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A B S T R A C T

Background: Physical wellbeing is commonly impaired in people with multiple sclerosis (PwMS). This study aims
to update our previous systematic review (2014) and conduct a meta-analysis on the efficacy of Mindfulness-
based interventions (MBIs) for improving physical symptoms in PwMS.
Methods: In November 2017 we carried out systematic searches for eligible randomised controlled trials (RCTs)
in seven major databases, updating our search in July 2018. We used medical subject headings and key words.
Two independent reviewers used pre-defined criteria to screen, data extract, quality appraise, and analyse
studies. The Cochrane Collaboration risk of bias tool was used to determine study quality. Physical wellbeing
was the main outcome of interest. We used the random effects model for meta-analysis, reporting effect sizes as
Standardised Mean Difference (SMD). This study is registered with PROSPERO: CRD42018093171.
Results: We identified 10 RCTs as eligible for inclusion in the systematic review (including 678 PwMS), whilst
seven RCTs (555 PwMS) had data that could be used in our meta-analyses. In general, comorbidity, disability,
ethnicity and socio-economic status were poorly reported. MBIs included manualised and tailored interventions,
treatment duration 6-9 weeks, delivered face-to-face and online in groups and also individually. For fatigue,
against any comparator SMD was 0.24 (0.08 – 0.41), I2=0%; against active comparators only, SMD was 0.10
(-0.14 – 0.34), I2=0%. For pain SMD was 0.16 (-0.46 – 0.79), I2=77%. Three adverse events occurred across all
studies.
Conclusions: MBIs appear to be an effective treatment for fatigue in PwMS. The optimal MBI in this context
remains unclear. Further research into MBI optimisation, cost- and comparative-effectiveness is required.

1. Background

Multiple sclerosis (MS) is a complex, poorly understood chronic
inflammatory and neurodegenerative condition (Ramagopalan et al.,
2010). Common physical symptoms include difficulties with vision,
speech, swallow, bowel, bladder and sexual function, chronic pain,
spasticity and limited mobility (Ramagopalan et al., 2010). Co-
morbidity, or the presence of an additional long-term condition besides
MS, is common among people with multiple sclerosis (PwMS)
(Simpson et al., 2014). Physical comorbidities in MS are associated with
more CNS lesions on Magnetic Resonance Imaging (MRI), greater levels

of disability, increased hospitalisations, and higher mortality rates
(Marrie, 2017). Furthermore, having additional physical conditions in
MS is associated with more stress and worse quality of life (QoL); as the
number of additional physical conditions increase, so does the pre-
valence of mental health impairment (Simpson et al., 2014).

Among physical comorbidities in PwMS, hypertension, hyperlipidaemia
and chronic lung disease predominate (Marrie et al., 2015). Specific care
guidelines for managing these physical comorbidities in PwMS do not exist
(Marrie, 2017). Fatigue and chronic pain are among the commonest
symptoms reported by PwMS (Bol et al., 2009; Kratz et al., 2011). The UK
National Institute for Care and Clinical Excellence (NICE) recommends
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offering PwMS cognitive behavioural therapy (CBT), aerobic exercise, yoga,
or amantadine for fatigue, as well as avoiding stress and treating comorbid
anxiety and depression ((2014) NIfHaCE 2014). For chronic pain in PwMS,
NICE recommends the application of generic treatment approaches ((2014)
NIfHaCE 2014).

Mindfulness-based interventions (MBIs) fit the UK Medical Research
Council criteria for complex interventions (MRC, 2008), with multiple
potential active components. Originally introduced in North America in
the 1980s as a treatment for people with chronic pain (Kabat-
Zinn, 1982), MBIs characteristically include a range of meditation
practices, group exercises, psychoeducation and home practices (Kabat-
Zinn, 1990; Segal et al., 2012). MBIs have been applied and researched
in a range of health conditions and found to be effective treatments for
anxiety, stress, recurrent depression and somatisation disorders
(Fjorback et al., 2011; Lakhan and Schofield, 2013). In a previous
systematic review of the effectiveness of MBIs in PwMS in 2014
(Simpson et al., 2014) we found limited evidence from two randomised
controlled trials (RCTs) and a controlled trial to support MBIs as a
potential treatment for comorbid fatigue and comorbid pain in the
condition, as well as improving standing balance (Simpson et al., 2014).
Since 2014, several more RCTs have been published and it is important
to determine more definitively whether MBIs are effective treatments
for fatigue and pain in PwMS, besides other commonly encountered
physical symptoms.

The aim of this review is to conduct a meta-analysis of RCTs testing
the efficacy of MBIs in improving physical symptoms in PwMS.

2. Methods

2.1. Protocol and registration

Our protocol was registered prospectively with the Centre for
Reviews and Dissemination, University of York, Prospero ID:
CRD42018093171. This body of work also included a meta-analysis of
MBI effects on mental wellbeing in PwMS, reported separately
(Simpson et al., 2019).

2.2. Eligibility for inclusion

We based eligibility on the Study design, Participants, Interventions,
Outcomes (SPIO) model (deriving from PICOS) (Richardson et al.,
1995). To be eligible for inclusion, studies had to be RCTs, (comparing
MBI vs active comparator or care as usual), with no limit placed on
sample size. Participants had to be PwMS (of any phenotype), aged 18
years or older. The intervention(s) being tested had to be a recognisable
MBI that included core practices of mindful breathing, mindful body
awareness, and mindful movement; Mindfulness-based stress reduction
(MBSR) and Mindfulness-based cognitive therapy (MBCT) served as
reference guides in this regard. Outcomes had to be appropriately va-
lidated and report on a definable aspect of physical wellbeing experi-
enced by PwMS (e.g. symptoms such as fatigue, pain, standing balance).

2.3. Search strategy

We employed a search strategy from our previous systematic review for
use in: Allied and Complementary Medicines Database (AMED), Cochrane
Central Register of Controlled Trials, Cumulative Index of Nursing and
Allied Health Literature (CINAHL), ExcerptaMedicadataBASE (EMBASE),
Medical Literature Analysis and Retrieval System Online (MEDLINE), and
PsycINFO. As our previous systematic review found the first study in this
area was published in 2000, we set our ‘years’ delimiter to 2000 – 2018. In
addition, we also searched ProQuest Dissertations & Theses, reviewed key
references from identified studies, searched the grey literature, and ap-
proached experts in the field. We carried out our initial search in November
2017 and repeated this in July 2018. Our search strategy as used in
MEDLINE is available in Appendix A.

2.4. Study selection, storage and screening

We imported search results into COVIDENCE, a data storage
package for systematic reviews. Title/abstracts were screened by two
reviewers (RS, SS) for potential eligibility using keywords like ‘mind-
fulness’ and ‘multiple sclerosis’. Selected studies were then assessed
against SPIO criteria by two reviewers (JB, RS) to assess ultimate
eligibility. A senior, third party reviewer (SM) was available to arbitrate
any disagreements.

2.5. Data collection/data items

Data from the final list of included studies was extracted guided by
CONSORT (Schulz et al., 2010) and TIDieR (Hoffmann et al., 2014)
checklist categories (Appendix B).

2.6. Quality appraisal

We used the Cochrane Collaboration's tool for assessing risk of bias
(RoB) (Higgins et al., 2011) to summarise risk for individual outcomes
in selected studies, graded as high, unclear, or low risk. This assessed
generation of sequence, concealment of allocation, blinding of partici-
pants, outcome assessors and personnel, incomplete outcomes, selective
reporting of outcomes, and any other bias. Finally, as outlined by
Higgins et al. (2011), an overall RoB within each trial was determined
based on the number of individual outcomes falling in to the high,
unclear, and low risk categories:

Low=Low RoB for all key domains
Unclear= Low or unclear RoB for all key domains
High=High RoB for one or more key domains

2.7. Principal summary measures

The main outcome for this study was impact of MBI on physical
symptoms. Main outcome measures were all reported as continuous
with mean, standard deviation (SD) values and the number of partici-
pants for each treatment group extracted. “Effect size” is reported as the
unbiased standardised mean difference (SMD), a positive SMD in-
dicating a finding in support of the intervention having a positive
treatment effect (TE). The standardised mean difference was calculated
by difference in means between the MBI and the control group at last
point of follow-up divided by the pooled last point of follow-up SD.
Where effect estimates were reported from adjusted regression models,
we extracted these as the SMD with their corresponding SD.

2.8. Synthesis of results

Throughout this study we adhered to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al.,
2009) guidance. We used a random-effects meta-analysis, with an in-
verse variance method for pooling (DerSimonian and Laird, 2015) to
determine SMD, as outcome measures were known to vary widely. We
report estimates with corresponding 95% confidence intervals (CI) and
‘p’ values. We used the I2 statistic to determine variability between
studies (Higgins et al., 2003); I2 representing the percentage of total
variability in effect size estimates due to heterogeneity. An I2 of 0%
indicates that all heterogeneity is consistent with sampling error, whilst
an I2 of 100% suggests all variability may be attributable to studies
being truly heterogenous.

To assess for evidence of publication bias, we undertook Funnel
plots and Egger's Test for asymmetry (Sterne et al., 2008; Egger et al.,
1997).

We carried out all statistical analyses in R version 3.4.0 and using
the meta package (Schwarzer, 2007).

R. Simpson, et al. Multiple Sclerosis and Related Disorders 38 (2020) 101493

2



3. Results

We identified ten RCTs as eligible for inclusion in the systematic
review, with seven studies reporting endpoint data usable in meta-
analysis (Fig. 1). We sought additional information from several study
authors; one (Cavalera et al., 2018) replied.

3.1. Systematic review

3.1.1. Study characteristics
Three studies took place in Iran (Mahdavi et al., 2016; Nejati et al.,

2016; Mosalanejad et al., 2018), three in the UK (Mills and Allen, 2000,
Bogosian et al., 2015, Simpson et al., 2017), two in Italy
(Cavalera et al., 2018; Carletto et al., 2017), one each in the USA
(Senders et al., 2018) and Switzerland (Grossman et al., 2010). Four
studies tested a MBI against treatment as usual (Bogosian et al., 2015,
Mills and Allen, 2000, Simpson et al., 2017; Grossman et al., 2010),
four versus an active comparator (three a psycho-education control
Cavalera et al., 2018; Carletto et al., 2017; Senders et al., 2018, one
pelvic floor muscle exercises Mosalanejad et al., 2018), and in two the
control condition was not clearly specified (Mahdavi et al., 2016;
Nejati et al., 2016). Three study sample sizes were based on statistical

power calculations (Cavalera et al., 2018; Carletto et al., 2017;
Grossman et al., 2010). Number of study participants ranged from 24 –
150 (median 62). Eight studies reported measuring outcomes at three
points in time (baseline, immediately post MBI, and at further follow-
up, which varied from 1 month post MBI to 1 year later)
(Cavalera et al., 2018; Mosalanejad et al., 2018; Grossman et al., 2010,
Simpson et al., 2017, Bogosian et al., 2015, Carletto et al., 2017,
Senders et al., 2018, Mills and Allen, 2000), whilst two studies took
measures twice, pre and post MBI (Mahdavi et al., 2016; Nejati et al.,
2016) (Table 1).

3.1.2. Participant characteristics
There were 678 participants between the 10 RCTs included in the

systematic review, versus 555 participants in the seven studies included
in the meta-analysis. Participant ethnicity was described in three stu-
dies (Bogosian et al., 2015; Simpson et al., 2017; Senders et al., 2018),
most were Caucasian. Between all 10 RCTs, the majority of participants
were female (76%; n=517). The extractable mean participant age was
46.0 years (not reported in Mahdavi et al., 2016). One study reported
on socioeconomic status (SES) using post-code derived data
(Simpson et al., 2017). Three studies described negligible data on em-
ployment status of participants (Mills and Allen, 2000; Simpson et al.,

Fig. 1. PRISMA flow diagram.
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2017; Carletto et al., 2017). Seven studies reported education status
(Cavalera et al., 2018; Mahdavi et al., 2016; Nejati et al., 2016;
Bogosian et al., 2015; Simpson et al., 2017; Senders et al., 2018;
Grossman et al., 2010), most having school level education as a
minimum. The majority (a minimum of 414 or 61%) had a relapsing-
remitting phenotype, a minimum of 112 (17%) a secondary progressive
phenotype, and a minimum of 27 (4%) had a primary progressive
phenotype. Degree of disability was reported in six studies
(Bogosian et al., 2015; Simpson et al., 2017; Grossman et al., 2010,
Carletto et al., 2017, Cavalera et al., 2018, Senders et al., 2018), using
the Expanded Disability Status Scale (EDSS) with a range of 2.3 – 6.5.
Comorbidity (mental and physical) count was described in one study
(Simpson et al., 2017) (mean 2.3, SD 1.7). Four studies (Cavalera et al.,
2018; Simpson et al., 2017; Senders et al., 2018; Grossman et al., 2010)
described use of psychotropic and/or MS disease modifying drugs
(Table 2).

3.1.3. Intervention characteristics
MBSR was explicitly used as the MBI in four studies (Cavalera et al.,

2018; Simpson et al., 2017; Senders et al., 2018; Grossman et al., 2010)
and the loose basis in a further two (Nejati et al., 2016; Carletto et al.,
2017), two explicitly used MBCT (Mahdavi et al., 2016; Bogosian et al.,
2015), one described the intervention as ‘Mindfulness of Movement’
(Mills and Allen, 2000), and in the remaining case the foundation for
the MBI was unclear (Mosalanejad et al., 2018). Five studies reported
on what course materials were provided to those taking part (Mills and
Allen, 2000, Cavalera et al., 2018; Nejati et al., 2016; Bogosian et al.,
2015; Simpson et al., 2017). An interview was compulsory prior to
taking part in three studies (Mahdavi et al., 2016; Nejati et al., 2016;
Grossman et al., 2010). Two studies required evidence of impaired
mental wellbeing (stress, anxiety) at baseline in order to take part
(Bogosian et al., 2015; Senders et al., 2018). Six studies reported on
what MBI sessions comprised (Mahdavi et al., 2016; Nejati et al., 2016;
Bogosian et al., 2015; Simpson et al., 2017; Mosalanejad et al., 2018,
Senders et al., 2018), three provided scant information in this regard
(Mills and Allen, 2000; Carletto et al., 2017; Grossman et al., 2010), and
in another this information was available in a separate publication, via
the study protocol (Cavalera et al., 2018). Home practices were pre-
scribed in six studies (Bogosian et al., 2015; Mills and Allen, 2000;
Simpson et al., 2017; Carletto et al., 2017; Senders et al., 2018;
Grossman et al., 2010). Teacher characteristics (training/certification/
experience) were outlined in seven studies (Cavalera et al., 2018;
Mosalanejad et al., 2018; Bogosian et al., 2015; Simpson et al., 2017;
Grossman et al., 2010, Carletto et al., 2017, Senders et al., 2018), but
details were sparse in one (Mosalanejad et al., 2018). MBIs were de-
livered as groups in nine studies (Cavalera et al., 2018; Mahdavi et al.,
2016; Nejati et al., 2016; Mosalanejad et al., 2018; Bogosian et al.,
2015; Simpson et al., 2017; Grossman et al., 2010, Carletto et al., 2017,
Senders et al., 2018), the remaining study delivered a one-to-one MBI
(Mills and Allen, 2000). An online platform was used to deliver the MBI
in two studies (Cavalera et al., 2018; Bogosian et al., 2015). Four stu-
dies reported where the MBI took place (Cavalera et al., 2018;
Mosalanejad et al., 2018; Bogosian et al., 2015; Simpson et al., 2017).
The majority of studies used eight MBI sessions (Cavalera et al., 2018;
Mahdavi et al., 2016; Nejati et al., 2016; Mosalanejad et al., 2018;
Bogosian et al., 2015, Simpson et al., 2017; Senders et al., 2018,
Carletto et al., 2017), there were nine in one study (Grossman et al.,
2010), another used six (Mills and Allen, 2000). Weekly MBI session
lengths varied between 1–3 h. There were between five to 25 partici-
pants per MBI class across the studies, sessions being administered by 1-
2 MBI instructors. The core MBI components were delivered in all
studies. However, in six studies the MBI was tailored for PwMS
(Cavalera et al., 2018; Bogosian et al., 2015; Carletto et al., 2017;
Grossman et al., 2010, Mills and Allen, 2000, Simpson et al. 2017),
mostly in advance, but reflexively in one case (Simpson et al., 2017),
where mindful movement was simplified to accommodate high levels of

disability. Another study pre-emptively removed mindful movement
following stakeholder consultation (Bogosian et al., 2015). Home
practice completion and/or session attendance was used to determine
treatment adherence in six studies (Mills and Allen, 2000,
Cavalera et al., 2018; Bogosian et al., 2015; Simpson et al., 2017;
Senders et al., 2018; Grossman et al., 2010). Intervention fidelity was
appraised in three studies (Cavalera et al., 2018; Bogosian et al., 2015;
Simpson et al., 2017), in one case by an independent observer checking
session content against referenced standards (Bogosian et al., 2015).
The day retreat, characteristically part of week six in MBSR, was in-
cluded in three studies (Carletto et al., 2017; Senders et al., 2018;
Grossman et al., 2010) (Table 3 outlines intervention characteristics
using the Template for Intervention Description and Replication
checklist).

3.1.4. Outcome characteristics
Seven studies measured the impact of MBI on fatigue (Carletto et al.,

2017, Cavalera et al., 2018; Nejati et al., 2016; Bogosian et al., 2015;
Simpson et al., 2017; Grossman et al., 2010, Senders et al., 2018), three
on pain (Bogosian et al., 2015; Simpson et al., 2017; Senders et al.,
2018), one on standing balance (Mills and Allen, 2000), one on sleep
(Cavalera et al., 2018), and one on female sexual function
(Mosalanejad et al., 2018). As all three studies that reported on pain
also reported on fatigue, fatigue was thus chosen as the main outcome
for our analysis.

Average home practice was reported in three studies (32, 29.2,
32.5 min) (Mills and Allen, 2000; Simpson et al., 2017; Grossman et al.,
2010); whilst one study reported median value/ minimum-maximum
range (38 min/day; 14 – 80) (Senders et al., 2018). Attrition ranged
from 0–39% across the ten studies; those with no attrition were pre-
post- studies with small sample sizes (Mahdavi et al., 2016; Nejati et al.,
2016).

3.2. Meta-analysis

3.2.1. Effect of MBIs on physical symptom measures
The effect of a MBI on physical symptoms was measured in 10

studies (Cavalera et al., 2018; Mahdavi et al., 2016; Nejati et al., 2016;
Mosalanejad et al., 2018; Bogosian et al., 2015; Mills and Allen, 2000;
Simpson et al., 2017; Carletto et al., 2017; Senders et al., 2018;
Grossman et al., 2010); seven reported endpoint data usable in the
meta-analysis (Cavalera et al., 2018; Nejati et al., 2016; Bogosian et al.,
2015; Simpson et al., 2017; Grossman et al., 2010, Carletto et al., 2017,
Senders et al., 2018). Seven studies evaluated MBI effect on fatigue
(Cavalera et al., 2018; Nejati et al., 2016; Bogosian et al., 2015;
Simpson et al., 2017; Grossman et al., 2010, Senders et al., 2018,
Carletto et al., 2017), where the SMD against any comparator was 0.24
(0.08 – 0.41) p<0.01, I2=0% (low heterogeneity) (Fig. 2); against
active comparators only the SMD for fatigue was 0.10 (-0.14 – 0.34),
p=0.40, I2=0% (low heterogeneity) (Fig. 3). Three studies also eval-
uated MBI effect on pain (besides fatigue) (Bogosian et al., 2015;
Simpson et al., 2017; Senders et al., 2018), where the SMD was 0.16
(-0.46 – 0.79), p=0.61, I2=77% (substantial heterogeneity) (Fig. 4).

3.2.2. Heterogeneity and publication bias
Using the I2 statistic, heterogeneity was low for fatigue (0%), but

substantial for pain (77%). The funnel plot for fatigue identified no
evidence of publication bias (Fig. 5). The p-value from Egger's Test of
asymmetry from fatigue studies was 0.256.

3.2.3. Outcomes by intervention type
Where MBSR was used (four studies Cavalera et al., 2018;

Simpson et al., 2017; Senders et al., 2018; Grossman et al., 2010);
n=401), SMD for fatigue was 0.22 (0.01 – 0.42), p=0.04, I2=0%; for
pain (two studies Simpson et al., 2017; Senders et al., 2018) SMD was
-0.07 (-0.83 – 0.68), p=0.85, I2=74%. Outcomes for MBCT came from
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a single pilot study (Bogosian et al., 2015) (n=40) versus usual care,
where effect size for fatigue was 0.29 (-0.18 – 0.76), p=0.30 and the
effect size for pain was 0.59 (0.14 – 1.04), p<0.05. Compared to a
psychoeducation control, a study using Body-Affective Mindfulness
(n=90) (Carletto et al., 2017) had an effect size of 0.19 (-0.22 – 0.60),
p=0.37 for effect on fatigue.

3.3. Study quality

Study quality was highly variable. Assessment was frequently made
challenging by scanty reporting. For unclear reasons, those studies of
highest quality (lowest RoB) originated from European countries and
the United States. Eight studies outlined random sequence generation
(Carletto et al., 2017, Cavalera et al., 2018; Nejati et al., 2016;
Bogosian et al., 2015; Simpson et al., 2017; Grossman et al., 2010,
Mosalanejad et al., 2018, Senders et al., 2018). Five studies were ad-
judged low risk for allocation concealment (Bogosian et al., 2015;
Simpson et al., 2017; Grossman et al., 2010, Carletto et al., 2017,
Senders et al., 2018), with the remainder unclear (Cavalera et al., 2018;
Mahdavi et al., 2016; Nejati et al., 2016; Mosalanejad et al., 2018;
Mills and Allen, 2000). Blinding of assessors was outlined in six studies
(Mosalanejad et al., 2018; Bogosian et al., 2015; Simpson et al., 2017;
Grossman et al., 2010, Carletto et al., 2017, Senders et al., 2018), as was
outcome assessor blinding (Mosalanejad et al., 2018; Bogosian et al.,

2015; Simpson et al., 2017; Grossman et al., 2010, Carletto et al., 2017,
Senders et al., 2018). Five studies were deemed low risk when assessing
reporting of outcomes as incomplete (Bogosian et al., 2015;
Simpson et al., 2017; Grossman et al., 2010, Carletto et al., 2017,
Senders et al., 2018). One study was assessed as at high risk for selec-
tive reporting of outcomes (Mills and Allen, 2000). In terms of overall
within trials RoB assessments, five studies were deemed low risk
(Bogosian et al., 2015; Simpson et al., 2017; Grossman et al., 2010,
Carletto et al., 2017, Senders et al., 2018), two unclear
(Mosalanejad et al., 2018, Cavalera et al., 2018), and three as high
(Mahdavi et al., 2016; Nejati et al., 2016; Mills and Allen, 2000). Across
trials, overall RoB was low for random sequence allocation, unclear for
allocation concealment, low for assessor blinding, low for blinding of
outcome assessment, unclear for incomplete outcome assessment, low
for selective outcome reporting, and low for other sources of bias.
Overall, there is an unclear RoB across trials.(Table 4). Appendix C
details rationale for RoB assessments.

As all the pain studies were in the low RoB group, Fig. 6 illustrates
only the SMD for all trials able to be analysed for fatigue, arranged by
RoB categories (low, unclear and high). Low RoB (n=5) SMD was 0.29
(0.09 – 0.49): I2=0% (low heterogeneity); p<0.01. Unclear RoB (n=1)
SMD was -0.01 (-0.37 – 0.35); p=0.95. High RoB (n=1) SMD was 0.80
(-0.04 – 1.64); p=0.06. Effect estimates did not vary significantly be-
tween RoB allocation in the overall RoB analysis, p=0.15. The low RoB

Fig. 2. SMD for fatigue vs any comparator. TE - Treatment effect; seTE - standard error of the TE; SMD – Standardised mean difference; 95%CI - 95% confidence
interval; Weight - weight contributed by each study.

Fig. 3. SMD for fatigue vs active comparators. TE - Treatment effect; seTE - standard error of the TE; SMD – Standardised mean difference; 95%CI - 95% confidence
interval; Weight - weight contributed by each study.
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studies are most likely to approximate the true effect of an MBI on
PwMS who have fatigue, with (generally) larger sample sizes, a higher
standard of trial procedures and hence less chance of inadvertent bias.

3.4. Adverse events

Two studies reported on adverse events associated with MBI ex-
posure (Simpson et al., 2017; Senders et al., 2018). In one study that
used MBSR a participant reported an episode of increased spasticity
during mindful body awareness (Senders et al., 2018). In the same
study another participant described increased anxiety following the

MBSR retreat (Senders et al., 2018). In another study using MBSR one
participant with chronic pain reported increased symptoms following
the raisin exercise (Simpson et al., 2017).

4. Discussion

4.1. Summary of main findings

Ten RCTs that assessed the effects of an MBI on physical symptom
outcomes in PwMS were eligible for inclusion in our systematic review;
seven of these had data extractable for use in our meta-analysis. Four

Fig. 4. SMD for pain vs any comparator. TE - Treatment effect; seTE - standard error of the TE; SMD – Standardised mean difference; 95%CI - 95% confidence
interval; Weight - weight contributed by each study.

Fig. 5. Funnel plot for fatigue studies.
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studies tested an MBI against an active comparator, four tested against
treatment as usual, whilst the control condition was unclear in the re-
maining two studies. Intervention fidelity was reliably assessed in only
one study. Sample sizes were frequently small. Follow-ups took place
from immediately post-MBI to up to 1 year following course comple-
tion.

Six hundred and seventy-eight PwMS were included in these studies.
Most (58%) had relapsing phenotypes. Most participants were female;
mostly of Caucasian ethnicity. In general, comorbidity and disability
levels were poorly reported.

Four studies used MBSR, two were loosely modeled on MBSR; two
explicitly used MBCT, one ‘Mindfulness of Movement’, and in one case
the basis for the MBI was unclear. Most interventions were provided as
groups (n=5-25), delivering core MBI practices in and between ses-
sions. Level of teacher training and experience were not well reported.
MBI session attendance +/- home practice (treatment adherence) was
described in six studies. Rates of attrition varied considerably (0–39%).
Although very few adverse events were described from MBI training,
few studies explicitly reported on this outcome.

Five RCTs were categorised as overall low RoB using the Cochrane
Collaboration tool, three as high and two as unclear, signifying an
overall improvement in study quality since we last assessed this in 2014
(Simpson et al., 2014).

Our meta-analysis indicates that MBIs are modestly effective treat-
ments for fatigue in PwMS, but evidence to support improvements in
pain is inconsistent. No MBI is clearly optimal for treating impairment
of fatigue in PwMS.

4.2. Comparison with existing literature

In this study we found MBIs moderately effective for improving
fatigue (SMD 0.24; 0.08 – 0.41), but inconsistent with regards to effects
on pain (SMD 0.16; -0.46 – 0.79) in PwMS.

A 2018 meta-analysis (Phyo et al., 2018) of psychological inter-
ventions for treating fatigue in PwMS reported CBT to be moderately
effective (SMD 0.32; 0.01 – 0.63) and MBIs to be considerably more
effective (SMD 0.62; 0.12 – 1.12), but only included two
(Bogosian et al., 2015; Grossman et al., 2010) of the seven
(Cavalera et al., 2018; Nejati et al., 2016; Bogosian et al., 2015;
Simpson et al., 2017; Grossman et al., 2010, Senders et al., 2018,
Carletto et al., 2017) RCTs identified in our current review, likely re-
flecting an earlier search cut-off date in their study (April 2017).

No previous meta-analysis has assessed the impact of MBI training
on pain in PwMS, but in chronic pain populations at large, several meta-
analyses have been conducted. A 2014 meta-analysis (Goyal et al.,
2014) reported moderate overall treatment effects (Cohen's d) from MBI
training (0.33; 0.03 – 0.62), a finding that diminished to a null effect
when examining the effect against active comparators. A 2015 meta-
analysis (Marikar Bawa et al., 2015) comprising painful musculoske-
letal conditions reported small effects (Hedge's g) versus usual care
following MBI training on pain intensity (0.16; 0.03 – 0.36; the effect
attenuated when compared against active comparators to 0.09; -0.13 –
0.31), moderate effects on perceived pain control (0.58; 0.23 – 0.93),
but larger effects on pain acceptance versus usual care (1.58; -0.57 –
3.74). Finally, a 2017 meta-analysis (Hilton et al., 2016) found small
overall effects against any comparator, SMD 0.32 (0.09 – 0.54), but
included a wide variety of clinical syndromes.

4.3. Strengths of this review

Guided by the PRISMA checklist (Moher et al., 2009), the TIDieR
checklist (Hoffmann et al., 2014) and the Cochrane Collaboration tool
(Higgins et al., 2011), our multidisciplinary team of experienced re-
viewers used robust search, appraisal and analysis techniques for ex-
tracting and analysing data in this systematic review and meta-analysis.Ta
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4.4. Limitations of this review

Although we assessed quality using a reference standard, the
Cochrane Collaboration RoB tool, we did not estimate the strength of
any recommendation for use of MBIs in PwMS. Future studies could do
so by applying the GRADE criteria (Guyatt et al., 2011).

Meta-analyses of RCTs by design exclude other potentially relevant
data, such as that deriving from observational or qualitative research.
When considering intervention feasibility, such as acceptability, ac-
cessibility and implementability, these alternate study designs can
provide important insights into how and why interventions succeed or
fail in a given context. However, in this current study, the use of SPIO,
the TIDieR checklist and Cochrane Collaboration tool for RoB, means
that our evidence synthesis has covered other, related aspects of trial
feasibility and execution.

4.5. Strengths and Limitations of the included studies

When considering the strength of evidence for the use of MBIs in
PwMS, most studies which assessed impact on fatigue (n=5/7) and all
that assessed impact on pain (n=3) were adjudged low RoB. However,
despite all studies being RCTs, participant numbers were low (n=<50)
in four. Although all MS phenotypes were represented, most partici-
pants had relapsing-remitting MS. Furthermore, mean sample age was
relatively low (46.0), whilst ethnicity, SES and comorbidity were poorly
covered, limiting the generalisability of findings. To complicate mat-
ters, several studies tailored their MBIs with minimal/absent prior

justification. Only four compared an MBI against an active comparator
condition. Observed effects were mostly small, with a wide range of
confidence intervals. Heterogeneity, overall, was low.

Given the well documented high levels of physical comorbidity in
PwMS, it is notable that our meta-analysis has only been able to
quantify the effects of MBI training on two, albeit common, facets of
physical wellbeing, namely fatigue and pain. Other aspects of physical
wellbeing were measured in individual studies (e.g. standing balance,
sleep and sexual function), where beneficial effects were reported, but
meta-analysis was not possible. Future studies could address this evi-
dence gap by measuring the impact of MBI training on other common
physical symptoms associated with MS, for example dysarthria, dys-
phagia, bowel and bladder dysfunction, dynamic balance, in-co-
ordination and spasticity. Although MBSR and MBCT both appear to be
effective treatments for fatigue, it is not currently possible to re-
commend one approach over the other.

4.6. Implications for research

The quality of evidence for MBIs as effective treatments for fatigue
in PwMS has improved considerably since our systematic review in
2014. However, adherence to CONSORT (Schulz et al., 2010) reporting
was poor in several studies included in the meta-analysis, with three
studies assessed overall as high risk and two as unclear according to the
Cochrane Collaboration (Higgins et al., 2011) tool. In addition, MBI
description was often sparse in detail. Were researchers to adhere more
closely to the CONSORT (Schulz et al., 2010) and TIDieR

Fig. 6. Risk of Bias Forest plot for fatigue studies. TE - Treatment effect; seTE - standard error of the TE; SMD – Standardised mean difference; 95%CI - 95%
confidence interval; Weight - weight contributed by each study.
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(Hoffmann et al., 2014) checklists when reporting studies of MBIs for
PwMS, the knowledge base in this area could be further enhanced,
helping to clarify where further research efforts should focus.

It remains unclear which type of MBI may be best for PwMS with
impaired physical wellbeing in general, or fatigue or pain more speci-
fically. Future research could test either MBSR or MBCT against es-
tablished treatments in this area; by involving people affected with the
condition in this endeavor, the co-design, delivery and ongoing devel-
opment of an optimised MBI course for PwMS could take place
(MRC, 2008).

4.7. Implications for clinical practice

MBIs appear to be modestly effective at improving fatigue in PwMS.

5. Conclusions

Meta-analytic evidence supports the use of MBIs in PwMS to im-
prove fatigue. Evidence to support the use of MBIs for treating pain in
this population is inconsistent. Although the quality of study reporting
has become better, room still exists for enhanced reporting in this area.

No clear optimal MBI exists for improving impaired physical wellbeing
in PwMS.
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Appendix A. MEDLINE search strategy

Search History: OVIDsp - MEDLINE with Full Text
01 July 2018
MS and MBSR for MS_MBSR review 2018/19

1 exp Multiple Sclerosis/
2 expNeuromyelitisOptica/
3 exp Multiple Sclerosis, Chronic Progressive/
4 exp Multiple Sclerosis, Relapsing-Remitting/
5 "disseminated sclerosis".mp.
6 devic.mp.
7 "acute disseminated encephalomyelitis".mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading
word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

8 encephalomyelitis.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

9 "multiple sclerosis".mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

10 "neuromyelitisoptica".mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

11 "optic neuritis".mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol sup-
plementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

12 "transverse myelitis".mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

13 demyelinat*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supple-
mentary concept word, rare disease supplementary concept word, unique identifier, synonyms]

14 myelitis.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]

15 ((clinically or radiologically) and isolated syndrome).mp. [mp=title, abstract, original title, name of substance word, subject heading word,
keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

16 (demyelinating and (disease or disorder)).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword
heading word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

17 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16
18 exp Mindfulness/
19 exp Meditation/
20 exp Breathing Exercises/
21 (MBSR or MBCT).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol

supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
22 relaxation.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supple-

mentary concept word, rare disease supplementary concept word, unique identifier, synonyms]
23 (breathing and (exercis* or techniqu*)).mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading

word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
24 vipassana.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary

concept word, rare disease supplementary concept word, unique identifier, synonyms]
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25 yoga.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]

26 mindful*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]

27 meditat*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary
concept word, rare disease supplementary concept word, unique identifier, synonyms]

28 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27
29 17 and 28
30 limit 29 to (english language and humans and yr="2000 -Current")

Appendix B. Data Extraction Sheet v.1 Simpson et al. (2018)

Bibliographic details

Authors
Year
Country
Citation
Title (identifying study as an RCT y/n?)
Structured abstract
References identified from reference list Yes/noIf yes, please provide details:

Study

Study aims and objectives
Study design
Comparator group
Statistical methods
Power calculation
Inclusion criteria
Exclusion criteria
Stopping criteria
Setting/location where data collected
Trial protocol/ registration
Ethical approval
Funding details y/n?

Population
Intervention group Control /comparison group

Sample size
Recruited from where?
Age
Sex
Socioeconomic status
Ethnicity
Marital status
Living Arrangements
Educational status
Employment status
Disease phenotype
Use of disease modifying drugs
Time since diagnosis
Disability level
Cognitive impairment
Comorbid anxiety (% on drug treatment)
Comorbid depression (% on drug treatment)
Other comorbidities
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Intervention

Definition
Course content
Tailored to population? (If yes, describe)
Fidelity to treatment assessed y/n (if so, how)
Course completion criteria
Mode of delivery (face-to-face, internet etc)
Duration & frequency
Instructor characteristics
No. of participants per group
Intervention materials
Intervention location
Cost to participants
Cost effectiveness
Transport issues
Family/carer involvement
Other (specify)
Intervention for control group
Provide details:

Intervention group Control /comparison group

Feasibility outcomes
• Recruitment (to pre-defined target y/n?)
• Randomisation
• Retention
• Adherence (classes attendance/ home-practice completion)
• Follow-up (when?)
Reasons accounting for attrition reported
• Missing data

CONSORT flow diagram y/n
Adverse events reported y/n? (specify)
Standardised outcomes measures (specify)
Study-specific outcomes measures (provide details)
Sub-group analyses
Other outcomes measured (provide details)
No. of data collection time points

Limitations/conclusions/comments

Limitations noted by the authors
Authors’ conclusions
Reviewer's comments

Risk of bias assessment (High/unclear/low)

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of assessors (performance bias)
Blinding of outcome assessment (detection bias) (patient reported outcomes)
Incomplete outcome data addressed (attrition bias)
Selective outcome reporting (reporting bias)
Other sources of bias (i.e. baseline bias)
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Appendix C. Cochrane Collaboration Risk of Bias assessment - justifications

Table C2
Cochrane Collaboration Risk of Bias - Grossman et al. (2010). "MS quality of life, depression, and fatigue improve after mindfulness training A randomized trial."

Risk of bias assessment

Random sequence generation Low – Baseline assessments prior to randomisation. PI randomised blind, using www.randomizer.org in blocks of 4 - 6
Allocation concealment Low – PI sent allocation list to coordinator who informed participants in writing of their assignment. This was then re-checked by PI, no

deviations found
Blinding of assessors Low – Investigators blinded to assignment
Blinding of outcome assessment Low – All PRO measures were entered into a database by blinded personnel
Incomplete outcome data addressed Low – Consort flow diagram included in report with n randomised, ‘n’ analysed etc. Intention to Treat (ITT) employed. Missing data

imputed by multiple linear regression that adjusted for age, gender, and disease progression
Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias Low – Well conducted and reported study

Table C3
Cochrane Collaboration Risk of Bias – Bogosian et al. (2015). "Distress improves after mindfulness training for progressive MS: A pilot randomised trial."

Risk of bias assessment

Random sequence generation Low – Randomisation took place once cohort of 10 participants consented, screened and baseline data collected. Independent unit at KCL
Clinical Trials Unit (CTU) handled randomisation, with fixed block sizes of 2

Allocation concealment Low – As above. Then CTU sent assignment list to PI
Blinding of assessors Low – Trial assessor blinded to allocation
Blinding of outcome assessment Low – Statistician, health economist blinded to assignment
Incomplete outcome data addressed Low – Consort flow diagram included in report with n randomised, ‘n’ analysed etc. ITT employed. Informative missingness processes

explored by sensitivity analysis. Missing baseline variables handled using the missing indicator method
Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias Low – Well conducted and reported study

Table C4
Cochrane Collaboration Risk of Bias – Mahdavi et al. (2016). "The Effectiveness of Mindfulness-Based Cognitive Therapy in Reducing Psychological Symptoms, Meta-
Worry and Thought Fusion of Multiple Sclerosis Patients."

Risk of bias assessment

Random sequence generation Unclear – Paper only states that participants were selected using a random sampling method
Allocation concealment Unclear - Paper only states that participants were selected using a random sampling method
Blinding of assessors Unclear – Not reported in the paper
Blinding of outcome assessment Unclear – Not reported in the paper
Incomplete outcome data addressed Unclear – Attrition not reported, nor numbers included in analyses or details regarding missing data. No consort flow diagram.
Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias High – No reporting of baseline participant characteristics at all

Table C1
Cochrane Collaboration Risk of Bias – Mills and Allen (2000). "Mindfulness of movement as a coping strategy in multiple sclerosis: a pilot study."

Risk of bias assessment

Random sequence generation Unclear – First matched on basis of activities of daily living (ADL) scores, then randomly allocated from that pair only
Allocation concealment Unclear – Not mentioned in the paper
Blinding of assessors Unclear – Not mentioned in the paper
Blinding of outcome assessment High – Paper suggests in discussion that study would be enhanced by including a ‘blind or more objective rater’
Incomplete outcome data addressed Unclear – Some data is reported in methods, but participant data has been omitted on the basis of not being ‘complete’. Unclear what this

means.
Selective outcome reporting High – This study is also reported in another paper with different outcome data:Mills N, Allen J, Carey-Morgan S. Does tai chi/qi gong help

patients with multiple sclerosis? Journal of Bodywork and Movement Therapies. 2000 Jan 1;4(1):39-48.
Other sources of bias Unclear – Nothing else of note mentioned in paper
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Table C7
Cochrane Collaboration Risk of Bias – Carletto et al. (2017). "The effectiveness of a body-affective mindfulness intervention for multiple sclerosis patients with
depressive symptoms: a randomized controlled clinical trial."

Risk of bias assessment

Random sequence generation Low – Randomly assigned on 1:1 ratio using a block wise randomisation sequence
Allocation concealment Low – Sequence determined by an independent researcher blinded to initial assessment. Study co-ordinator communicated assignment to

participants
Blinding of assessors Low – Clinical Psychologists performing assessments were blinded to participant ID
Blinding of outcome assessment Low – Clinical Psychologists performing assessments were blinded to participant ID
Incomplete outcome data addressed Low – Both Per Protocol (PP) and ITT performed - ITT explored missing data – data imputation was used for two participants. Consort flow

diagram detailing numbers analysed and dropping out. Comparison between completers and dropouts baseline measures and socio-
demographics undertaken.

Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias Low – Well conducted and reported study

Table C8
Cochrane Collaboration Risk of Bias – Cavalera et al. (2018). "Online meditation training for people with multiple sclerosis: A randomized controlled trial."

Risk of bias assessment

Random sequence generation Low – Participants were randomly assigned 1:1 to MBI and control using www.random.org
Allocation concealment Unclear – Paper only states that participants were randomly assigned to MBI and control
Blinding of assessors Unclear – Not reported in the paper
Blinding of outcome assessment Unclear – Not reported in the paper
Incomplete outcome data addressed Unclear – Although consort flow diagram included, detailing attrition, reasons accounting for this were insufficiently described. No

mention of missing data
Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias Low – Generally well conducted and reported study

Table C5
Cochrane Collaboration Risk of Bias – Nejati et al. (2016). "The effect of group mindfulness-based stress reduction and consciousness yoga program on
quality of life and fatigue severity in patients with MS."

Risk of bias assessment

Random sequence generation Low – Each participant's names placed on slip of paper, mixed and drawn randomly
Allocation concealment Unclear - Paper only states that participants were selected using a random sampling method
Blinding of assessors Unclear – Not reported in the paper
Blinding of outcome assessment Unclear – Not reported in the paper
Incomplete outcome data addressed Unclear – Attrition not reported, nor numbers included in analyses or details regarding missing data
Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias High – Paper states study population based on convenience sampling

Table C6
Cochrane Collaboration Risk of Bias – Simpson et al. (2017). "Mindfulness-based stress reduction for people with multiple sclerosis–a feasibility randomised con-
trolled trial."

Risk of bias assessment

Random sequence generation Low – Post-baseline measures an independent statistician undertook block randomisation and sequence generation
Allocation concealment Low – Blinded research staff undertook treatment allocation
Blinding of assessors Low – Research staff were blinded to treatment allocation and participant ID
Blinding of outcome assessment Low – Anonymous data was collected by a blinded research assistant
Incomplete outcome data addressed Low – Detailed reporting of missing data, no imputation. Consort flow diagram and details accounting for participant drop-out
Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias Low – Well conducted and reported study

Table C9
Cochrane Collaboration Risk of Bias – Mosalanejad et al. (2018). "Investigating the combined effect of pelvic floor muscle exercise and mindfulness on sexual function
in women with multiple sclerosis: a randomized controlled trial."

Risk of bias assessment

Random sequence generation Low – Block randomisation of six blocks of three patients (ABC, ACB, BAC, BCA, CAB, CBA), then replacement random sampling used to
select blocks

Allocation concealment Unclear – Not discernable from paper
Blinding of assessors Low – Data collected by third author blinded to group assignment
Blinding of outcome assessment Low – Data analysed by second author, blinded to group assignment
Incomplete outcome data addressed Unclear – Consort flow diagram detailing attrition and numbers analysed, but no mention of missing data
Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias Low – Generally well conducted and reported study
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Table C10
Cochrane Collaboration Risk of Bias – Senders et al. (2018). "Impact of mindfulness-based stress reduction for people with multiple sclerosis at 8 weeks and 12
months: A randomized clinical trial."

Risk of bias assessment

Random sequence generation Low – Statistician generated randomisation scheme stratified by baseline PSS scores with a block size of four (SPSS random number
generator)

Allocation concealment Low – Randomisation scheme maintained by individual external and blinded to study. Allocation concealed from all study staff
Blinding of assessors Low – Baseline data collected prior to randomisation – PI, statistician and personnel performing data entry were blinded to group

assignment
Blinding of outcome assessment Low – Baseline data collected prior to randomisation – PI, statistician and personnel performing data entry were blinded to group

assignment
Incomplete outcome data addressed Low – Low – Consort flow diagram detailing reasons accounting for attrition and numbers analysed.
Selective outcome reporting Low – All pre-specified outcomes were reported
Other sources of bias Low – Well conducted and reported study
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