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Abstract

Background: Tai Chi is emerging as a promising treatment for a variety of pain conditions, including chronic
nonspecific neck pain. Given this trend, it is important to better understand the dose–response relationship and
how pain, anxiety, and depression impact this relationship.

Method: This secondary analysis used data from the Tai Chi arm (age = 52.03 – 10.92 years; 73.68% female;
n = 38) of a randomized controlled trial for chronic nonspecific neck pain. The authors tested whether (1) greater
home practice time or cumulative practice time during the intervention predicted greater post-treatment reduc-
tions in neck pain intensity and (2) reporting greater neck pain intensity during the current week relative to other
weeks was associated with lower home practice time during the current week. Post hoc analyses were conducted
to evaluate whether baseline anxiety and depression levels moderated the association between weekly pain
intensity and weekly home practice time.

Results: While cumulative Tai Chi practice time (i.e., home practice + class time) was associated with post-
treatment reductions in neck pain intensity, home practice time alone was not associated with post-treatment
reductions in neck pain. Participants with low and moderate baseline anxiety were found to practice less than
usual on weeks when pain intensity was worse, while participants with high baseline anxiety were found to
practice more than usual on weeks when pain intensity was worse. Baseline depression levels did not moderate
the effect of weekly pain intensity on weekly home practice time.

Conclusions: Combined class and at-home exposure to Tai Chi appears to be critical to reductions in chronic
nonspecific neck pain. In addition, anxiety may be an important characteristic that partially governs the dose–
response relationship in participants with chronic nonspecific neck pain.

Clinical Trial Registration: NCT02222051.
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Introduction

W ith an annual prevalence rate greater than 30%,
chronic neck pain is ranked fourth globally on the

years lived with disability index and 21st in overall global
burden.1,2 Given such a consequential societal impact, con-
siderable research attention has been directed toward non-
invasive and nonpharmacologic treatments for chronic neck
pain, such as exercise and manual therapy.3 However, despite
this attention, these interventions show only modest effect
sizes in reducing neck pain.3 To offer patients a wider range
of interventions, a number of studies have examined the use
of mind–body interventions for chronic neck pain.

Commonly used evidence-based mind–body approaches
for chronic neck pain include meditation, yoga, clinical and
relaxation massage, progressive muscle relaxation, and bio-
feedback,3 with meditation and movement-based awareness
practices receiving increasingly greater attention in recent
years.4–7 While results on the effects of meditation on chro-
nic neck pain are mixed, movement- and breath-based
awareness practices, such as yoga, Tai Chi, and Qigong, are
emerging as promising economical treatment alternatives
for chronic neck pain.6,8–13 An important next step in
advancing this research is to assess the impact of factors
that may directly and indirectly impact the benefits of these
interventions.

Increased compliance with home practice is one way
to possible improvements in outcomes. To date, no studies
have examined the influence of Tai Chi home practice time
on pain intensity. However, doing so is critically important
as dose–response effects in mind–body movement inter-
ventions appear to be inconsistent, with two studies finding
null effects, a separate study reporting clinically significant
effects and a few studies demonstrating clinically signifi-
cant day-to-day effects at the within-person level but no
improvements at the between-person level.14–18 Further-
more, a literature review of Tai Chi clinical trials found
large variations in recommended home practice time across
studies and infrequent reporting of home practice time.19

On the contrary, cumulative Tai Chi practice time (i.e.,
home practice + class time) appears to be a prominent
marker of treatment response. For example, a randomized
trial of a Tai Chi intervention of 86 postmenopausal ost-
eopenic women reported greater improvements in femoral
neck bone mineral density, bone formation markers, and
physical quality of life only for participants who completed
at least 75% of the training requirements, totaling 74.63 h of
practice time.20 In a separate study of 60 Tai Chi novice
adults and 27 Tai Chi experts, findings demonstrated that (1)
treatment-related gains in postural sway among novice par-
ticipants was positively associated with number of practice
hours and (2) greater exposure to Tai Chi in both novice and
expert participants was linked to better physical function.21

Last, another study reported a strong dose–response rela-
tionship in pain and function among participants enrolled
in a Tai Chi and physical therapy intervention for symp-
tomatic knee osteoarthritis.22

Studies examining dose–response effects in mindfulness-
based practices have also reported divergent results, ren-
dering it unclear whether formal daily mindfulness practice
is the primary mechanism of change in mindfulness-based
interventions for novice practitioners.23,24 Be that as it may,

in a 12-week yoga program for stress reduction, where par-
ticipants were randomized to low, medium, or high home
practice time conditions, only participants in the high prac-
tice time condition demonstrated significant reductions in
stress.14–18,23,24 Together, the inconclusive nature of these
findings warrants further investigation into quantifying dose–
response effects in mind–body interventions. One expla-
nation worthy of attention draws from the common factors
in psychotherapy literature. The common factors model sug-
gests that nonspecific treatment components, such as group
and instructor characteristics, may hold similar weight to
treatment-specific components, such as home practice time,
in improving outcomes.23

In addition to assessing dose–response effects in Tai Chi
interventions, another particularly compelling line of inquiry
is to elucidate the correspondence between weekly fluctua-
tion in neck pain intensity and weekly fluctuation in home
practice time. Extant literature on mind–body interventions
for chronic pain has yet to evaluate whether week-to-week
variation in pain intensity adversely impacts weekly home
practice time. Furthermore, it is possible that the effect of
weekly neck pain intensity on weekly home practice time
depends on baseline anxiety and depression levels. Uncov-
ering how anxiety and depression may differentially influ-
ence the association between pain intensity and home
practice time will aid mind–body instructors in providing
individualized home practice recommendations.

Aims

The authors’ first aim was to test whether greater home
practice time or cumulative practice time (i.e., home
practice + class time) during the intervention predicted
greater reductions in neck pain intensity at post-treatment.
Their second aim was to examine whether reporting greater
neck pain intensity during the current week relative to
other weeks was associated with lower home practice time
during the current week. In a post hoc analysis, the authors
aimed to evaluate whether baseline anxiety and depression
levels moderated the association between weekly pain inten-
sity and weekly home practice time.

Materials and Methods

Design

This is a secondary analysis of a randomized controlled
trial conducted at the Department of Internal and Integrative
Medicine, Evang. Kliniken Essen-Mitte in Essen, Germany
from 2014 to 2015.9 The trial aimed to examine the efficacy
and safety of Tai Chi compared with exercise and usual
care in adults with chronic nonspecific neck pain. The study
was approved by the University Hospital Essen Human
Research Ethics Committee (Approval No. 13-5672-BO),
and was registered with ClinicalTrials.gov

Participants

Only participants allocated to the Tai Chi arm were
included (n = 38, age range 26–74 years, mean 52.03, stan-
dard deviation [SD] 10.92, 73.68% female). Inclusion cri-
teria were moderate or greater chronic nonspecific neck
pain, no Tai Chi, Qigong, or yoga practice for the preceding
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6 months and no recent invasive treatments, major medical
conditions or comorbidities. Seven participants did not rep-
ort Tai Chi at-home practice time for any of the 13 weeks
and were thus excluded from the present analyses.

Interventions

Participants were allocated to groups of 10–15 partici-
pants and met weekly for 75–90 min for 12 consecutive
weeks. The Mantak Chia manual comprising 13 forms
derived from the Yang style was used for the Tai Chi
intervention. During each session, the Tai Chi form practice
was preceded by 5–10 min of warm-up exercises and was
followed by 5–10 min of relaxation. Breathing exercises,
psychoeducation, and relaxing music were also incorpo-
rated into each session. For each sequence of movements,
participants were instructed to use handouts to guide them
through 15 min of daily home practice.

Outcome measures

Home practice time. To assess home practice time,
participants were asked to keep a daily practice log, where
they noted their total daily practice time in minutes. Total
daily practice time during the intervention was summed and
used as a predictor variable in hypothesis 1. Total practice
time ranged from 0 to 3530 min, with a mean of 447 min, a
median of 240 min and a SD of 694 min. Of the partici-
pants who provided at-home practice logs, 12 reported 0 min
of total home practice time.

Pain intensity. The intensity item from the German Pain
Questionnaire was used to measure pain intensity.25,26 The
item uses a 0–100 mm visual analog scale (VAS) to measure
pain intensity, which ranges from ‘‘no neck pain at all’’ to
‘‘worst neck pain imaginable.’’ Participants provided neck
pain intensity ratings in a daily log. Weekly pain inten-
sity was derived as the average of daily pain intensity for
each of the 12 weeks.

Anxiety and depression. The Hospital and Depression
Scale was used to assess baseline anxiety and depression.27

The measure has both good internal consistency and con-
current validity.28 Total scores for the anxiety and depres-
sion subscales, comprising seven items each, were used in
the present analyses. Higher scores reflected higher baseline
anxiety and depression levels.

Covariates. Baseline participant expectation that Tai Chi
would reduce neck pain was assessed on an 11-point Likert-
type scale, with 10 labeled as, ‘‘highest possible expecta-
tion.’’ Class attendance was collected during each class.

Statistical analyses

The authors used the tidyverse R libraries, the nlme R
library, and the sjPlot R library to structure the data, perform
the ordinary least squares regressions and mixed model-
ing analyses, and generate the tables and figures.29–32 To test
the authors’ first hypothesis, the authors regressed post-
treatment pain intensity scores on pretreatment pain inten-
sity scores and total home practice time and cumulative
practice time (i.e., home practice + class time) in separate

models. Participant expectancy was not included in the
model because it was not independently associated with
post-treatment pain intensity ( p > 0.05). Assumption plots
did not demonstrate aberrant departures from normality,
independence, homoscedasticity, or linearity.

Given that the second hypothesis involved assessing
longitudinal effects, the authors used linear mixed models
to examine the time-varying effect of weekly pain intensity
on weekly home practice time (see Appendix A1 for ana-
lytic procedure).33 In the full model, Tai Chi weekly home
practice time in minutes was entered as the dependent var-
iable and the within-person variable for pain intensity was
included as the independent variable. In post hoc analyses,
anxiety, depression, and their interaction with within-person
pain intensity were included in two separate models.

Anxiety and depression were centered at their means to
aid in the interpretation of coefficients. Participant expec-
tation and class attendance were not independently associ-
ated with weekly home practice time and were, therefore,
not included in the final model ( p’s > 0.05). As shown by
examination of model assumption plots, a random linear
time model estimated with restricted maximum likelihood
and a heterogeneous error variance term fit the data ade-
quately and precluded the need to use a Poisson function.34

Results

Effect of Tai Chi practice time on post-treatment neck
pain intensity

Participant baseline expectancy was not independently
associated with post-treatment neck pain intensity and was
thus not included as a covariate in the full model (b = 0.07,
standard error [SE] = 0.25, t = 0.26, p = 0.79). Although
greater total home practice time was not associated with
lower post-treatment pain intensity scores (b = -0.00, SE =
0.00, t = -1.30, p = 0.20), greater cumulative practice time
was associated with lower post-treatment pain intensity
(b = -0.001, SE = 0.00, t = -3.97, p < 0.001; Fig. 1).

Association between weekly fluctuation in pain
intensity and weekly home practice time

Results showed a significant effect of within-person
weekly fluctuation in pain intensity on weekly home prac-
tice time, with weekly home practice time decreasing by
4.49 min for every unit increase in weekly pain intensity
(b = -4.49, SE = 2.14, t = -2.10, p = 0.037). Post hoc analyses
showed that baseline depression levels did not moderate the
effect of within-person weekly fluctuation in pain intensity
on weekly home practice time (b = 0.38, SE = 0.86, t = 0.44,
p = 0.659).

However, post hoc analyses demonstrated a crossed
interaction between baseline anxiety levels and within-
person weekly fluctuation in pain intensity (Table 1 and
Fig. 2). Participants with low and average anxiety levels
demonstrated a decrease in weekly home practice time on
weeks when pain intensity was greater than usual (i.e., than
on other weeks), with a greater effect for those with low
anxiety levels (Table 1 and Fig. 2). In contrast, on weeks
when pain intensity was greater than usual, participants
with greater baseline anxiety levels showed evidence of an
increase in weekly home practice time (Table 1 and Fig. 2).
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Discussion

The present findings demonstrate that Tai Chi cumulative
practice time (home practice + class time), but not home
practice time alone, is an important predictor of post-
treatment reductions in chronic nonspecific neck pain. The
authors also found that on weeks when pain intensity is worse
than usual (i.e., than on other weeks), individuals with low
and moderate baseline anxiety levels are likely to practice
less than usual, while individuals with high baseline anxiety
levels are likely to practice more than usual. Contrary to
the effect of baseline anxiety levels, the authors did not
find that the association between weekly pain intensity and
home practice time depends on baseline depression levels.
Last, the study failed to show effects of baseline expectation
and class attendance on post-treatment pain intensity.

In light of the divergent results on home practice time and
outcomes in integrative medicine interventions, it is not espe-
cially surprising that cumulative practice time, but not home
practice time, predicted post-treatment reductions in pain inten-
sity. Taking a common factors approach, it may be that the total
sum of all specific and nonspecific treatment components,
rather than of any one treatment-specific component alone (e.g.,
home practice time), is what drives pain reductions in Tai Chi
interventions and in related integrative medicine interventions.

For example, Tai Chi is traditionally practiced in a group
setting, where participants provide verbal and nonverbal sup-
port to one another, which may function to augment pain
intensity. Additional symbols of healing in Tai Chi courses,
such as a revered instructor, the location in which partici-
pants gather, the ambience of the practice room, the cloth-
ing worn by the instructor and participants and the novelty
of the intervention itself, may also explain a significant
amount of variance in symptom improvement.35,36 The lit-
erature on Tai Chi for chronic pain would benefit from
designing dismantling studies to elucidate the unique influ-
ence of treatment-specific and nonspecific factors on pri-
mary outcome measures.

This is the first study to examine the moderating effects
of depression and anxiety on the association between pain
intensity and Tai Chi home practice time. A study that eval-
uated the association between depression and home practice
time in mindfulness-based cognitive therapy found that
greater depression was associated with less at-home mind-
fulness practice.37 The discrepant result on the link between
home practice time and depression may be due to low vari-
ability in the depression variable, with only a small number
of participants endorsing depressive symptoms at baseline.

Although no studies have examined the association
between home practice time and anxiety in integrative

FIG. 1. The effect of cumulative practice
time on pain intensity. Median cumulative
practice time (home practice + class time)
was 720 min.

Table 1. Longitudinal Outcomes in Home Practice Time

Predictors

Home practice time

b SE CI t df p

Within-person pain -3.63 1.62 -6.83 to -0.44 -2.23 28 0.026
Baseline anxiety -0.90 2.39 -5.79 to 4.00 -0.37 28 0.711
Between-person pain 1.23 5.80 -10.65 to 13.11 0.21 358 0.833
Within-person pain · Baseline anxiety 1.64 0.58 0.51 to 2.78 2.84 358 0.005

Within-person pain = weekly fluctuation in pain intensity (VAS) or experiencing greater pain intensity than on other weeks; baseline
anxiety = anxiety measured before the Tai Chi intervention with the hospital and depression scale; between-person pain = cross-sectional
pain intensity (VAS) or experiencing greater pain than other participants. Bold p-values indicate statistical significance.

CI, confidence interval; SE, standard error; VAS, visual analog scale.
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medicine interventions, a few studies have examined the
role of neuroticism in integrative medicine interventions.
Neuroticism, a personality trait characterized by a predis-
position for negative states of mind such as anxiety, has
been associated with greater class attendance in a yoga and
meditation intervention for breast cancer survivors38 and
with better outcomes in a mindfulness intervention for
police officers.39 In so far that anxiety is construed as a
response to a perceived threat marked by motivation and
mobilization,40 it may be that participants with greater anx-
iety interpret greater pain intensity as a threat and are
mobilized to reduce the pain (i.e., threat) by increasing Tai
Chi home practice. Future studies should investigate whe-
ther greater anxiety- and pain-related home practice time is
associated with greater symptom improvement in Tai Chi
interventions for chronic pain.

From an embodied cognition perspective (or enactive
cognitive science), whereby the construct of feedback loops
is utilized to study the mind/body as a monistic phenomenon
rather than as a dualistic problem, it may be that the bidi-
rectional nature of pain catastrophizing and physiological
arousal is integral to understanding inter- and intraindividual
differences in Tai Chi home practice.41 For example, the
ruminative thought, ‘‘I’m really worried that the pain will
never go away,’’ in response to neck pain may further exac-
erbate the physiological pain response and result in increa-
sed, possibly maladaptively effortful, Tai Chi home practice.
This potential interpretation is empirically corroborated by
the finding that reduced pain catastrophizing explains app-
roximately one-third of the variance in Tai Chi-related
improvements in low back pain.42

It is also supported by observations that changes in body
posture and affect, including anxiety and depression, are
associated over the course of mind–body training for
chronic pain.43 While speculative, future research may ben-
efit from designing lead-lag studies to better understand the
temporal dynamics of how pain and anxiety impact Tai Chi
home practice. Such efforts would be consistent with prior
literature demonstrating that mind–body practices reduce
chronic pain by targeting both bottom-up and top-down self-

regulatory processes.44,45 In addition to quantitative appro-
aches, the inclusion of semistructured qualitative interviews
would deepen the authors’ phenomenological understanding of
how anxiety and the instructor–participant relationship moti-
vate practitioners to develop a consistent Tai Chi practice.

Limitations

The limitations of this study highlight important consid-
erations for future research. Although the results showed
an association between within-person weekly fluctuation in
pain intensity and Tai Chi home practice time, it is unclear
whether increased pain intensity causes a reduction in home
practice time or vice versa. Future studies should seek to
identify whether increases in weekly pain intensity cause a
reduction in weekly home practice time or whether less
home practice causes greater weekly pain intensity. In con-
junction with a small sample size, the VAS pain intensity
scale may be susceptible to capturing random fluctuation
in pain symptoms. Future studies examining the effect of
Tai Chi home practice time on pain intensity may benefit
from considering alternative composite measures of chronic
pain. Last, it may be important for future studies to assess
Tai Chi treatment expectations over time to better assess
whether treatment expectations impact chronic pain outcomes.

Conclusions

Total class and at-home Tai Chi practice time is an imp-
ortant mechanism by which chronic nonspecific neck pain
improves. Furthermore, baseline anxiety may help to exp-
lain dose–response effects in Tai Chi interventions for chro-
nic nonspecific neck pain.
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43. Quixadá AP, Miranda JGV, Osypiuk K, et al. Qigong
training positively impacts both posture and mood in breast
cancer survivors with persistent post-surgical pain: Support
for an Embodied Cognition Paradigm. Front Psychol 2022;
13:800727; doi: 10.3389/fpsyg.2022.800727

44. Cramer H, Mehling WE, Saha FJ, et al. Postural awareness
and its relation to pain: Validation of an innovative instru-
ment measuring awareness of body posture in patients with
chronic pain. BMC Musculoskelet Disord 2018;19(1):109;
doi: 10.1186/s12891-018-2031-9

45. Osypiuk K, Thompson E, Wayne PM. Can Tai Chi and
Qigong postures shape our mood? Toward an embodied
cognition framework for mind-body research. Front Hum
Neurosci 2018;12:174; doi: 10.3389/fnhum.2018.00174

Address correspondence to:
Santiago Allende, PsyD

War Related Illness and Injury Study Center
VA Palo Alto Health Care System

3801 Miranda Ave, Mailcode 151Y
Palo Alto, CA 94304

USA

E-mail: sallende@stanford.edu

Appendix

Appendix A1

By virtue of maximum likelihood estimation, linear mixed
models are advantageous to least-squares models in their
handling of data that are missing at random. To derive an
estimate of within-person weekly fluctuation in pain inten-
sity, the authors first detrended variance due to the reduction
of pain over time by regressing time, centered at week 6, on
pain intensity.A1 They then used level 1 residuals as the
within-person effect of pain intensity (i.e., reporting greater

pain intensity than on other weeks) and used level 2 random
intercepts as the between-person effect of pain intensity (i.e.,
reporting greater pain intensity than other participants).A1
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