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Effect of mindfulness-based stress reduction on sleep quality:
Results of a randomized trial among Danish breast cancer patients

SIGNE R. ANDERSEN!, HANNE WURTZEN', MARIANNE STEDING-JESSEN?,
JANE CHRISTENSEN?, KLAUS K. ANDERSEN?, HENRIK FLYGER?,
CATHY MITCHELMORE?, CHRISTOFFER JOHANSEN! & SUSANNE O. DALTON!

' Danish Cancer Society Research Center, Survivorship, Copenhagen, Denmark, >Danish Cancer Society
Research Center, Biostatistics, Bioinformatics and Registry, Copenhagen, Denmark, 3 University Hospital Herlev,
Department of Breast Surgery, Herlev, Denmark and *Roskilde University, Department of Science, Systems and
Models, Roskilde, Denmark

Abstract

The prevalence of sleep disturbance is high among cancer patients, and the sleep problems tend to last for years after the
end of treatment. As part of a large randomized controlled clinical trial (the MICA trial, NCT00990977) of the effect of
mindfulness-based stress reduction (MBSR) on psychological and somatic symptoms among breast cancer patients, the
aim of the current study was to evaluate the effect of MBSR on the secondary outcome, ‘sleep quality’. Material and meth-
ods. A total of 336 women operated on for breast cancer stage I-III 3-18 months previously were randomized to MBSR
(n=168) or treatment as usual (n=168); both groups received standard clinical care. The intervention consisted of an
eight-week MBSR program (psycho-education, meditation and gentle yoga). Sleep quality was assessed on the Medical
Outcome Study sleep scale at baseline, after the intervention and at six- and 12-months’ follow-up. Results. The mean sleep
problem scores were significantly lower in the MBSR group than in controls immediately after the intervention. Quantile
regression analyses showed that the effect was statistically significant only for the participants represented by the lower
percentile of change between baseline and post-intervention, i.e. those who had more sleep problems; the MBSR group
had a significantly smaller increase in sleep problems than the control group. After the 12-month follow-up, there was no
significant between-group effect of MBSR on sleep quality in intention-to-treat analyses. Conclusion. MBSR had a statisti-
cally significant effect on sleep quality just after the intervention but no long-term effect among breast cancer patients.
Future trials in which participation is restricted to patients with significant sleep problems are recommended for evaluating
the effect of MBSR on sleep quality.

Breast cancer is the commonest cancer diagnosis
among women in northern European countries [1].
The treatment of breast cancer and consequently the
prognosis have improved during the past few decades.
As a result, an increasing number of women are
long-term breast cancer survivors, of whom a con-
siderable proportion continues to experience an array
of long-term sequelae [2]. Sleep problems are highly
prevalent among cancer patients, occurring in 30—
50% [3], and the prevalence has been found to be
higher in breast cancer patients than in those with
other cancers [4,5]. Breast cancer patients have a
high prevalence of sleep problems, especially insom-
nia, shortly after diagnosis, during treatment and

sometimes years after the end of treatment [6-8].
Sleep problems have been associated with poor
physical and mental well-being [4,9]. In spite of the
high prevalence of chronic insomnia, which rarely
goes into spontaneous remission, the sleep problems
of cancer patients are often not treated [4-6,10].
Cancer patients prefer non-pharmacological treat-
ments for sleep problems [11], increasing the demand
for rigorous trials evaluating non-pharmacological
interventions on sleep problems among cancer
patients.

Mindfulness-based stress reduction (MBSR) is
an intervention that is being evaluated increasingly for
cancer patients. The MBSR program was developed
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by John Kabat-Zinn at the University of Massachu-
setts Medical School (USA), inspired by Buddhist
philosophy [12]. Mindfulness is characterized by
moment-to-moment awareness. The aim of mind-
fulness practice is to make participants more resis-
tant to stressful events, and it provides a generic
strategy for coping with a range of symptoms, such
as stress and pain. Practising mindfulness increases
the ability to observe thoughts, feelings and bodily
sensations without judging them or trying to change
them. The person learns to let go, instead of
identifying him- or herself with negative emotions
and sensations [12].

A meta-analysis of studies of mindfulness-based
therapy among cancer patients showed clear effects
on mental health, such as reduced anxiety and
depression [13]. Only a few studies have assessed
whether MBSR affects sleep quality, and even fewer
have evaluated the impact on the sleep quality of
cancer patients, with contradictory results [14-16].
Previous studies have shown that MBSR decreased
distress and hot flushes [17,18], and these factors
have been reported by breast cancer patients to
impair their sleep quality [6].

The aim of this study was to determine the effect
of the MBSR program on sleep quality among breast
cancer patients. Further we hypothesized that MBSR
would improve sleep quality by decreasing distress
and hot flushes.

Methods
Partcipants

A total of 336 women aged 18-75 years in whom
breast cancer stages I-III had been diagnosed
within the previous 3-18 months and who had
undergone surgery for their cancer at Herlev and
Ringsted hospitals were included in the popula-
tion-based randomized controlled trial (MICA,
NCT00990977). Women with a diagnosis of can-
cer within the previous 10 years, ongoing treat-
ment for major psychiatric disease, severe medical
conditions that would prevent participation in the
intervention or inability to speak or write sufficient
Danish were excluded. Further presentation of the
sample is found elsewhere [19]. Patients were eval-
uated at baseline, but no criteria regarding self-
reported symptoms were applied. Patients gave
informed consent and filled out baseline question-
naires before the randomization procedure, and
were randomized 1:1 by a computer program, with
equal numbers of participants in the intervention
(n=168) and control group (n = 168). The inter-
vention participants were placed in 10 MBSR
groups, with 10-30 women in each group.
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Intervention

The MBSR intervention used in the trial adhered to
the standardized MBSR manual [12] with no further
focus on sleep problems. The groups met for eight
weekly two-hour sessions, with psycho-education on
stress responses, mindfulness meditation (i.e. body
scan, sitting and walking meditation) and gentle
yoga. The women participated in a five-hour silent
retreat after week 7 and were advised to practice at
home for 45 minutes daily. The participants were
given written material and CDs with meditation
guides to support home training.

The MBSR courses were led by three clinical psy-
chologists who were trained mindfulness instructors.
Adherence to the original MBSR program was vali-
dated by a senior MBSR instructor.

Measures

Sleep quality. Sleep quality was assessed on the vali-
dated Medical Outcome Study sleep scale, which
consists of 12 questions [20]. The outcomes can be
evaluated from seven subscales and two overall
indexes. Scoring of items is standardized, with scores
in the range of 0-100 for all measures except sleep
quantity items. ‘Sleep quantity’ denotes the hours of
sleep per night, and ‘optimal sleep’ is scored on a
dichotomous 0-1 scale, based on whether a person
slept 7-8 hours per night, which is considered to be
optimal [20,21]. In general, a high score indicates a
higher level of the item measured. ‘Sleep problem
index II’ is an overall index covering sleep distur-
bance, sleep adequacy, awakening with shortness of
breath or headache, and daytime somnolence. Cron-
bach’s o coefficients for these multiple item sleep
subscales were in the range 0.76—0.86, confirming
the internal consistency of the scale in this study.

Psychological distress. We used the global severity index
from the validated symptom checklist-90-revised
(SCL-90-R) to assess psychological distress [22].
This checklist consists of 90 items reflecting psycho-
logical problems and symptoms of psychopathology.
The index is the average score for the 90 symptom
items, and a higher score reflects greater distress.

Hot flushes. A validated hot flush score was used,
which sums the frequency and severity of hot flushes
[23]. The respondent is asked to report how many
mild, moderate, severe or very severe hot flushes she
had during the past 24 hours. One point is given for
each mild hot flush, two for each moderate hot flush,
three for each severe hot flush and four points for each
very severe hot flush. The total hot flush score is cal-
culated as the sum of all the points; hence, a higher
score indicates more problems with hot flushes.
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Statistical analyses

To analyse differences in mean sleep subscale score
between the MBSR and control groups, Student
t-test was used. The analysis was repeated for each
time: baseline, post-intervention and six- and
12-months’ follow-up. The mean change between
baseline and different follow-ups was compared
between groups by use of t-tests, and effect sizes were
calculated in terms of Cohen’s d [24].

Mixed-effect models for repeated measures were
used to evaluate sleep quality over time during the
follow-up period. The intention-to-treat principle
was applied, with the last observation carried for-
ward for missing values. A sensitivity analysis was
conducted for complete cases. The dependent vari-
able was the sleep subscales, and the independent

variables were baseline score of sleep quality, study
group, follow-up time and interactions between
study group and baseline sleep score as well as
between study group and follow-up time.

To determine whether psychological distress and
hot flushes modify the effect of MBSR on sleep
quality, the mixed-effect models were adjusted for
the interaction between baseline level of psycho-
logical distress and study group and the interaction
between baseline score of hot flushes and study
group, respectively.

Quantile regression was used to estimate the
effect of MBSR on different subgroups of study
participants. We used the Hubert sandwich estima-
tor to calculate confidence intervals. Change in
sleep problem index II score was the dependent

[ Enrollment ]

Assessed for eligibility (2074)

» Excluded (n=866) (not meeting
inclusion criteria)

Invited to participate (n=1208)

Excluded (n=872)
+ Declined to participate (n=303)

+ Other reasons (n= 569)
(primarily due to no response)

Randomized (n=336)

' [

Allocation ] ;

Allocated to intervention (n=168)

+ Received allocated intervention
(n=137)

+ Did not receive allocated intervention
(n=31)

Allocated to control group (n=168),
Treatment as usual

v [ Post-intervention ] ¥

Lost to follow-up (n=3)
Discontinued intervention (n=31}

Lost to follow-up (n=24)

[ 6 mth follow-up ]

J

Lost to follow-up (n=12)

Lost to follow-up (n=1)

3

r ™)

12 mth follow-up ] 3

Lost to follow-up (n=1)

| Lost to follow-up (n=0)

—

Analysis 1 3

ITT analysis (n=168)

ITT analysis (n=168)

Figure 1. Numbers of study participants during the study period. ITT, intention-to-treat.
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variable, and baseline sleep score and study
group were set as independent variables. Change
was calculated in the quantile regression analyses as
baseline measure minus follow-up measure. Conse-
quently, a high change value represented a greater
improvement in sleep. The regression coefficients
for effect of study group represented the increase
in change score in the MBSR group as compared
with the control group. To test whether estimates of
effects on the different percentiles of change were
significantly different from one another, a Wald
significance test was used.

All the statistical analyses were performed with
SAS version 9.2. All hypotheses were two-sided, and
the significance level was set to p <0.05.

Results
Participants

Figure 1 is the flow diagram of the process of enrol-
ment, intervention allocation and follow-up in the
MICA trial. At 12 months of follow-up, 121 women
(72%) in the MBSR group and 143 (85%) controls
completed the sleep scale and were included in fur-
ther analyses. Cases and controls did not differ sta-
tistically significantly at baseline for any of the

MBSR and sleep quality in BC 339

measured variables (Table I); hence, the randomiza-
tion procedure was considered balanced.

Mean sleep scores

Overall, sleep quality improved between baseline and
all follow-up times in both the MBSR and the con-
trol group (Table II). After the intervention, the
between-group difference in mean scores for sleep
disturbance, sleep problem index I and sleep prob-
lem index Il reached statistical significance (p = 0.03),
indicating better sleep quality in the MBSR group
than in the control group (Table II). At the six- and
12-month follow-ups, there were no significant dif-
ferences between the MBSR and the control group;
because of low response rates for ‘snoring’, the effect
on snoring was regarded as irrelevant. Intention-to-
treat analyses of the entire follow-up period showed
that MBSR had no significant effect on sleep quality
over time (all p values >0.05) (Table II).

The analysis of changes in sleep quality showed
statistically significant between-group differences in
sleep problem index II between baseline and post-
intervention (p=0.05) and in somnolence between
baseline and the six-month follow-up (p=0.02),
indicating a greater improvement in sleep quality
in the MBSR group than in the control group.

Table I. Baseline characteristics of participants in the randomized controlled trial.

Characteristic MBSR n =168 Controls n =168 p-value™
Age at operation [mean, years (SD)] 53.9 (10.1) 54.4 (10.5) 0.66
Time since diagnosis [mean, months (SD)] 7.5 (5.0) 7.9 (5.1) 0.49
Breast cancer stage [n (%)]
I 51 (30.4) 64 (38.1)
I 109 (64.9) 101 (60.1) 0.06
III 8 (4.8) 3 (1.8)
Treatment [n (%)]
Allocated to chemotherapy
Yes 78 (46.4) 82 (48.8)
No 65 (38.7) 67 (39.9) 0.93
Unknown 25 (14.9) 19 (11.3)
Allocated to radiotherapy
Yes 125 (74.4) 145 (86.3)
No 37 (22.0) 21 (12.5) 0.5
Unknown 6 (3.6) 2 (1.2)
Allocated to hormonal therapy
Yes 91 (54.2) 88 (52.4)
No 50 (29.8) 60 (35.7) 0.38
Unknown 27 (16.1) 20 (11.9)
Charlson comorbidity index at date of
diagnosis [n (%)]
0 146 (86.9) 145 (86.3)
1 18 (10.7) 18 (10.7) 0.83
=2 4 (2.4) 5 (3.0)
Married [n (%)] 123 (73.2) 120 (71.4) 0.72
Further and higher education [n (%)] 131 (78.0) 128 (76.2) 0.84
Hot flush score [mean (SD)] 6.10 (12.65) 6.95 (11.98) 0.53
Psychological distress [mean (SD)] 0.59 (0.43) 0.58 (0.37) 0.72

*MBSR group compared with control group by t-test.
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Table II. Differences in sleep scale scores between MBSR and control group.

Post-intervention 6-month follow-up 12-month follow-up

Baseline
Mean (n)

ITT analyses

Mean (n) Mean (n)

Mean (n)

&
£

Sp LOCF

#p MBSR Control #p MBSR Control #p MBSR Control #p

Control

MBSR

0.21
0.95
0.47
0.39
0.73
0.62
0.32
0.63
0.11

0.21
0.71
0.41
0.37
0.79
0.61
0.33
0.49
0.15

25.80 (121) 27.74 (143) NS

14.17 (79)

NS 24.91 (134) 30.40 (144) 0.03 25.38 (122) 28.37 (143) NS

NS

30.15 (168) 32.17 (166)

Sleep disturbance

Snoring

0.01

24.44 (90)

23.45 (87) 0.06

15.68 (74)

NS
8.85 (144) NS

24.47 (85)

17.62 (84)

15.13 (115) 18.57 (98)

9.26 (121) 10.78 (141) NS
58.10 (121) 54.32 (141) NS

23.33 (122) 27.00 (143) 0.00 24.44 (121) 26.34 (141) NS

9.51 (122) 11.05 (143) NS

10.00 (134)

NS

10.00 (168) 11.76 (165)

Shortness of breath or headache

Sleep adequacy
Somnolence

59.70 (134) 53.68 (144) 0.06 58.52 (122) 54.97 (143) NS

NS

55.77 (168) 53.73 (166)
30.60 (168) 29.72 (166)

29.78 (168) 31.73 (166)

NS  24.73 (134) 26.44 (144) NS

26.97 (121) 29.39 (141) NS
26.84 (121) 29.29 (143) NS

NS  25.39 (134) 29.79 (144) 0.03 26.56 (122) 29.39 (143) NS
NS  26.04 (134) 30.46 (144) 0.03 26.52 (122) 29.61 (143) NS

NS

Sleep problem index I

30.70 (168) 32.02 (166)

Sleep problem index II

7.07 (137) NS
0.65 (137) NS

7.08 (112)
0.72 (112)

NS

7.01 (131)
0.65 (131)

7.01 (108)
0.68 (108)

6.88 (134) NS

7.08 (124)
0.73 (124)

7.02 (154)
0.58 (154)

7.10 (165)

0.64 (165)

Sleep quantity (hours of sleep)
Optimal sleep (7-8 hours)

NS

0.63 (134) NS

NS

LOCEF, last observation carried forward; MBSR, mindfulness-based stress reduction; NS, not significant; I'TT, intention-to-treat.

p-values of 0.10 or lower are shown for comparison of mean scores at each time.

#t-test; SAnalysis based on mixed effect linear models, and baseline sleep score included as covariate.

The effect sizes were, however, small (all<<0.3)
(Table III).

Quantile regression analysis

Overall, the MBSR group had higher values for
change, indicating more improvement in sleep prob-
lem index II, than the control group (Figure 2). A
statistically significant effect for sleep problem index
II was observed only on the 25th percentile change
(Figure 2), the values being mainly <0 for all base-
line values and particularly between the baseline
scores 18.33 and 42.67, representing the lower and
upper quartiles, respectively (Figure 3). As a conse-
quence, the 25th percentile change mainly reflected
women with increased sleep problems between base-
line and post-intervention. Our results therefore
indicate that women who participated in MBSR had
a significantly smaller increase in sleep problems
than the control group. Comparison of estimates of
the effect of study group, however, showed no statis-
tically significant differences between the 25th, 50th
and 75th percentile change for sleep problem index
II (p>0.16). Thus, the effect on the 25th percentile
was not significantly greater than that on the other
percentiles. MBSR had a small effect for all percen-
tiles, but this did not reach statistical significance for
the 50th and 75th percentile (Figure 2).

No statistically significant between-group differ-
ences were observed for any percentile of change
between baseline and the 12-month follow-up for
sleep problem index II (results not shown).

Effect modification

In our analysis of effect modification, neither base-
line level of psychological distress nor hot flushes
modified the effect of MBSR on sleep quality after
adjustment of mixed-effect models for interaction
with distress and hot flushes, respectively (results not
shown).

Discussion

In this study of sleep quality, a secondary outcome
of the MICA trial (NCT00990977), MBSR was
found to have small, short-term effects on sleep
problems, with no long-term effects on sleep quality.
Overall, this result is similar to those of previous
studies of the effects of MBSR on sleep quality
among breast cancer patients. Lengacher et al.
(2011) [16], who studied 84 breast cancer patients
in a randomized controlled trial, found a between-
group difference for drowsiness but not for sleep
disturbance after the intervention. In the MICA
trial, however, a significant effect was found on sleep
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post-intervention. Estimated quantile regression coefficients and
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cases, as the controls were used as reference.

disturbance but not on somnolence. Both studies
showed an effect on sleep quality, but not on the

63) in their quasi-

no between-group difference in sleep quality at

same parameters. Shapiro et al. (2003) [15] found
a nine-month follow-up (n

the entire follow-up period of 12 months. This sug-
gests that MBSR has no significant long-term effects

group differences in the intention-to-treat analysis of
on sleep quality among breast cancer patients.

experimental study. We also found no between-
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The effect of MBSR on sleep quality was small,
and we did not find any effect modification by dis-
tress and hot flushes. Further evaluations of modifi-
cation of MBSR effects are recommended, to
elucidate possible mechanisms by which MBSR
could affect sleep quality [18].

Quantile regression analyses revealed a statisti-
cally significant effect on women in the 25th percen-
tile change of sleep problem index II (combined
measure of sleep disturbance, sleep adequacy, awak-
ening with shortness of breath or headache, and day-
time somnolence) after the intervention. The 25th
percentile mainly represented participants who had
poorer sleep quality after the intervention. Thus, the
finding of a statistically significant effect among par-
ticipants with increased sleep problems might indi-
cate that MBSR reduced the risk for developing sleep
problems in this population. The effect of MBSR on
the 25th percentile change was not, however, statisti-
cally significantly higher than the effect on the 50th
and 75th percentile. Thus it cannot be firmly con-
cluded that the effect of MBSR was greater for the
25th percentile change in this study; MBSR may
have had a similar effect on all subgroups. No sig-
nificant effects were found in the change between
baseline and the 12-month follow-up in quantile
regression, supporting the conclusion that MBSR
had no long-term effect on sleep quality among the
breast cancer patients in this study.

No significant difference was found between par-
ticipants who completed the study and those who
dropped out with regard to baseline sleep problems,
indicating that attrition bias was not a reason for the
non-significant effects of MBSR on sleep quality at
follow-up. Few sleep problems at baseline might have
diluted any effect of the intervention. The baseline
level of sleep problems was not notably different
from the available norm in the USA [21]. Future
studies of the effect of MBSR on sleep quality in a
population selected on the basis of baseline sleep
problems are recommended, allowing for evaluation
of whether MBSR can potentially be used as a treat-
ment of sleep problems. The low prevalence of sleep
problems in this study might reflect the fact that
women were included up to 18 months after surgery,
as breast cancer patients usually report more sleep
problems closer to the time of diagnosis and surgery
[25,26]. Another potential reason for the few sleep
problems at baseline could be self-selection in volun-
teering to participate in the MICA study. A com-
parison of those who refused and those who
participated showed that the latter were younger, had
a less recent diagnosis and had a higher level of edu-
cation than those who refused to participate [19].
Thus, those who refused to participate may have
had more sleep problems, especially as they had

received their diagnoses more recently. However, the
motivation of participants in psychological interven-
tions is crucial for compliance and for effects. Our
initial finding of some effect of MBSR on sleep prob-
lems among breast cancer patients might increase
the motivation of those with poor sleep quality to
participate in future trials.

Treatment of sleep problems was not a specific
aim of the original MICA trial. Hence, the lack of
significant long-term effects of the MBSR interven-
tion on sleep quality might be due to the fact that
the aim of the intervention was not to treat sleep
problems. Other researchers modified the MBSR
program by adding education in sleep hygiene in a
small study of non-cancer patients with insomnia
[27]. The identification in our study of an effect on
sleep quality post-intervention might rather suggest
that booster sessions should be provided to maintain
the effects of MBSR and promote long-term practice
of mindfulness, which might ensure long-term effects
on sleep quality. Adherence was assessed from train-
ing logs in the MICA trial, but the response rates
were low, decreasing the validity of the information.
Research on continued practice of mindfulness after
MBSR will be needed to evaluate long-term adher-
ence to practice.

Both participants and the control group reported
improved sleep quality over time; therefore, time
itself might have a substantial effect on sleep quality.
This conclusion is in line with the finding of a higher
prevalence of sleep problems in cancer patients
assessed closer to the time of diagnosis and treat-
ment, whereafter it declined. In general, patients with
severe sleep problems, i.e. those who fulfil the diag-
nostic criteria of insomnia, are at high risk for chronic
insomnia. Such individuals should be identified and
targeted for treatment [28,29].

Limitations and advantages of the study

Owing to the study design, with a control group
receiving treatment as usual, the effects of MBSR on
sleep quality could have been due to effects of
additional attention from professionals or effects of
meeting regularly with other cancer patients [30].
Therefore, further studies with control for such
effects should be conducted to compare the effect
of MBSR with that of interventions of the same
intensity and format but without specific mindful-
ness elements.

Sleep quality was measured using the Medical
Outcome Study sleep scale. This scale has not been
validated for breast cancer patients and no cut-off
values for significant sleep problems have been estab-
lished. While it is an advantage that sleep quality was
assessed on a sleep scale and not as a single item, as
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often done in previous studies, future studies should
apply a validated measure or sleep diaries in order to
allow for conclusions regarding the clinical signifi-
cance of identified effects.

The design of the MICA trial was more suitable
than that of previous studies on MBSR and sleep
quality in cancer patients. The trial had a randomized
controlled design and a large number of participants
who were well-defined with regard to time since diag-
nosis (3—-18 months). Furthermore, specific efforts
were made to ensure instructor compliance with the
original MBSR program, to ensure its integrity. None
of the previous trials had a follow-up period as long
as 12 months. With the advanced statistical methods
used, the MICA study increases the knowledge
regarding longer-term effects of MBSR on sleep
quality among breast cancer patients.

The broad inclusion criteria and the minimal
exclusion criteria in combination with systematic
invitation to the MICA trial increase the generaliz-
ability of the results. Conversely, self-selection of
participants might have decreased the generalizabil-
ity, motivation and engagement of participants are
crucial in MBSR interventions as the sample reflects
the current BC sample and inclusion bias has been
reduced.

Conclusion

In this population-based study evaluating MBSR on
the secondary outcome sleep quality, small statisti-
cally significant effects were found post-intervention.
However, the level of sleep problems at baseline was
low, leaving little room for improvement or signifi-
cant effects, and after 12 months’ follow-up there
was no statistically significant between-group effect
of MBSR. Thus the sustainability of the effects of the
intervention on sleep quality among breast cancer
patients is questionable. Consequently, more studies
of MBSR and its long-term effect on sleep quality
and the burden of sleep problems in which participa-
tion is restricted to patients with significant sleep
problems are recommended.
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