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ABSTRACT

Objective: Health-related quality of life (HRQOL) is often much reduced among individuals with
multiple sclerosis (MS), and incidences of depression, fatigue, and anxiety are high. We examined
effects of a mindfulness-based intervention (MBI) compared to usual care (UC) upon HRQOL,
depression, and fatigue among adults with relapsing-remitting or secondary progressive MS.

Methods: A total of 150 patients were randomly assigned to the intervention (n � 76) or to UC
(n � 74). MBI consisted of a structured 8-week program of mindfulness training. Assessments
were made at baseline, postintervention, and 6 months follow-up. Primary outcomes included
disease-specific and disease-aspecific HRQOL, depression, and fatigue. Anxiety, personal goal
attainment, and adherence to homework were secondary outcomes.

Results: Attrition was low in the intervention group (5%) and attendance rate high (92%). Employ-
ing intention-to-treat analysis, MBI, compared with UC, improved nonphysical dimensions of pri-
mary outcomes at postintervention and follow-up (p � 0.002); effect sizes, 0.4–0.9
posttreatment and 0.3–0.5 at follow-up. When analyses were repeated among subgroups with
clinically relevant levels of preintervention depression, fatigue, or anxiety, postintervention and
follow-up effects remained significant and effect sizes were larger than for the total sample.

Conclusions: In addition to evidence of improved HRQOL and well-being, these findings demon-
strate broad feasibility and acceptance of, as well as satisfaction and adherence with, a program
of mindfulness training for patients with MS. The results may also have treatment implications for
other chronic disorders that diminish HRQOL.

Classification of evidence: This trial provides Class III evidence that MBI compared with UC improved
HRQOL, fatigue, and depression up to 6 months postintervention. Neurology® 2010;75:1141–1149

GLOSSARY
ANCOVA � analysis of covariance; CES-D � Center for Epidemiologic Studies Depression Scale; CI � confidence interval;
EDSS � Expanded Disability Status Scale; ES � effect size; HAQUAMS � Hamburg Quality of Life Questionnaire in Multiple
Sclerosis; HRQOL � health-related quality of life; MBI � mindfulness-based intervention; MFIS � Modified Fatigue Impact
Scale; MS � multiple sclerosis; NNT � number needed to treat; PQOLC � Profile of Health-Related Quality of Life in Chronic
Disorders; PRO � patient-reported outcome; STAI � Spielberger Trait Anxiety Inventory; UC � usual care.

Multiple sclerosis (MS) is the most common nontraumatic neurologic disease among young
adults, with a prevalence in Europe and the United States of 50–200 per 100,000.1 Alongside
physical complaints, many patients with MS have substantially impaired health-related quality
of life (HRQOL), depression, fatigue, and anxiety.2 Lifetime prevalence of depression among
patients with MS is about 50%.3 At least 65% of patients with MS complain of fatigue,
15%–50% considering fatigue their most disabling symptom.4 Anxiety disorder is also com-
mon, with a point prevalence of 25%.5

HRQOL psychosocial impairment shows great variation among patients with MS and is, to
an important degree, independent of extent of disease.6-10 Additionally, many disease-
modifying drug regimens appear to produce modest or no improvements in HRQOL7,11-14 or
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even negative changes.15 Consequently, com-
plementary treatments that may improve
HRQOL are highly relevant to issues of over-
all efficacy of MS treatment.

Controlled trials of behavioral interven-
tions among patients with MS have focused
upon treatment of depression, fatigue, or anx-
iety in patients selected for high symptom
severity.16-18 Improvements in well-being or
HRQOL19 as primary aims among more
broadly representative samples of patients
with MS have been neglected, although
HRQOL has gained increasing status as a
metric of treatment effectiveness.11-14,20

We report a randomized controlled trial of
a mindfulness-based, group intervention for
enhancing HRQOL and alleviating symp-
toms of depression and fatigue among pa-
tients with MS, examining postintervention
and 6-month follow-up effects. Evidence sug-
gests the feasibility of positively influencing
HRQOL in MS and other serious chronic
disorders that impair well-being.

METHODS Study sample. A total of 164 patients with MS
referred themselves after having received information via the
outpatient neurology clinic of the University Hospital Basel,
other physicians, or advertisements posted in the Swiss Multiple
Sclerosis Society Bulletin. The study was conducted from Febru-
ary 2007 to March 2009.

Neurologists verified all patients for the following inclusion
criteria: 1) diagnosis of relapsing-remitting (but no more than 2
exacerbations within the last year) or secondary progressive MS21

and 2) an Expanded Disability Status Scale (EDSS)22 score of �6
(no to moderately severe disability), with �1 step increase
within the last year. Excluded were patients with reported or
medically recorded diagnoses of current serious psychological
disorders other than depression and anxiety syndromes, evidence
of dementia as indicated by testing below the fifth percentile in
at least 3 of 6 dimensions of neuropsychological functioning
(i.e., attention and concentration, processing speed, executive
function, verbal memory, and verbal processing), other currently
life-threatening or severely disabling physical disorders, current
MS exacerbation, symptomatic MS medication altered in the last
3 months, other disorders of the CNS, pregnancy, or inability to
speak or read German.

Standard protocol approvals, registration, and patient
consents. The study was approved by the Ethics Commission
of Both Basels and is registered at www.controlled-trials.com,
ISRCTN21643919. All participants completed written in-
formed consent.

Randomization. Eligible patients completed all preinterven-
tion assessments before randomization. Randomization was con-
ducted by the principal investigator who had no prior contact
with patients and was fully blinded to all patient information,
except study identification number of patients. A random-event

generator (www.randomizer.org) was employed, using blocks of
4–6. A list was then prepared and sent to the coordinator who
informed all patients in writing of their assignment. The alloca-
tion procedure was subsequently checked by the principal inves-
tigator to ensure accurate assignment, and no deviations were
found. All patient-reported outcome (PRO) measures were en-
tered into a database by personnel blinded to group assignment.

Intervention. MBI is based upon concepts of mental training
that propose that nonjudgmental awareness of moment-to-
moment experience (i.e., mindfulness) may positively affect ac-
curacy of perception, acceptance of intractable health-related
changes, realistic sense of control, and appreciation of available
life experiences.23,24

MBI closely followed the program of mindfulness-based
stress reduction23 and included 1) a personal intake interview to
define realistic goals of participants and establish personal rap-
port; 2) 8 weekly 2.5-hour classes in mindfulness practices
(10–15 participants/group; exercises did not exceed patients’
level of functioning); 3) one Saturday, 7-hour session at week 6;
4) homework assignments (approximately 40 minutes/day), em-
phasized as essential to success of the program; 5) a postinterven-
tion interview to evaluate personal experiences, goal attainment,
and future maintenance of acquired skills. Each class covered
specific exercises and topics within the context of mindfulness
training, i.e., practices during lying, sitting, and dynamic yoga
postures, as well as during everyday life, e.g., stressful situations
and social interactions. Mindfulness exercises included observa-
tion of sensory, affective, and cognitive domains of perceptible
experience. The all-day retreat integrated familiar exercises and
presented new ones. In all, 6 MBI courses for the experimental
arm of the study were individually conducted by 2 experienced,
certified teachers, each with �9 years teaching experience.

Usual care group. All patients in the usual care (UC) group
(and in the MBI group) received regular, currently optimal med-
ical care during the duration of the study, as provided by the
neurology department of the hospital. This included one medi-
cal examination at preintervention and another at 6 months
postintervention, with additional measures as individually re-
quired. UC patients were offered the MBI 6 months after con-
clusion of the treatment period.

Assessment. Primary outcomes of HRQOL, depression, and
fatigue were validated PRO measures, administered at preinter-
vention, postintervention, and 6-month follow-up. Secondary
measures included anxiety, perceived personal goal attainment
after MBI, and self-reported homework adherence. Reported
outcome measurements occurred within 2 weeks before and after
intervention and 6 months postintervention.

The following instruments were used (see appendix e-1 on
the Neurology® Web site at www.neurology.org for details).

HRQOL. HRQOL was assessed with 2 inventories, one de-
veloped for patients with chronic disorders (i.e., disease-
aspecific) and the other specifically for patients with MS. The
German-language Profile of Health-Related Quality of Life in
Chronic Disorders (PQOLC)25 was employed as disease-
aspecific measure (6 subscales: functional status, ability to relax
and enjoy life, negative affect, positive affect, social functioning,
and sense of belonging). It shows high sensitivity to change.25,26

Disease-specific HRQOL was assessed with the German ver-
sion of the Hamburg Quality of Life Questionnaire in Multiple
Sclerosis (HAQUAMS; 5 subscales: fatigue/thinking, lower limb
mobility, upper limb mobility, social communication, and
mood, also published in English).27 Well-validated, it exhibits
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low to moderate sensitivity to change.27,28 According to the a
priori analysis plan, composite averages of subscales of each of
the 2 HRQOL inventories were employed as primary outcome
measures (see Analysis). Two subscales specifically evaluated
disease-related physical limb mobility impairment. Because we
did not hypothesize that MBI would influence disease, we em-
ployed the sum of the other subscales as the measure of
HRQOL, and separately report findings for the limb mobility
subscales.

Depression, fatigue, and anxiety. Depression was mea-
sured with the Center for Epidemiologic Studies Depression
Scale (CES-D)29; 3) fatigue, with the Modified Fatigue Impact
Scale (MFIS)30; and 4) anxiety, with the Spielberger Trait Anxi-
ety Inventory (STAI).31 Internal reliabilities of all scales were
similar at preintervention (Cronbach �, 0.89–0.96).

Neuropsychological assessment (see appendix e-1)32 was ad-
ministered at preintervention and 6-month follow-up by the at-
tending neurologist, and employed a battery of tests to assess 1)
short-term verbal memory and delayed recall, 2) attention, 3)
information processing speed, 4) verbal fluency, and 5) cognitive
interference and inhibitory control.

At postintervention interview, MBI participants completed a
personal goal-attainment questionnaire that assessed the degree
to which preintervention goals had been achieved on an 11-

point scale (�5 [unmet] to � 5 [far beyond expectation]); per-
sonal goals varied from general (e.g., cope better with daily life)
to specific (e.g., sleep better). MBI participants also completed a
postintervention questionnaire regarding adherence to type, fre-
quency, and duration of homework exercises performed during

the previous 4 weeks.

Analysis. Intention-to-treat analyses are reported. Data of miss-
ing study patients were imputed by linear multiple regression
that adjusted for age, gender, and disease progression (entry
EDSS score; STATISTICA 6.0). Statistical power calculation of
this study was based on earlier studies.24,26 With 4 primary out-
come measures (the 2 HRQOL scales, depression, and fatigue), a
minimal sample size of 70 patients/group was required, based on
an effect size (ES) of 0.53 and power � 0.8.

HRQOL measures were derived by averaging PQOLC and
HAQUAMS subscale scores at each timepoint. Seven patients
began psychopharmacologic treatment between postintervention
and follow-up, and this variable (presence or absence) was in-
cluded as covariate in all analyses.

Because preintervention primary outcome measures were in-
tercorrelated (absolute r � 0.64 – 0.87), a repeated-measures
multivariate analysis of covariance (ANCOVA) was first per-
formed with a grouping factor (MBI vs UC) and 2 repeated

Figure 1 Flow of participants
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measures (3 outcomes and 2 timepoints) for change from prein-
tervention to postintervention and preintervention to 6-month-
follow-up.

To examine effects upon individual outcomes, planned con-
trasts were performed for each dependent variable within and
between each timepoint. For individual outcomes that showed
tendencies to differ at preintervention (p � 0.2), ANCOVAs
were performed, with preintervention values entered as addi-
tional covariates, and adjusted mean changes presented for each
group. Significance level was � � 0.05.

Secondary analyses of variance or ANCOVAs were per-
formed on all subscales of the respective HRQOL inventories to
evaluate which dimensions of HRQOL were influenced by the
intervention. ES was also calculated for each outcome (group
difference between preintervention to postintervention score di-
vided by pooled preintervention SD).33 Number needed to treat
(NNT)34 was calculated from the criteria of minimally important
differences achieving �10% improvement of outcome scale
range35 (e.g., �10-point improvement on outcome measure with
a 100-point range). It represents the number of patients needed
to treat in order for one patient to show improvement.

Possible influences of gender, disease-modifying drugs, or

EDSS disease stage were examined by creating a second

grouping variable and repeating all analyses. These grouping

variables were made by dichotomizing patients into males vs

females, patients with vs without current disease-modifying

medication, or patients with less vs more MS disability, de-

fined as EDSS �3.0 vs those with EDSS �3.0. Also, correla-

tional analyses within the MBI group examined associations

between outcome change and preintervention neuropsycho-

logical status.

Depending upon the measure, 25%–30% of participants

showed very low scores on depression, fatigue, or anxiety, as well

as high levels of HRQOL. Consequently, floor or ceiling effects

were present that serve to blunt extent of effects for the total

group. Therefore, secondary analyses were also repeated employ-

ing subgroups in which established clinical cutoff points were

employed for depression (score �16),29 fatigue (score �37),36

and anxiety (score �43).37 These may be informative to examine

effects upon clinically relevant subgroups. Subgroups for the

HRQOL outcomes reported, on average, being at least some-

what impaired.

Findings are also presented for homework adherence and

goal attainment for the MBI group.

Classification of evidence. This trial provides Class III evi-

dence whether MBI, compared with UC, improves HRQOL,

fatigue, and depression up to 6 months postintervention.

RESULTS Sample selection and attrition. A total of
164 patients self-referred to the study. Eleven were
excluded and 3 declined to participate (figure 1). The
remaining 150 patients were randomized. Due to the
small preintervention refusal rate, no comparisons
were made between refusers and participants. Fe-
male: male ratio was 119:31, indicating oversam-
pling of women given the 70:30 population estimate
of MS.

Four of 76 patients dropped out of the MBI
course and did not complete postintervention inven-
tories (5%). Two reported a loss of interest, one
disease-related problems, and one no reason. All re-
maining MBI participants (72 patients) were present
for at least 6 of the 9 sessions (average attendance
rate, 92% of all sessions) and completed all outcome
measures. Seven patients in the UC group did not
complete the postintervention phase inventories
(9%) for unknown reasons. Due to the small attri-
tion rate, no comparisons were made between drop-
outs and completers.

Table 1 presents baseline sociodemographic and
clinical characteristics. There were no significant dif-
ferences between groups. There were no baseline dif-
ferences; only MFIS showed a tendency to differ
between groups (p � 0.06; see table 2).

Outcomes. Preintervention scores are presented for
the entire sample in table 2 and for impaired sub-
groups in table 3. Imputed means and 95% confi-
dence intervals (CIs) were not substantially or

Table 1 Baseline sociodemographic and clinical characteristics by
intervention status

Characteristic
Overall
(n � 150)

MBI
(n � 76)

UC
(n � 74) p Value

Age, y, mean (SD) 47.29 (10.35) 45.93 (10.00) 48.68 (10.58) 0.11

Women, n (%) 119 (79) 59 (78) 60 (81) 0.65

Education, y, mean (SD) 14.06 (1.93) 14.34 (1.58) 13.77 (2.21) 0.08

Marital status, n (%)

Never married 55 (37) 31 (41) 24 (32) 0.25

Married 65 (43) 28 (36) 37 (50) 0.09

Living with partner 90 (60) 44 (58) 46 (62) 0.62

Separated/divorced 28 (19) 17 (22) 11 (15) 0.27

Widowed 2 (1) 0 (0) 2 (3) 0.16

Time since diagnosis, y (SD) 8.70 (7.73) 7.74 (0.90) 9.71 (0.88) 0.12

Relapsing-remitting MS, n (%) 123 (82) 60 (79) 63 (85) 0.34

EDSS, mean (SD) 3.01 (.98) 3.03 (1.12) 2.98 (0.83) 0.74

Relapsing-remitting 2.85 (0.91)a 2.79 (1.03) 2.89 (0.77) 0.52

Secondary progressive 3.74 (1.01)a 3.94 (1.01) 3.45 (0.99) 0.23

Lower limb mobility
(from HAQUAMS)

1.95 (0.87) 2.03 (0.95) 1.85 (0.76) 0.22

Upper limb mobility
(from HAQUAMS)

1.65 (0.71) 1.63 (0.73) 1.62 (0.59) 0.98

On MS disease-modifying
medication, n (%)b

91 (61) 42 (56) 49 (66) 0.54

On psychotropic
medications, n (%)c

30 (20) 15 (20) 15 (20) 0.94

Abbreviations: EDSS � Expanded Disability Status Scale; HAQUAMS � Hamburg Quality
of Life Questionnaire in Multiple Sclerosis; MBI � mindfulness-based intervention; MS �

multiple sclerosis; UC � usual care.
a Comparison between relapsing-remitting and secondary progressive patients, p �

0.00001.
b Number of patients currently using specific disease-modifying medications: interferon
�-1a, 32; interferon �-1b, 29; glatiramer acetate,13; natalizumab, 12; mitoxantrone, 4; and
fingolimod, 1.
c Number of patients currently using specific psychotropic medications: serotonin reuptake
inhibitors, 17; tricyclic antidepressants, 5; monoamino-oxidase inhibitor, 3; benzodiaz-
epines, 5.
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significantly different from completer analyses (re-
sults not presented).

Primary outcomes. Multivariate ANCOVA revealed
differences between groups for primary outcomes;
the MBI group showed greater improvement across
outcomes (F1,147 � 27.07, p � 10�5). A group �
timepoint effect was also found (Wilks [1,147] �
0.96, p � 0.02), indicating that group differences
were larger at postintervention than follow-up (figure
2). Planned comparisons showed significant differ-
ences between groups for all primary outcomes at
both timepoints (figure 2). However, benefits in
PQOLC and CES-D were reduced from postinter-
vention to 6-month follow-up (p � 0.03). Univari-
ate outcomes are presented in table 2. Parallel to ESs,
NNT ranged from 2.5 to 6.4, postintervention; 5.8
to 8.2, 6-month follow-up. At postintervention, all
subscales of the PQOLC showed greater improvements
among MBI participants in contrast to the UC group
(p � 0.001), whereas negative affect and sense of
belonging were no longer significant at 6-month
follow-up (other p � 0.05). MBI participants mani-
fested greater improvements on HAQUAMS subscales

of fatigue/thinking and mood (p � 0.05) at both
endpoints. Change in HAQUAMS subscales of
lower and upper limb mobility did not differ be-
tween groups (p � 0.60).

Indication of clinically significant levels of depres-
sion, fatigue, or anxiety was found for 40%–44% of
patients; 62% of all participants showed evidence for
at least one. When subgroups with evidence of im-
paired well-being were analyzed (table 3), differences
between intervention groups remained significant
despite reduced sample size (NNTs ranged from 1.6
to 3.3 at postintervention; 3.8 to 5.6 at 6-month
follow-up).

Secondary outcomes. Improvements in anxiety scores
(STAI) showed similar results as primary outcomes
(table 2). MBI participants significantly improved
more than the UC group at both timepoints. When
subgroup analysis of clinically elevated anxiety was
performed (table 3), MBI participants showed im-
provement at both timepoints.

Analyses of primary and secondary outcomes were
also performed entering gender, treatment vs non-
treatment of disease-modifying agents, or EDSS level

Table 2 Mean, SD, and 95% CI on outcome measures for all patients before and after receiving MBI or UCa

Outcome

Baseline
level,
mean (SD)

Direct
postintervention,
change (95% CI)

6-Month follow-up
change (95% CI)

Postintervention effects
(change from preintervention)

6-Month follow-up effects
(change from preintervention)

F p Value ES (95% CI) F p Value ES (95% CI)

PQOLC
(range, 0–24)

MBI (n � 76) 14.40 (3.74) 2.54 (1.91 to 3.17) 1.77 (0.97 to 2.58) 37.90 10�8 0.86 (0.52 to 1.19) 8.82 0.003 0.51 (0.18 to 0.84)

UC (n � 74) 14.99 (3.48) �0.57 (�1.29 to 0.15) �0.10 (�0.83 to 0.64)

HAQUAMS
(range, 1–5)

MBI (n � 76) 2.22 (0.67) 0.18 (0.09 to 0.27) 0.13 (0.00 to 0.25) 14.91 0.0002 0.43 (0.10 to 0.75) 4.23 0.04 0.28 (�0.05 to 0.61)

UC (n � 74) 2.13 (0.60) �0.09 (�0.20 to 0.01) �0.05 (�0.16 to 0.07)

CES-D
(range, 0–60)

MBI (n � 76) 16.33 (10.46) 5.29 (3.50 to 7.07) 4.63 (2.51 to 6.75) 23.36 10�5 0.65 (0.31 to 0.97) 4.63 0.03 0.36 (0.03 to 0.69)

UC (n � 74) 15.62 (10.36) �1.43 (�3.47 to 0.61) 0.86 (�1.07 to 2.78)

MFIS
(range, 0–84)

MBI (n � 76) 35.15 (16.68) 6.65 (4.14 to 9.16) 6.58 (3.63 to 9.53)

6.19 (3.96 to 8.41)b 5.94 (3.01 to 8.87)b 16.48 0.0001 0.41 (0.09 to 0.73) 11.29 0.001 0.38 (0.05 to 0.71)

UC (n � 74) 30.28 (14.98) �0.10 (�2.26 to 2.05) �0.71 (�3.80 to 2.37)

0.36 (�1.90 to 2.61)b �0.09 (�2.98 to 2.79)b

STAI
(range, 20–80)

MBI (n � 76) 42.54 (10.67) 3.95 (2.31 to 5.59) 3.68 (1.84 to 5.52) 12.56 0.0006 0.39 (0.06 to 0.71) 5.97 0.02 0.33 (0.00 to 0.66)

UC (n � 74) 41.04 (10.84) �0.22 (�1.89 to 1.46) 0.13 (�1.62 to 1.88)

Abbreviations: CES-D � Center for Epidemiologic Studies Depression Scale; CI � confidence interval; ES � effect size; HAQUAMS � Hamburg Quality of
Life Questionnaire in Multiple Sclerosis; MBI � mindfulness-based intervention; PQOLC � Profile of Health-Related Quality of Life in Chronic Disorders;
STAI � Spielberger Trait Anxiety Inventory; UC � usual care.
a Positive change indicates improvement.
b Mean additionally adjusted for baseline level using analysis of covariance.

Neurology 75 September 28, 2010 1145



(0–3 vs �3) as a second grouping variable (in addi-
tion to intervention group). There were no main or
interaction effects upon any measure for gender,
disease-modifying drug, or EDSS level, indicating no
moderating influence of any of these factors (data not
shown). Baseline neuropsychological scores did not
correlate with MBI or UC changes from preinterven-
tion at either timepoint.

MBI participants reported practicing, on average,
5.11 times/week (SD 2.24; CI 4.59–5.64 times), a
total time average of 76% of assigned homework (SD
13.80; CI 72.76%–79.25%). Amount of practice
correlated with improvements in PQOLC, depres-
sion, and fatigue (r � 0.25–0.31; p � 0.04).

Mean postintervention goal attainment scale
score was 1.78 (SD 1.2; CI 1.49–2.07 points), indi-
cating that MBI participants generally perceived
greater benefits than expected. Only 2 participants
scored slightly in the negative range (��0.67 points).
No adverse events or side effects were reported.

DISCUSSION This randomized trial provides evi-
dence that MBI may improve HRQOL and other
measures of well-being for at least 8 months among
mild to moderately severely impaired patients with

MS not preselected for depression, fatigue, or other
psychosocial problems. Effects of intervention were
unrelated to gender, degree of impairment (i.e.,
EDSS level), or presence or absence of disease-
modifying medication. Also, baseline neuropsycho-
logical status was not related to outcome, suggesting
that MBI is appropriate for many patients with MS.
Furthermore, attrition particularly in the interven-
tion arm was extremely low, and MBI attendance
rate high, although many patients traveled substan-
tial distances to attend sessions (often hours), and
mobility problems frequently made travel difficult.
Furthermore, almost all MBI patients reported high
goal satisfaction. In addition to efficacy of MBI, such
positive response may reflect a strong desire among pa-
tients for treatments complementary to medical man-
agement, to enhance coping with consequences of MS.

Patients with MS must endure unpredictability of
disease throughout their lives, in terms of exacerba-
tions or worsening of symptoms, and the emotional,
social, professional, recreational, and physical costs of
the disease.6-10 Although 6-month follow-up benefits
remained significant, especially for fatigue, slippage
of effects did occur for disease-aspecific HRQOL

Table 3 Mean, SD, and 95% CI on outcomes for patients with impairment in measures of well-being (see Methods) before and after
receiving MBI or UCa

Outcome
Baseline level,
mean (SD)

Direct
postintervention,
change (95% CI)

6-Month follow-up
change (95% CI)

Postintervention effects (change
from preintervention)

6-Month follow-up effects (change
from preintervention)

F p Value ES (95% CI) F p Value ES (95% CI)

PQOLC
(range, 0–24)

MBI (n � 41) 11.76 (2.61) 3.97 (3.15 to 4.77) 2.82 (1.83 to 3.80) 43.60 10�8 1.71 (1.17 to 2.22) 4.70 0.03 0.63 (0.16 to 1.08)

UC (n � 35) 11.97 (2.23) 0.22 (�0.26 to 1.02) 1.23 (0.16 to 2.30)

HAQUAMS
(range, 1–5)

MBI (n � 34) 2.80 (0.50) 0.37 (0.22 to 0.53) 0.32 (0.11 to 0.53) 19.66 0.0001 1.01 (0.49 to 1.51) 4.26 0.04 0.58 (0.07 to 1.06)

UC (n � 33) 2.65 (0.44) �0.11 (�0.20 to 0.05) 0.05 (�0.12 to 0.21)

CES-D
(range, 0–60)

MBI (n � 36) 25.33 (7.72) 10.16 (7.52 to 12.80) 9.31 (6.24 to 12.38) 15.92 0.0002 1.06 (0.53 to 1.56) 5.21 0.03 0.66 (0.12 to 1.13)

UC (n � 30) 26.00 (7.62) 2.05 (�1.20 to 5.30) 4.06 (0.69 to 7.43)

MFIS
(range, 0–84)

MBI (n � 33) 50.48 (8.94) 11.41 (7.30 to 15.51) 10.14 (5.42 to 14.86) 13.71 0.0005 1.27 (0.70 to 1.81) 6.23 0.02 1.09 (0.53 to 1.62)

UC (n � 27) 45.92 (5.68) 1.36 (�2.15 to 4.87) 1.37 (�3.85 to 6.59)

STAI
(range, 20–80)

MBI (n � 38) 51.47 (6.15) 7.77 (5.11 to 10.44) 6.02 (2.67 to 9.37) 10.23 0.002 1.00 (0.47 to 1.49) 4.09 0.05 0.64 (0.16 to 1.11)

UC (n � 34) 50.97 (6.47) 1.80 (�0.89 to 4.49) 2.74 (0.12 to 5.36)

Abbreviations: CES-D � Center for Epidemiologic Studies Depression Scale; CI � confidence interval; ES � effect size; HAQUAMS � Hamburg Quality of
Life Questionnaire in Multiple Sclerosis; MBI � mindfulness-based intervention; MFIS � Modified Fatigue Impact Scale; PQOLC � Profile of Health-Related
Quality of Life in Chronic Disorders; STAI � Spielberger Trait Anxiety Inventory; UC � usual care.
a Positive change indicates improvement.
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and depressive symptoms and may indicate that the
2-month intervention requires supplementation by
regular booster sessions in order to maintain gains.
Future research should address this issue.

Several previous controlled trials of cognitive-
behavioral interventions have shown benefits upon
depression, fatigue, or anxiety in patients with
MS.19,38,39 However, these and other studies have of-
ten used individual therapy, and findings have
mainly focused upon single dimensions of well-
being, e.g., depression or fatigue. Our results provide
evidence of benefits across a broad range of parame-
ters of well-being, achievable by means of a cost-
effective and relatively brief group intervention.
Additionally, programs successful at maintaining
long-term psychosocial improvement may help to
evaluate whether parameters of well-being meaning-
fully contribute to disease-related physiologic pro-
cesses (e.g., immune function) in MS and other
diseases involving immunologic dysfunction.40

Disease-modifying treatments do not necessarily
have beneficial impact upon HRQOL or coping
responses.7,11-13 Consequently there is increasing rec-
ognition that assessment of HRQOL, in addition to
measurement of disease progress, should play a role

in efficacy trials.2 Behavioral treatments are available
that enhance the well-being of patients with MS and
others with debilitating long-lasting conditions.
Therefore, such interventions might importantly
serve to complement disease-modifying benefits of
medical therapies. MBI may have particular poten-
tial, because it is not aimed at a single disease or
specific dimensions of well-being.

Several limitations of this investigation require
mention. First, UC was the control arm and did not
include an active intervention intended to improve
primary outcome measures; thus the specificity of
MBI was not evaluated. Effects may have been influ-
enced by nonspecific aspects, e.g., general social sup-
port, motivational factors, or placebo effects.
Secondly, our findings are based upon PROs, be-
cause no validated objective measures exist for well-
being. Self-report assessments are susceptible to
various response biases, e.g., social desirability and
memory effects. Nevertheless, absence of group dif-
ferences in HAQUAMS subscales of physical mobil-
ity mitigates the likelihood of serious response bias in
this study. Along another line, the mobility findings
indicate that MBI did not seem to benefit physical
functioning. However, future investigation should

Figure 2 Primary outcome changes from preintervention

Standardized change scores (adjusted means) for primary outcomes from preintervention levels; whiskers, � 95% confi-
dence intervals. Positive scores indicate better well-being for all measures. A constant was added to each point (0.3) in
order to enhance interpretation of the finding (i.e., so that the zero level approximately reflects no change). CES-D � Center
for Epidemiologic Studies Depression Scale; HAQUAMS � Hamburg Quality of Life Questionnaire in Multiple Sclerosis;
MBI � mindfulness-based intervention; MFIS � Modified Fatigue Impact Scale; PQOLC � Profile of Health-Related Quality
of Life in Chronic Disorders.

Neurology 75 September 28, 2010 1147



address more objective indices of well-being, e.g., in-
dependent ratings, real-life event-sampling of PROs,
or daily activity. Additionally, if mindfulness training
is specifically responsible for the effects of treatment,
the mechanisms by which MBI achieves these bene-
fits remain unclear, whether enhancement of sense of
control and accuracy of perception, or increased tol-
erance, acceptance, patience, and courage to deal
with unpredictable life events.

This investigation suggests the significance and
potential success of interventions aimed toward ame-
liorating fundamental aspects of psychosocial and ex-
istential distress of chronically ill patients, which may
be incompletely addressed by currently available
medical management programs.
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