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Abstract

Purpose To investigate the possible role of physical activity (PA) on sleep disturbance in breast cancer patients.

Methods Literature in PubMed, Embase, and the Cochrane Library was systematically searched until January 30, 2020.
Randomized controlled trials that focused on the role of PA interventions on sleep disturbance were selected. The main outcome
measures included the global Pittsburgh Sleep Quality Index (PSQI) score and PSQI subscales. Subgroup analysis was performed
based on the study area and intervention time. The stability and authenticity of the results were measured by sensitivity analysis

and publication bias analysis, respectively.

Results Six articles were included in this meta-analysis. There were no significant differences in global PSQI scores between the PA
intervention group and the usual care group (P =0.057). As for PSQI subscales, PA intervention could improve sleep quality
(weighted mean difference = 0.22; 95% confidence interval 0.04-0.40; P =0.018). There were no significant differences in sleep
duration, sleep medication, sleep latency, habitual sleep efficiency, and daytime dysfunction between the two groups (all P> 0.05).
Conclusion PA serves as an effective intervention to improve sleep quality.

Keywords Physical activity - Breast cancer survivors - Sleep disturbance - Meta-analysis

Introduction

Sleep is essential for health; thus, sleep problems affect phys-
ical and emotional well-being as well as immune system func-
tion. Most cancer patients and cancer survivors frequently
complain about sleep disturbances, manifesting as circadian
rhythm disorders, insomnia, and lethargy [1]. Compared to
patients with other types of cancer, patients with breast cancer
have been found to be particularly vulnerable to sleep distur-
bance [2]. Lowery-Allison et al. [3] reported the sleep
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problems in breast cancer survivors who were at 1-10 years
post-treatment. They found that 38% of breast cancer survi-
vors reported having poor sleep quality. In addition, these
patients had a low quality of life (QoL), high pain severity,
and severe vasomotor symptoms. Notably, sleep disturbances
can aggravate the physical and mental illness syndrome of
cancer survivors, including pain, fatigue, anxiety, and depres-
sion. It also increases the risk of infection and leads to a de-
cline in overall QoL up to 10 years after diagnosis [4].
Therefore, it is necessary to propose solutions for sleep prob-
lems to improve the QoL of cancer survivors.

A previous study has indicated that physical activity (PA)
is an effective approach to manage sleep problems [5]. Recent
publications on PA intervention for breast cancer survivors
suggested that the mortality risk for breast cancer was reduced
after regular exercise [6, 7]. Further evidence indicated that
both high-intensity and low- to moderate-intensity exercises
could reduce general and physical fatigue in cancer survivors
[8]. As for the influence of PA on sleep disturbance, no con-
sensus conclusion has been reached. For example, Roveda
et al. [9] demonstrated that sleep behaviors, such as sleep
disruption, sleep efficiency, and sleep latency, in breast cancer
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survivors could be improved via aerobic PA. In contrast,
Bernard and his colleagues [10] did not confirm a possible
beneficial effect of PA on objective sleep parameters.
Meanwhile, some researchers have designed meta-analyses
to investigate the role of PA in sleep disturbance [11, 12].
However, there are heterogeneity in the types of exercise
and sleep quality evaluation indicators included in these stud-
ies. Various types of exercise are included in a previous meta-
analysis [11], such as walking, yoga, qigong, or tai chi.
Moreover, self-reported sleep quality and objective sleep mea-
surements were recorded in this systematic analysis. Thus, to
accurately assess the effect of PA on sleep quality, the mea-
surement of sleep quality should be unified, and the type of
exercise should be limited.

Traditionally, the Pittsburgh Sleep Quality Index (PSQI),
with an 18-item scale, is used to measure the quality of sleep
and sleep disturbances; it includes seven subscales, namely,
sleep quality, sleep latency, sleep duration, habitual sleep ef-
ficacy, sleep disturbances, use of sleep medication, and day-
time dysfunction [13, 14]. In this study, outcome measures
were assessed using the PSQI and its subscales. The aim of
the current study was to explore the possible role of PA in
sleep disturbance among breast cancer survivors. In brief, ran-
domized controlled trials (RCTs) focusing on the role of PA
interventions on sleep problems among patients with breast
cancers were selected. The weighted mean difference (WMD)
with its 95% confidence interval (CI) was calculated to assess
the effect of PA on the global PSQI score and PSQI subscales.
Subgroup analysis based on the study area and time of inter-
vention was further performed. Our meta-analysis reveals that
exercise can help improve the sleep quality.

Materials and methods
Selection strategy

The meta-analysis was performed based on the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses(PRISMA) guidelines [15]. The eligible studies were
extracted after a thorough search of PubMed, Embase, and the
Cochrane Library till January 30, 2020, using the following
combination of search terms: “exercise,” “physical activity,”
“randomized controlled trial,” “breast neoplasms.” The retrieval
steps of PubMed are shown in Supplementary Table 1. The
enrolled studies were selected without language limitations.
To obtain more relevant literature, printouts of the studies and
reference lists of included studies were manually checked.

Study selection

The inclusion criteria were as follows: (1) all studies were
RCTs; (2) the participants in the studies were breast cancer
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patients; (3) the PA interventions in the experimental group
included aerobic exercise, resistance training, walking, or a
combination of the above, and the control group received
routine care; and (4) the study outcome was sleep quality
measured by the PSQI and PSQI subscales.

The exclusion criteria were as follows: (1) patients with
recurrent or metastatic breast cancer and concurrent dementia;
(2) the PA interventions in the experimental group were yoga,
tai chi, or qigong; (3) reviews, comments, and letters; and (4)
no data or incomplete data. For duplicate publications or the
same data used in multiple studies, only the one with the most
complete research information was included.

Data extraction and quality assessment

Two investigators independently completed literature screen-
ing according to the above inclusion and exclusion criteria and
determined the studies for inclusion in this meta-analysis. In
addition, the following information in each article was inde-
pendently extracted by two investigators: the name of the first
author, year of publication, study area, age of participants,
sample size, breast cancer staging, intervention strategy, and
outcome. The Cochrane Collaboration’s tool for assessing risk
was used to assess the quality of included studies [16]. If
disagreement occurred during data extraction and quality as-
sessment, it would be resolved through a discussion with a
third investigator.

Statistical analysis

For all studies that reported continuous data, we evaluated the
overall summary using WMD with its 95% confidence inter-
val (CI) for PSQI scores (global scores) and each item’s score
(sleep quality, sleep latency, sleep duration, habitual sleep
efficiency, sleep disturbances, use of sleep medication, and
daytime dysfunction). Due to the obvious heterogeneity in
the methodology of the included studies (such as inconsistent
intensity and type of physical exercise), random effects
models were used to merge effect values. Cochran’s Q and
P tests were used to assess heterogeneity among results [7, 8].
Studies with P < 0.05 and I* > 50% were defined as significant
heterogeneity; otherwise, the heterogeneity was not signifi-
cant. In addition, subgroup analysis was used to explore the
possible sources of heterogeneity. We performed subgroup
analysis based on the study area and intervention time.
Furthermore, a sensitivity analysis was conducted by remov-
ing each included study to assess the stability of the summary
results. Publication bias of the included studies was assessed
by an Egger test. All statistical analyses were performed using
RevMan 5.3 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen) and Stata 11.0 (StataCorp LP,
College Station, TX, USA).
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Results
Literature search

The search strategy for literature selection is shown in
Fig. 1. A total of 113, 309, and 205 articles were identi-
fied in the PubMed, Embase, and the Cochrane Library
databases, respectively. After removing duplicates, 435
articles remained. Of these, 419 articles were eliminated
after checking the titles and abstracts. Next, 10 articles
were excluded after reading the full text. In addition,
manual searches failed to find studies that could be in-
cluded in this analysis. Finally, six articles were included
in this meta-analysis [17-22].

Characteristics of the enrolled studies

The characteristics of each eligible study are shown in
Table 1. These included studies published from 2009 to
2017 that were conducted in the USA, Turkey, and Taiwan.
The overall population included 485 participants (241 in the
PA group and 244 in the control group), and the sample size of

each study ranged from 28 to 222. There were no statistically
significant differences in age and body mass index between
the two groups in each included study. Except for the study by
Rogers et al. in 2009 [21], the PA interventions in the rest of
the studies were performed after breast cancer patients re-
ceived surgery. The form of PA interventions included walk-
ing, aerobic training, or a combination of aerobic and resis-
tance training. Moreover, the intervention times were 6, 12, or
24 weeks.

The details of the risk of bias of the included articles are
displayed in Fig. 2. Random sequence generation and alloca-
tion concealment were not provided in the study by Wang
et al. [22]; thus the selection bias of this study was “unclear.”
Meanwhile, the allocation concealment was not described in
the study by Roger et al. in 2013 [20], so the selection bias was
“unclear.” In addition, none of the studies reported the
blinding of participants and personnel as well as the blinding
of outcome assessment. Thus, the “blinding of participants
and personnel” and “blinding of outcomes assessment” had
“unclear risk.” Other evaluation items were “low risk.”
Overall, the methodological bias of the included literature
was moderate.

Fig. 1 Flowchart of the study . . .
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Fig.2 Risk of bias graph and bias

summary of all included
randomized controlled trials. a
Risk of bias graph. b Risk of bias
summary. The green circle
represents low risk of bias and the
yellow circle represents unclear
risk of bias
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Results of meta-analysis

The difference in global PSQI score between PA and tradi-
tional care is shown in Fig. 3. All six articles reported the
outcome. Significant heterogeneity occurred among the in-
cluded studies (/> =88.2%, P <0.05). The pooled results
showed that no significant difference was observed between
the PA group and the control group (WMD =2.07, 95% CI —
0.064.21, P=0.057).

The difference between the PA group and the control
group based on the PSQI subscales is shown in Fig. 4.
Specifically, three articles reported the influence of PA
intervention on sleep quality, sleep duration, and sleep
medication. Sleep quality was significantly improved in
the PA group (WMD=0.22, 95% CI 0.04-0.40, P=
0.018). No significant differences in sleep duration

(WMD=-0.11, 95% CI —0.61-0.39, P=0.660) and
use of sleep medication (WMD =0.06, 95% CI —0.19—
0.30, P=0.641) were found between the PA group and
control groups.

Four studies reported the influence of PA intervention on
the improvement of sleep latency, habitual sleep efficiency,
and daytime dysfunction. No significant differences were
observed in sleep latency (WMD=0.17, 95% CI —0.20—
0.54, P=0.375), habitual sleep efficiency (WMD =0.01,
95% CI —0.36-0.38, P=0.961), and daytime dysfunction
(WMD =0.10, 95% CI —0.23-0.42, P=0.571) between
the PA group and the control group. Furthermore, two stud-
ies reported the influence of PA intervention on sleep dis-
turbances, and the meta-analysis showed no significant dif-
ference in disturbances (WMD =0.09, 95% CI —0.20-0.37,
P=0.541).

@ Springer
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Fig.3 Forest plots of associations
between PA and traditional care
based on the global PSQI score.
The points represent the effect
amount of a single study, and the
size of the points represents the
weight of the study; the horizontal
line represents the confidence
interval of the effect value; and
the diamond represents the pooled
result. PA, physical activity;
PSQI, Pittsburgh Sleep Quality
Index

Study

Ghavami, h 2017
Rogers, LQ 2009
Rogers, LQ 2013
Rogers, LQ 2015
Rogers, LQ 2017

Wang, YJ 2011

Overall (I-squared = 88.2%, p = 0.000)
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Additionally, no significant heterogeneity among the
enrolled studies on sleep quality, habitual sleep efficien-
cy, and use of sleep medication was observed

Fig. 4 Forest plots of the
relationship between PA and
traditional care according to the
score of the PSQI subscales. The
points represent the effect amount
of a single study, and the size of
the points represents the weight of
the study; the horizontal line
represents the confidence interval
of the effect value; and the
diamond represents the pooled
result. PA, physical activity;
PSQI, Pittsburgh Sleep Quality
Index
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(P>0.05). In contrast, obvious heterogeneity was ob-
served on sleep duration, sleep latency, and daytime

dysfu

nction (P <0.05).

%

Study WMD (95% Cl) Weight
Quality
Rogers, LQ 2009 E— 0.05 (-0.42,0.52) 14.11
Rogers, LQ 2015 _—— 0.00 (-0.44, 0.44) 16.24
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Subgroup analysis and sensitivity analysis

We further conducted the subgroup analysis that consid-
ered possible confounding factors, such as study area and
intervention time (Fig. 5). In the case of regional impact,
four studies [18-21] reported the participants from the
USA, and pooled results showed that there was no signif-
icant difference between PA intervention and control
groups (P =0.146). In addition, participants from Turkey
[17] and Taiwan [22] showed PA intervention could im-
prove the global PSQI score (all P <0.05). Furthermore,
PA intervention for 12 weeks [18-21] found no signifi-
cantly different effect on global PSQI score (P =0.146),
while PA intervention for 24 weeks [17] or 6 weeks [22]
showed that significant between-group difference was not-
ed for global PSQI score. However, some subgroup factors
(such as PA intervention for 24 or 6 weeks; participants
from Turkey or Taiwan) included only one study, and the
obtained results were not representative. Thus, we did not
find significant subgroup effects for all the subgroup fac-
tors. Sensitivity analysis results of global PSQI score
showed that the combined result of the effect value was
unstable (Fig. 6). Statistical significance was observed
when we excluded the study by Rogers et al. [21]
(WMD =2.48, 95% CI 0.13-4.48, P<0.05) or Rogers
et al. [19] (WMD =2.57, 95% CI 0.27-4.87, P <0.05).
Additionally, the sensitivity analysis of PSQI subscales
showed that the pooled results did not change after excluding
one study each time, indicating that the conclusions were
highly stable. However, the items of the PSQI subscales

Fig. 5 Forest plots for subgroup

analysis stratified by study area Study
and the length of intervention
time. The points represent the Turkey

effect amount of a single study,
and the size of the points
represents the weight of the study;
the horizontal line represents the
confidence interval of the effect
value; and the diamond represents
the pooled result

Ghavami, h 2017
Subtotal (I-squared =.%,p=.)

USA

reported in these studies [18-21] were all from the same team
(Rogers LQ and colleagues) with the same long intervention
time (12 weeks). Thus, subgroup analysis based on the PSQI
subscales was not performed.

Publication bias

Publication bias analysis was performed according to the
global PSQI score. The result of the Egger test was P=
0.720, indicating no significant publication bias among the
included studies.

Discussion

Sleep problems have a negative impact on the health of cancer
survivors. In addition, poor sleep quality contributes to poorer
functional well-being and stronger fatigue intensity among
breast cancer survivors [23]. It has been reported that PA
intervention plays a role in improving QoL, and regular exer-
cise is associated with improvement of overall sleep health
[24]. This meta-analysis provided a comprehensive analysis
of the benefits of PA interventions in breast cancer survivors.
The results demonstrated that the benefits of PA interventions
on sleep might manifest as significant improvements in sleep
quality in breast cancer survivors (WMD =0.22, 95% CI
0.04-0.40, P=0.018). However, no significant differences
were found in the global PSQI score and other PSQI subscales
(all P>0.05) between the PA intervention and control groups.
The PSQI is used to measure overall sleep quality during the

%
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Fig. 6 Sensitivity analysis of
included studies
Ghavami, h 2017

Rogers, LQ 2009

Rogers, LQ 2013

Rogers, LQ 2015

Rogers, LQ 2017

Wang, YJ 2011 |
-0.78

past month, which is a useful tool for the assessment of sub-
jective sleep quality in nonclinical and clinical settings [25]. It
measures sleep quality from seven dimensions, and the sum of
these seven components produces an overall score to distin-
guish people with good sleep quality from those with poor
sleep quality [13]. Additionally, this scale has good reliability
and validity, and it has been widely used in general medical
and psychiatric studies. Notably, a higher PSQI score is asso-
ciated with poorer sleep quality [26]. Armbruster et al. [27]
examined the impact of PA intervention on the sleep quality of
endometrial cancer survivors using the PSQI score and found
that the mean global PSQI score did not statistically change
from baseline to PA intervention for 6 months. In the current
study, despite the PSQI score changed after the PA interven-
tion compared with that of the baseline score, no statistically
significant difference in global PSQI score was observed be-
tween the PA and control groups, which were in line with the
results of Armbruster et al.’s study [27].

Regarding PSQI subscales, our meta-analysis results
showed that PA interventions could significantly improve
sleep quality, while PA interventions had no effect on sleep
latency, sleep duration, habitual sleep efficacy, sleep distur-
bances, use of sleep medication, and daytime dysfunction. A
systematic analysis by Mercier et al. [12] reported that 48% of
qualitative reviews showed a beneficial effect of exercise on
poor sleep quality. In addition, Rogers et al. [18] revealed that
PA intervention significantly improved sleep quality and re-
duced daytime dysfunction as well as sleep disturbances in
breast cancer survivors at 3 months; only some of the results
were consistent with our study. We suspected that these dif-
ferences might be caused by different periods of intervention.
In this analysis, the intervention period of patients ranged
from 6 to 24 weeks. Moreover, sleep latency represents the

@ Springer

Meta—analysis estimates, given named study is omitted
Lower Cl Limit

O Estimate Upper Cl Limit

-0.06 4.21 5.01

time spent falling asleep, sleep duration represents total time
of sleep, and sleep efficiency refers to sleep time divided by
time spent in bed [28]. Kreutz et al. [11] found no significant
difference in the effect of physical exercise on these indicators
among patients with breast cancer, which was consistent with
our findings.

According to the data from the study by Humpel et al. [29],
sufficient exercise as per the national guidelines was only
reported by 19% of breast cancer survivors, suggesting that
the effect of PA on sleep dysfunction might be limited by the
duration or intensity of PA. The duration of PA in the included
studies varied from each other, such as 6, 12, or 24 weeks.
Although we concluded in the three included studies that PA
intervention had a significant impact on sleep quality of breast
cancer survivors, they were limited to only one among several
PSQI subscales and did not correlate with the global PSQI
scores, and the association should be further studied after in-
cluding more patients and more detailed information.

To date, the mechanism by which exercise affects sleep
quality is largely unclear. Some common signs and symptoms
of cancer are related to pro-inflammatory cytokines.
Therefore, one crucial mechanism through which physical
exercise exerts effects on sleep is by reducing chronic low-
grade inflammation [30]. It is also known that sleep disorders
are associated with increases in markers of systemic inflam-
mation, such as C-reactive protein, interleukin-6, and tumor
necrosis factor-oc [31]. Thus, it is possible that the effects of
PA on sleep quality in breast cancer patients can be attributed
to changes in inflammation. Another hypothesis may be that
exercise is involved in a dual-process model of circadian
rhythm and homeostatic regulation [32, 33], and it stimulates
the recovery function during sleep, triggering an increase in
body temperature. Then, the decrease in body temperature
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after exercise can promote the latency to fall asleep and slow-
wave sleep [34]. However, the evidence is still limited.
Meanwhile, our present analysis did not conduct an in-depth
study on the mechanisms through which exercise affect sleep,
which would be the focus of our future research.

In this meta-analysis, significant heterogeneity existed,
which might be attributed to inconsistent intensity and type
of physical exercise in each enrolled study. All statistics of PA
in enrolled studies were self-reported, and thus, the data might
be under- or over-reported. Moreover, subgroup analysis
based on the study area and follow-up time was performed
to explore heterogeneity in the meta-analysis, but the results
showed that no significant subgroup effects were found for
any subgroup factors.

The strengths of our analysis are listed as follows. A uni-
fied sleep quality assessment tool, the PSQI, was used in our
study, which could reduce heterogeneity in outcome evalua-
tion to some extent. The low risk of publication bias in the
included studies suggested highly credible results.
Additionally, sensitivity analysis demonstrated that our results
were stable. Unfortunately, some limitations of this study
should also be acknowledged. First, the studies included in
this meta-analysis were limited, and most of them were from
the same authors (Rogers et al.). Although no significant effect
of PA on the PSQI global score was found, RCTs with a larger
sample size were needed to verify this conclusion. Second,
various types of PA interventions were included in the study,
which might have resulted in heterogeneity. Finally, there was
no follow-up to track the continuous effect post-intervention
due to the limitations of the original study.

Till date, nontraditional care such as PA has been recom-
mended for patients with cancer. The current study showed
that sleep quality in breast cancer survivors could benefit from
PA intervention. Although our data suggested that physical
exercise could improve the PSQI sleep quality score, and no
significant differences between two groups was noted for
sleep duration, sleep medication, sleep latency, habitual sleep
efficiency, and daytime dysfunction between the two groups.
Thus, further RCTs with large samples and of high quality are
needed to verify this hypothesis.
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