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Abstract
Objective: To improve mechanistic understanding, this pilot randomized controlled trial examined
mediators of an exercise intervention effects on sleep in breast cancer survivors (BCS).

Methods: Forty-six postmenopausal BCS (≤Stage II, off primary treatment) were randomized to a
3-month exercise intervention or control group. Intervention included 160 min/week of moderate
intensity aerobic walking, twice weekly resistance training (resistance bands), and six discussion
groups (to improve adherence). Blinded assessments at baseline and post-intervention included sleep
disturbance (PSQI and PROMIS®), objective sleep quality (accelerometer), serum cytokines, acceler-
ometer physical activity, cardiorespiratory fitness, body composition, fatigue, and psychosocial
factors. Mediation was tested using Freedman–Schatzkin difference-in-coefficients tests.

Results: When compared with control, the intervention group demonstrated a significant increase in
PSQI sleep duration (i.e., fewer hours of sleep/night) (d= 0.73, p= .03). Medium to large but non-
significant standardized effect sizes were noted for PSQI daytime somnolence (d=�0.63, p= .05)
and accelerometer latency (d=�0.49, p= .14). No statistically significant mediators were detected for
PSQI sleep duration score or accelerometer latency. Daytime somnolence was mediated by tumor
necrosis factor-alpha (mediated 23% of intervention effect, p< .05), interleukin (IL)-6:IL-10
(16%, p< .01), IL-8:IL-10 (26%, p< .01), and fatigue (38%, p< .05). Mediating or enhancing
relationships for several of the sleep outcomes were noted for accelerometer physical activity,
PROMIS® fatigue, exercise social support, and/or physical activity enjoyment.

Conclusions: Inflammation and psychosocial factors may mediate or enhance sleep response to our
exercise intervention. Further study is warranted to confirm our results and translate our findings into
more effective interventions aimed at improving sleep quality in BCS.
Copyright © 2014 John Wiley & Sons, Ltd.

Introduction

Sleep disturbance is a common and persistent symptom
suffered by cancer survivors, especially those with a his-
tory of breast cancer [1,2]. The majority of breast cancer
survivors report sleep disturbances during the months
after diagnosis [3] with 18% reporting persistent insomnia
3 to 4 years post-diagnosis [4]. Importantly, sleep distur-
bance predicts poorer quality of life [3].
According to the National Comprehensive Cancer

Network (NCCN) guidelines, regular exercise is recom-
mended as part of ‘general sleep hygiene measures’ and
treatment of sleep disturbance among cancer survivors
(http://www.nccn.org/professionals/physician_gls/pdf/
survivorship.pdf). Improved understanding of the mecha-
nisms underlying exercise effects on sleep quality can be
used to improve interventions aimed at reducing sleep

disturbance after cancer diagnosis. The etiology of sleep
disturbance is multifactorial with several theoretical
models proposed [5]. Taken as a whole, a biobehavioral
framework is warranted due to proposed mechanisms
and associated factors [i.e. physiologic alterations (neuro-
logic, endocrine, and immune), affective factors (e.g. per-
sonality traits), cognitive-behavioral (e.g. perceptions of
the meaning of sleep quality), and comorbid disorders
(e.g. depression, anxiety)] [5]. Examining inflammatory
mechanisms underlying sleep quality response to exercise
in breast cancer survivors is particularly relevant given that
change in inflammation is proposed as an etiologic mecha-
nism underlying exercise effects on cancer risk [6], sleep
disturbances [7], and other symptoms such as fatigue [8].
Although our study protocol was developed with a focus
on examining inflammation as a mediator of exercise
effects on sleep, we also report psychosocial factors
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(secondary study outcomes) because of the behavioral and
affective factors contributing to sleep quality [5].
A recent meta-analysis of exercise effects after cancer

reported a standardized mean difference for sleep distur-
bance of �0.46 (95% confidence interval: �0.72 to
�0.20) when comparing 12-week follow-up values by
comparison group [9] with the vast majority of the studies
assessing sleep by self-report. Since the 2012 meta-
analysis, five additional studies have reported sleep out-
comes [10–14]. These studies have varied with regard to
sample size (28 to 187 participants), cancer type (breast,
lymphoma, multiple myeloma, lung, colorectal, prostate,
other solid tumor), and treatment status (on primary treat-
ment, off primary treatment, or a mix of both). Only two
reported statistically significant intervention effects on
sleep [i.e. self-reported sleep latency [10] and general per-
ceived sleep quality [11]] with only two measuring sleep
with a tool other than self-report (i.e. actigraphy) [10,14].
No prior study has reported a mediation analysis

examining the mechanisms underlying the effects of
exercise on sleep after a cancer diagnosis. One prior
randomized exercise trial reported the associations
between changes in serum markers of inflammation
(i.e. serum cytokines) and changes in sleep quality in a
randomized controlled exercise and cancer trial but no
formal mediation analysis was performed [15]. In this study
of 38 breast and prostate cancer patients receiving
radiation therapy, no significant associations among the
change scores were found for individuals randomized to
the exercise group. In the control group, the change in
tumor necrosis factor (TNF)-alpha from baseline to
post-intervention (i.e. 4 week home-based pedometer with
resistance bands intervention) was positively associated
with a change in sleep latency (r= 0.50, p= .03) and sleep
medication use (r= 0.58, p= .009).
Given the limited and inconsistent data related to exercise

effects on sleep and the mechanistic mediators of these
effects, our primary study aim was to investigate inflamma-
tory mechanisms that may underlie the effects of an exercise
intervention on subjective and accelerometer-measured sleep
outcomes. Our secondary aim was to examine non-
inflammatory mediators collected as secondary outcomes.

Methods

Study design and participants

This randomized controlled trial has been described in a
previous publication reporting mediators of fatigue [16]
with a brief summary provided here. A 3-month exercise
intervention was compared with the control group; out-
comes were obtained at baseline (pre-intervention; M0)
and 3 months (post-intervention; M3) with a small mone-
tary incentive paid to the participants after completion of
each assessment. Randomization was stratified by ductal

carcinoma in situ (DCIS) versus Stage I or II and done
in blocks of four using computer generated numbers. Staff
members and investigators were unaware of group
allocation until the opaque envelopes containing the group
assessment were opened after the participant completed
baseline testing. Participants were randomized in the order
in which they completed baseline testing.
Local institutional review board approval was obtained,

and all participants provided informed consent before
initiating study activities. An individual was included if
she was a post-menopausal woman between the ages of
30 and 70 years with a history of breast cancer [i.e. DCIS,
Stage I, or Stage II]. Participants had to be ≥4 weeks post
primary treatment but could be currently receiving longer
term therapies such as anti-estrogen agents. Other inclu-
sion criteria include ≥8 weeks post-cancer surgery, able
to speak English, and able to obtain medical clearance
for study participation from their physician. To facilitate
avoiding a ‘floor effect’, participants were required to
report either an average fatigue ≥3 on a 1 to 10 Likert
scale [17] or sleep disturbance ≥1 on a 0 to 3 Likert scale
[18]. Because serum cytokine levels were the primary
mediators being examined, participants had to be willing
to abstain from ‘as needed’ medications for 7 days prior
to each blood draw. Individuals were excluded if they
had metastatic or recurrent breast cancer, required assis-
tance to ambulate, were currently taking steroids, had
been advised by a physician to only do exercise prescribed
by a physician, were exercising >20 min on ≥2 days per
week (on average over the past six months), lived or
worked >50 miles from the study site, or did not have
transportation to the study site. Individuals were also
excluded if they anticipated any of the following during
study participation: (a) moving residence outside local
area, (b) changes in usual medications, (c) elective sur-
gery, or (d) travel outside local area during the first
4 weeks of the intervention or for >1 week during the last
8 weeks of the intervention. Participants with health
conditions that increased exercise risk, prevented ability
to comply with study activities, or significantly altered
systemic inflammation were excluded [16] .

Exercise intervention

The exercise intervention has been described in detail in a
previous publication [16]. In brief, this combined aerobic
with strength training intervention included supervised,
on-site sessions twice a week (treadmill aerobic walking
of moderate intensity and resistance bands) and unsu-
pervised, home-based sessions twice a week (aerobic
walking, not necessarily on a treadmill). The total weekly
goal for aerobic minutes was 160 min (i.e. four sessions of
40 min each spread out throughout the week). Moderate
exercise intensity was based on the Karvonen method
(i.e. 48% to 52% of heart rate reserve). The weekly goal
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for resistance bands was two sessions (supervised) which
included eight different resistance exercises focused on
the major muscle groups with up to 2 sets of 15 repetitions
per exercise. Behavioral support for improving adherence
was provided in the format of six discussion group
meetings based on a prior successful behavior change
intervention [19]. These groups were led by a clinical
psychologist (or psychology intern under the supervision
of a clinical psychologist), and the group dynamics were
facilitated by enrolling participants in cohorts or ‘waves’.

Control group instructions

Participants randomized to the control group were asked
to avoid changing their exercise behavior during the study
when compared with what they were doing at time of
study enrollment.

Measures: general

As previously described [16], demographic and medical
characteristics were self-reported. Unless otherwise speci-
fied, measures were obtained at baseline (pre-intervention)
and 3 months (post-intervention). Carbohydrate ingestion
which might act as a covariate [20] was assessed with a
3-day diet record [FoodWorks 13 (Long Valley, NJ)].
Exercise adherence was assessed with attendance records
and weekly exercise logs (intervention group only; every
week of the intervention). Both control and intervention
participants wore a MTI/Actigraph accelerometer for
seven days at baseline and 3 months [four valid days were
required for analysis; cutpoints were sedentary = 0–99
[21], inactive = 100–499, light activity = 500–1951, mod-
erate activity = 1952–5724, vigorous≥ 5725 [22]].

Measures: sleep

Self-reported sleep disturbance was measured using the
Pittsburgh Sleep Quality Index [PSQI; subjective sleep
quality, latency, sleep duration, efficiency, sleep distur-
bances, use of sleep medications, daytime somnolence,
and global score (sum of subscales)]. The PSQI was
scored according to published protocol (i.e. higher score
indicates greater sleep disturbance) [18]. To improve
interpretation of the sleep duration subscore, we also
report the number of self-reported hours of sleep per night.
In addition, sleep quality was self-reported using the
Patient Reported Outcomes Measurement Information
System (PROMIS®) sleep/wake disturbances scale
[16 items; all items use a 1 to 5 Likert scale (http://www.
nihpromis.org/default.aspx)]. Items were summed and then
converted to T scores using conversion tables published on
the PROMIS® website; higher scores indicate greater
sleep/wake disturbances.
During the 7-day physical activity monitoring, the

same accelerometer used for measuring physical

activity was transferred to the wrist when the partici-
pant went to bed each evening. Actigraphs used for
physical activity have been reported to be a valid sleep
measure when transferred to the wrist at night [23], and
the brand used in this study (Actigraph®) has demon-
strated validity when compared with polysomnography
[24]. The participant recorded the time in and out of
bed on a record sheet. At least three valid nights of
monitoring were required. Sleep data was analyzed
using ActiLife version 6.7.1 and the default algorithm
(i.e. Sadeh [25]). The objective, accelerometer out-
comes of sleep latency, and efficiency are described
in this report.

Measures: potential mediators

Our primary objective was to assess inflammatory media-
tors of sleep response to our exercise intervention. To that
end, we obtained fasting serum samples for interleukin
(IL)-6, IL-8, IL-10, and TNF-alpha between 7:45 AM
and 10:00 AM. Prior to the blood draw, the participant
was given the following instructions: (a) do not take
sporadic or ‘as needed’ medications for preceding seven
days, (b) abstain from exercise, smoking, and alcohol for
the preceding 24 h, and (c) complete 7-day medication
log in the preceding week. The medication log was
examined by a licensed physician (Rogers) for changes
which might influence cytokine levels. Standard operating
procedures consistent with expert consensus recommen-
dations were used to collect, process, and store blood
samples [26]. Samples were batch analyzed by an investi-
gator unaware of the participants’ group allocations.
Luminex® technology using the High Sensitivity Human
cytokine assay (Cat # HSCYTO-60SK, Millipore Corp.
Billerica, MA) measured serum levels of IL-6, IL-8, IL-10,
and TNF-alpha.
Individuals obtaining the physical measures were

blinded to the study group allocation of the participant.
Body mass index [BMI; (weight in pounds / height in
inches squared) multiplied by 703] and waist-to-hip ratio
were calculated. Percent body fat was estimated with
bioelectric impedance (i.e. Quantum X by RJL Systems;
fasting and same time of day for each measurement). Back
and leg dynamometer (Takei, model T.K.K. 5002)
assessed extensor leg strength. Submaximal treadmill test
estimated cardiorespiratory fitness [modified Naughton
protocol [27]].
Depression, anxiety, and fatigue were measured using

the PROMIS® scales (i.e. 8 items, 7 items, and 7 items,
respectively) with all items using a Likert scale (1 = rarely
to 5 = always) (http://www.nihpromis.org/default.aspx).
Responses for each scale were summed (higher scores
indicates greater symptomatology). Conversion tables
published on the PROMIS® website were used to convert
the raw scores to T scores for the analysis. For walking
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self-efficacy, participants rated their confidence in their
ability to walk at a moderately fast pace without stop-
ping for 5 min up to 30 min in 5-min increments (i.e.
6 items) [28]. Confidence was rated on a scale from
0% to 100% (10% increments) with a mean of re-
sponses calculated for the analysis. Four items assessed
exercise social support [i.e. how often family or friends
offered to exercise with the participant or encouraged
the participant to exercise; 5-point Likert responses
(0 = rarely to 4 = very often), responses summed for the
analysis] [29]. A single item assessed physical activity
enjoyment [i.e. indicate agreement with the following
statement ‘I enjoy engaging in regular physical activity’
(1 = disagree to 5 = agree)] [30].

Data analysis

The two study groups were compared at baseline using
independent groups t-test or chi-square. Cytokines were
analyzed individually and as pro-inflammatory to anti-
inflammatory ratios (i.e. IL-6:IL-10, IL-8:IL-10, and
TNF-alpha:IL-10). Data was analyzed regardless of
intervention adherence. Paired t-test and independent
groups t-test analyzed within group changes over time
and between group differences, respectively. Mediation
of intervention effects on sleep outcomes was tested using
the Freedman and Schatzkin difference-in-coefficients
test, a procedure known to optimize study power when
analyzing mediation in small randomized trials [31].
This procedure was chosen because of the pilot (and
hypotheses generating) nature of our study in which
we wanted to reduce the likelihood of missing an
important mediation relationships which warranted fur-
ther study. Relevant to this objective, Freedman and
Schatzkin procedures do not require that the relationship
between the intervention and mediator and the relation-
ship between the mediator and outcome be significant
while also resulting in the most accurate Type I error
rates when these relationships are null [32]. With regard
to interpretation, a statistically significant reduction in
the relationship between the intervention and outcome
(e.g. sleep) when the mediator is included in the final
model indicates mediation and is reported as the posi-
tive proportion (or percentage) of the intervention effect
that is due to the change in the mediator. At times, in-
clusion of the potential mediator in the final model will
result in a stronger statistical relationship between the
intervention and outcome. When this is the case, the
relationship is described as a negative percent change
and interpreted as indicating that the potential mediator
is influencing the intervention-outcome relationship
rather than mediating the relationship. Statistical signifi-
cance was defined as p value of <.05 with p values
<.10 and standardized effect sizes also noted due to
the pilot nature of the study.

Results

Participant flow through the study, reasons for exclusion
and drop out, adverse events, and intervention adherence
rates have been previously reported [16]. In brief, 46
breast cancer survivors enrolled from July 2010 to
February 2012 were randomized with 44 (96%) retained
(i.e. complete or partial data) and 42 (91%) providing
complete data. Of the 44 retained in the study, two
participants (both in the intervention group) developed
cancer recurrence during the intervention. Although these
women completed the intervention and follow-up assess-
ment, they were dropped from the analysis due to the
potential effect of cancer recurrence on the primary medi-
ator outcomes related to serum cytokines. Therefore, the
final analyses reported here include 42 participants
(20 in the intervention and 22 in the control; 91% of
the 46 randomized).
Sample characteristics have been previously reported

[16]. In brief, mean age was 56.2 ± 7.7 and education
was 14.0 ± 2.2 years with 42 (95.5%) being White. With
regard to cancer stage, 18.2% had DCIS, 47.7% had Stage
I, and 34.1% had Stage II. Among the 40.9% who had
received chemotherapy, the mean months since treatment
completion was 70.3 ± 65.5. Among the 63.6% receiving
radiation therapy, the mean months since treatment
completion was 44.1 ± 41.8. Current anti-estrogen therapy
was reported by 52.3%. Mean number of comorbidities
was 2.1 ± 1.6, and mean grams of carbohydrate ingested
was 200 ± 77. Medication change with the potential to
influence cytokine levels was noted on review of medica-
tion logs for 48.8% of the participants. Sleep disturbance
was reported by 93% at the time of screening. Adjustment
for the only factor which differed for the two study groups
at baseline (i.e. percent who never smoked cigarettes =
75% in control versus 45% in the intervention group,
p= .04) did not change our results; therefore, we report
the unadjusted analysis.
The exercise intervention effects on sleep outcomes in

our study and the within group change are reported in
Table 1. For the PSQI subscales, only sleep duration
(i.e. higher score indicates fewer hours slept per night;
range = 0 to 3) demonstrated a significant between group
difference for the intervention compared with control
group (+0.2 versus �0.4. d= 0.73, p< .05). The next
largest effect size among the PSQI subscales was daytime
somnolence (i.e. higher score indicates greater somnolence
during the day; range = 0 to 3) with the between group
difference for the intervention versus control group being
�0.5 versus �0.1, d=�0.63, p= .05). No significant
between group differences were noted for the remaining
PSQI outcomes, PROMIS® sleep disturbance, accelerom-
eter efficiency, and accelerometer latency. To improve
interpretation of the sleep duration score, the mean number
of self-reported hours of sleep per night are also reported in
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Table 1 [e.g. between group difference =�0.7 ± 1.0
(d= .68, p< .05)]. Lastly, of the 14 participants in the
intervention group reporting PSQI global scores >5 at
baseline (cutpoint for classification as a ‘poor sleeper’
[18]), four no longer reported global scores >5 at
3 months.
Because our objective was to generate hypotheses

related to potential mediators warranting further study,
we tested mediation using all sleep outcomes and inflam-
matory markers regardless of intervention effect. The
remaining potential mediators were chosen based on
statistical significance (or close to significance) on be-
tween or within group differences as previously reported
[16]. In brief, the effect sizes for the inflammatory markers
were IL-6 d= 0.16 [p= not significant (NS)], IL-8
d=�0.40 (p=NS), IL-10 d=�0.17 (p=NS), TNF-alpha
d= 0.50 (p =NS), IL-6:IL-10 d=�0.13 (p=NS), IL-8:
IL-10 d=�0.04 (p=NS), and TNF-alpha:IL-10 d=�0.23
(p=NS). The significant between group differences for
the intervention compared with control group included

weekly minutes of ≥moderate intensity physical activity
(103 ± 89, p< .01), walking self-efficacy (12.8 ± 19.5,
p< .05), exercise social support (2.9 ± 3.4, p< .01), and
physical activity enjoyment (0.8± 1.2, p< .05). The
potential mediators that did not have significant between
group differences but did demonstrate a significant within
intervention group change (paired t-test) included percent
body fat (�1.1 ± 2.2, p< .05), cardiorespiratory fitness
(2.8 ± 4.9 ml/kg/min, p< .05), anxiety (�4.0 ± 6.5), and
PROMIS® fatigue (�3.8 ± 4.1, p< .01). The intervention
effects on factors not tested as mediators can be found in
the previous publication [16].
Freedman and Schatzkin results are provided in

Tables 2 and 3. Inflammatory markers and/or pro- to
anti-inflammatory ratios significantly mediated PSQI
latency (49% to 63%), PSQI efficiency (99% to 129%),
PSQI sleep disturbance (37% to 68%), daytime somnolence
(16% to 26%), PSQI global sleep disturbance (209% to
284%), number of self-reported hours of sleep per night
(88% to 212%), and accelerometer efficiency (21% to

Table 1. Effects of a walking program plus resistance exercise on sleep in breast cancer survivors post-primary treatment (participants with
complete data, n= 42)

Month 0 Month 3 Change over time Between group difference

Variable Group Mean (SDa) Mean (SD) Mean (SD) Mean (SD) Effect Size

PSQIb sleep quality Intervention 1.2 (0.5) 0.7 (0.6) �0.4*** (0.5)
Control 1.5 (0.9) 1.2 (0.6) �0.4* (0.9) 0.0 (0.7) �0.01

PSQI latency Intervention 1.3 (0.9) 1.2 (1.0) 0.0 (0.7)
Control 1.5 (0.9) 1.0 (0.7) �0.5* (1.2) 0.5 (1.0) 0.45

PSQI sleep durationc Intervention 1.0 (0.8) 1.1 (0.8) 0.2 (0.8)
Control 1.5 (0.9) 1.2 (0.8) �0.4** (0.7) 0.6 (0.8) 0.73**

PSQI efficiency Intervention 0.8 (1.0) 0.6 (0.8) �0.1 (1.2)
Control 1.0 (1.1) 0.6 (1.0) �0.5** (1.0) 0.3 (1.1) 0.32

PSQI sleep disturbances Intervention 1.7 (0.6) 1.5 (0.6) �0.2** (0.4)
Control 1.6 (0.6) 1.3 (0.6) �0.3** (0.7) 0.1 (0.6) 0.18

PSQI sleep medicationd Intervention 1.2 (1.4) 0.8 (1.3) �0.2 (0.9)
Control 0.9 (1.3) 0.7 (1.2) �0.1 (0.7) �0.1 (0.8) �0.10

PSQI daytime somnolence Intervention 1.2 (0.5) 0.7 (0.6) �0.5*** (0.6)
Control 1.2 (0.8) 1.0 (0.7) �0.1 (0.8) �0.4 (0.7) �0.63*

PSQI global Intervention 8.2 (3.4) 6.7 (3.7) �1.3 (3.2)
Control 9.2 (4.8) 7.1 (3.2) �2.2** (4.4) 1.0 (3.9) 0.25

Self-reported hours of
sleep per night

Intervention 7.0 (0.9) 7.0 (0.9) �0.1 (0.8)
Control 6.1 (1.1) 6.6 (0.9) 0.6** (1.1) �0.7 (1.0) 0.68**

PROMIS® sleep dysfunctione Intervention 49.4 (7.1) 46.2 (8.0) �3.7* (8.6)
Control 53.4 (9.2) 51.1 (7.4) �1.9 (7.6) �1.8 (8.1) �0.22

Accelerometer efficiencyf Intervention 82.3 (6.2) 82.9 (5.7) 0.1 (4.9)
Control 82.4 (8.6) 84.9 (6.0) 2.7** (6.2) �2.6 (5.6) �0.46

Accelerometer latencyg Intervention 10.3 (10.5) 7.4 (5.6) �3.0 (12.9)
Control 7.1 (6.8) 8.9 (6.6) 2.1 (7.7) �5.1 (10.4) �0.49

aSD= standard deviation.
bPSQI = Pittsburg Sleep Quality Index (higher scores for all PSQI measures = greater sleep disturbance).
cHigher score = fewer hours slept per night.
dHigher score =more frequent medication use.
eResults previously reported [16].
fHigher score = beneficial.
gLower score = beneficial.
*p< .10.
**p< .05.
***p< .01.
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36%). Inflammatory changes enhanced the intervention
relationship with PSQI sleep quality (�19% to �29%),
sleep medication use (�357%), and PROMIS® sleep

disturbance (�38% to �65%). Physical activity mediated
PROMIS® sleep disturbance (92%) and enhanced the
relationship between the intervention and PSQI efficiency

Table 2. Potential mediators: Correlation of residualized change score with intervention and percent of intervention effect mediated
(positive percent) or enhanced (negative percent) by the mediator: Pittsburg Sleep Quality Index (PSQI) subscales and global

Percent of intervention effect mediated

Potential mediatora Sleep quality Latency
Sleep

duration Efficiency
Sleep

disturbance
Sleep

medication
Daytime

somnolence Global

ILb -6 (n=41) �5% 14% 2% 36% 9% �101% �1% 205%
IL-8 (n=42) 1% 19% �10% 28% �27% �54% 4% 17%
IL-10 (n=38) �29%** 36%* 18% 116%** 68%*** 163% �3% 335%*
TNFc-alpha (n=41) �7% 16% 26% 129%*** .6% �357%** 23%** 248%*
IL-6:IL-10 (n=38) �19%*** 49%*** .9% 99%*** 37%*** �1% 16%*** 209%***
IL-8:IL-10 (n=38) �28%*** 63%*** 20% 112%*** 26% �137% 26%*** 284%**
TNF-alpha:IL-10 (n=38) �29%*** 24% 0% 127%*** 28% 86% 23%** 139%
Weekly minutes≥moderate

intensity physical activity (n=42)
56%* �62% �108%* �425%*** �41% 263% �10% �939%**

Percent body fat (n=42) �12% 15% 18% 46% �17% 24% 4% 110%
Fitness (n=42) 36%* 30% �26% �156%* 28% 317% �14% �229%
Anxiety (n=41) �4% �3% �17% 10% �33% �304% 6% �57%
PROMIS® fatigue (n=41) 34%* �27% �60%* �87% �114%*** 135% 38%** �595%**
Walking self-efficacy (n=41) �20% �7% 20% �4% �68% �74% �21% 24%
Exercise social support (n=41) �24% 4% 14% �179% �16% 456% �55%** 63%
Physical activity enjoyment (n=41) 30% �2% �53% �187%** �33% 459% 17% �540%*

aTotal n varies due to missing survey on one participant and undetectable levels of IL-6 (n= 1), IL-10 (n=3), and TNF-alpha (n=1).
bInterleukin.
cTumor necrosis factor.
*p< .10.
**p< .05.
***p< .01.

Table 3. Potential mediators: Correlation of residualized change score with intervention and percent of intervention effect mediated
(positive percent) or enhanced (negative percent) by the mediator: Self-reported hours of sleep per night, PROMIS® sleep disturbance,
and accelerometer efficiency and latency

Percent of intervention effect mediated

Potential mediator
Self-reported hours
of sleep per night

PROMIS® sleep
disturbance

Accelerometer
efficiency

Accelerometer
latency

ILb -6 (n=41) 90% �39%*** 20%* �22%
IL-8 (n=42) �39% 12% 6% �25%
IL-10 (n=38) 212%** �65%*** 36%** �7%
TNFc-alpha (n=41) 180%** �21%* 8% �39%*
IL-6:IL-10 (n=38) 88%** �38%*** 21%*** �13%
IL-8:IL-10 (n=38) 201%** �20%* 23%** �10%
TNF-alpha:IL-10 (n=38) 135% �22%* 33%*** �31%
Weekly minutes≥moderate
intensity

physical activity (n=42)

�525%** 92%** 25% �66%

Percent body fat (n=42) 57% .7% �.3% 18%
Fitness (n=42) �257%* 19% �2% 62%
Anxiety (n=41) �58% 9% 14% �13%
PROMIS® fatigue (n= -41) �278%** 82%*** 32% �47%
Walking self-efficacy (n=41) 9% 52%* 48%* �16%
Exercise social support (n=41) �8% �75%** 11% 80%
Physical activity enjoyment (n=41) �244% 27% 21% �58%

aTotal n varies due to missing survey on one participant and undetectable levels of IL-6 (n= 1), IL-10 (n=3), and TNF-alpha (n=1).
bInterleukin.
cTumor necrosis factor.
*p< .10.
**p< .05.
***p< .01.
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(�425%), PSQI global (�939%), and hours of sleep per
night (�525%). Neither anxiety nor walking self-efficacy
was a significant mediator or enhancer for any sleep out-
comes. PROMIS® fatigue mediated PSQI daytime somno-
lence (38%) and PROMIS® sleep disturbance (82%) while
enhancing the relationship between the intervention and
PSQI sleep disturbance (�114%), PSQI global (�595%),
and hours of sleep per night (�278%). Exercise social
support was not a significant mediator but enhanced the in-
tervention’s relationship with daytime somnolence (�55%)
and PROMIS® sleep disturbance (�75%). No significant
mediators or enhancers were noted for PSQI sleep duration
subscale score and accelerometer latency.

Discussion

Our exercise intervention demonstrated significant effects
on the PSQI sleep duration indicating an increase in hours
of sleep per night in the control group compared with a
minimal decrease in hours of sleep per night for the
intervention group. Although not statistically significant,
medium standardized effect sizes suggest promising and
beneficial exercise intervention effects on PSQI daytime
somnolence and accelerometer latency that warrant further
study. Inflammation and fatigue mediated and enhanced
the intervention relationship with several of the sleep
outcomes. Exercise social support and physical activity
enjoyment did not mediate but did enhance the interven-
tion relationship with a few of the sleep outcomes.
With regard to mediators, inflammation demonstrated a

strong and consistent mediation role for our exercise
intervention effects on sleep. The individual markers of
inflammation mediating the largest number of sleep
outcomes were IL-10 and TNF-alpha. The pro- to anti-
inflammatory ratios demonstrated more frequent mediation
roles than the individual markers with the IL-6:IL-10 ratio
mediating seven of the outcomes. It is also interesting that
IL-8 alone did not mediate any of the sleep outcomes but
the IL-8:IL-10 ratio mediated six outcomes. This suggests
the importance of considering the balance between individual
cytokines rather than individual levels alone. Also, it is
possible that inconsistent findings related to individual cyto-
kines and sleep in non-cancer populations may be due, in
part, to failure to consider the interplay between individual
cytokines when examining associations with sleep (e.g.
higher serum IL-6 was significantly associated with habitual
sleep duration in U.S. adults [33] but no association was
noted among British civil service employees [34]).
The medium standardized effect size increase in TNF-

alpha is consistent with prior research indicating an
association between TNF-alpha and reduced sleep dura-
tion [33]. Although the lack of mediation of the PSQI
sleep duration subscore by TNF-alpha does not support
this relationship, it is noteworthy that when we converted
the PSQI sleep duration score to the actual self-reported

hours of sleep per night, the intervention effect size was
�.68 (p< .05) and TNF-alpha was a significant mediator
(i.e. 180%, p= .027). Also related, a decrease in hours of
sleep per night is considered a measure of poorer sleep
when interpreting the PSQI scoring. However, the partici-
pants’ reductions in daytime somnolence in the face of a
negative intervention effect on hours of sleep suggests that
the sleep, although less, may have felt more restorative to
the participant. Further research is needed to evaluate this
possibility. Also, the fact that not all sleep outcomes
changed in a direction that is typically interpreted as
beneficial indicates a complex relationship between sleep
and exercise which may partially explain the inconsistent
results in prior studies examining the effects of exercise
on sleep quality after cancer diagnosis.
The mediating and enhancing effects of fatigue are consis-

tent with the clustering of fatigue and sleep disturbance seen
in cancer survivors [35]. It is also not surprising that fatigue
mediated the more general measures of sleep which include
feelings that could be interpreted as fatigue (i.e. PSQI
daytime somnolence and PROMIS® sleep disturbance).
Further study is needed to determine if lower fatigue im-
proves sleep and/or if the improved sleep reduces fatigue.
As with many outcomes with a perceived or subjective

aspect, measurement is a major challenge in sleep-related
research. We did not use the polysomnography for bud-
getary reasons and in an effort to avoid further increasing
the participant study burden. However, perceptions of
sleep quality may differ from polysomnography [36],
suggesting that perceived sleep quality is a valid and
worthwhile measure. Future studies should include accel-
erometer and self-report measures while also considering
the addition of polysomnography to better define changes
in sleep architecture which may occur and explain the
observed mediating and enhancing relationships.
Because of the pilot nature of our study, our report is

limited by the small sample size which was based on
budgetary and logistical restraints. However, our study
suggests novel and important relationships warranting
further research. Future studies should account for the
timing of exercise bouts relative to bedtime, measure time
asleep during the day (and not just at night), and obtain
assessments at ≥3 time points to examine the potential
reciprocal relationships between sleep and fatigue. More-
over, our results only apply to breast cancer survivors
who have completed primary treatment. Testing is needed
to determine if our results can be generalized to patients
who are on-treatment or suffer from other cancer types.
Last, we acknowledge that our study is limited by the
inability to differentiate between the effects of exercise
distinct from psychosocial effects that may have resulted
from our discussion groups and staff support (i.e. no atten-
tional control was used). Nevertheless, our study is among
the few to assess sleep response to exercise using an ob-
jective sleep measure and the only randomized controlled
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exercise and cancer trial to date to use mediation analyses
to examine the mediating roles of inflammation and
psychosocial factors in sleep response to an exercise
intervention.
The effect of exercise on sleep quality in cancer survi-

vors continues to be perceived as beneficial, but the topic
is understudied and results to date have been inconsistent.
Our results support continued investigation of inflamma-
tion as an underlying mechanism explaining exercise
effects on sleep. Whether this mechanism contributes to
the inter-relationships among sleep disturbance, exercise,
and cancer risk warrants further study. Future research
should also examine which exercise types, intensities,
and durations result in inflammatory profiles most likely
to improve sleep quality and moderators of exercise re-
sponse (e.g. age). Exercise interventions aimed at treating

poor sleep quality in breast cancer survivors should con-
sider behavioral interventions for psychosocial factors that
may play a role. In addition, an improved understanding
of the sleep dimensions most likely to respond to exercise
can be used to target those survivors most apt to experi-
ence sleep improvements with an exercise intervention.

Acknowledgements
This project was supported by the National Cancer Institute
R21CA135017. The authors do not have any relationships to dis-
close that would cause a conflict of interest.

Conflict of interest

The authors have declared no conflict of interest.

References

1. Davidson JR, MacLean AW, Brundage MD,
Schulze K. Sleep disturbance in cancer
patients. Soc Sci Med 2002;54:1309–1321.

2. Harrington CB, Hansen JA, Moskowitz M,
Todd BL, Feuerstein M. It’s not over when
it’s over: Long-term symptoms in cancer
survivors--a systematic review. Int J Psychia-
try Med 2010;40:163–181.

3. Janz NK, Mujahid M, Chung LK, et al. Symp-
tom experience and quality of life of women
following breast cancer treatment. J Womens
Health (Larchmt) 2007;16:1348–1361.

4. Bardwell WA, Profant J, Casden DR, et al.
Women’s Healthy E, Living Study G: The
relative importance of specific risk factors for
insomnia in women treated for early-stage
breast cancer. Psycho-Oncology 2008;17:9–18.

5. Kraus SS, Rabin LA. Sleep america: Manag-
ing the crisis of adult chronic insomnia and
associated conditions. J Affect Disord 2012;
138:192–212.

6. Campbell KL, McTiernan A. Exercise and
biomarkers for cancer prevention studies. J
Nutr 2007;137:161S–169S.

7. Santos RV, Tufik S, De Mello MT. Exercise,
sleep and cytokines: Is there a relation? Sleep
Med Rev 2007;11:231–239.

8. Bower JE. Behavioral symptoms in patients
with breast cancer and survivors. J Clin Oncol
2008;26:768–777.

9. Mishra SI, Scherer RW, Geigle PM, Berlanstein
DR, Topaloglu O, Gotay CC, Snyder C. Exercise
interventions on health-related quality of life for
cancer survivors. Cochrane Database Syst Rev
2012;8: CD007566. DOI: 10.1002/14651858.
CD007566.pub2.

10. Rogers LQ, Fogleman A, Trammell R, et al.
Effects of a physical activity behavior change
intervention on inflammation and related
health outcomes in breast cancer survivors:
Pilot randomized trial. Integr Cancer Ther
2013;12:323–335.

11. Cheville AL, Kollasch J, Vandenberg J, et al.
A home-based exercise program to improve
function, fatigue, and sleep quality in patients
with stage iv lung and colorectal cancer: A
randomized controlled trial. J Pain Symptom
Manage 2013;45:811–821.

12. Wenzel JA, Griffith KA, Shang J, et al. Impact
of a home-based walking intervention on out-
comes of sleep quality, emotional distress,
and fatigue in patients undergoing treatment
for solid tumors. Oncologist 2013;18:476–484.

13. Courneya KS, Sellar CM, Trinh L, et al. A
randomized trial of aerobic exercise and
sleep quality in lymphoma patients re-
ceiving chemotherapy or no treatments.
Cancer Epidemiol Biomarkers Prev 2012;
21:887–894.

14. Coleman EA, Goodwin JA, Kennedy R,et al.
Effects of exercise on fatigue, sleep, and
performance: A randomized trial. Oncol Nurs
Forum 2012;39:468–477.

15. Sprod LK, Palesh OG, Janelsins MC, et al.
Exercise, sleep quality, and mediators of sleep
in breast and prostate cancer patients receiving
radiation therapy. Community Oncol 2010;
7:463–471.

16. Rogers LQ, Vicari S, Trammell R, et al.
Biobehavioral factors mediate exercise effects
on fatigue in breast cancer survivors. Med Sci
Sports Exerc 2014;46:1077–1088.

17. Donovan KA, Jacobsen PB, Small BJ,
Munster PN, Andrykowski MA. Identifying
clinically meaningful fatigue with the fatigue
symptom inventory. J Pain Symptom Manage
2008;36:480–487.

18. Buysse DJ, Reynolds CF, III, Monk TH,
Berman SR, Kupfer DJ. The pittsburgh sleep
quality index: A new instrument for psychiat-
ric practice and research. Psychiatry Res
1989;28:193–213.

19. Rogers LQ, Hopkins-Price P, Vicari S, et al.
A randomized trial to increase physical activ-
ity in breast cancer survivors. Med Sci Sports
Exerc 2009;41:935–946.

20. Bruunsgaard H. Physical activity and modula-
tion of systemic low-level inflammation. J
Leukoc Biol 2005;78:819–835.

21. Craig CL, Marshall AL, Sjostrom M, et al.
International physical activity questionnaire:
12-country reliability and validity. Med Sci
Sports Exerc 2003;35:1381–1395.

22. Freedson PS, Melanson E, Sirard J. Calibra-
tion of the computer science and applications,
inc. Accelerometer Med Sci Sports Exerc
1998;30:777–781.

23. Weiss AR, Johnson NL, Berger NA, Redline S.
Validity of activity–based devices to estimate
sleep. J Clin Sleep Med 2010;6:336–342.

24. Cellini N, Buman MP, McDevitt EA, Ricker
AA, Mednick SC. Direct comparison of two
actigraphy devices with polysomnographically
recorded naps in healthy young adults. Chro-
nobiol Int 2013;30:691–698.

25. Sadeh A, Sharkey KM, Carskadon MA.
Activity-based sleep-wake identification: An
empirical test of methodological issues. Sleep
1994;17:201–207.

26. Tuck MK, Chan DW, Chia D, et al. Standard
operating procedures for serum and plasma
collection: Early detection research network
consensus statement standard operating pro-
cedure integration working group. J Proteome
Res 2009;8:113–117.

27. Wasserman K, Hansen JE, Sue DY, Casaburi
R, Whipp BJ. Principles of exercise testing
and interpretation including pathophysiology
and clinical applications, (3rd edn).
Lippincott Williams and Wilkins: Baltimore,
MD, 1999.

28. McAuley E, Mihalko SL. Advances in sports
and exercise psychology measurement. Fitness
Information Technology, Inc.: Morgantown,
WV, 1998.

29. Sallis JF, Grossman RM, Pinski RB,
Patterson TL, Nader PR. The development
of scales to measure social support for diet
and exercise behaviors. Prev Med
1987;16:825–836.

309Mediators of exercise effects on sleep in breast cancer survivors

Copyright © 2014 John Wiley & Sons, Ltd. Psycho-Oncology 24: 302–310 (2015)
DOI: 10.1002/pon



30. Rogers LQ, Shah P, Dunnington G, et al.
Social cognitive theory and physical activity
during breast cancer treatment. Oncol Nurs
Forum 2005;32:807–815.

31. Cerin E, Taylor LM, Leslie E, Owen N.
Small-scale randomized controlled trials need
more powerful methods of mediational analy-
sis than the baron-kenny method. J Clin
Epidemiol 2006;59:457–464.

32. MacKinnon DP, Lockwood CM, Hoffman JM,
West SG, Sheets V. A comparison of methods
to test mediation and other intervening variable
effects. Psychol Methods 2002;7:83–104.

33. Patel SR, Zhu X, Storfer-Isser A, et al. Sleep
duration and biomarkers of inflammation.
Sleep 2009;32:200–204.

34. Miller MA. Gender differences in the cross-
sectional relationships between sleep duration

and markers of inflammation: Whitehall ii
study. Sleep 2009;32:857–864.

35. Lee BN, Dantzer R, Langley KE, et al. A
cytokine-based neuroimmunologic mechanism
of cancer-related symptoms. Neuroimmuno-
modulation 2004;11:279–292.

36. Drake CL, Roehrs T, Roth T. Insomnia
causes, consequences, and therapeutics: An
overview. Depress Anxiety 2003;18:163–176.

310 L. Q. Rogers et al.

Copyright © 2014 John Wiley & Sons, Ltd. Psycho-Oncology 24: 302–310 (2015)
DOI: 10.1002/pon


