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Abstract

BACKGROUND: Mindfulness training is often used as a therapeutic intervention to manage
stress and enhance emotional wellbeing, yet trials for MS are limited and few have used an active
control.

OBJECTIVE: Assess the feasibility of mindfulness-based stress reduction (MBSR) for people
with MS and evaluate efficacy of MBSR compared to an education control.

METHODS: We conducted a single-blind, randomized trial of MBSR vs. education control
among 62 adults with MS. Primary outcomes were measures of feasibility. Secondary outcomes
included perceived stress, anxiety, depression, fatigue, pain, resilience, and the Paced Auditory
Serial Addition Test, assessed at baseline, 8 weeks, and 12 months. Mean scores for secondary
outcome measures were compared between groups at each time point and within groups across
time by analyses of covariance or paired t-tests, respectively.

RESULTS: Successful recruitment and retention demonstrated feasibility. Improvements in
several secondary outcomes were observed among both MBSR and control groups. However,
differences between the groups were not statistically significant at either 8 weeks or 12 months.

CONCLUSION: Emotional wellbeing improved with both MBSR and education. Spontaneous
improvement cannot be ruled out as an explanation for findings and additional studies that
evaluate the impact of mindfulness training to improve emational health are warranted.
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INTRODUCTION

Psychological stress has a negative impact on the MS disease process. Stressful life events
significantly increase the risk of MS exacerbation (1,2), and stress-management has been
shown to reduce the risk of new lesion development on MRI (3). In addition to preceding
physical symptoms, stress often precipitates mood disorders, of which people with MS are
more prone. Compared to the general US population, people with MS have a higher lifetime
prevalence of anxiety disorders (36% Vvs. 29%) and depression (36-54% vs. 16%)(4).
Adverse consequences of mood disorders among people with MS include reduced
functioning and quality of life, decreased treatment adherence, and increased risk of suicide
(4). Thus, psychological stress and emotional wellbeing are important targets for MS
research and clinical care.

Mindfulness training is increasingly used as a therapeutic intervention to manage stress and
enhance emotional wellbeing. Mindfulness is defined as the capactity to notice one’s
thoughts, emotions, and bodily sensations without engaging in physical or emotional
reactivity to these experiences (5). The practice of distinguishing between experience (what
one notices) and the response to experience (e.g. judgment, negative affect) helps
participants identify and mitigate habitual reactions that contribute to emotional distress (5).
Mindfulness-based interventions have shown benefit for a variety of symptoms associated
with MS (anxiety, depression, pain, fatigue, physical function)(6,7); but their use with MS
populations has been limited. Of the mindfulness-based intervention studies that have been
conducted in MS, all have suggested the potential for improvements in emotional wellbeing,
including anxiety, depression, stress, and mental health quality of life (8-15). However, to
date, only one trial has used an active control and was conducted with MS patients with
depression; Carletto et al. and showed that the mindfulness intervention was associated with
reduced Beck Depression Scores at 6 months (16). Studies not limited to those with
depression and with longer follow-up time to evaluate sustainability of outcomes are needed.

We conducted a single-blind, randomized, parallel group intervention of a well-studied
mindfulness-based stress reduction (MBSR) program for adults with any type of MS and
expanded disability status scale (EDSS) score < 8.0. Our objectives were to assess 1)
feasibility for a future trial, and 2) preliminary clinical efficacy of MBSR compared to a
control intervention matched for class time and attention from a facilitator (time-and-
attention control). We hypothesized that participants randomized to MBSR would show
greater improvement in perceived stress and emotional wellbeing compared to an education
control. Additional secondary outcome measures reflect some of the most commonly
reported symptoms among people with MS, including anxiety, depression, pain, fatigue, and
challenges in cognitive processing.
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Participants were recruited from the Portland, Oregon metropolitan area through
advertisements with the National MS Society, mailers to patients of Oregon Health &
Science University (OHSU), and during outpatient visits to the MS Center at OHSU.
Inclusion criteria comprised adults > 18 years of age with any type of MS; an Expanded
Disability Status Scale (EDSS) score < 8.0; stable on disease modifying therapies,
anxiolytics, or antidepressants for 3 months; a score of at least 10 on the Perceived Stress
Scale, and the ability to read and write in English. MS diagnosis was confirmed by chart
review according to 2010 McDonald criteria (17). People were excluded if they were
pregnant, received MBSR or MCBT training within the previous five years, maintained a =
weekly meditation or yoga practice, self-reported serious psychological disorders other than
depression or anxiety, self-reported current cancer diagnosis other than basal or squamous
cell skin cancer, experienced relapse within 30 days prior to baseline, or scored < 26 on the
Mini-mental Status Exam (18) or > 30 on the Beck Depression Inventory (19) on screening.

The study was approved by the OHSU Institutional Review Board and was registered at
www.clinicaltrials.gov, NCT02340754. All participants provided written informed consent.
The study was conducted from May 2015 to May 2017.

This study was powered to detect significant changes in perceived stress (20) and the SF-36
emotional wellbeing subscale (21) (described below) using results of previous studies of
MBSR vs. usual care control (22,23). A minimum sample size of 22 participants per group
was required for 80% power to detect a minimum difference between groups of 5.2 points in
perceived stress and 10 points in SF-36 emotional wellbeing with a maximum allowable
Type 1 error (a) of 5%.

on and Blinding

The statistician generated a randomization scheme that was stratified by baseline Perceived
Stress scores (< 20 or > 20) with a block size of four (SPSS random number generator). The
randomization scheme was maintained by someone outside of the study who had no contact
with participants; allocation was concealed from all study staff. All outcomes were collected
by the PI and baseline data were collected prior to randomization. The PI, statistician, and
personnel performing data entry were blinded to group assignment.

The intervention followed the MBSR protocol developed by Jon Kabat-Zinn (24).
Participants were asked to attend eight weekly two-hour classes and a six-hour retreat during
week six. They learned how to bring mindfulness into their daily practice through
meditation, movement, eating, and interacting with others. Instruction included a variety of
techniques to facilitate this practice, including gentle yoga, breath work, and body scans
(Supplementary Table 1). Participants were encouraged to practice 45 minutes daily. During
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the retreat participants practiced skills they had learned and were exposed to new exercises.
The intervention was facilitated by a certified MBSR instructor with 16 years of experience.

The MS Education protocol was matched to MBSR for time and attention but had no overlap
with intervention content. Participants were asked to attend eight weekly two-hour classes
and a six-hour retreat during week six. Classes were structured around pamphlets published
by the National MS Society, with topics that included: medications and supplements,
fatigue, pain, gait and balance, cognition and mood, knowing your rights, financial planning,
and connecting with resources. During the retreat participants watched three brief
documentaries about stress, mood, and self-efficacy and engaged in facilitated discussion.
The program was facilitated by a Program Implementation and Engagement Coordinator
from the National MS Society Oregon Chapter.

Assessment and Follow Up

Assessments were conducted at baseline (within one month prior to the first class), mid-
intervention (after four weeks of class), immediately post intervention (after eight weeks of
class), as well as four months, eight months, and 12 months after the intervention ended
(Supplementary Table 2). The primary and secondary end points were eight weeks and 12
months, respectively; additional data collection points enhanced retention. The baseline,
eight-week, and 12-month assessments included patient-reported outcomes and physical
assessments and were conducted in-person by the PIl. The mid-intervention, four-month, and
eight-month assessments included only patient-reported outcomes that were collected
online.

Outcome Measures

Primary: Feasibility.—Trial success was defined a priori by recruitment (60 participants
enrolled within a ten-month period), adherence (= 85% of participants attended = six of
eight classes, MBSR participants practiced on = 70% of the assigned days (25), and
completion (= 70% of participants complete the 12-month post-intervention study visit).
Feasibility was also assessed with focus groups and interviews; qualitative data will be
presented in a separate paper.

Secondary: Clinical Measures Relevant to MS.—The Perceived Stress Scale (PSS) is
a widely used measure of subjective psychological stress and is meant to capture how
unpredictable and overloaded participants find their lives (24). The PSS has demonstrated
good internal reliability (Cronbach’s a=0.89) (26) and is susceptible to change with MBSR
interventions (27). The scale range is 0 — 40 and higher scores indicate higher levels of
perceived stress.

The SF-36 is a generic measure of health-related quality of life (27). Eight subscales
measure various aspects of health, such as emotional well-being, social functioning, energy/
fatigue. Previous trials have shown MBSR to have the most impact on mental health quality
of life (15), therefore the emotional wellbeing subscale was our primary outcome of interest
for the SF-36.
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The Patient Reported Outcomes Measurement Information System (PROMIS) is an online
collection of validated patient-reported health status inventories (28). Assessments for
anxiety, depression, fatigue, and pain interference were collected through an online platform.
For a minority of participants who did not have online access, paper copies of PROMIS
short forms were administered. Scores are reported on a T-score metric that is referenced to
the general U.S. population with a mean of 50 and standard deviation of 10.

The Connor-Davidson Resilience Scale (CD-RISC) is a validated survey that draws on a
number of resilient characteristics, including patience, recognition of limits to control, and
adaptability (29). It has a high internal consistency and test-retest reliability (29) and has
been shown to predict stress in diverse populations (30).

The 3’ Paced Auditory Serial Addition Test (PASAT) is a validated, measure of cognitive
processing (31). Administered with a standardized audio recording, a single digit number is
spoken every three seconds and participants are asked to add each new number to the one
heard immediately prior. Several cognitive tasks are required for successful completion of
the PASAT, including sustained attention and information processing ability and speed.
PASAT forms A and B were alternated in this study to reduce familiarity with the task
between study visits.

The Credibility/Expectancy Questionnaire (CEQ) is a validated questionnaire that measures
the amount of benefit a participant expects to receive from a particular intervention (32). The
CEQ was administered after participants learned of their group assignment but before the
intervention began and was used in sensitivity analyses to control for the potential influence
of expectancy on outcomes (33).

Missing Data

Analyses

If a response on a paper questionnaire was left blank, missing items were imputed by last
observation carried forward so that a summary score could be calculated (in total 27 items
were imputed). Data for missing participants (n=3 at primary endpoint, n=6 at 12-mos
follow up) were not imputed for the primary analyses.

A modified intention-to-treat analysis is presented; participants with follow-up data who
attended at least one class were included in the analysis. ANCOVA was performed (with
baseline values as the covariate) to compare the mean change in outcome measures from
baseline to 8 weeks and baseline to 12 months between groups (MBSR vs. Education).
Cohen’s d were generated for between group effect sizes. Within-group effect sizes (d,)
reflect the mean change from baseline to endpoint divided by the standard deviation of the
change. All analyses were conducted in STATA 14.2 (StataCorp, College Station, Texas)
with a two-sided significance level of 0.05.

Sensitivity Analyses

We conducted two sensitivity analyses. First, all analyses were rerun after missing data for
participants at eight weeks (n=3) and 12 months (n=6) were imputed by linear regression
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that adjusted for age, sex, and baseline EDSS. Second, we used the imputed data set and
reran ANCOVASs adding CEQ scores to the model to control for expectation effects.

One hundred eighty people were assessed for eligibility (Figure 1). A total of 67 people
were randomized to MBSR or Control; five people dropped the study before classes began
and 62 participants attended at least one class. Fifty-nine participants (92%) completed the
8-week assessment and 55 participants (89%) completed the 12-month assessment.

There were no significant demographic or clinical differences between groups at baseline
(Table 1). The credibility questionnaire was administered after participants were randomized
but before the intervention began. People who were randomized to MBSR had higher
expectations for successful stress-management than those in the control group (p=0.02,
Table 1). Baseline outcome scores did not differ between groups (Table 2).

Primary Outcome: Feasibility.

Our recruitment target was met; 60 participants were enrolled within 10 months. Eighty-five
percent of MBSR participants and 90% of Education participants attended at least 6 out of 8
classes. During the intervention, 30 MBSR participants turned in practice logs indicating
that they practiced on 55% of assigned days, and that daily practices had a median duration
of 38 minutes (range 14 to 80 minutes). Practice patterns were unrelated to baseline levels of
perceived stress, emotional wellbeing, or fatigue.

Secondary Outcomes.

While MBSR participants generally showed greater improvement in secondary outcomes
compared to control, differences in scores between the groups group were not statistically
significant at either time point (Table 2). Both MBSR and Education groups showed
statistically significant improvements in perceived stress, anxiety, depression, fatigue, and
resilience scores from baseline at 8-weeks and at 12-months. Both groups experienced
significant positive change in emotional wellbeing and the PASAT at 8 weeks, but the effect
for both of these outcomes was no longer statistically significant at 12-months. We did not
find significant between- or within-group change for pain interference. Effect sizes of
within-group change are presented in Table 3. To aid participant retention, data were also
collected mid-intervention (four weeks) and at four and eight months post-intervention. Data
using all time points were plotted for perceived stress (Figure 2) and emotional wellbeing
(Figure 3) and visually confirm patterns seen in Table 2.

Adverse Events.

Two adverse events were likely related to the intervention: one MBSR participant
experienced leg spasticity of moderate severity after a guided progressive muscle relaxation
exercise in class, another person experienced increased levels of anxiety and a migraine after
the MBSR retreat.
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Sensitivity Analyses.

Results using imputed data (not shown) were not materially different from those presented.
Adjusting for participant expectation with the CER score did not noticeably change results
(data not shown).

DISCUSSION

This study demonstrates that MBSR is feasible for people with MS across a range of
physical abilities. In general, improvements for MBSR participants were of a greater
magnitude compared to control participants for a variety of outcomes, although between-
group differences were not statistically significant. Preliminary findings suggest that either
MBSR or MS Education may improve perceived stress, emotional wellbeing, depression,
anxiety, fatigue, and resilience in the short-term, and that most of these improvements could
be sustained for a full year without additional intervention. Our trial adds to previous
mindfulness studies in MS by including participants with EDSS < 8.0, likely increasing
generalizability of findings for a broader population. We assessed outcomes over 12-months,
providing new evidence that the impact of MBSR may have fairly long-lasting effects for
this population. Finally, we used an active comparator that was structurally similar to the
intervention, allowing us to control for non-specific effects of MBSR.

Previous mindfulness-based interventions for people with MS are limited, and we are aware
of only one other study that has used an active control. Carletto et al. randomized 90 people
with symptoms of depression and EDSS < 6.5 to either a mindfulness intervention or a time-
and-attention psychoeducation control (16). In contrast to our findings, mindfulness led to a
significantly greater reduction in stress than psychoeducation that was sustained at 6-month
follow up (intention-to-treat analysis p=0.01). In the Carletto et al. study, the mindfulness
group improved approximately 5 points on the Perceived Stress Scale immediately post-
intervention and approximately 4 points at the 6-month follow-up, a finding that mirrors our
results. Control participants, however, improved approximately 1.5 points on the PSS
immediately post-intervention whereas our control group reported almost a 4-point
improvement (with a similar trend at follow-up). Thus, differences in intervention effect size
across the studies may be due to differences in control program content or delivery, or target
popoulation. Additionally, on average our participants were older, had a higher EDSS score,
and had been living with MS for almost twice as many years as the Carletto study
participants. It is possible that these characteristics might help differentiate people who
would benefit from educational interventions from those who would not, and further
investigation is warranted.

The improvements we observed in additional secondary outcomes reflect what others have
reported. Grossman et al. compared MBSR to a waitlist control (n=150; EDSS <= 6.0) and
found significant improvements in quality of life, anxiety, depression, and fatigue
immediately post intervention; positive outcomes were sustained at 6-month follow up (15).
Other studies have shown improvements in measures of anxiety, depression, and fatigue,
although methodological differences make direct comparisons difficult (12-14).
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Our study was powered on previous trials that used a usual care control, thus we may have
been underpowered to detect between-group differences. Visually it seems there may be
additional benefit of MBSR compared to education, but because our observed effect size was
small, a future trial powered on these data would need several hundred participants in each
arm to detect a significant difference of this magnitude, should it exist. This highlights the
challenge of designing appropriate active comparators for complex behavioral interventions
and the need for future work in this area (34).

It is unclear what aspects of our control program may have led to improvement. Participants
reported enjoying each other’s company and the group functioned much like a facilitated
peer support group. Data on peer support interventions in MS are limited and inconsistent. A
small (n=33) pre-post, eight-week peer support intervention with class content and structure
comparable to ours found short-term significant improvements in depression, anxiety, and
stress (35). In contrast, Uccelli et al. found eight weeks of peer support did not result in
improvements in quality of life or depression. Like most behavioral interventions, some
people will find benefit where others do not. For these types of studies, randomization may
obscure the magnitude of benefit that could be achieved if people were to select
interventions that are of interest to them.

Results should be interpreted in the context of study limitations. Wihtout a usual care or
waitlist control, sponatenous improvement or regression to the mean cannot be ruled out as
alternative explanations for our findings. Participants could not be blinded to the
intervention, making it difficult to control for placebo or expectancy effects. Nevertheless,
our sensitivity analysis showed that participant expectation of benefit based on the group
they were assigned did not influence outcomes. We are limited by a mostly white, middle
aged, study sample and our findings may not generalize to more ethnically, racially, or
geographically diverse populations, or to younger people with more recent diagnoses.
Adaptations of the intervention and control may increase cultural relevance and applicability
for those not represented in our study sample (36).

This study has many strengths. The control group was structurally equivalent in time and
attention to the intervention. Participants had varied levels of physical abilities, and results
may generalize to a broader population of people with MS than earlier findings. Levels of
attendance and follow-up were high; missing data was limited and had no detectable
influence on study findings. Overall this was a safe intervention. In the future, establishing a
more robust baseline for primary clinical outcomes (e.g. regular assessment for 1-2 months
prior to randomization) would help detect regression to the mean, were it present. In
addition, designing adequate control programs for behavioral interventions is complex, and
future trials that employ both active and passive control arms will have greater ability to
infer causation than we did here.

CONCLUSIONS

We found a randomized trial of MBSR is feasible for adults with MS across a broad range of
physical abilities. We observed similar short- and long-term mean improvements in
emotional wellbeing with both MBSR and MS education interventions. Spontaneous
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improvement cannot be ruled out as an explanation for improvement with either
intervention, and larger studies to determine efficiacy that simultaneously compare
mindfulness training to both active and passive controls appear to be warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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N

Randomized (n=67)

Excluded (n=113)

» Declined participation (n=35)

« Did not meet inclusion criteria (n=51)
» Scheduling conflicts (n=27)

! !

Allocated to MBSR (n=33)

* Received at least 1 class (n=33)

Discontinued/Lost to Follow Up (n=2)

* Lack of interest (n=1)
* No reason provided (n=1)

Discontinued/Lost to Follow Up (n=2)

Allocated to MS Education (n=34)
* Received at least 1 class(n=29)
* Dropped before first class (n=5, scheduling conflicts)

Discontinued/Lost to Follow Up (n=1)
* Lack of interest (n=1)

Completed 8-week Assessment (n=59)

* No reason provided (n=2)

Figure 1.
Flow of participants.

Completed 12-mos Assessment (n=56)

Discontinued/Lost to Follow Up (n=1)
* No reason provided (n=1)

N

Analyzed (n=62)
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Mean Perceived Stress Score
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Figure 2.
Mean Perceived Stress Scale (PSS) scores and 95% confidence intervals for participants of

an eight-week mindfulness-based stress reduction (MBSR) intervention or a multiple
sclerosis education control. Both groups experienced significant within-group change at
each time point; no significant between-group differences were found. Lower PSS scores are
preferred. Primary data assessments were baseline, immediately post intervention (8 weeks),
and 12-months post-intervention (60 weeks). Additional data assessments helped with
retention.

Mult Scler. Author manuscript; available in PMC 2020 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Senders et al.

Page 14

Mean Emotional Wellbeing Score
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Figure 3.
Mean scores for the SF-36 Emotional Wellbeing subscale for participants of an eight-week

mindfulness-based stress reduction (MBSR) intervention or a multiple sclerosis education
control. Both groups experienced significant within-group change at each time point; no
significant between-group differences were found. Higher SF-36 scores are preferred.
Primary data assessments were baseline, immediately post intervention (8 weeks), and 12-
months post-intervention (60 weeks). Additional data assessments helped with retention.
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Table 1.

Baseline demographic and clinical data by intervention status.

Overall (n=62) MBSR (n=33) Education (n=29)
N (%) N (%) N (%)

Age (years + sd) 5294 +11.37  53.24 +10.66 52,59 +12.31
Female 48 (77.42) 28 (84.85) 20 (68.97)
Education

< HS Diploma 25 (40.32) 16 (48.48) 9 (31.04)

> College Grad 37 (59.67) 17 (51.51) 20 (68.96)
Race/Ethnicity

Hispanic or Latino 4(7.02) 3(10.34) 1(3.57)

Not Hispanic or Latino 53 (92.98) 26 (89.66) 27 (96.43)

White 60 (96.77) 32 (96.97) 28 (96.55)
Type of MS

Relapsing Remitting 41 (66.13) 24 (72.73) 17 (58.62)

Secondary Progressive 15 (24.19) 7(21.21) 8 (27.59)

Primary Progressive 4 (6.45) 2 (6.06) 2 (6.09)

Unknown 2(3.23) - 2(6.90)
Time since diagnosis (years + sd) 16.16 + 10.67 14.61 +10.10 17.93+11.21
EDSS (mean * sd)? 460 +1.93 4.48+1.76 472 +2.14
Using Disease Modifying Medicationb 34 (54.84) 17 (51.52) 17 (58.62)
Using Psychotropic Medication 35 (56.45) 19 (57.58) 16 (55.17)
Credibility (mean £ sd)c 21.63+4.07 18.62 +5.52

aEDSS: Expanded Disability Severity Scale.

Page 15

Number of people taking disease modifying medications: interferon beta-1a, 11; glatiramer acetate, 6; dimethyl fumarate, 9; natalizumab, 5; and

fingolimod, 3.

Credibility Questionnaire was administered after group assignment and before intervention. There was a significant difference between groups

(7=0.02).
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Table 3.

Within-group effect sizes (d,) and 95% confidence intervals for the Mindfulness-based Stress Reduction
(MBSR) intervention and the Education control.

Effect Size of MBSR Intervention Effect Size of Education Control

A baseline to A baseline to

A baseline to 12 months A baseline to 12 months

1duosnuey Joyiny

Secondary Measures

immediately post

immediately post

Perceived Stress

-0.71 (-1.10, —0.28)

-0.69 (~1.10, —0.28)

-0.73 (-1.15, —0.30)

-0.42 (-0.81, —0.02)

SF-36 Emotional Wellbeing

0.52 (0.13, 0.91)

0.33 (-0.05, 0.70)

0.58 (0.17, 0.98)

0.29 (-0.10. 0.67)

PROMIS Anxiety

-0.77 (~.18, —.035)

-0.75 (-1.15, —0.33)

-0.66 (~1.07, —0.24)

-0.73 (~1.15, —0.30)

PROMIS Depression

-0.61 (-1.00, —0.21)

-0.57 (-0.96, -0.17)

-0.57 (-0.97, =0.16)

-0.50 (-0.90, -0.10)

PROMIS Fatigue

-0.51 (-0.89, —0.12)

-0.62 (-1.02, —0.22)

-0.58 (-0.99, —0.17)

-0.72 (-1.14, —0.30)

PROMIS Pain Interference

-0.38 (-0.75, 0.00)

0.16 (-0.21, 0.52)

-0.19 (-0.57, 0.19)

-0.27 (-0.68, 0.09)

Resilience

0.72 (0.30, 1.12)

0.53 (0.14, 0.92)

0.47 (0.07, 0.86)

0.38 (-0.02, 0.77)

PASAT 3'

0.56 (0.15, 0.96)

0.28 (-0.11, 0.66)

0.44 (0.04,0.83)

0.20 (-0.19, 0.57)

Acronyms: PASAT (Paced Auditory Serial Addition Test); PROMIS (Patient Reported Outcomes Information System);

Negative effect sizes indicate improvement for perceived stress, anxiety, depression, fatigue, pain interference. Positive effect sizes indicate
improvement for emotional wellbeing, resilience and the PASAT.
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