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Tai Chi mind-body exercise is widely believed to improve mindfulness through incorporating
meditative states into physical movements. A growing number of studies indicate that Tai Chi may
improve health in knee osteoarthritis (OA), a chronic pain disease and a primary cause of global
disability. However, little is known about the contribution of mindfulness to treatment effect of Tai
Chi practice. Therefore, our purpose was to investigate the effect of Tai Chi mind-body practice
compared to physical therapy (PT) on mindfulness in knee OA. Adults with radiographic-
confirmed, symptomatic knee OA were randomized to either 12 weeks (twice weekly) of Tai Chi
or PT. Participants completed the Five Facet Mindfulness Questionnaire (FFMQ) before and after
intervention along with commonly-used patient-reported outcomes for pain, physical function, and
other health-related outcomes. Among 86 participants (74% female, 48% white, mean age 60
years, 85% at least college educated), mean total FFMQ was 142+17. Despite substantial
improvements in pain, function, and other health-related outcomes, each treatment group’s total
FFMQ did not significantly change from baseline (Tai Chi=0.76, 95% Cl: —-2.93, 4.45; PT=1.80,
95% ClI: —2.33, 5.93). The difference in total FFMQ between Tai Chi and PT was not significant
(—1.04 points, 95% CI: —6.48, 4.39). Mindfulness did not change after Tai Chi or PT intervention
in knee OA, which suggests that Tai Chi may not improve health in knee OA through cultivating
mindfulness. Further study is needed to identify underlying mechanisms of effective mind-body
interventions among people with knee OA.

Keywords
Tai Chi; Osteoarthritis; Mindfulness; Mind-body; Mechanism; Chronic Pain

INTRODUCTION

Mindfulness refers to both the ability to maintain a heightened awareness of one’s moment-
to-moment experiences without judging or reacting as well as the approaches and practices
used to learn and develop this skill (Kabat-zinn, Lipworth, & Burney, 1985). While
mindfulness was historically cultivated through sitting meditation, standardized multi-modal
methods of training mindfulness, such as Mindfulness-based Cognitive Therapy (MBCT)
and Mindfulness-based Stress Reduction (MBSR) have since been developed to treat or
alleviate a variety of mental and physical symptoms and conditions (Petersen & la Cour,
2016; Visted, Vollestad, Nielsen, & Nielsen, 2015). Both MBSR and MBCT are group-based
therapies which teach mindfulness skills through a range of formal and informal
mindfulness practices, including mindfulness of breath, thoughts, bodily sensations, sounds,
and everyday activities (Gu, Strauss, Bond, & Cavanagh, 2015). Movement-based practices,
such as Tai Chi, Yoga, and Qigong, are also widely believed to improve mindfulness through
incorporating meditative states into physical movements (Chen, Hunt, Campbell, Peill, &
Reid, 2015; Kelley & Kelley, 2015; Posadzki & Jacques, 2009; Wayne & Kaptchuk, 2008).
Tai Chi is a traditional Chinese mind-body practice that involves slow movements (i.e.
movement of the body trunk and upper and lower limbs so as to form various postures
systematically following one another), deep breathing, and relaxation. Current research
describes Tai Chi as being unique from traditional physical exercise in its mind-body or
“mindful” components. One central concept of Tai Chi is concentration or focus, which can
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be directed internally or externally, and involves the mind becoming unified in its purpose
over a period of time (Wayne & Kaptchuk, 2008).

Despite being referred to as a “moving meditation” or “mindful exercise” (National Center
for Complementary and Integrative Health, 2015; Posadzki & Jacques, 2009), empirical
evidence demonstrating increased mindfulness from Tai Chi practice is scarce. A study
among college students found that a Tai Chi course increased mindfulness more than a
course of physical recreation but was limited by its non-randomized study design (Caldwell,
Emery, Harrison, & Greeson, 2011). A randomized clinical trial among healthy adults found
that Tai Chi improved mindfulness compared to a wait-list control but was limited by the
absence of an active comparison group (Nedeljkovic, Wirtz, & Ausfeld-Hafter, 2012). To
date, no study has examined the effect of Tai Chi on mindfulness in a randomized design
with an active comparator.

Osteoarthritis (OA), the most common form of arthritis, is a disorder characterized by
structural changes in joints (e.g., cartilage loss, osteophyte formation) as well as patient-
reported pain, psychosocial symptoms, and functional limitations (Kraus, Blanco, Englund,
Karsdal, & Lohmander, 2015). Knee OA is one of the primary causes of global disability
because of chronic pain, physical disability, and psychosocial morbidities (Ma, Chan, &
Carruthers, 2014). Currently, with no accepted disease-modifying treatment existing,
exercise is the mainstay of non-pharmacological therapy, regardless of disease stage or
symptom severity (Fransen et al., 2015). A growing number of studies indicate that Tai Chi
may improve health in knee OA and other chronic pain diseases (Wang, 2012; Yan et al.,
2013; Ye, Cai, Zhong, Cai, & Zheng, 2014). For example, a 12-week randomized Tai Chi or
physical therapy (PT) intervention effectively reduced pain and improved the health-related
quality of life among 204 individuals with knee OA (Wang et al., 2016). However, the
comparative effects of Tai Chi and PT on mindfulness remains unknown and has not been
examined among people with knee OA or other chronic pain diseases (Visted et al., 2015).
Because a number of studies found beneficial effects of mindfulness among those with
chronic pain (Delgado et al., 2014; Sharon et al., 2016), examining the mindfulness-
cultivating effects of Tai Chi, distinct from those of an active comparator like PT, could
support mindfulness as an important therapeutic mechanism of Tai Chi mind-body practice.

A better understanding of the underlying therapeutic mechanism can help to inform how Tai
Chi modulates pain and improves quality of life. This knowledge may eventually lead to
non-pharmacological disease-modifying treatments and help physicians make evidenced-
based decisions when considering mind-body practice as an option for treatment among
knee OA patients (Holzel et al., 2011). Therefore, the purpose of this study was to
investigate the effect of Tai Chi mind-body exercise compared to exercise-based PT on self-
reported total mindfulness among people with symptomatic knee OA. We hypothesized that
Tai Chi mind-body exercise would increase total mindfulness levels more than PT exercise.
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METHOD

Participants

Participants were recruited from a large metropolitan area through advertisements using
print media (e.g. Boston Metro, Boston Fifty Plus), social media (e.g. Craigslist, Facebook),
and the rheumatology clinic patient database at the hosting academic hospital. Inclusion
criteria included: 1) age = 40 years, 2) fulfillment of the American College of Rheumatology
criteria for knee OA, and 3) Western Ontario and McMaster Osteoarthritis Index (WOMAC)
pain score = 40. Exclusion criteria included: 1) prior experience with complementary
medicine or physical therapy programs for knee OA within the past year, 2) severe medical
limitations precluding full participation, 3) intra-articular steroid injections or surgery in the
past three months, 4) intra-articular hyaluronic acid injections in the past six months, 5)
Mini-Mental Status examination score <24, or 6) inability to walk without an assistive
device (Wang et al., 2014). We excluded persons who had participated in Tai Chi or physical
therapy in the past year; those with current serious medical conditions, such as dementia,
symptomatic heart or vascular disease, or recent stroke, that would limit full participation;
those with intra-articular steroid or intra-articular hyaluronic acid injections in the past 3 or
6 months or reconstructive surgery before baseline screening on the most severely affected
knee; and those with a score less than 24 on the Mini-Mental State Examination.

Procedure

This study was conducted as part of a 12-week NIH-funded, randomized trial comparing Tai
Chi vs. PT among adults meeting the American College of Rheumatology Criteria for
symptomatic knee OA (Trial Registry #: NCT01258985). A detailed description of the
methodology and primary study results for this trial has been previously published (Wang et
al., 2014, 2016).

Eligible participants were randomly assigned in a 1:1 ratio to Tai Chi or physical therapy
using the R statistical package (R Development Core Team, 2012) and sealed, opaque
envelopes with date and signature labels. The staff conducting the physical function
assessments and the statistician were blinded to treatment assignment. All participants
signed an informed consent form before enroliment, and the study was approved by the
Institutional Review Board (Wang et al., 2014). The Five Facet Mindfulness Questionnaire
(FFMQ) was used to measure mindfulness, and was formally implemented in the study
protocol after subject recruitment and data collection had already begun. Therefore this
study only reports data from the portion of enrolled participants who completed the FFMQ
at baseline. Among this participant subgroup, some participants inadvertently did not receive
the FFMQ to complete while at their 12-week visit. Because this occurred due to an
administrative error that was independent of the participants, their 12-week data were treated
as missing completely at random (MCAR). Therefore, the 24-week data were used for these
participants because it contained their first available FFMQ at follow-up.

Tai Chi intervention—In brief, 60-minute Tai Chi group classes occurred twice per week
for 12 weeks, led by 1 of 3 experienced (>20 years combined) Tai Chi instructors (Wang et
al., 2014). The instructor administered a standardized 10-form modified Yang style Tai Chi
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protocol for knee OA at each session (Wang, Collet, & Lau, 2004). These selected 10
representative postures either induced progressive degrees of stress to postural stability or
emphasized increasing magnitude of truck/arm rotation with diminishing base of support so
that physical function could improve without excessive stress on the joints (Wang et al.,
2014). At the first session, the instructor explained mind—body exercise theory and
procedures; and participants received handouts on Tai Chi principles, practice techniques,
and safety precautions. Classes typically involved an initial warm-up and a review of Tai Chi
principles and movement, breathing techniques, and relaxation methods. Participants were
asked to practice at home =20 minutes daily and encouraged to maintain usual physical
activities with no new additional strength training other than their Tai Chi exercises. No
explicit mention of mindfulness as a concept was made during the intervention.

Physical Therapy intervention—The physical therapy protocol was administered by 1
of 3 licensed physical therapists and followed U.S. guidelines for knee osteoarthritis
treatment (Deyle et al., 2005), which consisted of two 30-minute one-to-one sessions with
the physical therapist per week, for the first 6 weeks, and transitioned to a home-exercise
program, which consisted of four 30-minute sessions per week, for the last 6 weeks. Thus,
the home program (4 times per week for 30 minutes over 6 weeks plus the initial 6-week,
individual Physical Therapy) was equivalent in dose to the Tai Chi intervention (twice a
week for 60 minutes over 12 weeks). After an initial musculoskeletal examination, which
lasted an hour, a physical therapist tailored the physical rehabilitation regimen toward
specific treatment goals with participants. Each session consisted of joint mobilizations,
active and passive range-of-motion exercises, strengthening exercises, lower limb stretching,
aerobic exercises, and balance exercises. Participants were assigned home practice >20
minutes daily and encouraged to maintain usual physical activities with no new additional
training other than their PT exercises.

The FFMQ s a self-reported outcome which measures total mindfulness and five different
facets of mindfulness (Baer et al., 2008). Derived from exploratory factor analysis of the
combined item pool of five independently-developed mindfulness assessment tools (Baer et
al., 2008), the FFMQ consists of 39 five-point Likert scale questions (1=never or very rarely
true to 5=very often or always true). Ranging from 39-195, higher total mindfulness scores
reflect higher mindfulness. Validated in both meditating and non-meditating samples, the
FFMQ was the highest rated mindfulness patient-report assessment tool for construct
validity and internal consistency (Park, Reilly-Spong, & Gross, 2013). Missing items on the
FFMQ were imputed using mean imputation as described in a previous study (Yu & Clark,
2015).

FFMQ Facets—1) The Observing facet (8 items, range 8-40) measures the ability to
attend to or notice internal and external stimuli, such as sensations, emotions, cognitions,
sights, sounds, and smells occurring in the present moment. 2) The Describing facet (8
items, range 8-40) measures noting or mentally labeling observed stimuli with words. 3)
The Acting-with-Awareness facet (8 items, range 8-40) measures attending to one’s current
actions, as opposed to behaving or reacting automatically or absentmindedly. 4) The Non-
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Judging of experience facet (8 items, range 8-40) measures refraining from evaluation of
one’s sensations, cognitions, and emotions as negative, unacceptable, or intolerable. 5) The
Non-reactivity to experience facet (7 items, range 7—-35) measures the ability to allow
thoughts and feelings to come and go, without getting caught up in or carried away by them.

The WOMAC (VAS, version 3.1) is a self-report questionnaire consisting of 3 subscales
used to assess pain, stiffness, and physical function in adults with hip or knee osteoarthritis
(Bellamy, Buchanan, Goldsmith, Campbell, & Stitt, 1988). In this study, the pain and
physical function subscales were utilized. The pain subscale ranges from 0-500 and consists
of 5 items asking about pain during rest or activity. The physical function subscale ranges
from 0-1700 and consists of 17 items asking about ability to perform daily activities.

The Six-minute Walk Test (6MW) measures functional exercise capacity as distance covered
when asking participants to walk as far as possible within a six-minute period (Olsson &
Swedberg, 2005).

Quality of life was assessed using the Short Form-36 (SF-36), a generic measure of health
status consisting of two aggregate scores: the Physical Component Summary (PCS) score
and the Mental Component Summary (MCS) score with well-documented psychometric
properties (Ware Jr & Sherbourne, 1992). The SF-36 consists of 36 questions related to eight
dimensions of quality of life. The questions are transformed into a point scale ranging from
0 to 100, with higher scores indicating better perceived health status.

A 21-question, validated, self-report instrument, the Beck Depression Inventory, second
edition, (BDI) measures the severity of depressive symptoms (Steer, Ball, Ranieri, & Beck,
1999). Total scores range from 0-63 with higher scores reflecting greater depressive
symptoms. BDI scores ranging from 0-13 represent minimal depressive symptoms; scores
from 14-19 are mild; scores from 20-28 are moderate; and scores from 29-63 represent
severe depressive symptoms.

Widely-used, the Perceived Stress Scale (PSS) measures the level of experienced stress,
defined as the degree to which situations in one’s life over the past month are appraised as
unpredictable, uncontrollable, and overwhelming(Nordin & Nordin, 2013). It consists of 10
items, and higher scores reflect a greater degree of perceived stress.

Self-efficacy, the belief that one can successfully take action to produce a desired outcome,

was assessed using the Arthritis Self-Efficacy Scale-8 (ASES-8). The ASES-8 is a modified
version of the Arthritis Self-Efficacy Scale that has been validated for patients with chronic
pain (Brady, 2011). Each belief is rated on a 10-point Likert scale, where 1 = very uncertain
and 10 = very certain, to indicate the level of certainty that patients can perform a task with

higher scores indicating higher self-efficacy. The total score averages all responses.

Data Analysis

An established clinically meaningful difference in total FFMQ has not yet been reported
(Park et al., 2013). The only previous study that used the FFMQ to compare Tai Chi with an
active exercise comparator found that, among college students, a Tai Chi course significantly
improved total FFMQ score by 12 + 17 standard deviation (SD) points more than a
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recreation course (Caldwell et al., 2011). Based on this, we estimated that a study of 35
participants per group would have 80% power, using a two-sided t-test at a 0.05 level of
significance, to detect a comparable difference on the FFMQ total score between Tai Chi and
an active exercise comparator.

All data were examined visually and statistically for normality of distribution and presented
as means + SD unless otherwise stated. Significance level was set at p < 0.05. Descriptive
statistics were calculated and independent sample t-tests were used to test for mean
differences between baseline participant characteristics of the two treatment groups and the
changes in mindfulness between treatment groups after intervention. Paired t-tests were used
to test for within-group change. To examine whether our sub-sample differed from
participants in the parent study, we used t-tests to compare their baseline characteristics. We
also used t-tests or chi-square tests to compare changes in mindfulness and other relevant
measures of health, including pain, physical function, and depression, between participants
assessed at 12 weeks and participants assessed at 24 weeks. To examine whether higher
baseline levels of mindfulness may have influenced our findings, participants were stratified
into equally-distributed tertiles based on total baseline FFMQ, and t-tests were used to test if
mindfulness changed over time. Data were analyzed using SAS statistical software (Version
9.4).

Among the 86 participants measured at baseline, 56 were assessed at the 12-week visit, 19
were assessed at the 24-week visit, and 11 were lost to follow-up (Figure 1). Among the 75
participants assessed at follow-up, 41 were randomized to Tai Chi while 34 were
randomized to PT.

Participant Characteristics

The 86 participants were predominantly female (74%), well-educated (85% with post-
secondary education), and white (48%) with mean age of 60 years and body mass index of
33 kg/m? (Table 1). Most (76%) had a Kellgren/Lawrence grade of 2 or 3, indicating definite
osteophyte formation and possible joint space narrowing. Demographic variables were well-
balanced between treatment groups at baseline, and demographic variables did not
significantly differ between the participant sub-sample of this study and the other
participants from the parent clinical trial (o= 0.08 to 0.94).

Table 2 summarizes the baseline levels and the mean change in health outcome measures by
treatment group. After either intervention, participants reported reduced pain, depressive
symptoms, and stress; and improved physical function, quality of life, self-efficacy, and walk
distance. For the Tai Chi group, changes from baseline in all measures of health, except
mental quality of life, reached significance. For the PT group, the changes from baseline in
physical or mental quality of life, self-efficacy, depression, and stress did not reach
significance. When compared with the PT group, the Tai Chi group had greater improvement
in depressive symptoms (between group difference: —3.6 [95% CI: —6.9 to —0.3]) and
physical quality of life 5.1 [95% CI: 1.1 to 9.1]). No significant difference in changes in
pain, function, mental quality of life, perceived stress, self-efficacy, or walking distance was
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found between treatment groups (Table 2). These findings are consistent with those from the
parent clinical trial (Wang et al., 2016).

Changes in Mindfulness

Table 3 summarizes the baseline levels and mean changes of mindfulness by treatment
group. Participants had a high mean total FFMQ score (142 + 17) at baseline. The treatment
groups did not significantly differ in mindfulness levels at baseline (p=0.21 to 0.78). Total
or facet mindfulness scores did not significantly change more after Tai Chi than PT (p
value= 0.07-0.84). Further, there were no significant changes between baseline and 12-week
follow-up in total or facet mindfulness after PT. Among the mindfulness facets after Tai Chi
intervention, only Non-judging (mean change: 1.80, 95% ClI: 0.46 to 3.15) significantly
increased between baseline and follow-up. However, the amount of change was 0.31 of the
baseline SD, which is a relatively small effect size. No significant change from baseline was
observed after Tai Chi for total mindfulness or the Describing, Observing, Acting-with-
Awareness, and Non-reacting facets.

From our sensitivity analysis, we found small, non-significant between-group difference in
change in mindfulness (mean change at week 12: —0.03+£10.9; at week 24: 4.97+13.4;
(week-12 — week-24) mean difference: —5.0, p=0.11) and pain, function, or depression (p =
0.53 to 0.98) between participants assessed at 12 weeks and participants assessed at 24
weeks. Notably, the change in mindfulness was actually larger in the group measured at 24
weeks. In addition, participants stratified to the lower (n=24; baseline FFMQ: 124 +8.4;
change: 2.5 £12, p= 0.11), medium (n=25; baseline FFMQ: 141 £3.6; change: 2.1 £12, p=
0.45), or higher (n=26; baseline FFMQ: 161 £9.5; change: —0.9 +-11, p= 0.74) baseline
mindfulness tertiles had small and non-significant changes in mindfulness at follow-up.
Although the average change in mindfulness among the lower tertile was larger than that
among the higher tertile, the amount of change among participants from the lower tertile
assigned to Tai Chi (n=14; mean=2.0) was smaller than the change among participants from
the lower tertile assigned to PT (n=10; mean=3.2).

Missing items

At baseline, 5 people had 1 missing item and 1 person had 2 missing items from the FFMQ.
At 12 weeks, 1 person had 1 missing item and 2 people had 18 missing items. At 24 weeks,
2 people had 1 missing item. In each case missing items were imputed and the total FFMQ

scores were included in the study participant sample.

DISCUSSION

This study examined the effect of Tai Chi mind-body exercise versus standard PT on
mindfulness among people with symptomatic knee OA. We found that the Non-judging facet
increased after Tai Chi intervention but only modestly. Despite our initial hypothesis, we
found that Tai Chi did not improve total or facet mindfulness significantly more than PT. We
also found that total or facet mindfulness did not significantly change after PT from

baseline. Similarly, total or Non-reacting, Describing, Acting-with-Awareness, and
Observing facets did not significantly change after Tai Chi intervention from baseline. Our
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findings are inconsistent with previously-reported studies of Tai Chi mind-body
interventions among healthy volunteers and with the widely-held notion that Tai Chi mind-
body exercise cultivates mindfulness. Our findings also generate important follow-up
questions that future studies can address.

Concordant with our findings, though, previous studies using mindfulness-based
interventions, such as MBSR or sitting meditation, also found no change in mindfulness
(measured using the Freiburg Mindfulness Inventory or FFMQ) among chronic pain
participants despite substantial improvements in both pain and pain-related symptoms
(Morone, Rollman, Moore, Li, & Weiner, 2009; Schmidt et al., 2011). Further, a recent
meta-analysis of mindfulness interventions among people with chronic pain did not find
significant improvements in mindfulness (Bawa et al., 2015). Suggested explanations for
these negative findings have included concerns about the inadequacy of the various self-
reported measures of mindfulness (Bergomi, Tschacher, & Kupper, 2013; Park et al., 2013;
Tsafou, Lacroix, Ee, Vinkers, & Ridder, 2016), the heterogeneity of the types interventions
employed (Christopher et al., 2015), and conceptual disagreements on whether mindfulness
as a process differs from mindfulness as an outcome (Kabat-Zinn, 2015). Our findings that
FFMQ-measured mindfulness did not change after Tai Chi mind-body exercise despite
beneficial effects on health contribute to this debate, and highlight the need for further
investigations to identify mechanisms of mind-body practice.

In contrast to our findings, two prior studies found that mindfulness significantly increased
after Tai Chi intervention (Caldwell et al., 2011; Nedeljkovic et al., 2012). Because these
studies included participants of healthy volunteers, mindfulness may not have increased
among our participants due to negative modulation from the underlying chronic pain of their
OA. Chronic pain from OA and other diseases is known to have complex effects via somatic,
cognitive, and limbic pathways of perceptions (Lange, Gorbunova, & Christ, 2012; Phillips
& Clauw, 2011; Woolf, 2012), but whether pain can directly affect change in mindfulness is
unknown. The simplest interpretation of our findings is that, for people with knee OA, Tai
Chi practice does not appear to change mindfulness, or that change in mindfulness may not
be relevant to the way Tai Chi mind-body exercise improves health among those with knee
OA.

Although the role of mindfulness in clinical interventions is a rapidly growing topic of
research, the body of evidence identifying it as a therapeutic mechanism remains limited.
Accordingly, the relative degree to which various mind-body or mindfulness-based
interventions change mindfulness is not yet clear. Mindfulness is a commonly-assumed
component of mind-body exercise such as Tai Chi, but mind-body exercise may utilize a
distinct type of meditation as an underlying component (Gould et al., 2014; Kelley & Kelley,
2015; Larkey, Jahnke, Etnier, & Gonzalez, 2009). Also, particular instructors and the degree
of emphasis they place on development of non-judgmental present-moment awareness as
part of their instruction may also impact the degree to which mindfulness is developed
among participants of particular mind-body exercise group. Mind-body interventions could
play an important role by improving the physical aspects of knee OA without the harmful
side effects associated with current pharmacological treatments, such as opioids or non-
steroidal anti-inflammatory medications. Mind-body interventions could also benefit the
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psycho-social difficulties of knee OA, which may not be effectively treated by exercise-
based PT, the current non-pharmacological standard of care (Fransen et al., 2015). As mind-
body interventions continue to demonstrate beneficial effects among people with knee OA
and other chronic pain diseases, a better understanding of its meditative component is
warranted(Lee, Crawford, & Hickey, 2014; Morone & Greco, 2007).

There are several possible explanations that may have accounted for our findings. First, we
emphasized the physical aspects of the Tai Chi regimen in order to match the intervention
with the natural underlying disease process of knee OA. For example, we selected 10
representative Tai Chi postures based on their characteristics of physical motion. In addition,
the Tai Chi instructors did not verbally introduce and periodically refer to the concept of
‘mindfulness’ during this Tai Chi program. The effects of these elements from the
interventional design may have inadvertently attenuated the detectable amount of change in
mindfulness. Nevertheless, our modified regimen of Tai Chi was ultimately effective in
significantly reducing pain and improving physical function among our participants (Wang
et al., 2016), and therefore, the pragmatic relevance for cultivating mindfulness through Tai
Chi among this patient group remains unproven. Second, our participants had an unusually
high amount of total mindfulness at baseline, which could imply that, if change in
mindfulness is influenced by the initial levels found at baseline, higher levels versus lower
levels of mindfulness may be less susceptible to change due to ceiling effects. However, the
small amount of change in mindfulness (2 points) among participants with baseline levels
that were similar to those from previous studies (Baer et al., 2008) is unlikely to be clinically
meaningful. Furthermore, among this subgroup, average change in mindfulness was smaller
among those who received Tai Chi than among those who received PT. This suggests that
the influence of a “ceiling effect’ that could have limited our ability to detect change in
mindfulness was not substantial. Indeed, because mindfulness was not commonly measured
as an outcome of interest in prior trials of mindfulness-based interventions in chronic pain,
there is a dearth of evidence from which to compare, and a clear rationale for our findings is
not readily apparent (Bawa et al., 2015).

The results of this study should be interpreted within the context of its limitations. First,
without finding change in mindfulness after either intervention, we were precluded from
examining associations between change in mindfulness and change in health outcomes. In
addition, the primary purpose of the parent clinical trial was distinct from the purpose of this
study. Therefore, our results require confirmation in a clinical study primarily designed to
examine the effect of Tai Chi versus PT on mindfulness. In addition, our study sample was
not an epidemiological representative of all people with knee OA because our participants
were actively symptomatic and knowingly participated in a Tai Chi vs. PT study in an
academic clinical setting, which may influence the generalizability of our results. Other
limitations may include our sample size, our imputing missing 12-week data with 24-week
data, and the administrative error that precipitated the missing data. Despite the
administrative error, in which the FFMQ was erroneously excluded from survey packets, the
study staff was able to appropriately identify and correct it in a timely manner. Furthermore,
our sensitivity analysis, which did not find substantial difference between mindfulness
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change at 12 and 24 weeks, supports the internal validity of our results and that the effects of
the error were not complex. While we cannot rule out a lack of power as a confounder of our
results, our sample size is similar to those reported from comparable studies (Morone,
Greco, & Weiner, 2008; Nedeljkovic et al., 2012). Importantly, the amount of average
change in total mindfulness or mindfulness facets from Tai Chi was small (ranged from
worsening by 1 point to improving by 1.8 points). Furthermore, our actual sample sizes for
each treatment group at follow-up (41 for Tai Chi and 34 for PT) were very close to the
estimated size requirement (35 participants per group) that was generated from our a priori
power analysis. Taken together, this information does not support sampling power as the
explanation of our findings. Similarly, we cannot rule out that the high baseline levels of
mindfulness among participants may have introduced a ceiling effect, our sensitivity
analysis, which showed a small, non-significant change among participants with
representative levels of baseline mindfulness, do not support a ceiling effect as the primary
explanation for our findings. Finally, although it has been used in multiple studies and has
the highest construct validity and internal consistency among patient-report assessment tools
for mindfulness (Park et al. 2013), the FFMQ may lack sufficient sensitivity for detecting
mindfulness changes related to Tai Chi and PT in individuals with knee OA.

Further study is required to explore the underlying mechanisms of mind-body interventions
such as Tai Chi. Comparative studies among people with or without chronic pain can help
substantiate whether pain plays a role to impede the cultivation of mindfulness through Tai
Chi practice. Future studies examining mindfulness among people with knee OA should also
explore associations between changes in mindfulness with changes in health outcomes, or
whether explicit mindfulness training in addition to Tai Chi practice confers any additional
benefit. Lastly, further knowledge is needed to better understand how adjustments in the
design of a Tai Chi intervention can affect its underlying effect on mindfulness.
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Figure 1. Sub-study flow diagram

34 included in this

*Participants were confirmed to have attended the week 12 visit, but were inadvertently not
given the FFMQ to complete. Therefore, these participants were confirmed to be Missing

Completely at Random (MCAR).
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Table 1

Demographic Characteristics of Participants by Treatment

Characteristic Tai Chi Physical Therapy
n=46 n=40

Mean Age - yrs. 59.9+10.1 60.9+10.8
Female sex—no. of patients (%) 35 (76) 29 (73)
Race —no. of patients (%)

White 18 (39) 23 (58)

Black 19 (41) 11 (27)

Asian/Other 9 (20) 6 (15)
Body Mass Index, kg/m 32.7£7.0 32.847.0
Duration of knee pain - yrs. 10.0+13.6  10.6+13.6
Kellgren-Lawrence grade, no. (%) *

0 1(2) 1(3)

1 4(9) 2(5)

2 18 (41) 13 (33)

3 17 (39) 17 (43)

4 4(9) 7(18)
Highest Level of Education, n (%)

High school education 6 (13) 7(18)

College/trade school 17 (37) 15 (37)

College Graduate 12 (26) 6 (15)

Graduate School 11 (24) 12 (30)

All values are mean + standard deviation, unless otherwise specified.

*
KI/L grade for 2 participants in the Tai Chi group not recorded. Total Physical Therapy group percentage exceeds 100% due to rounding.
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Table 2

Change in Health Outcomes Between Treatment Groups

Variable, Score Range Tai Chi Physical Therapy Between Groups Difference  p_yyet
(n=41) (n=34)
WOMAC Pain, 0-500mm
Baseline Mean + SD 272.2+ 934 258.0  109.4 14.2 (-29.27,57.68) * 0.52
Mean Change, (95% Cl)  -188.82 (-224.65, -152.99) —138.68 (-179.02, -98.35)  -50.13 (-103.11, 2.85) 0.06
WOMAC Physical Function, 0-1700mm
Baseline Mean + SD 964.0 +329.4 896.9 + 389.0 67.05 (~87.00, 221.09)% 0.39
Mean Change, (95% CI)  -620.81 (-767.09, -474.53)  -443.13 (-604.63, -281.63) -177.68 (- 392.13, 36.76) 0.10
SF-36 Physical Component”, 0-100
Baseline Mean + SD 352+ 7.4 37.9+10.6 -2.73 (-6.63, 1.15)% 0.17
Mean Change, (95% CI)  6.92 (4.34, 9.51) 1.80 (-1.43, 5.02) 5.12 (1.12, 9.14) 0.01
SF-36 Mental Componentﬂ, 0-100
Baseline Mean + SD 52.1+9.6 53.6+8.2 -1.56 (-5.42, 2.30)1‘ 0.42
Mean Change, (95% CI)  1.68 (-0.73, 4.09) -0.64 (-2.97, 1.69) 2.31 (-1.03, 5.66) 0.17
Beck Il Depression Inventory, 0-63
Baseline Mean + SD 8.8+9.0 6.4+ 8.3 2.33(-1.41, 6.07)% 0.21
Mean Change, (95% CI)  -3.00 (-4.55, -1.44) 0.62 (-2.55, 3.79) -3.62 (-6.93, -0.31) 0.03
Arthritis Self-Efficacy Scale”, 1-10
Baseline Mean + SD 6.0+1.9 6.6+2.1 -0.61 (-1.47, 0.25)1' 0.16
Mean Change, (95% CI)  1.28 (0.51, 2.05) 0.51 (-0.42, 1.44) 0.77 (-0.41, 1.95) 0.20
Perceived Stress Scale, 0-40
Baseline Mean + SD 13.3+6.9 129+6.7 0.45 (-2.48, 3.38)’t 0.76
Mean Change, (95% CI)  —1.80 (-3.27, -0.34) -0.41 (-2.11, 1.29) -1.39 (-3.58, 0.80) 0.21
6 minute walk !
Baseline Mean + SD 386.5 + 93.6 409.6 £87.4 -23.12 (-62.93, 16.68)1' 0.25
Mean Change, (95% CI)  30.81 (14.43, 47.18) 18.08 (0.69, 35.46) 12.73 (-10.82, 36.28) 0.28

Page 17

Abbreviations: WOMAC = Western Ontario and McMasters Arthritis Index; SF-36= Short Form-36, Cl = Confidence Intervals; SD = standard

deviation. Mean + SD unless noted otherwise.

fT—tests were performed to assess difference in change between groups.

F95% ).

”Higher score indicates better health. Note: Follow-up measures occurred at 12 or 24 weeks post-baseline, depending on when the follow-up Five

Facet Mindfulness Questionnaire was completed.
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Table 3

Change in Mindfulness Between Treatment Groups

FFMQ Variable™, Score Range 2;?; ﬁl)n E’nhz)/;jlgal Therapy  Between Groups Difference  p_yajyet
Total Mindfulness 39-195

Baseline Mean + SD 1414+ 17.3 142.4+16.9 ~1.02 (-8.38, 6.34) 0.78

Mean Change, (95% CI) 0.76 (-2.93,4.45)  1.80(-2.33,5.93)  -1.04 (-6.48, 4.39) 0.70
Observing 8-40

Baseline Mean + SD 27.7£5.9 290.1£ 6.6 -1.36 (-4.04, 1.31)% 031

Mean Change, (95% CI) -1.00 (-2.17,0.17)  0.73 (-0.92, 0.76) -1.72 (-3.67,0.21) 0.08
Describing 8-40

Baseline Mean + SD 30.5£5.7 30.9£6.1 -0.41 (-2.94,2.12)% 0.75

Mean Change, (95% CI) -0.18 (-1.64,1.27) 0.00 (-1.08,1.08)  -0.18 (-2.03, 1.66) 0.84
Acting-with-Awareness 8-40

Baseline Mean + SD 30.9+6.0 29.77.0 1.28 (-1.52, 4.09)7 0.36

Mean Change, (95% CI) 0.66 (-0.96,2.28)  —0.50 (-2.32,1.32)  1.16 (-1.23, 3.55) 0.34
Non-Judging 8-40

Baseline Mean + SD 30.3+5.9 29.5£5.9 0.80 (-1.73, 3.33)7 0.53

Mean Change, (95% Cl) 1.80 (0.46, 3.15) 0.41(-1.05,1.88)  1.39 (-0.57, 3.35) 0.16
Non-Reacting 7-35

Baseline Mean + SD 22.0+ 4.8 23.3+4.9 -1.33 (-3.43, 0.76)1 0.21

Mean Change, (95% CI) -0.52(-1.48,0.45) 1.16(-0.52,2.84)  -1.68 (-3.51, 0.15) 0.07

Abbreviations: Cl = Confidence Intervals; SD = standard deviation.

*

FFMQ = Five Facet Mindfulness Questionnaire; higher scores indicate higher levels of mindfulness.

fT—tests were performed to assess difference in change between groups.
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(95% CI). Note: Follow-up measures occurred at 12 or 24 weeks post-baseline, depending on when the follow-up FFMQ was completed.
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