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Abstract
Context—Because Tai Chi (TC) is beneficial to elders without cognitive impairment (CI), it also
may benefit elders with CI. But elders with CI have generally been excluded from TC studies
because many measurement tools require verbal reports and some elders with CI are unable to
provide.

Objectives—To tested the efficacy of a TC program in improving pain and other health
outcomes in community-dwelling elders with knee osteoarthritis (OA) and CI.

Methods—This pilot cluster-randomized trial was conducted between January 2008 and June
2010 (ClinicalTrials.gov Identifier: NCT01528566). The TC group attended Sun style TC classes,
three sessions a week for 20 weeks; the control group attended classes providing health and
cultural information for the same length of time. Measures included the Western Ontario and
McMaster Universities Osteoarthritis Index (WOMAC) pain, physical function and stiffness
subscales, the Get Up and Go test, the Sit-to-Stand test and the Mini-Mental State Examination
(MMSE), administered at baseline, every four weeks during the intervention and at the end of the
study (post-test).

Results—Eight sites participated in either the TC group (four sites, 28 participants) or the control
group (four sites, 27 participants). The WOMAC pain (P=0.006) and stiffness scores (P=0.010)
differed significantly between the two groups at post-test, whereas differences between the two
groups in the WOMAC physical function score (P=0.071) and the MMSE (P=0.096) showed
borderline significance at the post-test. WOMAC pain (P=0.001), physical function (P=0.021) and
stiffness (P≤0.001) scores improved significantly more over time in the TC group than in controls.
No adverse events were found in either group.
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Conclusion—Practicing TC can be efficacious in reducing pain and stiffness in elders with knee
OA and CI.
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Introduction
Osteoarthritis (OA) affects 27 million people in the U.S. (1) and costs $185.5 billion a year
(2). About 12.1% of those age 60 and older have symptomatic knee OA, and up to 37% have
radiographic knee OA (1). The prevalence of symptomatic knee OA among those aged 70
and over has doubled in women and tripled in men over the past 20 years (3). Chronic knee
pain is a major characteristic of knee OA. Currently, there is no cure for knee OA pain, only
pharmacological interventions for alleviating pain and inflammation. However, fewer than
40% of chronic pain sufferers, including those with knee OA, obtain satisfactory pain relief
from medications (4). Without proper treatment, elders with OA knee pain experience
difficulty in performing activities of daily living (ADLs), and limiting ADLs results in
further loss of muscle strength, range of motion, and mobility, leading to physical
deconditioning and increased pain (5).

Elders with both knee OA and cognitive impairment (CI) face a double jeopardy in regard to
functioning. Because proper functioning requires proper cognitive capacity, functioning
declines more rapidly in elders with CI than in elders without CI (6-8). Knee OA further
limits functioning in elders with CI (9). Thus, effective interventions to reduce knee OA
pain and improve other health outcomes in elders with CI are greatly needed. Given the high
prevalence of knee OA in elders and the inadequacy of medication in treating their pain, the
use of nonpharmacological adjunct interventions should be considered to reduce pain and
improve functioning.

Tai Chi (TC) is a gentle aerobic exercise derived from ancient Chinese martial arts (10).
Many studies have shown beneficial effects of TC on knee OA pain (11-15) and cognitive
and physical function in elders without CI (11, 13-20). Because TC is beneficial to elders
without CI, it also may benefit elders with CI. Yet elders with CI have generally been
excluded from TC studies because many measurement tools require verbal reports and some
elders with CI are unable to provide these (16, 21, 22). However, if elders with CI are not
included in trials, we cannot know whether TC is beneficial to them. We also cannot know
how to prescribe the dosing of TC, such as numbers of sessions per week, and numbers of
weeks of intervention needed to relieve their pain and improve their functioning. Our
previous feasibility studies indicated that TC might relieve knee OA pain and improve
functioning in elders with CI (23, 24). Building on those studies, the pilot cluster-
randomized trial reported here was designed to test the efficacy of a TC program in
improving pain and other health outcomes in community-dwelling elders with CI and knee
OA.

Methods
Study Design

This 20-week cluster-randomized clinical trial had two arms, a TC group and an attention
control group. Cluster randomization was carried out by the statistician after screening was
completed at each site. A random number table was used to randomly assign each site to the
TC or attention control arm (four sites each) according to the sequence of even/odd numbers
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from a random starting point in the table. The assessor was not involved in the intervention
and the interventionists were not involved in the outcome assessment.

Participants
Inclusion criteria for the study were 1) age ≥ 60 years; 2) moderate, mild or subtle CI,
defined as a Mini-Mental State Examination (MMSE) score of 18-28; 3) a diagnosis of knee
OA based on medical history reviewed with elders or family members/staff and confirmed
by a health care provider; 4) self-report of knee OA pain ≥ 2 on the Verbal Descriptor Scale
(VDS), or a pain score ≥ 3 on the Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) pain subscale; 5) ability to speak English; 6) physician's/nurse
practitioner's permission to participate; 7) no participation in a regular exercise program in
the past month; 8) ambulation without assistance from staff or a walking device for 50
meters; and 9) ability to stand and maintain balance for one minute without a walking
device. We included elders with moderate, mild or subtle CI, with or without dementia, i.e.,
MMSE scores of 18 or above, because studies have found that these elders are able to
provide valid answers to inquiries about their pain (25, 26) and could learn TC. Although
published studies have tended to use 27/28 as the cutoff MMSE score for normal cognition,
recent studies have shown that some elders with MMSE = 28 may have pre-symptom or
subtle CI (27). Thus, we included elders with MMSE scores up to 28.

Exclusion criteria were 1) uncorrectable moderate or severe hearing or vision deficits; 2)
Parkinson's disease; 3) cancer pain; 4) chronic pain conditions, such as rheumatoid arthritis,
fibromyalgia, or severe low back pain; 5) diabetic neuropathy; 6) arthroscopic surgery or
total knee- or hip-replacement surgery in the past six months; 7) fractures in the past six
months; 8) major psychiatric disorder or positive screen for depressive symptoms (Geriatric
Depression Scale-15 score ≥ 5) without taking medication; 9) history of falls in the past
three months; or 10) vertigo in the past month. The same study criteria were applied to the
TC and the attention control groups.

Power Analysis
We intended to compare change in scores on pain measures between pre- and post-test in the
TC and attention control groups. Based on a previous small pilot study (24), a sample size of
40 per group (80 total) was expected to provide 80% power to detect an effect size of 0.8
using a two-sided t-test with alpha=0.05, based on the assumption that the intracluster
correlation (ICC) was 0.01 (28). No replacements for dropouts were considered. Instead of
80 participants, we were only able to recruit 55 participants over three years for the study.

As shown in Table 2, the ICC for the primary outcome, WOMAC pain, was 0.005 and ICCs
for secondary outcomes were between 0.024 and 0.241. Based on these data, we had
sufficient power to detect a large effect size for the outcomes of WOMAC pain and stiffness
(0.90 and 1.21, respectively, at Week 21). However, with 55 participants, we only had a
power of 65% to detect an effect size of 0.71 for WOMAC physical function at Week 21.
Power to detect the effect sizes of other outcomes was below 50%.

Intervention
TC Intervention—The 12-form Sun TC for arthritis (29) was adapted for elders with knee
OA and CI based on our previous pilot work (23, 24, 30). The TC group received three
sessions a week of TC exercise for 20 weeks. TC exercise started at 20 minutes per session
and gradually increased to 40 minutes per session, as described in our previous report (31).
A standardized treatment manual was developed to ensure that the TC forms were taught
consistently.
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The TC intervention was led by a senior certified TC instructor who had six years’
experience in teaching Sun TC for arthritis. Two other certified TC instructors (with three or
more years’ experience in teaching TC) assisted in teaching at various times during the
three-year study period. All instructors were certified by the same organization under the
same Master Instructor (32). Individual instructors’ performance of TC forms, which are TC
movements that work together in a continuous motion, was taped and analyzed. When any
deviation in TC instruction was observed, the senior TC instructor practiced with the
individual instructor to ensure the consistency of the forms and teaching methods based on
the treatment manual. Details of the method for conducting a TC class have been published
previously (31).

Attention Control Intervention—The attention control group participated in health
education, culture-related activities and other social activities (e.g., sharing travel
experiences, hobbies and collections) for a total of 20 weeks. The attention control protocol
implemented at each study site was standardized in terms of content, materials and duration.
The length and frequency of the activities for this group closely matched those in the TC
group. The senior TC instructor, a medical school faculty member, discussed various health-
related topics (e.g., Alzheimer's disease, Parkinson's disease, macular degeneration) and led
various culture-related activities (e.g., Chinese painting, cooking and writing) in this group.
Two other instructors were trained by the senior TC instructor to conduct other related
activities. The senior TC instructor routinely visited the sites to monitor the fidelity of the
instructors in teaching method, materials used and duration of activities. Any deviations
from the protocol were discussed and corrected as appropriate.

Outcome Variables
Outcomes were measured at Week 1 (pre-test), Week 5, Week 9, Week 13, Week 17 and
Week 21 (post-test). The WOMAC was used to measure subjective pain, physical
functioning, and stiffness (33). A modified Get Up and Go (GUG) test was used to measure
the elder's speed in getting up from an armchair, walking as fast as he or she could for 50
feet, returning to the chair, and sitting down (34, 35). The Sit-to-Stand (STS) test was
modified for our elderly participants by asking participants, with arms across the chest, to
rise five times from a chair as fast as possible (36). Cognitive functioning was measured by
the MMSE (37).

Statistical Analyses
Intent-to-treat analysis was used for outcome variables. Bivariate statistics (t-tests and Chi-
square) and general linear mixed models were used to analyze the data. To account for the
cluster randomization, the random effects of sites and the random intercept of subject effects
within a site were included in the mixed models. We analyzed changes in outcome variables
within groups and the differences in outcome variables between groups. For within-group
comparisons, change in outcome variables between baseline and each follow-up time point
for participants in the TC group and control group were estimated from the mixed models,
stratified by groups. For between-group comparisons, at each time point, the difference in
outcome variables between the TC and control groups were estimated from the mixed model
with the interaction between group and time. We further tested whether the differences
between groups increased over time by building the linear contrast for trends in the mixed
model. We report a 95% confidence interval for within-group comparisons and a 95%
confidence interval and significance level for the difference and trend tests for between-
group comparisons.
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Results
Descriptive Results

This study was conducted between January 2008 and June 2010. We approached 354 elders
and screened 123. Among them, 60 were eligible (Fig. 1). Major reasons for exclusion were
too high or too low MMSE scores (n=26); no knee OA (n=27); no or very mild knee pain
(VDS <2 and WOMAC pain <3, n=12); recent fall (n=11); participation in another exercise
program (n=10); major psychiatric problems (n=10) and other severe chronic pain (n=7).
Five eligible elders dropped out before group assignment. Their reasons included
hospitalization (n=1) and reduced interest in the project (n=4). The final sample size in the
eight sites was 55 participants. Four sites (n=28) were assigned to the TC group and the
other four (n=27) were assigned to the activity control group (Fig. 1).

Baseline characteristics and group scores on study variables are summarized in Table 1. One
site in each arm was a senior center, and the other three sites were senior residential
complexes. Each arm had an average of seven elders per site. The average age of the 55
participants was 78.91 years; the majority were women (72.7%) and Caucasian (92.7%).
Their average MMSE score was 25.45 ± 2.36.

There were no significant differences between study sites on any of the outcome variables at
Week 1 (baseline). There also were no significant differences between groups on any of the
demographics and outcome variables at Week 1. MMSE scores differed most between the
two groups, although the difference was only borderline significant (P=0.062). Because a
borderline difference in MMSE scores favored better cognitive function in the treatment
group, we also did a set of analyses controlling for this additional variable. These analyses
indicated that results were identical whether or not we controlled for MMSE (not shown).
We thus report the analyses without controlling for MMSE in this paper. Dropout rates were
similar between the two groups (TC 14.3% vs. control 22.2%, P=0.503). No differences in
demographics and pre-intervention outcome variables were found between participants who
completed the study and those who dropped out. No adverse events were found in either
group.

Major Study Results
Primary Outcome (WOMAC Pain)—Both groups improved their WOMAC pain score
over the 20-week intervention period (P<0.001 [TC] vs. P=0.042 [control]). However, the
TC group's score was 2.28 points (95% confidence interval -3.89, -0.66; P=0.006) lower
than the control group's score by Week 21 (Table 2). The difference between the two groups
increased significantly over time (P=0.001, see “Trend” in Table 2). The differences started
at Week 9 (P=0.026) and continued throughout the remaining intervention period (Week 13,
P=0.007; Week 17, P=0.006; Week 21, P=0.006). These results suggest that it took
approximately eight weeks for TC to exhibit beneficial effects on pain relief.

Secondary Outcomes
1. WOMAC Physical Function. There was improvement in WOMAC physical

function in the TC group (P=0.001), but this was not seen in the control group
(P=0.515). By Week 21, the TC group score was 5.98 points (95% confidence
interval -12.47, 0.51; P=0.071) lower than the control group (Table 2). The
difference between the two groups increased significantly over time (P=0.021, see
“Trend” in Table 2).

2. WOMAC Stiffness. Only the TC group improved their WOMAC stiffness score
over the 20-week intervention period (P<0.001 [TC] vs. P=0.324 [control]). The
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TC group score was 1.30 points (95% confidence interval -2.28, -0.32; P=0.010)
lower than the control group score by Week 21. The difference between the two
groups increased significantly over time (P<0.001), starting at Week 17 (P=0.038)
and continuing at Week 21 (P=0.010).

3. GUG and STS. There were some improvements in these outcomes in the TC group
(GUG: P<0.001 [TC] vs. P=0.079 [control]; STS: P<0.001 [TC] vs. P=0.193
[control]). However, the differences in these outcomes between the two groups at
Week 21 were not significant (P=0.126 for GUG; P=0.728 for STS). There was no
trend toward improvement over time on these two tests (P=0.776 for GUG;
P=0.238 for STS).

4. MMSE. There was some improvement in the TC group only (P=0.003 [TC] vs.
P=0.082 [control]). At Week 21, there was a difference of 1.33 points (95%
confidence interval -0.24, 2.90; P=0.096) between the two groups. However, there
was no significant change in the difference between the two groups over time
(P=0.223).

Discussion
In this pilot study, we found that both the TC and attention control groups improved in the
primary outcome, WOMAC pain score. The attention received by the elders in both groups
could have moderated their pain. However, TC caused improvement above and beyond that
caused by attention alone. A statistically significant difference between the two groups could
be observed starting in Week 9 (i.e., after eight weeks of TC exercise) and continued to
Week 21 (Table 2). Results obtained from the trend analysis (P= 0.001) clearly supported
the conclusion that TC practice was better than attention. A beneficial effect of TC on OA
pain also was found in Wang et al.'s study (11). Thus, the relief of pain resulting from
practicing TC is not merely the result of attention, but the specific components of TC that
elders practice. Although it is not clear why practicing TC can reduce OA knee pain, this
finding is encouraging and should serve as the starting point to look for the mechanism(s)
behind the beneficial effects of TC.

It is important to point out that Wang et al.'s study was conducted with younger participants
without CI, and the duration of their intervention was 12 weeks (11). Our study results
indicated that eight weeks of TC practice significantly reduced OA pain and this continued
to Week 21 when the intervention period ended (Table 2). Thus, our participants, who were
older and had CI, did not require more time to show improvement in pain scores.
Presumably, if they continue to practice TC over time, their OA knee pain will continue to
decrease. Because pain is the number one complaint among people with knee OA, the
finding that TC helped to relieve knee pain in this frail population is important.

Both subjective (the self-report WOMAC physical function score) and objective (GUG,
STS) measures of physical function were employed in this study. Previous randomized
controlled trials (RCTs) have not been conclusive on the effects of TC on self-reported
physical functioning. Wang et al. found significant positive effects of TC (11), but Lee et al.
did not find any effect of TC on the WOMAC physical functioning score (12). As noted
earlier, Wang et al.'s participants were younger; in addition, that study did not exclude
people who regularly participated in other exercise (11). In contrast, Lee et al. had an older
sample and included only elders with a sedentary life style (12). That population was similar
to ours. It is possible that older, frail participants such as those in our study and Lee et al.'s
study (12) require a longer time to show improvement. It is also possible that, with advanced
age, improvements in physical function may never reach the level achieved by younger
people. Finally, this study was powered only for the primary pain outcome and was
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underpowered for physical function. Nevertheless, our TC groups showed significantly
greater improvement in self-reported physical function over time than the control groups (P=
0.021, Table 2). In addition, TC is joint safe and mild, demands minimum physical strength,
and requires limited space to practice. It should be beneficial for elders as a regular exercise.

In addition to self-reported physical function, we included objective physical function
measures. The effects of TC on objective physical function in elders with knee OA also
were examined in two other RCTs (11, 12). There were mixed results for walking speed (11,
12), but positive results for the STS test (11). Other non-RCT studies on TC for knee OA
found that TC had positive effects on muscle strength (13), range of motion (14, 15), gait
(15), and the GUG test (14).

Our TC group did not show significantly greater improvements on the GUG and STS tests
than the control group. It should be noted, however, that we used an armchair for the tests
because the majority of our participants could not get up from a chair without pushing
themselves up. Conducting the tests with an armchair might have decreased the sensitivity
of the measures for detecting physical function and thus prevented us from identifying the
effects of TC. Objective measures of physical function that are appropriate for people of
advanced ages are needed. Further, this study was underpowered for detecting the effect of
TC on these variables and this might have contributed to the lack of significant differences.

Our power analysis indicated that we had sufficient power to detect the effects of TC on the
WOMAC stiffness score (see Methods). TC significantly improved stiffness scores starting
from Week 17 and continuing to Week 21 (Table 2). Trend analysis strongly supported this
conclusion (P≤ 0.001). Because TC involves continuous, slow, smooth movements of the
upper and lower limbs in a particular choreographic sequence, it should improve range of
motion (14, 15) and help to reduce the stiffness experienced with knee OA. However, in
Wang et al.'s study (assessed in Week 12) and in Lee et al.'s study (assessed in Week 8), TC
did not produce significant improvements in this measure (11, 12). It is possible that the
beneficial effects of TC on stiffness could only be observed with a longer intervention, such
as that employed in our study. Indeed, TC did not improve stiffness scores in Week 9
(P=0.162) or Week 13 (P= 0.108), but only at later time points (Table 2).

In our study, TC had positive effects on MMSE with a difference between groups that was
borderline significant (Table 2). This finding is similar to the findings of a study that used
TC as part of a multimodal intervention for improving cognition in elders with early stage
CI (38). Also, our previous pilot study, using participants with lower MMSE scores than in
the current study, found beneficial effects of TC on MMSE scores (23). It is possible that
TC may benefit only elders with lower MMSE scores, or TC may benefit only some aspects
of cognitive functioning. MMSE is a global measure that includes six aspects of cognitive
functioning. When they are lumped together, we may not observe the benefit for particular
aspects of cognition. Also, our power analysis indicated that we did not have sufficient
power to detect effects of TC on cognition.

We found that the proportions of elders achieving a minimal clinically important difference
(MCID) for improvement (39) were 60.7%, 57.1% and 67.9% in the TC group for WOMAC
pain, physical function and stiffness scores, respectively. In contrast, only 40.7%, 25.9% and
33.3% of elders in the attention control group improved in these measures. Thus, even
though we observed improvement in both groups, more participants in the TC group than in
the control group showed practically meaningful improvements in pain, self-reported
physical function and stiffness.

There were some limitations of the current study. We observed positive outcomes of TC in
subjective measures only, i.e., WOMAC pain, physical and stiffness. Objective measures,
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such as GUG, and STS, did not show positive improvements. Interpretation of the results,
therefore, requires caution. Further, we identified elders with CI using MMSE scores and
identified OA of the knee using self-report with confirmation from medical providers. This
might have included false-positive cases in the sample. In addition, as noted earlier, the
power analysis was based on WOMAC pain only. Consequently, this study was not
sufficiently powered to detect changes in some of the other outcomes. Further, we could not
completely separate therapist allegiance effects from the effect of the intervention. Finally,
the percentages of Caucasians and females in this pilot study were higher than those in the
Arkansas or the U.S populations. This limits the generalization of the results to a broader
elderly population.

Conclusion
This pilot study shows that, even in those with various levels of CI, TC can improve elders’
OA pain and stiffness over time if they practice it regularly. Even though the study was
underpowered for outcomes other than pain and stiffness, our data suggest that TC may be
useful in improving physical function and cognitive functioning. However, some important
questions remain to be answered: 1) What strategies should be used to encourage elders to
continue TC practice? 2) Is TC better than other exercises in reducing pain and stiffness and
improving other health outcomes in this population? 3) Does TC save medical dollars over
other exercise programs? 4) Are there other appropriate physical and cognitive functioning
outcome measures for elders with CI? Further studies are necessary to answer these
questions and provide more definitive data on TC's beneficial effects.
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Figure 1.
CONSORT Flowchart Clusters and participants flow through treatment
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Table 1

Baseline Characteristics and Group Scores on Study Variables

Variable Total Tai Chi Activity P-value

Site characteristics

    Number of sites 8 4 4 1.000

    Number of sites that were senior centers 2 1 1 1.000

    Number of participants per site 6.88 7 6.75 0.888

Participant characteristics

    Number of participants 55 28 27

    Demographics

        Female 72.7% 78.6% 66.7% 0.375

        Caucasian 92.7% 92.9% 92.6% 1.000

        Age 78.91 (7.55) 78.89 (6.91) 78.93 (8.30) 0.987

        Education in years 14.56 (3.03) 14.82 (3.10) 14.30 (2.99) 0.525

    WOMAC-Pain 7.30 (3.23) 6.96 (3.26) 7.65 (3.21) 0.433

    WOMAC-Physical 26.58 (10.03) 26.43 (8.62) 26.74 (11.47) 0.909

    WOMAC-Stiffness 3.05 (1.52) 3.25 (1.46) 2.85 (1.59) 0.336

    GUG 20.43 (6.76) 19.22 (5.69) 21.68 (7.63) 0.179

    STS 18.36 (6.82) 18.50 (8.09) 18.20 (5.36) 0.873

    MMSE-Cognition 25.45 (2.36) 26.04 (1.92) 24.85 (2.64) 0.062

Brackets indicate standard deviation.

WOMAC = Western Ontario and McMaster Universities Osteoarthritis Index; GUG= Get Up and Go Test; STS= Sit-to-Stand Test; MMSE =
Mini-Mental State Examination.
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