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Abstract

Purpose We conducted a meta-analysis evaluating the effects of different exercise interventions on self-reported and objec-
tive sleep measurements during or after breast cancer treatment.

Methods Three databases were systematically searched for randomized controlled trials with any type of exercise intervention
in women with breast cancer. Outcomes were self-reported or objective sleep measurements. Standardized mean differences
(SMDs) were calculated using random-effects models.

Results The meta-analysis included 22 trials with 2107 participants. Of these, 17 studies used the Pittsburgh Sleep Quality
Index (PSQI), six studies included objective sleep assessments (ActiGraph). Physical exercise interventions included walking,
aerobic exercise, resistance exercise or a combination of both. Mind-body exercise interventions included yoga, Tai Chi and
Qigong. Most interventions were supervised. Both, physical (SMD —0.32; 95% CI —0.54 to —0.10) and mind-body exercise
interventions (SMD —0.27; 95% CI —0.44 to —0.09), resulted in improvements of total sleep scores. Subgroup analyses
revealed no clear differences between interventions conducted during versus after breast cancer treatment. Considering the
PSQI subscales, exercise resulted in improvements of sleep quality (SMD —0.28; 95% CI —0.44 to —0.11) and sleep distur-
bances (SMD —0.26; 95% CI —0.45 to —0.06). Regarding the objective measurements, no significant effects were found.
Conclusions Physical as well as mind—body exercise can improve subjective sleep problems in breast cancer patients. In
contrast, there was no effect of exercise on objective sleep measures. Future studies should clarify which type of intervention
might be most effective depending on individual patients’ and treatments’ characteristics.
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Introduction

In healthy people, especially in elderly women, sleep dis-
turbances are associated with increased risk for depression
[1], chronic pain [2], cardiovascular diseases [3—6], and
dementia [7, 8]. In breast cancer survivors, sleep problems
are among the most frequent long-term health issues [9-11].
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Exercise interventions during and after cancer treatment
can significantly improve quality of life and physical fitness,
and decrease fatigue [17], depression [18] as well as anxiety
[19]. It is proven that exercise is safe and well tolerated in
patients undergoing treatment and in cancer survivors [20].
The effects on sleep are less conclusive so far, although there
are already five meta-analyses and one systematic review
that investigated the effects of exercise interventions in
cancer patients considering also sleep disturbances as an
outcome. Five of them found small improvements in self-
reported sleep problems [21-25], whereas one did not [26].
An analysis of objective measurements of sleep problems
was carried out in only one meta-analysis and found no sig-
nificant effect [26]. As none of the meta-analyses directly
contrasted different types of exercise in breast cancer
patients, it is still unclear which type is the best. Likewise,
it needs to be determined whether the effects of exercise
during acute cancer therapy are comparable to the effects
after completion of therapy. Further, sleep problems can be
very heterogeneous with regard to aspects such as subjective
sleep quality, duration, disturbances, latency (i.e. time until
falling asleep), efficiency (i.e. time in bed that was actually
asleep), and daily dysfunction. Moreover, objective meas-
ures of sleep, e.g. using accelerometry, are increasingly
propagated to get a better discrimination of sleep param-
eters. However, meta-analysis of exercise interventions on
sleep problems differentiating by these various subjective
and objective sleep measures are lacking.

Thus, our aims were to perform a systematic and quanti-
tative analysis on the effects of exercise on sleep in women
with breast cancer during and after treatment that adds to
current knowledge by (1) comparing different types of exer-
cise (2) investigating different aspects of sleep such as sleep
quality, latency, duration, disturbance, efficiency, daily dys-
function, and use of sleep medication, and (3) investigating
whether the effects of exercise interventions differ between
self-reported and objective sleep measures.

Methods

Data sources and searches

Eligible studies were identified in August 2018 via system-
atic searches in PubMed, Web of Science and Cochrane
databases and by checking the references in the published
studies, systematic reviews and meta-analyses. The search
was limited to publications in English and German.

Study selection

Studies were eligible if they were randomized controlled
trials (RCTs) with more than 20 participants that evaluated
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the effects of any type of exercise interventions on sleep
parameters in adult women with a breast cancer diagno-
sis. The participants could be at any stage of breast can-
cer care trajectory (during or after treatment). All forms of
exercise interventions were considered eligible including
aerobic, resistance or a combination of both, walking, yoga,
Pilates, Qigong or Tai Chi. Exercise interventions could be
combined with flexibility exercises or with another type of
intervention. No restriction was made regarding frequency,
intensity or duration of the program. Interventions could be
home-based or supervised. The initial search was also not
restricted by type of the control group. RCTs had to contain
at least one self-reported or objective measure of sleep.

Data extraction

For questionnaires, the total score and, if applicable, all
reported subscales were extracted. From accelerometry,
sleep efficiency and latency were extracted. The pre- and
post-intervention means, standard deviations (SD) or stand-
ard errors (SE), and numbers of participants in the interven-
tion and control groups were extracted from the publications
independently by two persons. In studies with two control
groups, these were combined to one control group according
to the Cochrane handbook [27]. If not all minimally needed
information was available in the publication, the correspond-
ing author of the respective study was contacted.

Quality assessment

The methodological quality of each trial was examined using
the risk of bias criteria recommended by the Cochrane Col-
laboration [27]. The scoring was carried out by two inde-
pendent reviewers.

Statistical analysis

Standardized mean differences (SMDs) with 95% confidence
intervals (ClIs) were calculated for each study as the dif-
ference of the mean changes from pre- to post-intervention
between the intervention and the control group divided by a
pooled pretest standard deviation [28]. Random-effects mod-
els were calculated using the Cochrane-Software RevMan
5.3. Potential risk of publication bias was assessed through
visual analysis of funnel plot symmetry and heterogeneity
between studies using the )(2 test and the I statistic. Further,
we conducted subgroup analyses to investigate effects of
different types of exercise and timing.

To compare the effect of different types of exercise we
grouped interventions as “physical exercise” (resistance
training, aerobic training, a combination of both or walk-
ing intervention) or “mind-body exercise” (yoga, Tai Chi
or Qigong).
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Table 1 Study characteristics; studies written in grey were included in the qualitative review only

N, meanage Timing Inter- Delivery Dura- Frequency/ Control Sleep
()] vention mode tion duration outcome
(weeks)
Bower 2012  IG: N=16 After treatment  Yoga Supervised, 12 90 minutes, Health psal
(USA) [52] 54.4 (5.7) group based twice weekly education
CG: N=15
53.3(4.9)
Carson N=37 After treatment  Yoga Supervised 8 120 minutes, Wait-list 0-9 scales
2009 54.4 (7.5) weekly
(USA) [51]
Chandwani I1G: N=30 During Yoga Supervised 6 60 minutes, Wait-list PsQl
2010 51.4 (8.0) radiotherapy twice weekly
(USA) [53] CG: N=31 supervised,
54.0 (10.0) daily home-
based (audio
CD)
Chandwani I1G: N=53 During Yoga Supervised 6 60 minutes, CG1: Wait- PsQl
2014 52.4(1.4) radiotherapy 3 times/week list
(USA) [54] CG1: N=54 CG2:
52.1(1.3) Stretching
CG2: N=56
51.1(1.3)
SE!
Chaoul IG: N=74 During (neo) Yoga 4 classes 4-12 Supervised 75-  CG1: Usual psaQl,
2017 49.5(9.8) adjuvant supervised 90 minutes, care ActiGraph
(USA) [55] CG1: N=85 chemotherapy 1-on-1; daily home- CG2:
49 (10.1) home-based based Stretching
CG2: N=68
50.4 (10.3)
Chen 2013 1G: N=49 During Qigong Supervised, 5-6 40 minutes, Wait-list PsQl
(China) [56] 45.3 (6.3) radiotherapy group-based 5 times/week
CG: N=47
44.7 (9.7)
Courneya IG1: N=95 During Aerobic supervised Duration  1G1: 25-30 1G2: higher Psal
2014 49.5 (8.0) chemotherapy exercise of minutes, 3 dose of
(Canada) 1G2: N=99 chemo- times/week; aerobic
[36] 49.9 (8.7) therapy 1G2: 50-60 exercise
1G3: N=102 minutes, 3 1G3: aerobic
50.5(9.4) times/week; and
1G3: 25-30 resistance
minutes exercise
aerobic
exercise + 30-
35 minutes
strength
exercise, 3
times/week
Danhauer 1G: N=22 During or after Yoga Supervised, 10 75 minutes, Wait-list psQl
2009 54.3 (9.6) completion of group-based once/week
(USA) [57] CG: N=22 treatment
57.2(10.2)
Ghavami I1G: N=40 After treatment  Aerobic Supervised 24 50 minutes, Usual care psQl
2017 48.8 (9.5) exercise + 3-5
(Turkey) CG: N=40 dietary times/week
[37] 49.2 (9.5) energy
restriction
Irwin 2017 IG: N=45 After treatment  Tai Chi Supervised 12 120 Cognitive PsQl
(USA) [31] 59.6(7.9) minutes/week  behavioral
CG: N=45 therapy for
60 (9.3) insomnia
Kiecolt- I1G: N=100 After treatment  Yoga Supervised 12 90 minutes, Usual care PsQl
Glaser 51.8(9.8) twice/week
2014 CG: N=99
(USA) [58] 51.3 (8.7)
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Table 1 (continued)

N, mean age

(sD)

Timing

Inter-
vention

Delivery
mode

Dura-
tion

Frequency/
duration

Sleep
outcome

(weeks)

Kr6z 2017 1G1: N=20 After treatment  IG1: Supervised + 10 140-165 1G2: PsQl
(Germany) 59.8 (9.8) Aerobic homebased minutes/week Multimodal
[32] 1G2: N=34 exercise program;
60.3 (9.5) IG3:
1G3: N=51 Multimodal
56.6 (7.9) program +
aerobic
exercise
Larkey 2015  IG: N=28 After treatment  Qigong/ Supervised 12 60 minutes, Sham PsQl
(UsA) [30] 57.7 (8.9) Tai Chi once/week Qigong
CG: N=30 Easy
59.8 (8.9)
Lotzke 2016  IG: N=45 During Yoga Supervised + 12 60 minutes Physical EORTC-
(Germany) 51(11) chemotherapy/ homebased supervised, exercise QLQ-C30
[29] CG: N=47 hormonal once/week; 20
51.4(11.1) therapy minutes
homebased,
twice/week
Mock 1997 IG: N=23 During Walking Home-based  Begin- Individual Usual care SAS
(USA) [48] 48.1(5.4) radiotherapy ning to duration, 4 -5
CG: N=23 end of times/week
50.3 (8.5) radio-
therapy
Mustian 1G: N=116 After treatment  Yoga Supervised 4 75 minutes, Usual care psaQl,
2013 54.3 (0.8)* twice/week ActiGraph
(UsA) [38] CG: N=113
54.0 (0.7)*
Payne 2008  N:20 During Walking Home-based 14 20 minutes, 4 Usual care psaQl,
(USA) [49] 64.7 (6.3) radiotherapy times/week ActiGraph
Rogers 1G: N=20 During Walking Supervised, 12 BEAT: 150 Wait-list PsQl
2009 52 (15.0) hormonal home-based minutes per
(UsA) [33] CG: N=18 therapy week
54 (8.0) moderate to
vigorous
physical
activity
behavior
change
intervention
Rogers 1G: N=12 After primary Aerobic Supervised, 12 Adapted from Wait-list Psal,
2013 58.0 (6.1) treatment exercise home-based BEAT: 150 ActiGraph
(UsA) [39] CG: N=9 and minutes per
53.7 (13.9) resistance week of
exercise aerobic
exercise,
twice/week
resistance
training
Rogers N=42 After primary Aerobic Supervised, 12 Adapted from Usual care psaQl,
2015 56.2(7.7) treatment walking home-based BEAT: 160 ActiGraph
(USA) [34] and minutes per
resistance week of
training aerobic
exercise,
twice/week
resistance
training
Rogers N=214 After primary Physical Supervised, 12 BEAT: 150 Usual care psaQl,
2017 54.4(8.5) treatment activity home-based minutes per ActiGraph
(USA) [40] week
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Table 1 (continued)

N, meanage Timing Inter-

()] vention

Delivery
mode

Dura- Frequency/ Control
tion duration

(weeks)

Sleep
outcome

moderate to
vigorous,
physical
activity
behavior
change
intervention
Roveda I1G: N=19 After treatment  Aerobic Supervised 12 60 minutes, Usual care ActiGraph
2017 55.2 (6.8) exercise twice/week
(Italy) [59] CG: N=21
58.2 (6.4)
Steindorf N=155 During Resis- Supervised 12 60 minutes, Relaxation EORTC-
2016 55.6 (9.0) radiotherapy tance twice/week training QLQ-C30
(Germany) training
[60]
Vardar Yagli  1G1: N=19 After treatment  IG1: Yoga Supervised 6 30 minutes, 3 1G2: Aerobic  EORTC-
2015 49.9 (4.7) and times/week exercise QLQ-C30
(Turkey) 1G2: N=21 aerobic
[61] 47.4(7.6) exercise
Vardar Yagli  1G1: N=10 After treatment  Yoga Supervised, 4 60 minutes, 1G2: VAS
2015 68.6 (6.2) home-based twice/week exercise
(Turkey) 1G2: N=10
[62] 68.9 (2.9)
Vadiraja 1G: N=42 During Yoga Supervised, 6 60 minutes, 3 Brief EORTC-
2009 CG: N=33 radiotherapy home-based times/ week counseling QLQ-C30
(India) [63] (supervised),
home-based at
the other days
Wang 2011 I1G: N=35 After breast Walking Home-based 6 30-50 minutes,  Usual care PsQl
(Taiwan) 48.4(10.2) surgery/during 3-5
[64] CG: N=37 chemotherapy times/week
52.3(8.8)
Yang 2010 1G: N=19 During Walking Home-based 12 40 minutes, 3 Usual care MDASI-T
(Taiwan) 50.8 (7.1) chemotherapy times/week
[50] CG: N=21
52.7 (8.1)

*for the whole study, not just breast cancer

Abbreviations: CG: control group; EORTC-QLQ-C30: European Organization for the Research and Treatment of

Cancer — Quality of Life version 1; IG: intervention group; MDASI-T: Taiwanese Version of the M. D. Anderson

Symptom Inventory; N: number of subjects included in the quantitative analyses; PSQI: Pittsburgh Sleep Quality

Index; SAS: Symptom Assessment Scales; VAS: Visual Analog Scale

Results
Literature search

Three databases yielded 398 articles and 3 further arti-
cles were found through checking the references of
other publications. By removing duplicates, 313 articles
were left. After screening titles and abstracts, 266 stud-
ies were excluded. After reviewing the full text of the
remaining 47 publications, 28 were considered eligible.
Of those 28 suitable studies, 5 could not be included in

the quantitative meta-analysis due to missing information
and no response to our request. One further study was
excluded due to a low number of subjects and high scor-
ing of risk of bias. Thus, 22 studies were included in the
meta-analysis (Fig. 1).

Characteristics of the studies

The 22 trials included in the meta-analysis compromised
2107 participants with a mean age of 52.8 years. Sleep was
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Fig. 1 Flow chart

assessed in 17 studies with the Pittsburgh Sleep Quality
Index (PSQI) and in 4 studies with the European Organisa-
tion for Research and Treatment of Cancer Quality of Life
Questionnaire of Cancer Patients (EORTC-QLQ-C30).
Six studies included objective sleep assessments using
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accelerometers (ActiGraph). Interventions included aero-
bic training (3 studies), resistance training (one study), or
a combination of both (4 studies), walking (one study),
yoga (10 studies), Qigong (two studies), or Tai Chi (one
study). The duration of the interventions ranged from 4 to
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24 weeks, with a wide range of frequency and duration of
training units. One intervention was home-based only, 13
interventions were supervised, and 8 interventions a com-
bination of both. Of the 22 included studies, 13 control
groups were usual care/waitlist control, of which two were
combined with an additional stretching. One study made
relaxation training, one brief counselling, one health edu-
cation, two behavioral therapy, and three absolved another
exercise intervention (Table 1).

Quality evaluation

The risk of bias summary for all studies included in the
meta-analysis can be found in Fig. 2. Figure 3 shows the
risk of bias for self-reported and objective measurement
of each RCT according to the Cochrane risk of bias tool.
Regarding blinding of outcome assessment we judged
studies separately for objective or self-reported outcomes,
thus, not 100% of studies have these assessments. Blinding
of outcome assessment is not possible for self-reported
outcomes. Only studies with an objective measurement—
here with ActiGraph, were rated at low risk.

To check for publication bias we used a funnel plot
(Fig. 4).

Outcomes

For all parameters, lower values indicate better sleep. Physi-
cal exercise interventions (SMD —0.32; 95% CI —0.54
to —0.10; heterogeneity: p-HET =0.18; I°=34%) and
mind-body exercise interventions (SMD —0.27; 95% CI
—0.44 to —0.09; p-HET =0.02; 12:54%) resulted in sig-
nificant improvements of sleep problems. There was no sig-
nificant difference between the effects of physical exercise

and mind-body exercise (p = 0.73). Considering sub-
groups by time of intervention, the effects of physical exer-
cise seemed to be somewhat stronger during therapy than
after therapy, whereas mind—body exercise effects seemed
to be stronger after therapy. Yet, differences between the
subgroups were not statistically significant, the number of
studies per subgroup were small, and effects of mind—body
exercise interventions during treatment were very heteroge-
neous (>=67%) (Fig. 5). Further examination of different
exercise types, e.g. comparing aerobic vs. resistance train-
ing, was not meaningful due to too small numbers of studies
in such groups.

Regarding PSQI subscales, physical exercise and
mind-body exercise studies were summarized due to the
limited number of studies reporting PSQI subscales. The
results showed significant improvements of sleep qual-
ity (SMD —0.28; 95% CI —0.44 to —0.11; p-HET =0.62;
I’=0%) and of sleep disturbances (SMD —0.26; 95% CI
—0.45 to —0.06; p-HET=0.31; ’=15%). For sleep latency
and daytime dysfunction there were tendencies for a benefi-
cial influence (Fig. 6).

Regarding the objective sleep measurements measured
by ActiGraph, i.e. sleep efficiency and sleep onset latency,
no significant effects of exercise were found. Especially, the
three largest of the six available studies consistently showed
SMDs close to zero (Fig. 7).

The study of Lotzke et al. directly comparing yoga vs.
physical exercise [29] found no significantly different effect
on sleep problems (SMD 0.08; 95% CI —0.3 to 0.47). Lar-
key et al. compared Qigong/Tai Chi with Sham Qigong,
i.e. an intervention that was completely identical in setting,
duration, and frequency to the Qigong/Tai Chi classes but
containing only the physical activity components without
the focus on meditation and breathing [30]. There was no

@ Springer



8 Breast Cancer Research and Treatment (2019) 176:1-15

group effect on sleep problems (SMD —0.18; 95% CI —0.67
to 0.31) (Fig. 8).

The study of Ghavami et al. in overweight and obese
breast cancer survivors showed a strong benefit of a com-
bined exercise and dietary intervention focusing on weight
reduction with respect to subjective sleep problems com-
pared to a group with no intervention (SMD —1.74; 95%
CI —2.24 to — 1.24) (Fig. 8). Finally, two studies compared
exercise (Tai Chi [31] or aerobic exercise [32]) with a cog-
nitive behavioral therapy intervention. Both found a signifi-
cantly better effect of the cognitive behavioral therapy inter-
vention on sleep problems (SMD 0.38; 95% CI 0.06-0.69;
p-HET =0.48; I’=0%) (Fig. 8).

Discussion

This is the first meta-analysis considering various subjective
as well as objective sleep aspects in breast cancer patients.
Our quantitative analysis indicated that both physical and
mind-body exercise can improve sleep in breast cancer
patients. Effects did not differ significantly between inter-
ventions during cancer therapy versus interventions after
cancer therapy. During cancer treatment, however, physical
exercise tended to outperform mind-body exercise whereas
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= | @ | Allocation concealment (selection bias)
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-
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Chen 2013 ® ter. Results also suggest that benefits of exercise on sleep
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sleep quality and sleep disturbances. In contrast to the sub-
jective sleep measures, there was no effect of exercise on
objective sleep measures.

The meta-analysis did not reveal a clear superiority of
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[30], found no significant differences between the physical
and the mind-body exercise groups.

A qualitative review [24] suggested walking as an effec-
tive intervention against sleep problems in cancer patients
whereas effects on mind-body interventions remained
inconclusive. Our analyses did not support this suggestion.
Although in two of the five identified walking intervention
studies significant effects were seen, they were limited to
only one among several PSQI subscales and did not relate
to the overall PSQI score [33, 34]. Moreover, in one of
these studies, the significant effect was seen only at a later
follow-up but not directly at end of intervention [33, 35]. In
the other (pilot) walking intervention study, the meaning is
unclear as the significant group effect appeared to be mainly
due to a markedly shorter baseline sleep duration among the
controls that post-intervention aligned with the unchanged
values in the walking group. Thus, from the current available
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evidence it cannot be concluded that walking has a stronger
effect on sleep problems than other types of exercise.

Due to a (still) small number of studies, it was not mean-
ingful to carry out quantitative analyses that further differ-
entiate by type (more than physical versus mind-body exer-
cise) or intensity of exercise. However, the multicenter RCT
from Courneya et al. with breast cancer patients undergoing
chemotherapy found that a higher dose of aerobic exercise
(50-60 min, thrice weekly) or a combination of aerobic and
resistance exercise (50—-60 min, thrice weekly) yielded bet-
ter sleep quality compared to standard aerobic intervention
(25-30 min, thrice weekly) [36].

The largest reduction of sleep problems was reported by
the RCT by Ghavami et al. [37]. A substantial reduction in
body mass index (from 29.4 + 2.6 to 25.1 £+ 2.9) as well as
in fatigue, breast and arm symptoms has also been observed.
It investigated a 24-week supervised aerobic training at
3-5 days per week in combination with an individualized
energy restriction diet in overweight or obese breast cancer
survivors compared to a control group without any interven-
tion. In contrast to the other exercise trials, this study exerted
on a specific pathway, i.e. weight reduction and increased
aerobic fitness in inactive overweight or obese women. Thus,
in this subgroup of patients this type of intervention might
be recommendable.

In our quantitative analysis, the two studies comparing
exercise interventions with cognitive behavioral therapy
(CBT) indicated an advantage of CBT with effect sizes of
0.3 [31] and 0.5 [32]. One of them investigated Tai Chi [31],
the other one aerobic exercise [32]. CBT has been commonly

considered as a gold standard for insomnia treatment. The
intervention included cognitive therapy, stimulus control,
relaxation, sleep restriction and hygiene. These components
are aimed at to reestablish a restful sleep.

The results of subjective and objective sleep measurement
did not agree in our meta-analyses. The six studies including
objective measures in sleep latency and efficiency yielded
no overall effect. Whereas in the same studies subjective
sleep measurements regarding these two sleep aspects as
PSQI subscales show a tendency of beneficial effects. In
two studies, the intervention was yoga, one aerobic exercise
and three aerobic exercise combined with resistance train-
ing. Five of the six studies performed both self-reported and
objective sleep measurements. Only one study found a sig-
nificant effect on sleep efficiency by ActiGraph measurement
[38], whereas no significant effect was reported on sleep
latency. Looking at the PSQI subscales, one study showed a
significant effect on sleep latency [39] and another on sleep
efficiency [40].

Actigraphy shows high agreement with the gold stand-
ard polysomnography (PSG) [41, 42] and shows high sen-
sitivity with low specificity [43]. A review by Chen et al.
of different measurement methods especially for cancer
patients summarized that different measurement methods
can detect different sleep disorders in the same patients
and, therefore, always recommended a combination of
objective and subjective measurement. Actigraphy is used
as the best choice for objective measurement because PSG
is very expensive and difficult to implement [44]. So it is
possible that the subjective PSQI measures other forms
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intervention control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup Total  Total Weight 1V, Random, 95% CI IV, Random, 95% CI

Physical exercise
Wang 2011 35 37 15.9% -0.72[-1.17, -0.26] e
Rogers 2017 106 108 30.2% -0.43 [-0.69, -0.18] —u
Rogers 2013 12 9 6.0% -0.30[-1.13, 0.53] - - 1
Steindorf 2016 77 78 26.2% -0.29 [-0.59, 0.01] —=
Rogers 2009 20 18  10.4% 0.04 [-0.56, 0.65] -
Rogers 2015 20 22 11.2% 0.14 [-0.43, 0.71] T
Subtotal (95% Cl) 270 272 100.0%  -0.32[-0.54,-0.10] L 4
Heterogeneity: Tau? = 0.02; Chi? = 7.58, df = 5 (P = 0.18); I? = 34%
Test for overall effect: Z = 2.87 (P = 0.004)

Mind-body exercise
Vardar Yagli 2015 19 21 5.7% -0.95 [-1.57, -0.32] -
Vadiraja 2009 42 33 8.6% -0.87 [-1.33, -0.42] -
Kiecolt-Glaser 2014 100 99  14.0% -0.38 [-0.64, -0.12] -
Mustian 2013 116 113 14.6% -0.28 [-0.53, -0.04] -
Chandwani 2014 53 110 12.5% -0.27 [-0.58, 0.04] -
Danhauer 2009 22 22 6.7% -0.12[-0.68, 0.44] [ —
Chaoul 2017 74 153 14.1% -0.09 [-0.35, 0.17] .
Chandwani 2010 30 31 8.2% -0.08 [-0.55, 0.40] T
Bower 2012 16 15 5.2% 0.09 [-0.58, 0.75] I
Chen 2013 49 47  10.5% 0.10 [-0.27, 0.48] T
Subtotal (95% CI) 521 644 100.0% -0.27 [-0.44, -0.09] &>
Heterogeneity: Tau? = 0.04; Chi? = 19.47, df =9 (P = 0.02); I> = 54%
Test for overall effect: Z = 3.00 (P = 0.003)

Physical exercise during treatment
Wang 2011 35 37 41.8% -0.72[-1.17,-0.26] —
Steindorf 2016 77 78 58.2% -0.29 [-0.59, 0.01] —
Subtotal (95% Cl) 112 115 100.0%  -0.47 [-0.88, -0.05] -
Heterogeneity: Tau? = 0.05; Chi? = 2.42, df = 1 (P = 0.12); I? = 59%
Test for overall effect: Z = 2.21 (P = 0.03)

Physical exercise after treatment
Rogers 2017 106 108 47.9% -0.43 [-0.69, -0.18] ——
Rogers 2013 12 9 11.8% -0.30 [-1.13, 0.53] - 1
Rogers 2009 20 18 19.5% 0.04 [-0.56, 0.65] N
Rogers 2015 20 22 20.9% 0.14 [-0.43, 0.71] -
Subtotal (95% Cl) 158 157 100.0% -0.20 [-0.52, 0.11] -
Heterogeneity: Tau? = 0.04; Chi? = 4.57, df = 3 (P = 0.21); I? = 34%
Test for overall effect: Z=1.29 (P = 0.20)

Mind-body exercise during treatment
Vadiraja 2009 19 21 171% -0.87 [-1.33, -0.42] -
Chandwani 2014 53 110 22.4% -0.27 [-0.58, 0.04] T
Chaoul 2017 74 153  24.3% -0.09 [-0.35, 0.17] .
Chandwani 2010 30 31 16.4% -0.08 [-0.55, 0.40] -
Chen 2013 49 47  19.8% 0.10 [-0.27, 0.48] I
Subtotal (95% Cl) 225 362 100.0% -0.22 [-0.51, 0.06] @
Heterogeneity: Tau? = 0.07; Chi?2 = 12.08, df = 4 (P = 0.02); 1> = 67%
Test for overall effect: Z = 1.56 (P = 0.12)

Mind-body exercise after treatment
Vardar Yagli 2015 19 21 131% -0.95[-1.57, -0.32] e —
Kiecolt-Glaser 2014 100 99 36.5% -0.38 [-0.64, -0.12] —.
Mustian 2013 116 113  38.6% -0.28 [-0.53, -0.04] ——
Bower 2012 16 15 11.9% 0.09 [-0.58, 0.75] -
Subtotal (95% CI) 251 248 100.0% -0.36 [-0.62, -0.10] L 2
Heterogeneity: Tau? = 0.03; Chi* = 5.45, df = 3 (P = 0.14); I> = 45%
Test for overall effect: Z=2.75 (P = 0.006) " " " "

-2 -1 0 1 2

Favours intervention Favours control

Fig.5 Forest plots for self-reported sleep problems, stratified by type and timing of exercise

of sleep disorders than the ActiGraph. There is a need
for more differentiated consideration of sleep disorders in
clinical trials and clinical practice.

Based on our analysis, it seems likely that more indi-
vidualized interventions may be needed to efficiently
help cancer patients with sleep problems. This can be
derived from the observations that (1) for most exercise
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intervention control Std. Mean Difference Std. Mean Difference

Study or Subgroup Total Total Weight IV, Random, 95% CI IV, Random, 95% CI

PSQl quality

Rogers 2017 106 108  43.0% -0.40 [-0.65, -0.14] &

Rogers 2015 20 22 8.4% -0.27 [-0.84, 0.31] - - 1

Chaoul 2017 74 153  40.9% -0.19 [-0.45, 0.07] —T

Rogers 2009 20 18 7.7% -0.07 [-0.67, 0.53] - T

Subtotal (95% Cl) 220 301 100.0%  -0.28 [-0.44, -0.11] <&

Heterogeneity: Tau? = 0.00; Chi? = 1.76, df = 3 (P = 0.62); I? = 0%
Test for overall effect: Z = 3.23 (P = 0.001)

PSQl latency
Rogers 2013 12 9
Rogers 2017 106 108
Rogers 2009 20 18
Rogers 2015 20 22
Subtotal (95% Cl) 158 157

Heterogeneity: Tau? = 0.07; Chiz = 5.99, df = 3 (P = 0.11); I = 50%
Test for overall effect: Z=0.89 (P = 0.37)

PSAQIl duration

Rogers 2017 106 108
Rogers 2009 20 18
Rogers 2015 20 22
Subtotal (95% CI) 146 148

Heterogeneity: Tau? = 0.07; Chi?=4.38,df =2 (P = 0.11); I = 54%
Test for overall effect: Z=0.09 (P = 0.93)

PSQl efficiency

Rogers 2013 12 9
Chaoul 2017 74 153
Rogers 2015 20 22
Rogers 2009 20 18
Rogers 2017 106 108
Subtotal (95% Cl) 232 310

Heterogeneity: Tau? = 0.02; Chi? = 5.92, df = 4 (P = 0.20); I? = 32%
Test for overall effect: Z = 0.96 (P = 0.34)

PSQIl medication

Rogers 2009 20 18
Rogers 2015 20 22
Rogers 2017 106 108
Subtotal (95% CI) 146 148

Heterogeneity: Tau? = 0.00; Chi? = 0.63, df =2 (P = 0.73); I>= 0%
Test for overall effect: Z = 0.46 (P = 0.64)

PSQI disturbance

Chaoul 2017 74 153
Rogers 2017 106 108
Rogers 2015 20 22
Subtotal (95% CI) 200 283

Heterogeneity: Tau? = 0.00; Chi? =2.36, df =2 (P = 0.31); I? = 15%
Test for overall effect: Z=2.58 (P = 0.010)

PSQl daytime dysfunction

Rogers 2015 20 22
Rogers 2013 12 9
Rogers 2017 106 108
Rogers 2009 20 18
Subtotal (95% Cl) 158 157

Heterogeneity: Tau? = 0.11; Chi? = 7.85, df = 3 (P = 0.05); I> = 62%
Test for overall effect: Z=0.50 (P = 0.61)

Fig.6 Forest plots for self-reported measurements (PSQI subscales)

interventions the effect sizes were rather small to mod-
erate (2) very different types of interventions such as
progressive resistance training, walking, or yoga yielded
benefits on sleep in several but not all patients (3) effects
might depend on timing of the intervention as well as on

14.0% -0.57 [-1.42, 0.28] e —
41.5% -0.30 [-0.55, -0.05] ——
21.7% -0.29 [-0.90, 0.31] —
22.8% 0.44 [-0.14, 1.02] o
100.0% -0.17 [-0.54, 0.20] B
48.5% -0.21 [-0.46, 0.04] —
25.2% 0.00 [-0.60, 0.60] —
26.3% 0.46 [-0.12, 1.04] T
100.0% 0.02 [-0.38, 0.42] -
6.6% -0.13 [-0.95, 0.70] . E—
34.4% -0.12 [-0.38, 0.14] —m
12.3% 0.19[-0.39, 0.76] e
11.3% 0.29 [-0.32, 0.89] i —
35.4% 0.30 [0.05, 0.55] ——
100.0% 0.11 [-0.11, 0.33] L 2
12.7% -0.24 [-0.84, 0.37] — T
14.1% -0.15 [-0.72, 0.43] —_—
73.2% 0.00 [-0.25, 0.25] 1—
100.0% -0.05[-0.27, 0.16]

43.3% -0.31[-0.57, -0.05] —
45.7% -0.31[-0.56, -0.05] —
10.9% 0.16 [-0.41, 0.74] —
100.0%  -0.26 [-0.45, -0.06] <>

24.0% -0.44 [-1.02, 0.14] —

16.5% -0.31[-1.14, 0.52] I

37.0%  -0.26[-0.52,-0.01] —

22.5% 0.63[0.01, 1.25] e
100.0% -0.11 [-0.54, 0.32] f

2 -1 0 1 2
Favours intervention Favours control

the subtype of sleep problems, and (4) that interventions
which targeted specific problems showed strongest effects.
Obese patients might need combined dietary, exercise, and
behavior change interventions aiming for enduring weight
reduction; patients who are depressed or have disturbed
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intervention control Std. Mean Difference Std. Mean Difference
Study or Subgroup Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
ActiGraph sleep efficiency
Roveda 2017 19 21 10.0% -0.96 [-1.59, -0.33]
Chaoul 2017 74 153 23.1% -0.18 [-0.44, 0.08] =T
Mustian 2013 116 113 24.0% -0.02 [-0.26, 0.22] -
Rogers 2017 104 105 23.4% 0.03 [-0.22, 0.29] -
Rogers 2015 20 22 11.3% 0.25[-0.33, 0.82] N
Rogers 2013 15 13 83% 0.45[-0.27, 1.17] -
Subtotal (95% CI) 348 427 100.0% -0.07 [-0.31, 0.17] <
Heterogeneity: Tau? = 0.05; Chi? = 12.32, df = 5 (P = 0.03); I = 59%
Test for overall effect: Z = 0.57 (P = 0.57)
ActiGraph onset latency
Roveda 2017 19 21 7.3% -0.53 [-1.13, 0.07] L —
Rogers 2015 20 22 7.6% -0.53 [-1.11, 0.06] I
Rogers 2013 15 13 5.4% -0.33 [-1.05, 0.38] - 1
Mustian 2013 116 113 27.7% -0.03 [-0.28, 0.21] -
Chaoul 2017 74 153  25.6% 0.03 [-0.23, 0.29] e
Rogers 2017 104 105 26.3% 0.08 [-0.18, 0.33] =
Subtotal (95% CI) 348 427 100.0% -0.08 [-0.25, 0.09] <
Heterogeneity: Tau? = 0.01; Chi? = 6.97, df = 5 (P = 0.22); 1> = 28%
Test for overall effect: Z=0.89 (P = 0.37) " " " "
-2 -1 0 1 2

Fig. 7 Forest plots for objective measurement (ActiGraph)

intervention control

Favours intervention Favours control

Std. Mean Difference Std. Mean Difference

Study or Subgroup Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Comparison with behavioral therapy

Irwin 2017 45 45 64.9% 0.30 [-0.10, 0.69] ——

Kroz 2017 20 34 351% 0.53[0.00, 1.07] _'_

Subtotal (95% CI) 65 79 100.0% 0.38 [0.06, 0.69] S

Heterogeneity: Tau? = 0.00; Chi? = 0.51, df = 1 (P = 0.48); I? = 0%

Test for overall effect: Z = 2.36 (P = 0.02)
Mixed interventions

Ghavami 2017 40 40 33.0% -1.74[-2.24,-124] — &

Larkey 2015 28 30 33.1% -0.18 [-0.67, 0.31] I

Lotzke 2016 45 47 33.9% 0.08 [-0.30, 0.47] I

Subtotal (95% CI) 113 117 100.0% -0.61 [-1.69, 0.48]

Heterogeneity: Tau? = 0.87; Chi? = 34.29, df = 2 (P < 0.00001); I> = 94%

Test for overall effect: Z=1.09 (P = 0.27) t t + +

-2 -1 0 1 2

Fig. 8 Forest plots for studies comparing exercise with other interventions

sleep due to anxious thoughts or worries possibly might
rather need psycho-oncological counselling in combina-
tion with a mind-body exercise, whereas patients who had
engaged in exercise before their cancer diagnosis but now
suffer from reduced physical functioning due to the cancer
therapy might profit from a supervised, progressive physi-
cal exercise program. Future research should investigate
more individualized interventions.

The mechanisms how exercise affects sleep are largely
unclear. A meta-analysis showed that exercise is an effec-
tive intervention to control inflammation [45]. It is also
known that sleep disorders are associated with inflamma-
tion [46, 47]. Thus, it is possible that the effects of exer-
cise on sleep quality in women with breast cancer can be
attributed to changes in inflammation [34]. Yet, the evi-
dence is still limited. Within our meta-analysis, only four
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studies reported data on inflammation, with heterogeneity
in results.

Strengths and limitations

Strengths of our analysis include the quantitative com-
parison of physical and mind-body exercise interventions
in breast cancer patients both during and after therapy,
the consideration of various sleep subscales, as well as
the meta-analysis regarding objective sleep measures. A
limitation of our analysis was that the training adherence
in the included studies could not be clearly specified and
compared. This would be of high relevance for concrete
recommendations and the development of intervention
strategies. Moreover, the number of studies was too low
for in-depth analyses stratified by duration, intensity and
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frequency of the exercise interventions. Further, in our
quantitative analysis, five published studies could not be
included as neither the relevant data could be extracted
from the publication nor repeated requests to the authors
yielded additional information. Of these five studies, four
were studies with physical exercise interventions and one
with mind-body exercise. However, the published results
of the five studies were consistent with those of our meta-
analysis. The studies concluded that walking during radia-
tion therapy [48], walking during hormonal therapy [49],
walking during adjuvant chemotherapy [50], and yoga
after treatment [51] had positive effects on sleep in breast
cancer patients. In addition to the self-reported sleep prob-
lems, one study also dealt with an objective sleep measure-
ment and found a significantly shorter actual wake time
and less movement in the exercise group [49].

Conclusion

Beneficial effects were found for a variety of interventions,
treatment phases and settings. Thus, it might be worth-
while to clarify in future studies which type of intervention
might be most effective depending on individual patients’
and treatment characteristics. In addition, a better under-
standing of the different types of sleep problems as well
as the best objective or subjective measures are needed.
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