (P=0.060). Clinical tests of balance (tandem walk)
and function (repeated chair rise) showed relatively greater improvement in TC vs. Usual Care, but
these trends were not statistically significant.

Adverse Events
No serious adverse events were reported in the trial. A total of nine minor adverse events were
reported, seven in the TC group and two in the control group. Reports in both groups were largely
musculoskeletal related (e.g. shoulder or back pain); none in the TC group were attributed directly
to TC training.

Discussion

Few randomized trial have evaluated the potential of Tai Chi to impact multiple fracture-related risk
factors in osteopenic women. In this short trial with a modest sample size, BMD and balancerelated outcomes were not expected to show statistically significant changes in response to TC, but
was measured to detect treatment-related trends and to estimate an effect size for a future study.
We observed a clinically relevant trend of TC training attenuating bone loss. Trends towards

14

improved BMD, a reduction in bone turnover, and better health related quality of life in the TC vs.
Usual Care were not statistically significant for any variable when evaluated with an intent-to-treat
analysis. However, secondary analyses comparing per protocol TC participants to Usual Care for
BMD of the femoral neck, physical domains related to quality of life, and osteocalcin levels
indicated statistically significant positive effects. Additionally, results from our biomotion substudy suggest clinically and statistically relevant improvements balance parameters previously
shown to be associated with fall risk. Our results affirm the value of a future, more definitive trial
of TC for osteopenic women, provide the preliminary required data for determining sample size for
appropriate statistical power for such a trial, and contribute to a growing literature evaluating TC
for bone health and fall-related fracture risk.

Prior research on the effects of TC on BMD in post-menopausal osteopenic women is limited [14,
15]. Cross-sectional studies including elderly women suggest long-term TC practitioners have
higher BMD than age-matched sedentary controls [37, 38], and have slower rates of postmenopausal BMD decline [11]. One RCT in post-menopausal women observed that DXA measures
of BMD at the lumbar spine significantly increased (1.81%) following 10 months of TC while
sedentary controls decreased (1.83%) [39]. A second RCT observed that for older women, 12
months of TC training resulted in maintenance of total hip BMD levels when compared to a nonexercise control that lost 2.25% of total hip BMD [40].

This study uniquely extends our understanding of the potential impact of TC on women’s bone
health. Prior studies have included women with BMDs ranging from normal to severely
osteoporotic. Because the effects of antiresorptive treatment on bone turnover and changes in BMD
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may vary with severity of bone loss [41], our study specifically informs the value of TC to postmenopausal women with a firm diagnosis of osteopenia. Second, we report on an ethnically diverse
Western population. Patterns of postmenopausal BMD loss vary with respect to race and ethnicity,
and nearly all prior RCTs evaluating TC for BMD have been conducted in Asia. Our results are in
concordance with a recently completed U.S. study of osteopenic women that reported 6 months of
Tai Chi improved multiple markers of bone health including higher levels of bone-specific alkaline
phosphotase (BAP), higher ratios of BAP to tartrate-resistant acid phosphotase, and elevated levels
of serum parathyroid levels [42, 43]. Third, in contrast to previous RCTs that targeted relatively
sedentary populations, we included women who were relatively active since exercise is a standard
recommendation for osteopenia. Our results suggest that benefits of TC on the skeleton are not
limited to sedentary individuals.

The Erlangen Fitness Osteoporosis Prevention Study (EFOPS) [44] was a RCT comparing a graded
multipurpose exercise program to a usual care control group. After 1 year, magnitudes of
differences between the exercise vs. control group in the femoral neck (-0.8% vs. -1.8%) and total
hip (-0.3% vs. -0.8%) were comparable to the trends we observed after 9 months of TC training;
however, improvement in BMD of the total spine were more dramatic in EFOPS (+1.3% vs. 1.2%). After two years, exercise attenuated any further loss at all sites, whereas cumulative bone
loss in the non-exercise control was approximately 2.9%, 1.7%, and 2.3% at the femoral neck, total
hip and total spine, respectively [45]. It is plausible that extending the period of TC training from 9
months to two years would result in continued attenuation of bone loss, as observed in the EFOPS
trial. Based on both clinical relevance, feasibility, and our preliminary analyses, we believe a future
longer-term TC study is warranted, and estimate that a moderate size trial of approximately 200
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participants would be adequately powered to detect the differences in BMD observed in the EFOPS
trial.

Independent of changes in BMD, TC may be of benefit to women with low bone density because of
its positive effect on fall risk and postural control. Numerous randomized trials suggest TC training
can directly reduce prevalence of falls [5, 8]. Other studies suggest TC positively impacts factors
associated with falls including multiple sway parameters [46-48], clinical balance tests [49],
musculoskeletal strength and flexibility [50-52], and fear of falling [48, 53, 54]. One study
including only osteopenic women reported positive effects of 6 months of Tai Chi on one gait stride
length, but not on dynamic posturography or clinical measures of balance [55]. However, this and
the majority of other studies have only included older adults with more limited postural control.
The results from our biomotion substudy suggest that the balance-related benefits of Tai Chi
observed in older populations may also extend to relatively younger and healthier osteopenic
women Confirmation of our results in a larger and longer-term trial would suggest that, in
combination with its modest effects of BMD, TC is a potentially valuable intervention for
prevention of falls and fall-related fractures in post-menopausal osteopenic women, and goes
beyond most fracture interventions that target only the skeleton.

Our intervention was not based on a single fixed training protocol, but rather relied on the diversity
of protocols provided naturalistically in pre-screened, long-standing community TC schools [56].
As such, our use of a pragmatic intervention affords high external validity, applying not just to one
specific TC training protocol, but rather to the diversity of protocols encountered in typical
community-based programs. However, our use of naturalistic interventions reduces the internal
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validity of our study. This intervention heterogeneity may necessitate larger samples to increase
statistical power [57].

Our choice of a usual care control followed the overarching practical goal of our study––to evaluate
the potential benefits to osteopenic women of adding TC to usual care. However, this choice limits
the conclusion we can draw, particularly regarding the mechanisms underlying the trends we
observed in BMD, postural control and QOL. Because we did not control for group psychosocial
interactions, time, and expectancy of receiving a therapy, it is possible that we measured only
placebo effects. By not comparing TC to other active interventions that might offer comparable
doses of weight bearing, or resistance and flexibility training, we cannot ascribe which aspect(s) of
TC contributed to its therapeutic effects.

TC is a complex, multi-component intervention, and it is possible that it impacts bone remodeling
via multiple processes. Motion analysis studies of TC practitioners have reported that compared to
normal gait, lower extremity movements during TC have: longer cycle duration and single-leg
stance time; greater ankle, knee, and hip joint motion; larger lateral body shift; distinct plantar
pressure distributions; and greater and unique patterns of lower extremity muscle activation [5862]. Compared to normal gait, TC has also been shown to have larger peak shear forces in the
ankle, knee and hip joints, and larger peak moments in the knee and hip joints [63]. Cross-sectional
studies of elders have shown that numerous aspects of lower extremity muscle strength and
endurance are comparable to joggers [52], and other randomized studies have reported that TC
training can favorably reorganize lower extremity neuromuscular patterns, resulting in reduced
excessive hip compensation and more efficient gait [64].
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Study Limitations

A few other limitations of our study are important to acknowledge. First, subjects were not blinded
to their intervention group. We attempted to minimize the potential effects of disappointment in the
usual care group by offering free TC classes at the end of study. Second, our relatively small sample
size does not discount the possibility that the results we observed were due to chance. Third, the 9month duration of our study is relatively short from both the perspective of providing an adequate
dose of TC, as well as the sensitivity of DXA to detect BMD changes. However, this study was
conceived as a pilot study. As such, it has provided the data to inform a future more definitive
study that will employ a larger sample and longer period of intervention and observation. Finally,
while participant retention and compliance with outcomes protocols was high (loss to follow-up
was 2%), adherence to TC training was lower than expected. Earlier TC studies have reported
higher protocol adherence rates [65-69]. The lower rates we observed in this study may be due to
our relatively long, 9-month intervention. Only a handful of TC studies to date have evaluated
interventions longer that six months, and most have been less than four months. Lower adherence
may also result from our use of a pragmatic design. Prior studies with higher adherence typically
utilized study-trained instructors, fixed cohorts of participants sharing a common medical condition,
and were based in medical settings with participants having regular contact with study stuff. Greater
and more structured contact with study participants and Tai Chi school staff will be required to
improve adherence in a future trial.

Conclusion
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We observed a clinically relevant trend of TC attenuating bone loss and improving quality of life in
postmenopausal osteopenic women. These trends were statistically significant in “per protocol”
secondary analyses. A change in BMD of 1-2% is clinically significant as the risk for fracture
doubles for each SD lower BMD and a gain of 2-4% in BMD from pharmacologic therapy results in
close to a 50% reduction in fracture risk [70]. We also observed statistically significant
improvements in fall-predictive measures of postural control. In combination with previous studies
suggesting TC may attenuate bone loss in elderly women, and research in older adults suggesting
that TC may reduce fall-related fracture risk by improving postural control and preventing falls [6,
7], our results affirm the value of a future, more definitive trial of TC for fracture prevention in
osteopenic women.

Competing interests
Peter Wayne is a sole proprietor of a community based Tai Chi school in the Boston area, which
served as one of the sites for this study, but received no financial compensation. Douglas Kiel has
received grants from Amgen, Merck, Novartis, Wyeth, and Hologic; served as a consultant for
Amgen, Merck, Novartis, GSK, Philips Lifeline, Wyeth, P&G, and Lilly; and has been a speaker
for Novartis, Merck, and GSK (although not as of July 2010). All other authors declare that they
have no competing interests.

Authors’ contributions
PM conceived of the study and has oversight of its conduct, and along with, DK, RD, PB, EC and
JB contributed to finalization of study design. DK had oversight for all markers of BMD. PB and

20

CM were responsible for collection and analysis of biomotion outcomes. EC served a study
coordinator. CC was responsible for patient identification. RD was responsible for statistical
analyses. All authors read and approved the final manuscript.

Acknowledgements

This publication was made possible by grant numbers R21 AT003503 and U19 AT002022 from the
National Center for Complementary and Alternative Medicine (NCCAM) at the National Institutes
of Health (NIH). Its contents are solely the responsibility of the authors and do not necessarily
represent the official views of the NCCAM or the NIH. We thank Dr. Maureen Connolly for input
into the study design and, MaryAnn Ryan, Jacqueline Savetsky-German, and Benjamin Patritti for
research assistance.

References
1.

Melton III L. Adverse outcomes of osteoporotic fractures in the general population. J Bone
Miner Res. 2003;18(6):1139-41.

2.

Greendale G, Barrett-Connor E, Ingles S, Haile R. Late physical and functional effects of
osteoporotic fracture in women: the Rancho Bernardo study. J Am Geriatr Soc.
1995;43:955-61.

3.

McClung MR. Osteopenia: to treat or not to treat? Ann Intern Med. 2005;142(9):796-7.

4.

Bone Health and Osteoporosis: A report of the Surgeon General. Rockville, MD: U.S: U.S.
Department of Health and Human Services; 2004.

21

5.

Harmer PA, Li F. Tai Chi and falls prevention in older people. Med Sport Sci. 2008;52:12434.

6.

Wayne P, Krebs D, Wolf S, Gill-Body K, Scarborough D, McGibbon C, Kaptchuk T, Parker
S. Can Tai-Chi improve vestibulopathic postural control? Arch Phys Med Rehabil.
2004;85(1):142-52.

7.

Wolf S, Barnhart H, Kutner N, McNeely E, Coogler C, Xu T. Reducing frailty and falls in
older persons: an investigation of Tai Chi and computerized balance training. J Am Geriatr
Soc. 1996;44(5):489-97.

8.

Logghe IH, Verhagen AP, Rademaker AC, Bierma-Zeinstra SM, van Rossum E, Faber MJ,
Koes BW. The effects of Tai Chi on fall prevention, fear of falling and balance in older
people: a meta-analysis. Prev Med. 2010 Sep-Oct;51(3-4):222-7.

9.

Shen CL, Williams JS, Chyu MC, Paige RL, Stephens AL, Chauncey KB, Prabhu FR, Ferris
LT, Yeh JK. Comparison of the effects of Tai Chi and resistance training on bone
metabolism in the elderly: a feasibility study. Am J Chin Med. 2007;35(3):369-81.

10.

Chan K, Qin L, Lau M, Woo J, Au S, Choy W, Lee K, Lee S. A randomized, prospective
study of the effects of Tai Chi Chun exercise on bone mineral density in postmenopausal
women. Arch Phys Med Rehabil. 2004;85:717-22.

11.

Qin L, Au S, Choy W, Leung P, Neff M, Lee K, Lau M, Woo J, Chan K. Regular Tai Chi
Chuan exercise may retard bone loss in postmenopausal women: a case-control study. Arch
Phys Med Rehabil. 2002;83:1355-9.

12.

Xu H, Lawson D, Kras A. A study on Tai Ji exercise and traditional Chinese medical
modalities in relation to bone structure, bone function and menopausal symptoms. Journal of
Chinese Medicine. 2004;74:3-7.

22

13.

Zhou Y. The effect of traditional sports on the bone density of menopause women. Journal
of Beijing Sport University. 2004;27(3):354-60.

14.

Wayne PM, Kiel DP, Krebs DE, Davis RB, Savetsky-German J, Connelly M, Buring JE.
The effects of Tai Chi on bone mineral density in postmenopausal women: a systematic
review. Arch Phys Med Rehabil. 2007 May;88(5):673-80.

15.

Lee MS, Pittler MH, Shin BC, Ernst E. Tai chi for osteoporosis: a systematic review.
Osteoporos Int. 2008 Feb;19(2):139-46.

16.

Wayne PM, Buring JE, Davis RB, Connors EM, Bonato P, Patritti B, Fischer M, Yeh GY,
Cohen CJ, Carroll D, Kiel DP. Tai Chi for osteopenic women: design and rationale of a
pragmatic randomized controlled trial. BMC Musculoskelet Disord. 2010;11:40.

17.

Garnero P, Delmas P. Biochemical markers of bone turnover. Applications for osteoporosis.
Endocrinol Metab Clin North Am. 1998;27(2):303-23.

18.

Fall PM, Kennedy D, Smith JA, Seibel MJ, Raisz LG. Comparison of serum and urine
assays for biochemical markers of bone resorption in postmenopausal women with and
without hormone replacement therapy and in men. Osteoporos Int. 2000;11(6):481-5.

19.

Looker A, Bauer D, Chesnut C, Gundberg C, Hochberg M, Klee G, Kleerekoper M, Watts
NB, Bell NH. Clinical use of biochemical markers of bone remodeling: Current status and
future directions. Osteoporosis Int. 2000;11(6):467-80.

20.

Eastell R, Delmas PD, Hodgson SF, Eriksen EF, Mann KG, Riggs BL. Bone formation rate
in older normal women: concurrent assessment with bone histomorphometry, calcium
kinetics, and biochemical markers. J Clin Endocrinol Metab. 1988 Oct;67(4):741-8.

21.

Ware JE, Sherbourne CD. The MOS 36-item short-form health survey (SF-36): a conceptual
framework and item selection. Med Care. 1992;30:473-83.

23

22.

Hilditch JR, Lewis J, Peter A, van Maris B, Ross A, Franssen E, Guyatt GH, Norton PG,
Dunn E. A menopause-specific quality of life questionnaire: development and psychometric
properties. Maturitas. 1996 Jul;24(3):161-75.

23.

Lewis JE, Hilditch JR, Wong CJ. Further psychometric property development of the
Menopause-Specific Quality of Life questionnaire and development of a modified version,
MENQOL-Intervention questionnaire. Maturitas. 2005 Mar 14;50(3):209-21.

24.

Gross L, Sallis J, Buono M, Roby J, Nelson J. Reliability of interviewers using the sevenday activity recall. Res Q Exerc Sport. 1990;61:321-5.

25.

Blair S. How to assess exercise habits and physical fitness. In: Matarazzo J, editor.
Behavioral Health. New York: Wiley; 1984. p. 424-47.

26.

Sarkin J, Nichols J, Sallis J, Calfas R. Self-report measures and scoring protocols affect
prevalence estimates of meeting physical activity guidelines. Med Sci Sports Exerc.
2000;32:149-56.

27.

Kalish LA, Buczynski B, Connell P, Gemmel A, Goertz C, Macklin EA, Pian-Smith M,
Stevens S, Thompson J, Valaskatgis P, Wayne PM, Zusman RM. Stop Hypertension with
the Acupuncture Research Program (SHARP): clinical trial design and screening results.
Control Clin Trials. 2004 Feb;25(1):76-103.

28.

Thapa PB, Gideon P, Brockman KG, Fought RL, Ray WA. Clinical and biomechanical
measures of balance as fall predictors in ambulatory nursing home residents. J Gerontol A
Biol Sci Med Sci. 1996 Sep;51(5):M239-46.

29.

Fernie GR, Gryfe CI, Holliday PJ, Llewellyn A. The relationship of postural sway in
standing to the incidence of falls in geriatric subjects. Age Ageing. 1982 Feb;11(1):11-6.

24

30.

Buchner DM, Larson EB. Falls and fractures in patients with Alzheimer-type dementia.
JAMA. 1987 Mar 20;257(11):1492-5.

31.

Runge M, Hunter G. Determinants of musculoskeletal frailty and the risk of falls in old age.
J Musculoskelet Neuronal Interact. 2006 Apr-Jun;6(2):167-73.

32.

Nevitt MC, Cummings SR, Kidd S, Black D. Risk factors for recurrent nonsyncopal falls. A
prospective study. JAMA. 1989 May 12;261(18):2663-8.

33.

Cho CY, Kamen G. Detecting balance deficits in frequent fallers using clinical and
quantitative evaluation tools. J Am Geriatr Soc. 1998 Apr;46(4):426-30.

34.

Hurvitz EA, Richardson JK, Werner RA, Ruhl AM, Dixon MR. Unipedal stance testing as
an indicator of fall risk among older outpatients. Arch Phys Med Rehabil. 2000
May;81(5):587-91.

35.

Brotherton SS, Williams HG, Gossard JL, Hussey JR, McClenaghan BA, Eleazer P. Are
measures employed in the assessment of balance useful for detecting differences among
groups that vary by age and disease state? J Geriatr Phys Ther. 2005;28(1):14-9.

36.

Yamazaki S, Ichimura S, Iwamoto J, Takeda T, Toyama Y. Effect of walking exercise on
bone metabolism in postmenopausal women with osteopenia/osteoporosis. J Bone Miner
Metab. 2004;22:500-8.

37.

Gong M, Zhang SZ, Wang B, Wang DH. Effects of long-term shadowboxing exercise on
bone mineral density in the aged. Chinese Journal of Clinical Rehabilitation.
2003;7(15):2238-9.

38.

Qin L, Choy W, Leung K, Leung PC, Au S, Hung W, Dambacher M, Chan K. Beneficial
effects of regular Tai Chi exercise on musculoskeletal system. J Bone Miner Metab.
2005;23(2):186-90.

25

39.

Zhou Y: The effect of traditional sports on the bone density of menopause women. Journal
of Beijing Sport University 2004, 27:354-360

40.

Woo J, Hong A, Lau E, Lynn H. A randomised controlled trial of Tai Chi and resistance
exercise on bone health, muscle strength and balance in community-living elderly people.
Age Ageing. 2007 May;36(3):262-8.

41.

Cummings SR, Black DM, Thompson DE, Applegate WB, Barrett-Connor E, Musliner TA,
Palermo L, Prineas R, Rubin SM, Scott JC, Vogt T, Wallacc R, Yates AJ, LaCroix AZ.
Effect of alendronate on risk of fracture in women with low bone density but without
vertebral fractures: results from the Fracture Intervention Trial. JAMA. 1998 Dec 2330;280(24):2077-82.

42.

Shen CL, Chyu MC, Pence BC, Yeh JK, Zhang Y, Felton CK, Xu KT, Pence BC, Wang JS.
Green tea polyphenols supplementation and Tai Chi exercise for postmenopausal osteopenic
women: safety and quality of life report. BMC Complem Alt Med. 2010 10:76.

43.

Shen CL, Chyu MC, Yeh JK, Zhang Y, Pence BC, Felton CK, Brismee JM, Arjmandi BH,
Doctolero S, Wang JS. Effect of green tea and Tai Chi exercise on bone health in
postmenopausal osteopenic women: a 6 month randomized placebo-controlled trial.
Osteopor Int. 2011.

44.

Kemmler W, Engelke K, Lauber D, Weineck J, Hensen J, Kalender WA. Exercise effects on
fitness and bone mineral density in early postmenopausal women: 1-year EFOPS results.
Med Sci Sports Exerc. 2002 Dec;34(12):2115-23.

45.

Kemmler W, Lauber D, Weineck J, Hensen J, Kalender W, Engelke K. Benefits of 2 years
of intense exercise on bone density, physical fitness, and blood lipids in early

26

postmenopausal osteopenic women: results of the Erlangen Fitness Osteoporosis Prevention
Study (EFOPS). Arch Intern Med. 2004 May 24;164(10):1084-91.
46.

Tse SK, Bailey DM. T'ai chi and postural control in the well elderly. Am J Occup Ther.
1991;46:295-300.

47.

Forrest WR. Anticipatory postural adjustment and T'ai Chi Ch'uan. Biomed Sci Instrum.
1997;33:65-70.

48.

Wolf SL, Barnhart H, Ellison GL, Coogler CE. The effect of Tai Chi Quan and
computerized balance training on postural stability in older subjects. Atlanta FICSIT
Group. Frailty and Injuries: Cooperative Studies on Intervention Techniques. Phys Ther.
1997;77(4):371-81.

49.

Li F, Harmer P, Fisher KJ, McAuley E. Tai Chi: improving functional balance and
predicting subsequent falls in older persons. Med Sci Sports Exerc. 2004 Dec;36(12):204652.

50.

Tsang WW, Hui-Chan CW. Comparison of muscle torque, balance, and confidence in older
tai chi and healthy adults. Med Sci Sports Exerc. 2005 Feb;37(2):280-9.

51.

Lan C, Lai JS, Chen SY, Wong MK. Tai Chi Chuan to improve muscular strength and
endurance in elderly individuals: a pilot study. Arch Phys Med Rehabil. 2000;81:601-7.

52.

Xu DQ, Li JX, Hong Y. Effects of long term Tai Chi practice and jogging exercise on
muscle strength and endurance in older people. Br J Sports Med. 2006 Jan;40(1):50-4;
discussion -4.

53.

Song R, Roberts BL, Lee EO, Lam P, Bae SC. A randomized study of the effects of t'ai chi
on muscle strength, bone mineral density, and fear of falling in women with osteoarthritis. J
Altern Complement Med. 2010 Mar;16(3):227-33.

27

54.

Sattin RW, Easley KA, Wolf SL, Chen Y, Kutner MH. Reduction in fear of falling through
intense tai chi exercise training in older, transitionally frail adults. J Am Geriatr Soc. 2005
Jul;53(7):1168-78.

55.

Chyu MC, James CR, Sawyer SF, Brismee JM, Xu KT, Poklikuha G, Dunn DM, Shen CL.
Effects of tai chi exercise on posturography, gait, physical function and quality of life in
postmenopausal women with osteopenia: a randomized clinical study. Clin Rehabil. 2010;
24:1080-1090.

56.

Wayne PM, Kaptchuk TJ. Challenges inherent to Tai Chi research: Part I--Tai Chi as a
complex multi-component intervention. J Altern Complement Med. 2008;14:95-102.

57.

Macpherson H. Pragmatic clinical trials. Complement Ther Med. 2004 Jun-Sep;12(23):136-40.

58.

Wu G, Liu W, Hitt J, Millon D. Spatial, temporal and muscle action patterns of Tai Chi gate.
Journal of Electromyography and Kinesiology. 2004;14:343-54.

59.

Mao de W, Li JX, Hong Y. Plantar pressure distribution during Tai Chi exercise. Arch Phys
Med Rehabil. 2006 Jun;87(6):814-20.

60.

Mao DW, Hong Y, Li JX. Characteristics of foot movement in Tai Chi exercise. Phys Ther.
2006 Feb;86(2):215-22.

61.

Mao DW, Li JX, Hong Y. The duration and plantar pressure distribution during one-leg
stance in Tai Chi exercise. Clin Biomech (Bristol, Avon). 2006 Jul;21(6):640-5.

62.

Wu G, Hitt J. Ground contact characteristics of Tai Chi gait. Gait Posture. 2005
Aug;22(1):32-9.

63.

Wu G, Millon D. Joint kinetics during Tai Chi gait and normal walking gait in young and
elderly Tai Chi Chuan practitioners. Clin Biomech (Bristol, Avon). 2008 Jul;23(6):787-95.

28

64.

McGibbon CA, Krebs DE, Parker SW, Scarborough DM, Wayne PM, Wolf SL. Tai Chi and
vestibular rehabilitation improve vestibulopathic gait via different neuromuscular
mechanisms: preliminary report. BMC Neurology. 2005;5(1):3.

65.

Yeh GY, Wood MJ, Lorell BH, Stevenson LW, Eisenberg DM, Wayne PM, Goldberger AL,
Davis RB, Phillips RS. Effects of tai chi mind-body movement therapy on functional status
and exercise capacity in patients with chronic heart failure: a randomized controlled trial.
Am J Med. 2004 Oct 15;117(8):541-8.

66.

Yeh GY, McCarthy EP, Wayne PM, Stevenson LW, Wood MJ, Forman D, Davis RB,
Phillips RS. Tai chi exercise in patients with chronic heart failure: a randomized clinical
trial. Arch Intern Med. 2011 Apr 25;171(8):750-7.

67.

Wang C, Schmid CH, Rones R, Kalish R, Yinh J, Goldenberg DL, Lee Y, McAlinden T. A
randomized trial of tai chi for fibromyalgia. N Engl J Med. 2010 Aug 19;363(8):743-54.

68.

Wang C, Schmid CH, Hibberd PL, Kalish R, Roubenoff R, Rones R, McAlinden T. Tai Chi
is effective in treating knee osteoarthritis: a randomized controlled trial. Arthritis Rheum.
2009 Nov 15;61(11):1545-53.

69.

Li F, Harmer P, Fisher KJ, McAuley E, Chaumeton N, Eckstrom E, Wilson NL. Tai Chi and
fall reductions in older adults: a randomized controlled trial. J Gerontol A Biol Sci Med Sci.
2005 Feb;60(2):187-94.

70.

Pols HA, Felsenberg D, Hanley DA, Sˇtepa´n J, Mun˜oz-Torres M, Wilkin TJ, Qin-Sheng
G, Galich AM, Vandormael K, Yates AJ, Stych B. Multinational, Placebo-Controlled,
Randomized Trial of the Effects of Alendronate on Bone Density and Fracture Risk in
Postmenopausal Women with Low Bone Mass: Results of the FOSIT Study. Osteoporos Int
(1999) 9:461–468.

29

Figure Legend
Figure 1. Study flow diagram

Figure 2. Treatment related changes (%) in bone mineral density of the femoral neck, total hip, and
lumbar spine assessed using dual energy x-ray absorptiometry (DXA). Boxes represent 25th and
75th percentiles, horizontal lines represent median values, and + sign represent mean values. Data
are presented separately for participants randomized to Usual Care (UC) and Tai Chi (TC), as well
as the subset of those in the Tai Chi group that were Per-Protocol (PTC).

Figure 3. Treatment related changes in serum markers of bone resorption (C-terminal cross linking
telopeptide of type I collagen (CTX)) and bone formation (osteocalcin). Boxes represent 25th and
75th percentiles, horizontal lines represent median, and + sign represent mean values.
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24 (56)
12 (28)
7 (16)
34 (79)
7 (16)
2 (5)
0.680 + 0.063
0.829 + 0.073
0.898 + 0.070

0.554 + 0.259
16.29 + 6.01

18 (42)
18 (42)
7 (16)
34 (79)
8 (19)
1 (2)
0.692 + 0.068
0.837 + 0.077
0.901 + 0.128

0.603 + 0.231
15.52 + 4.94

53.5 + 6.1
52.0 + 7.7
3.88 + 1.12
3.60 + 1.69
4.19 + 1.10

53.2 + 5.6
55.8 + 4.8
3.79 + 0.80
3.67 + 1.13
4.09 + 0.97

128.0 + 38.4

1 (2)
3 (7)
15 (35)
24 (56)
25.8 + 4.2

4 (9)
5 (12)
13 (30)
21 (49)
24.5 + 4.0

144.5 + 43.6

37 (86)
4 (9)
1 (2)
1 (2)

Randomized to
Tai Chi
(n=43)
58.8 + 5.6 (43-70)

36 (84)
2 (5)
3 (7)
2 (5)

60.4 + 5.3 (46-70)

Randomized to Usual Care
(n=43)

3.92 + 1.38
3.67 + 1.74
4.21 + 1.32

51.9 + 6.8
53.7 + 7.0

123.9 + 26.9

0.594 + 0.300
17.11 + 7.02

0.685 + 0.074
0.832 + 0.079
0.898 + 0.076

19 (79)
3 (13)
2 (8)

12 (50)
7 (29)
5 (21)

0
1 (4)
8 (33)
15 (63)
25.8 + 3.8

21 (88)
2 (8)
0 (0)
1 (4)

Per Protocol
Tai Chi
(n=26)
59.1 + 4.9 (51-68)
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Also shown are data for the subset of participants randomized to Tai Chi whose compliance placed them in the “per protocol” group
(i.e. ≥ 75% compliant with class and home practice). All continuous variables are means ± standard deviation. Categorical variable
are described with frequency count followed by percentages..

* Expectancy values based on 5 point Likert scale; higher values indicate greater expectancy that Tai Chi will positively impact health

SF-36 (mean + SD):
Physical
Mental
Expectancy (mean + SD)*:
Q.1: ‘Improving your health’
Q.2: ‘Recommend to a friend’
Q.3: ‘Makes sense to you’

Physical activity (PAR, kcal/kg/d) (mean + SD)

Race: n (%)
White
African American
Asian
Other
Education: n(%)
High School/GED
Some College
College
Graduate degree
BMI in kg/m2 (mean + SD)
Years post-menopause, n (%)
1-7
>7
unknown
Calcium supplementation, n (%)
Yes
No
unknown
BMD in g/cm2 (mean + SD):
Femoral neck
Total hip
Spine
Serum bone turnover markers (mean + SD)
CTX ng/ml
OSC ng/ml

Age in years (mean + SD (range))

Variable

Table 1. Characteristics of study participants at baseline randomized to both the usual care control group and the Tai Chi intervention.

.837 + .077

.901 + .128

Total Hip (mean + SD) (g/cm2)
% change (median [Q1,Q3])

Spine (mean + SD) (g/cm2)
% change (median [Q1,Q3])

15.52 + 4.94

OSC (mean + SD) (ng/ml)
% change (median [Q1,Q3])

16.50 + 4.82
4.30 [0.00, 11.80]

.629 + .310
2.05 [-15.33, 23.19]

.891 + .132
-1.27 [-2.67, 0.28]

.835 + .078
-0.64 [-1.39, 0.92]

.685 + .069
-0.85 [-2.58, 0.70]

9 Months

Randomized to
Usual Care (n=43)

16.29 + 6.01

.554 + .259

.898 + .070

.829 + .073

.680 + .063

Baseline

.569 + .248
0.68 [-17.94, 24.19]
*p=0.99
16.38 + 5.72
1.94 [-10.03, 12.87]
*p=0.35

.681 + .063
-0.39 [-1.48, 1.02]
*p=0.24
.832 + .074
0.23 [-1.12, 0.89]
*p=0.26
.889 + .069
-1.38 [-2.72, 0.99]
*p=0.98

9 Months

Randomized to
Tai Chi (n=43)

17.11 + 7.02

.594 + .30

.898 + .076

.832 + .079

.685 + .074

Baseline

.552 + .266
-7.17 [-25.77, 12.56]
*p=0.21
16.23 + 5.96
-3.55 [-13.61, 7.23]
*p=0.03

.688 + .075
-0.23 [-0.64, 1.02]
*p=0.05
.834 + .079
0.35 [-1.20, 1.13]
*p=0.32
.894 +.072
-1.21 [-1.95, 1.88]
*p=0.38

9 Months

Per Protocol
Tai Chi (n=26)
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Baseline and 9 month values represent mean values ± standard deviations. Change scores are summarized with median values and
25th (Q1) and 75th (Q3) percentiles. P-values indicate comparisons between Usual Care ground and Tai Chi and Per Protocol groups,
based on the Wilcoxon rank sum test.

* p-value for comparison with Usual Care based on the Wilcoxon rank sum test.

.603 + .231

CTX (mean + SD) (ng/ml)
% change (median [Q1,Q3])

Bone Turnover Markers

.692 + .068

Baseline

Femoral Neck (mean + SD) (g/cm2)
% change (median [Q1,Q3])

BMD

Variable

Table 2. Changes from baseline to 9 months in primary outcomes, bone mineral density (BMD) and bone turnover markers.

1.85 + 1.46
1.91 + 1.04

1.91 + 0.89
1.75 + 1.58
1.84 + 0.95

166.5 + 55.7

MENQOL subscales
1.78 + 1.08
Vasomotor

1.83 + 0.93

1.82 + 0.68

1.73 + 1.37

1.79 + 0.74

144.5 + 43.6

Psychosocial

Physical

Sexual

MENQOL Total

PAR (kcal/kg/d)

9 Months

160.1 + 51.9

1.90 + 0.93

1.77 + 1.34

2.02 + 0.97

2.01 + 1.51

1.79 + 1.34

54.0 + 8.4

53.1 + 6.4

Baseline

128.0 + 38.4

2.07 + 0.87

1.96 + 1.34

1.97 + 0.81

2.27 + 1.20

2.02 + 1.36

52.0 + 7.7

53.5 + 6.1

151.4 + 46.0

1.97 + 0.78

1.84 + 1.27

1.94 + 0.68

2.16 + 1.22

1.89 + 1.31

52.1 + 10.1

52.9 + 6.8

3 Months

Randomized to
Tai Chi
(n=43)
9 Months

153.0 + 38.3

1.99 + 0.88

1.81 + 1.41

1.96 + 0.73

2.33 + 1.17

1.86 + 1.24

52.6 + 8.5

52.6 + 7.7
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Baseline

123.9 + 26.9

1.94 + 0.92

1.68 + 1.25

2.00 + 0.96

2.13 + 1.27

1.83 + 1.20

53.7 + 7.0

51.9 + 6.8

* Indicates change from base line to 3 months significantly different from Usual Care group at P= 0.02 (Wilcoxon rank sum test)
** Indicates change from base line to 9 months significantly different from Usual Care group at P= 0.03 (Wilcoxon rank sum test)
Values represent group means + standard deviation at baseline, 3 and 9 months.

54.6 + 5.6

55.8 + 4.8

SF 36 Mental

3 Months
53.3 + 6.0

53.2 + 5.6

Baseline

Randomized to
Usual Care
(n=43)

SF 36 Physical

Variable

155.5 + 47.6

1.84 + 0.76

1.51 + 0.99

1.77 + 0.53

1.91 + 1.01

2.08 + 1.53

53.6 + 8.1

.

54.7 + 5.3*

3 Months

Per Protocol
Tai Chi
(N=26)

156.4 + 42.7

1.74 + 0.76

1.50 + 1.24

1.71 + 0.58**

1.98 + 1.01

1.76 + 1.14

54.0 + 6.6

53.7 + 6.6

9 Months

Table 3. Physical and mental health related quality of life (SF 36), overall menopause related quality of life (MENQOL) and
subscales, and physical activity recall (PAR).

25.95 ± 6.55

34.43 ± 9.14

184.6 ± 180.2

22.53 ± 7.56

10.75 + 3.29

Baseline

2.40 (-7.26, 2.93)

23.91 ± 2.37

-1.82 (-9.86, 2.42)

31.37 ± 12.48

31.73 (8.08, 41.27)

234.5 ± 254.5

2.27 (-1.55, 4.95)

25.14 ± 9.86

0.92 (0.01, 2.49)

12.55 ± 5.26

9 Months

Usual Care (n=7)

26.47 ± 4.39

42.75 ± 8.51

155.4 ± 62.4

24.45 ± 4.92

9.30 + 1.83

Baseline

-2.39 (-4.97, -0.87)

23.73 ± 2.77

-8.83 (-13.8, -5.46)

33.25 ± 7.82

-37.72 (-59.59, -29.40)

134.1 ± 71.2

-3.19 (-4.58, -1.88)

21.49 ± 5.41

-0.24 (-0.66, 0.51)

9.01 ± 1.83

9 Months

Tai Chi (n=8)

P=0.232

P=0.116

P=0.060

P= 0.014

P= 0.027

P-Values*

Baseline and 9 month values represent mean values ± standard deviations. Change scores are summarized with median values and
25th (Q1) and 75th (Q3) percentiles. P-values indicate comparisons between Usual Care ground and Tai Chi, based on the Wilcoxon
rank sum test.

% change (median [Q1,Q3])

Repeated chair rise (sec)

% change (median [Q1,Q3])

Tandem walk (sec)

Clinical Balance and Function Test

% change (median [Q1,Q3])

Stabilogram ellipse area (mean ± SD) (mm2)

% change (median [Q1,Q3])

AP sway range (mean ± SD) (mm)

% change (median [Q1,Q3])

Avg. sway velocity (mean ± SD) (mm/sec)

Biomotion sway parameters

Variable

Table 4. Changes from baseline to 9 months in balance related outcomes based on a subgroup of patients randomized to usual care and
Tai Chi.
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