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ABSTRACT

Introduction: Mindfulness-based stress reduc-
tion (MBSR) has demonstrated its effectiveness
in reducing pain-related stress in adults with
chronic pain. However, the implementation of
MBSR needs modifications across cultures. This
pilot study reports the findings of a randomized
controlled trial that investigated the effects of a
culturally adaptive MBSR program on self-report
and neuroimaging outcomes for chronic pain
adults in China.

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40122-023-00551-9.

S. Chen - Y. He (X))

Department of Medical Psychology, Neurological
Medical Center, Xingiao Hospital and The Second
Affiliated Hospital, Army Medical University,
Chongging 400037, China

e-mail: hy1996jw@163.com

S. Chen - T. Shi - X. Zuo - C. Hong - Y. Zhang - F. Li
- T. Jackson

Key Laboratory of Cognition and Personality,
Southwest University, Chongqing 400715, China

X. Gao

Department of Cardiology, Xingiao Hospital and
The Second Affiliated Hospital, Army Medical
University, Chongqing 400037, China

Methods: Sixty-seven participants were ran-
domly assigned to the treatment group (n = 40)
or the treatment-as-usual group (n = 27) group
at a ratio of 1.5:1. Participants completed self-
report measures of pain severity, pain interfer-
ence, depression, perceived stress, pain catas-
trophizing, mindfulness, and resilience at
baseline assessment (T1), post-treatment (T2),
and 3-month follow-up (T3) assessments.
Functional magnetic resonance imaging (fMRI)
scanning was also performed at T1 and T3
assessments.

Results: For the intention-to-treat sample, the
results of the mixed-effect model indicated that
Group x Time interaction was significant for
pain catastrophizing only (F (2, 130) = 3.51,
p =0.033). Compared with the control group,
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those in the MBSR group reported greater
reductions in pain catastrophizing at T2 (d = —
0.60), though this effect was not maintained at
T3 (d=— 0.05). Additionally, the results of
completer analyses found significant Group x
Time interactions for pain interference (F (2,
88) = 4.40, p = 0.015) and perceived stress (F (2,
88) = 3.13, p = 0.048), but not for other mea-
sures. Finally, both groups exhibited decreased
regional homogeneity (ReHo) in the frontal
lobe, while increased ReHo in the cerebellum
anterior lobe was unique to the MBSR group.
Conclusions: The present findings suggest that
the minor modified MBSR program improves
certain pain-related outcomes for Chinese
adults with chronic pain. Future studies with
larger samples of Chinese chronic pain patients
are needed to detect the small-to-moderate
benefit of MBSR on fMRI and/or other objective
methods.

Keywords: Mindfulness-based stress reduction;
Chronic pain; Chinese adults; Pilot RCT; fMRI

Key Summary Points

Why carry out this study?

Chronic pain threatens individuals’
physical and mental health, and it brings
economic burdens on individuals and
society. Mindfulness-based stress
reduction (MBSR) and its modified
versions are widely used to reduce
emotional distress among chronic pain
samples. However, there is little known
about the mechanisms of how the MBSR
group could help in improving pain-
related functioning in the Chinese
context.

We conducted a pilot randomized control
trial study to investigate the effects of a
culturally adaptive MBSR program on a
culturally adaptive MBSR program on
pain-related outcomes and their potential
mechanistic variables via self-report and
neuroimaging measures in Chinese adults
with chronic pain.

What was learned from the study?

The minor modified MBSR program is
more effective in reducing pain
catastrophizing, pain interference, and
perceived stress compared to the
treatment-as-usual for adults with chronic
pain in China.

In addition, the increased regional
homogeneity in the cerebellum anterior
lobe was unique to the MBSR group,
indicating that the minor modified MBSR
program promotes brain plasticity in
regulating muscular tension, which is a
leading cause of pain, stiffness, and
limited movement.

INTRODUCTION

Chronic pain patients experience personal
consequences, including social withdrawal,
financial strain, lifestyle impairment, loss of
gray matter, and emotional distress [1]. Fur-
thermore, chronic pain has a huge economic
impact on society in countries such as the
United States [2], Switzerland [3], and China [4].
Approximately 25-35% of Chinese adults have
experienced chronic pain [4, 5], and pain
treatment is typically disease-based or symp-
tom-based in clinical practice. Nevertheless, a
significant number of chronic pain patients do
not respond to medical treatments and face the
risk of developing dependence on pain medi-
cation and experiencing disability [6]. There-
fore, the goals of therapy are tailored towards an
improved quality of life rather than meaningful
pain reduction for many patients. Exercise and
psychological interventions are important
alternatives in managing pain, improving
functioning, and maintaining a satisfactory
quality of life [1].

Mindfulness-based interventions (MBIs),
which include body movement and mindful-
ness meditation practices, have emerged as
increasingly popular approaches to treating
chronic pain [7]. The empirical foundation of
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MBIs can be traced back to the 8-week mind-
fulness-based stress reduction (MBSR) project
developed by Jon Kabat-Zinn and colleagues at
the University of Massachusetts Medical School
in 1979 [8]. MBSR was developed to teach par-
ticipants to attend to body sensations while
decoupling pain sensations from emotional
suffering so that they could improve their
functioning despite ongoing pain [8].

In a network meta-analysis of 21 randomized
controlled trials (RCTs) consisting of 1981
chronic pain patients, Khoo et al. examined the
relative efficacy of MBSR, cognitive behavioral
therapy (CBT), and control conditions [9].
MBSR and CBT were found to be significantly
more effective than no treatment in reducing
physical impairment and depressive symptoms,
but not in pain severity [9]. Despite such evi-
dence, research from highly populated Eastern
nations has been somewhat underrepresented
in this literature. For example, limited studies
have investigated the effects of MBSR on pain-
related dysfunction (e.g., pain severity, pain
interference, emotional distress) in Chinese
adults with pain conditions [10, 11]. Further-
more, there is a lack of research exploring the
potential mechanisms underlying why and how
MBSR could improve pain-related functioning
in the Chinese context.

The biopsychosocial framework of pain may
explain the underlying mechanisms of MBSR on
pain-related dysfunction. Pain area theorists
categorize individuals who limit activities to
avoid painful experiences due to pain-related
fear and catastrophizing as “avoiders” and those
who recover from pain or function well despite
ongoing pain as “confronters” [12, 13]. The
confronters could also be characterized by resi-
lience, a construct that has been defined as both
a dynamic process and a relatively stable capac-
ity to maintain physical and psychological
functioning despite adversity [14]. Evaluations
of general resilience and pain resilience among
Chinese adults with chronic pain were related
to lower pain catastrophizing levels and better
pain-related functioning [15, 16].

The effects of MBSR in reducing pain catas-
trophizing among samples with chronic pain
have been well documented [17, 18]. In con-
trast, few studies have investigated the effects of

MBIs on resilience measures in chronic pain
patients from the perspective of “confronters”.
For example, an RCT for individuals with mul-
tiple sclerosis found that the MBSR group and
the educational group did not have significant
differences in general resilience improvements
at 8 weeks or 12 months [19]. Conversely, a
mind-body and activity intervention for
chronic pain participants showed that a reduc-
tion in depression, but not anxiety, from base-
line to post-treatment was explained by the
increase in pain resilience [20]. However, this
study did not have a control group. Therefore,
RCTs are needed to verify whether pain catas-
trophizing and/or resilience could be potential
psychological mechanisms underlying MBSR
effects on pain-related dysfunction in the Chi-
nese context.

The Monitor and Acceptance Theory (MAT)
explains the mechanism of trait mindfulness
and MBIs effects on cognition, affect, stress, and
health outcomes. The theory highlights the
importance of attention monitoring and
acceptance to increase awareness of one’s
experience and reduce affective reactivity,
respectively [21]. Accordingly, Cillessen et al.
investigated the effects of MBIs on psychologi-
cal and physical health outcomes based on 29
RCTs of 3274 cancer patients and survivors [22].
Compared to control conditions, MBIs were
superior in mindfulness skills, self-compassion,
rumination, and psychological distress, with
small but significant post-treatment effect sizes
reported, while the post-treatment effect size for
pain was not statistically significant. Prelimi-
nary findings also partially supported the utility
of MAT among Chinese patients with chronic
musculoskeletal pain. The “describing one’s
experience” and “acting with awareness” com-
ponents contributed an additional 5-21% to the
prediction of depression, perceived stress, and
pain catastrophizing after controlling for
demographics and pain experience [23]. Again,
it remains unclear whether mindfulness skills
could be potential psychological mechanisms
underlying MBSR effects on pain-related dys-
function in the Chinese context.

Psychosocial factors are primarily assessed by
self-report measures, yet only a few RCT studies
have addressed the neural basis of MBSR for
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patients with chronic pain and the results were
inconsistent. For instance, one RCT study
investigating enhanced MBSR effects in patients
with episodic migraine found that there were
no treatment-by-time effects in gray matter
volume (GMYV), although both groups (MBSR
group and stress management control group)
showed decreased anterior midcingulate vol-
ume at week 20 [24]. A more recent study
investigated MBSR effects on GMV in selected
breast cancer survivors with chronic neuro-
pathic pain from a larger RCT and found that
the MBSR group (n = 13) had greater GMV in
the angular gyrus and middle frontal gyrus post-
training compared to controls (n = 10). Addi-
tionally, the MBSR group had increased GMV in
the right parahippocampal gyrus whereas the
control group had decreased GMV in the left
parahippocampal gyrus, precuneus, middle
temporal gyrus, and right cuneus from pre- to
post-training [25]. In addition, MBSR effects on
resting-state brain activity in chronic pain
samples are lacking, although there are prelim-
inary findings immediately at post-treatment in
pain-free participants. Specifically, the pain-free
MBSR group had a decreased amplitude of low-
frequency fluctuations (ALFF) in the cingulate
gyrus/cortex, left anterior and posterior insula,
and left superior medial frontal gyrus from pre-
to post-training [26, 27] and an increased
regional homogeneity (ReHo) in the right
superior parietal lobule and left postcentral
gyrus from pre- to post-training [28]. In sum-
mary, it remains unclear whether changes in
brain structure and resting-state brain activity
caused by MBSR training could be sustained
over a longer follow-up duration in chronic
pain patients.

To this end, we conducted a pilot RCT that
compared MBSR and treatment-as-usual groups
among Chinese adults with chronic pain. We
aimed to investigate MBSR effects on self-report
pain-related dysfunction (i.e., pain intensity,
pain interference, depression, perceived stress),
pain catastrophizing, resilience (i.e., general
resilience, pain resilience), and mindfulness
(i.e., describe one’s experience, act with aware-
ness, non-judgment of inner experience) at
post-treatment and 3-month follow-up assess-
ments. Additionally, for exploratory purposes,

we performed functional magnetic resonance
imaging (fMRI) to assess MBSR effects on brain
structure (i.e., GMV) and resting-state brain
activity (i.e., ReHo, ALFF, fractional ALFF) at the
3-month follow-up.

METHODS

Participants

The study protocol was approved by the
Research Ethics Committee of Southwest
University (No. H21034). The study was carried
out in compliance with the most recent itera-
tion of the Helsinki Declaration and adhered to
all other stipulations outlined by the local leg-
islation of China. The participants were recrui-
ted from local hospitals, the university campus,
and communities in Chongqging, China. Based
on the results of a recently published pilot RCT
examining MBSR effects on migraine [29], a
minimal sample size of 60 participants was
determined for a pilot RCT study. Written
informed consent was obtained from all
participants.

Eligibility for the study was assessed using an
online screening questionnaire. Inclusion cri-
teria were as follows: (1) willing and able to
provide informed consent, (2) aged 18 to
635 years, (3) reported pain duration of at least
for 3 months and painful days for at least
60 days within the past 3 months, (4) able to
read and write in Chinese, (5) agreeing to
complete homework if assigned to the treat-
ment group, (6) meet the criteria for fMRI
scanning. Meanwhile, exclusion criteria were:
(1) no Internet access, (2) prior participation in
any structured mindfulness training, (3) regular
meditation practice (more than once per
month), (4) unable or unwilling to commit to
the prescribed amount of sessions and home
practice, (5) concurrent enrollment in another
study assessing a pharmacological or psycho-
logical treatment for chronic pain, (6) diagnosis
of psychiatric disorder, (7) participants with
pacemaker, metal implants, dentures, severe
claustrophobia.
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Procedure

Randomization

A CONSORT flow diagram is depicted in Fig. 1.
Among the 139 patients assessed for eligibility,
89 were eligible and invited for the first assess-
ment visit. Among the eligible participants, 22
declined to participate, leaving 67 eligible par-
ticipants to be randomized in the study. The
participants provided written consent, which
outlined the vague purpose of the present study
and assessment schedules. Of these, 40 were
randomized to the mindfulness group (MBSR)
and 27 were assigned to the treatment-as-usual
group (TAU), according to a ratio of 1.5:1
between MBSR and TAU. This ratio was
employed because the participants in the treat-
ment group were more likely to drop out
[30, 31]. Excel software was used to generate the
random number, with a range of 0-1. Twenty-
seven participants with the lowest sequence
scores were assigned to the TAU and the
remaining 40 participants were allocated to the
MBSR group. Participants were given the chance
to one of the three MBSR classes to attend,
based on their schedule. Once they decided to
attend the class at a particular time, they were
not allowed to change the class throughout the
treatment period. Finally, a total of three MBSR
classes, with 9 to 16 participants per course,
were conducted in the laboratory (Class 1,
n =15; Class 2, n = 9; Class 3, n = 16). It should
be noted that five participants in the MBSR
group did not attend any mindfulness courses
but they participated in the online group dis-
cussion after classes, were available for mind-
fulness practice recordings, and completed self-
report questionnaires at all three assessments

(Fig. 1).

Modified Mindfulness-Based Stress Reduction
Program

The modified MBSR training was conducted on
the campus of Southwest University. Partici-
pants were instructed to continue their
stable use of prescribed preventative treatments
and continue taking acute abortives as needed.
Considering the health conditions of the sam-
ple, we reduced the regular class duration from

2.5-3 h to 2-2.5 h. The separate groups for each
intervention met for about 2.5h for weeks 1
and 8 and 2 h weekly for weeks 2-7. One-day
retreat practice was not conducted. Therefore,
the total MBSR course duration was 17 h. Two
instructors, certified as the MBSR teacher or
under supervision, guided the MBSR courses in
Chinese. In line with a manualized protocol
that included participant handouts and mate-
rials for home use [8, 32], we also made several
modifications based on characteristics of the
current sample. For example, the people of
Chongqging enjoy spicy foods, an almost painful
sensation on the tongue. Savoring spicy foods
in daily life could challenge the mindset that
painful sensation is terrible and hateful. The
outline of the modified MBSR course for Chi-
nese adults with chronic pain is listed in the
Electronic Supplementary Material (Table S1).
Specifically, we focused on trauma-informed
methods, disassociation among painful sensa-
tions, ruminative thoughts and sufferings, and
emphasized loving kindness to distress and self-
compassion.

Mindfulness practice sections in Class 1 were
audio-recorded and transferred to written
scripts, which were used by the junior instructor
to guide Class 2 and Class 3 to increase the
treatment fidelity. Of note, the mindfulness
expert provided real-time online courses for
weeks 5-7 because of health conditions that
made it difficult to visit the laboratory during
that period. A master-level student majoring in
applied psychology assisted with the course and
managed the online group community. Missed
sessions were made up by sending the mind-
fulness practice audio that was recorded in class.
Research staff conducting the assessments were
blind to the study allocation.

Assessment Schedule

Baseline (Time [T]1), post-treatment (T2), and
3-month follow-up (T3) consisted of a battery of
self-report questionnaires, which will be descri-
bed in detail in the following section. The
questionnaire took approximately 20-40 min to
complete. All participants completed the writ-
ten questionnaires at the T1 assessment during
their visit to our laboratory. Those participants
who were unavailable for the T2 and/or T3 visits
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Excluded (n = 72)

Assessed for eligibility

(n = 139)

® Painful days < 60 days (n =24)
® Notinterested/ time conflict (n =

22) =
® Unable toreceive fMRI scan (n
=18) v
o Regula.r mindfulness practice (l’l Baseline assessment
=3) @=67)
® Unable to write or read (n =4)
Randomization
(m=67)
v
Allocated to Allocated to
MBSR TAU
v
T1 assessment T1 assessment
Attend sessions (m =40) (n=27)
0 session:n=>5
1-3 sessions: n =16
>4 sessions: n =19 v .

T2 assessment
(m =40)

T2 assessment

@=27)

v

v

T3 assessment
(n=40)

T3 assessment
m=27)

\4

A 4

ITT analysis (n = 40)
Completer analysis (n = 19)
VBM analysis (n = 16)
Resting-state fMRI (n = 16)

ITT analysis (n =27)
Completer analysis (n =27)
VBM analysis (n =21)
Resting-state fMRI (n = 18)

Fig. 1 Study flow diagram of participant randomization.
MBSR mindfulness-based stress reduction, 74U treat-

ment-as-usual, 77 baseline, 72 post-treatment, 73

completed the questionnaires online. In addi-
tion, participants attended the fMRI scanning at
the T1 and T3 assessments, with 8 min allocated
for acquiring resting-state brain activity and 6
min for collecting brain structure imaging. The

3-month follow-up, I7T intention-to-treat, VBM voxel-
based morphometry, fMRI functional magnetic resonance
imaging

imaging-acquisition procedure is described in
detail in the Electronic Supplementary Material.
Participants received minor compensation at
each assessment.
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Outcome Measures

Self-Report Measures

The Chronic Pain Grade (CPG) evaluates pain
severity and pain interference across three items
each [33]. [tems measuring current pain, aver-
age pain, and most severe pain over the previ-
ous 3 months rated from O (no pain at all) to 10
(most severe pain). The pain interference tests
how much the pain has interfered with daily
activities, social activities, and work abilities
rated from O (no interference) to 10 (unable to
carry out activities/extreme change over the
past 3 months). The subscale average scores
were used. Previous investigations have vali-
dated CPG in Chinese chronic pain samples
[15].

The 20-item Center for Epidemiologic Stud-
ies Depression (CES-D) scale was used for mea-
suring  depressive  symptomatology  [34].
Participants rated the frequency of each symp-
tom throughout the previous week from O
(rarely or never [less than 1 day]) to 3 (most or
always [5-7 days]). The CES-D has been shown
to be reliable and valid in Chinese adults with
chronic pain [23].

Perceived positive and negative stress reac-
tions were measured by the ten-item Perceived
Stress Scale (PSS-10) [35] based on the original
14-item PSS [36]. In a sample of Chinese
patients, a hierarchical two-factor PSS-10 struc-
ture outperformed the 14-item PSS and the four-
item PSS in terms of overall psychometric
qualities [335].

The 12-item Mindfulness Questionnaire
(MQ-12) [37] was adopted from the 39-item
FFMQ, which measures five aspects of mind-
fulness in its original form [38]. The MQ-12
evaluated three aspects of mindfulness:
describing one’s experience, acting with aware-
ness, and non-judgment of inner experience.
Items are rated from 1 (very seldom true) to 5
(always true). A more proficient level was indi-
cated by higher overall scores for each facet of
mindfulness. The MQ-12 was validated in Chi-
nese university students [37] and Chinese
chronic pain individuals [23].

The 13-item Pain Catastrophizing Scale (PCS)
measures a person’s propensity for pain catas-
trophizing, which includes feelings of

helplessness, magnifying pain, and ruminating
about it [39]. Scores for each PCS item range
from O (not at all) to 4 (always). Previous studies
showed that PCS has acceptable psychometrics
among Chinese individuals with chronic pain
(40].

The original 14-item Pain Resilience Scale
(PRS) was used to assess a person’s capacity to
successfully manage or adapt to pain [41]. Items
are rated between O (never) and 4 (all the time),
with higher total scores indicating more pain
resilience. The 12-item PRS was optimal for
Chinese adults with chronic musculoskeletal
pain [16].

The six-item Brief Resilience Scale (BRS) was
employed to assess one’s general capacity to
bounce back from adversities [42]. In an initial
validation study with four independent sam-
ples, the BRS was shown to have a unitary factor
structure and strong convergent and discrimi-
nant validity [42]. Moreover, the BRS had good
reliability in Chinese young adults [43].

Brain Structure

Gray matter volume (GMV) is an index of gray
matter density defined as the product of cortical
thickness and cortical surface area [44]. GMV
changes could be as a function of genetics,
aging, and pathology as well as in response to
particular training [45]. The voxel-based mor-
phometry (VBM) was employed to investigate
focal differences in GMV [46].

Resting-State Brain Activity

The amplitude of low-frequency fluctuation
(ALFF), the fractional amplitude of low-fre-
quency fluctuation (fALFF), and regional
homogeneity (ReHo) were used to assess resting-
state brain activity measured by functional
magnetic resonance imaging (fMRI). ALFF refers
to the averaged square root of power spectra
within a low-frequency oscillation range (e.g.,
0.01-0.1 Hz) from fast Fourier transformations
[47]. The fALFF measures the ratio of fluctua-
tions within the low-frequency band to the
entire frequency range, providing information
on relative amplitudes in low frequencies [48].
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Demographic Information

We collected information on participants’ age,
gender, body mass index (BMI), the highest
education level (1 [primary school or lower], 2
[middle school completion or partial comple-
tion], 3 [high school completion or partial
completion], 4 [post-secondary education]),
ethnicity, pain duration (months), primary pain
site, prescribed analgesic usage, and presence or
absence of pain every day in the past week.

Data Analyses

Self-Report Measures

All statistical analyses were conducted in RStu-
dio (version 1.2.5033; RStudio Team, 2019)
based on the R programming environment
(Version 3.6.3; R Core Team, 2019). Initially,
independent samples t tests and chi-square tests
were conducted to analyze baseline differences
in patient characteristics between intervention
groups. Mean scores at baseline (T1), post-
treatment (T2), and 3-month follow-up (T3)
were derived from linear mixed-effects models,
which account for the within-subject correla-
tion of responses over time and enable the use
of all available data across all time points to
increase statistical efficiency [49]. The inter-
vention group and time point were treated as
fixed effects. Group x Time interaction was
assessed to determine whether participants
randomized to MBSR differ from those ran-
domized to TAU for change from T1 to T2, and
from T1 to T3 on outcomes; the significance
level is reported for the Group x Time interac-
tion. Moreover, we reported the between-group
effect sizes of change from T1 to T2, and from
T1 to T3, as Cohen’s d (0.20 small; 0.50 med-
ium; 0.80 large). We conducted intent-to-treat
(ITT) analyses involving the entire randomized
participants and “completer” analyses limiting
the MBSR group who attended at least four
sessions [50].

Imaging Outcomes

Imaging preprocessing is described in the Sup-
plementary Materials. We included the sample
of individuals who completed both T1 and T3
fMRI scanning with adequate data quality and

participants in the MBSR group attended at least
four treatment sessions. Initially, full factorial
analysis was conducted on GMV via SPM. Then,
the paired t test was performed on each group if
the Group x Time interaction was significant.
Age, gender, and total intracranial volume (TIV)
were included as covariates for all GMV analyses
per conventions of VBM [51]. Voxels with GMV
values under 0.2 were excluded using absolute
threshold masking. A threshold of p < 0.05 with
a false discovery rate (FDR) correction at the
voxel level and a cluster size over 40 voxels were
used to identify peak clusters on which sub-
groups differed [52].

As for resting-state brain activity, mixed-ef-
fects models of Group x Time with covariates
(age, gender, head motion) were conducted
using the Data Processing & Analysis for Brain
Imaging toolbox (DPABI 4.0, http:/rfmri.org/
dpabi). Again, the paired ttest with head
motion as the covariate was applied for each
group if the Group x Time interaction was sig-
nificant. Gaussian random field (GRF) correc-
tion (voxel level p < 0.05, cluster level, p < 0.05,
two-tailed) was conducted for each analysis.

RESULTS

Baseline Characteristics

The intervention groups did not differ signifi-
cantly in demographics (age, gender, education,
BMI, ethnicity, work status) and pain informa-
tion (pain duration, primary pain site, analgesic
use, pain every day) (see Table 1 for details).
The “completer” was defined as attendance
in at least four MBSR classes; 19 of 40 chronic
pain patients (47.5%) randomized to MBSR
condition were considered treatment com-
pleters. The mean number of MBSR class ses-
sions attended was 3.78 (SD 2.78 sessions;
range, 0-8 sessions). The research compliance
rate was 100%, with all the participants com-
pleting the post-test questionnaire assessment
and the 3-month follow-up assessment. Nota-
bly, all participants visited our laboratory for
the baseline questionnaire assessment. Twenty-
seven participants (40.3%) and 14 participants
(10.9%) at post-treatment and 3-month follow-
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Table 1 Sample characteristics

Characteristic® All ( = 67) MBSR (2 = 40) TAU (z = 27) 1/t
Age (years) 32.10 (15.77) 32.92 (16.23) 30.89 (15.30) 0.52
Gender (female) 53 (79.1%) 32 (80%) 21 (77.8%) 0.01
Education 3.60 (0.78) 3.65 (0.74) 3.52 (0.85) 0.66
BMI 22.09 (3.64) 22.07 (3.30) 22.12 (4.16) — 0.5
Ethnicity (Han) 61 (91.0%) 36 (90.0%) 25 (92.6%) 0.01
Work status 1.15

Student 40 (59.7%) 24 (60.0%) 16 (59.3%)

Retired 12 (17.9%) 8 (20.0%) 4 (14.8%)

Full-time 8 (11.9%) 5 (12.5%) 3 (11.1%)

Part-time 5 (7.5%) 2 (5%) 3 (11.1%)

No job 2 (3.0%) 1 (2.5%) 1 (3.7%)
Pain duration (months) 50.24 (55.99) 53.12 (56.19) 45.96 (55.39) 0.51
Primary pain site 5.05

Lower back 18 (26.9%) 9 (22.5%) 9 (33.3%)

Shoulder 17 (25.4%) 9 (22.5%) 8 (29.6%)

Neck 13 (19.4%) 9 (22.5%) 4 (14.8%)

Leg/foot 10 (14.9%) 6 (15%) 4 (14.8%)

Arm/hand 4 (6.0%) 2 (5%) 2 (7.5%)

Upper back 3 (4.4%) 3 (7.5%) 0

Thorax 2 (3.0%) 2 (5%) 0
Analgesic usage (yes) 14 (20.9%) 7 (17.5%) 7 (17.5%) 0.28
Pain every day® (yes) 57 (85.1%) 34 (85%) 23 (85.2%) 0.01

MBSR mindfulness-based stress reduction, 74U treatment-as-usual, BMI body mass index
*Mean and standard deviation (SD) are provided for continuous variables; the number of participants and its percentage are

rovided for categorical variables

Participants experienced pain every day during the past week

up were unable to come to the laboratory, so
their self-report data were provided online via
the link from the Questionnaire Platform
Wenjuanxing. Items of the online version are
the same as those in the printed scales.

Self-Report Outcomes

Intention-to-Treat Analyses

Mean and standard deviation scores for out-
come measures over time based on the inten-
tion-to-treat sample are presented in the
Supplementary Material (Table S2). Figure 2
depicts a significant Group x Time interaction
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Fig. 2 Effects of mindfulness training on pain catastro-
phizing (intention-to-treat analyses). MBSR mindfulness-
based stress reduction, 74U treatment-as-usual, 77/ base-
line, 72 post-treatment, 73 3-month follow-up; *p < 0.05,
= p < 001, **p < 0.001

for pain catastrophizing (F (2, 130) = 3.51,
p =0.033, partial #°=0.05). Compared with
chronic pain patients randomized to the TAU
group, those in the MBSR group reported greater
reductions in pain catastrophizing at post-
treatment with a medium effect size (¢ (130) =
—2.39,p =0.018, d = — 0.60), but this effect did
not persist at 3-month follow-up (f (130) = —
0.21, p = 0.836, d = — 0.05). No significant dif-
ferences were observed between Group x Time
interactions in pain (i.e., pain severity, pain-re-
lated interference, emotional distress (i.e.,
depression, perceived stress), mindfulness skills
(i.e., describe one’s experience, act with aware-
ness, non-judgment of inner experience), and
resilience levels (i.e., general resilience, pain
resilience).

Completer Analyses
Chronic pain patients randomized to the MBSR
group who attended at least four classes

(completers) were compared with those ran-
domized to the TAU group (see Supplementary
Material Table S3). Significant Group x Time
interactions were observed in pain interference
(F (2, 88) =4.40, p = 0.015, partial 5° = 0.09)
and perceived stress (F (2, 88) = 3.13, p = 0.048,
partial 5? = 0.07). Corresponding figures are
depicted in Fig. 3a and b. Compared with those
in the TAU group, chronic pain patients in the
MBSR group reported greater reductions in pain
interference at post-treatment with a large effect
size (t (88) = — 2.93, p=0.004, d =-0.91) and
marginally significant effect at 3-month follow-
up (t (88) = — 1.86, p = 0.066, d = — 0.56). The
MBSR group did not report greater reductions in
perceived stress at immediate post-intervention
assessment (f (88) = — 0.69, p=0.484, d=—
0.21) but reported greater reductions at 3
months with a medium-to-large effect size
(t(88) = —2.43,p=0.017, d = — 0.74). Finally,
the differences between Group x Time interac-
tions were not significant in pain severity,
depression, mindfulness skills, pain catastro-
phizing, and resilience levels.

Imaging Outcomes

Sixty-seven and 53 participants completed the
T1 and T3 fMRI scanning, respectively. Sixteen
participants in the MBSR group who completed
scanning but attended fewer than four sessions
were excluded from analyses. Furthermore,
three participants in the TAU group who had
head motion larger than 3.0 mm and 3.0
degrees were also excluded from resting-state
fMRI analyses. Final samples comprised 37
(MBSR =16, TAU = 21) participants for GMV
and 34 (MBSR = 16, TAU = 18) participants for
resting-state fMRI outcomes (i.e., ALFF, fALFF,
ReHo).

Group Differences in Resting-State Brain
Activity

Age, gender, and head motion were included as
covariates conventionally. Figure 4 illustrates
the overall brain resting-state ReHo results for
the Group x Time interaction of the mixed-ef-
fects model. The peak MNI coordinate was
found to be — 54 — 63 — 39 and the peak MNI
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Fig. 3 Effects of mindfulness training on pain interfer-
ence (a) and perceived stress (b) by completer analyses.
MBSR  mindfulness-based  stress reduction, TAU

coordinate region was identified as the cerebel-
lum posterior lobe with 950 voxels. The peak
intensity was 5.25. Paired f tests were conducted
within each group to detect T3-T1 changes.
Both groups showed decreased ReHo in the
frontal lobe while the increased ReHo in the
cerebellum anterior lobe was unique to the
MBSR group (Fig. 5). Compared with the base-
line assessment, the MBSR group had increased
ReHo in the cerebellum anterior lobe [peak MNI
coordinate: 9 — 42 — 27, 109 voxels, peak
intensity: 3.35] and decreased ReHo in the
frontal lobe [peak MNI coordinate: — 6 63 — 12,
71 voxels, peak intensity: - 2.94] at 3-month
follow-up. The TAU group also showed
decreased ReHo in the frontal lobe [peak MNI
coordinate: 39 48 15, 182 voxels, peak intensity:
— 4.33]. Finally, no significant Group x Time
interaction was observed in ALFF and fALFF
measures.

treatment-as-usual, 77 baseline, 72 post-treatment, 73
3-month follow-up; *» <0.05, ** p < 0.01, **p < 0.001

Group Differences in Brain Structure

In the GMV analyses, age, gender, and TIV were
included as the conventional covariates. The
MBSR and TAU groups did not differ signifi-
cantly in total mean GMV [MBSR group:
M =603.19ml, SD =73.84ml; TAU group:
M=62391ml, SD=7181ml t=—- 0.86,
p=0.399]. Finally, no significant Group x
Time interaction was detected for GMV.

DISCUSSION

This study was designed to evaluate the efficacy
of the 8-week mindfulness-based stress reduc-
tion (MBSR) (versus treatment as usual, TAU)
among Chinese adults with chronic pain via
evaluating self-report pain- and mindfulness-
related measures at post-treatment (compared
with baseline) and at 3-month follow-up (com-
pared with baseline). In addition, we examined
the effects of MBSR on brain structure and
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10

(a)

Fig. 4 Whole-brain resting-state regional homogeneity
(ReHo) results for the interaction of mixed-effects model.
a depictes the interaction at three-dimension. b shows the peak
MNI Z-coordinate. Blue crosshairs are localized at the default
position. The peak MNI coordinate is — 54 — 63 — 39. The

resting-state brain activity at baseline and
3-month follow-up assessments. This pilot ran-
domized controlled trial (RCT) shows that the
8-week MBSR program can serve as a promising
intervention for Chinese adults with chronic
pain.

Intention-to-treat (ITT) analyses of all ran-
domized samples for self-report measures found
significant Group x Time interaction in pain
catastrophizing, but not in other pain- or
mindfulness-related measures. Compared to the
control group, the MBSR group had a greater
reduction in pain catastrophizing (e.g., worry
about the recurrent pain and ruminate the
consequences of pain in the future) at post-
treatment assessment, which was consistent
with past RCT studies on mindfulness effects for
clinical pain samples [17, 53]. The immediate
reduction in pain catastrophic beliefs in the
MBSR group, regardless of the number of
attended sessions, suggests that the mindfulness
attitudes towards pain (e.g., present-moment
awareness and acceptance of body sensations/
unpleasantness) embodied throughout the
training confronted the pain catastrophizing,
which is the predominately vulnerable factor of
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peak MNI coordinate region is the cerebellum posterior lobe
with 950 voxels. The peak intensity is 5.25. The color guide
represents F values with Gaussian random field (GRF)
correction

pain-related dysfunction in the fear-avoidance
model [13].

In the ITT sample, MBSR effects were not
sustained at 3-month follow-up for either pain
catastrophizing or other self-report measures. It
is reasonable that the intervention effect will
fade away gradually in the long term. Another
possible reason for the null intervention effect
in the long term is that participants who failed
to master the essential mindfulness skills as
required are less likely to keep practicing and to
ensure the benefit from mindfulness training
[50]. The ITT sample included all participants,
among whom, several might not have fully
gained mindfulness meditation skills. Further-
more, we also conducted completer analyses,
which included participants in the MBSR group
who had completed at least four sessions.

The completer analyses found significant
Group x Time interactions for pain interfer-
ence and perceived stress. Compared with the
control group, the MBSR group had a greater
reduction in pain interference at post-treatment
and reduction in perceived stress at 3-month
follow-up. The results are in line with the rec-
ommendation that goals of pain management
should be tailored towards improving
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Fig. 5 Whole-brain resting-state ReHo results for each
group (T3 > T1). a The mindfulness-based stress reduc-
tion group had increased ReHo in the cerebellum anterior
lobe and decreased ReHo in the frontal lobe at the

functioning and maintaining a satisfactory
quality of life [1]. However, we did not find the
intervention effect in mindfulness-related
measures for ITT and completer analyses. This
might be due to these measures testing general
and dispositional mindfulness rather than pain-
specific and state mindfulness, though we
selected valid mindfulness measures for Chinese
adults with chronic pain [23]. Future studies can

7 \ B/ \3

. | |

/AA\ 7 \

Zu26

3-month follow-up compared to baseline. b The treat-
ment-as-usual group had decreased ReHo in the frontal
lobe at 3-month follow-up compared to bascline. The
color guide represents ¢ values with GRF correction

focus on developing valid mindfulness mea-
sures more sensitive to pain conditions.
Regarding MBSR effects on brain structure
and resting-state brain activity at 3-month fol-
low-up compared to baseline assessment, we
only found a significant Group x Time inter-
action on regional homogeneity (ReHo) of the
anterior cerebellum lobe. Previous research has
shown that higher ReHo of the cerebellum lobe
is linked to better functioning in patients with
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major depression disorder and in male patients
with severe obstructive sleep apnea [54, 55]. The
unique improvement of ReHo in the cerebellum
posterior lobe for the MBSR group revealed the
objective evidence supporting the effectiveness
of MBSR for Chinese adults with chronic pain.
We also found a reduction in ReHo in the
frontal lobe for both groups, while we observed
no MBSR effects on gray matter volume, resting-
state brain activity of amplitude of low-fre-
quency fluctuation (ALFF), or functional ALFF
values. These findings are in line with previous
fMRI studies on MBSR effects among samples
with clinical pain conditions, which showed
mixed results [24, 56]. Thus, more RCTs with
rigorous design employing similar measured
outcomes and whole-brain analyses are war-
ranted to verify the reliability of brain changes
and to help understand neural mechanisms
underlying mindfulness training for chronic
pain patients [7].

Key strengths of the present study included
the employment of a methodologically rigorous
RCT design with both subjective and objective
pain-related outcomes, the involvement of a
qualified MBSR facilitator under the discipline
of internationally authorized mindfulness
training, and the benefit of Chinese local resi-
dents from the MBSR program. In addition, we
examined both vulnerable factors (e.g., pain
catastrophizing) and protective factors (e.g.,
pain resilience) underlying the effects of MBSR
on pain-related dysfunction, although group
difference at post-treatment was only margin-
ally significant for pain resilience. Our study is
noteworthy for comparing MBSR training vs.
treatment-as-usual in a chronic pain sample in
the Chinese context, as existing fMRI studies
reported mindfulness effects in chronic pain
samples mainly from Western cultures [24, 56].

Despite its strength, this study also had sev-
eral limitations. First, given its pilot nature,
small-to-medium effect sizes of MBSR effects
(e.g., pain resilience) were not statistically sig-
nificant. Despite the growing publication of
MBI effects in populations with clinical pain,
plenty of RCTs were underpowered and deemed
exploratory in nature [9, 22]. Therefore, more
studies with adequate power are needed to
detect the small-to-moderate benefit of MBSR

on fMRI and/or other objective measures in the
future. Second, the rate of completers in this
chronic pain sample was below 50%, though
consistent with previous findings that patients
with headache pain reported a low percentage
of completers in past pilot RCT studies [30].
Participants with chronic pain may not find
mindfulness meditation “useful” (i.e., alleviate
pain immediately) during the first class, which
may cause a loss of interest in mindfulness.
Conducting the mindfulness training in a uni-
versity setting rather than in a hospital could
also make patients feel less convenient and less
convinced, even though our mindfulness expert
is a senior physician with MBSR teacher certifi-
cation. Third, the likely selection bias limited
the generalizability of the study due to the
strenuous participation requirements, such as
willingness, competency, and time commit-
ment to complete in-person courses and repe-
ated assessments in Chongqing, China.

CONCLUSIONS

Results from self-report measures and resting-
state brain activity suggested the preliminary
effectiveness of the minor modified MBSR pro-
gram for chronic pain patients in southwest
China. This is the first study with neuroimaging
evidence supporting the brain plasticity of
MBSR in regulating muscular tension for Chi-
nese adults with chronic pain. Future studies
with larger samples of Chinese chronic pain
patients are needed to detect the small-to-
moderate benefit of MBSR on fMRI and/or other
objective methods. Future studies targeting
chronic pain samples may consider conducting
mindfulness training in clinical settings to
reduce the time burden for participation, which
will be convenient for patients who need to
meet physicians regularly. Furthermore, the
mindfulness treatment protocol for chronic
pain samples may need to be appropriately
reorganized in a more specific category (e.g.,
middle-aged and elderly Chinese people with
headaches and menopausal women with
chronic low back pain).
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