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Abstract

Cancer patients often report impaired sleep quality. Impaired sleep quality may be due to
increased levels of sleep-mediating cytokines resulting from cancer treatment. Exercise may have
a positive influence on sleep-mediating cytokines, such as interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-a), and soluble tumor necrosis factor-alpha receptor (STNF-R), which may
improve sleep quality. This two-arm pilot study compared the influence of a home-based exercise
intervention with standard care/control on sleep quality and mediators of sleep. Breast and prostate
cancer patients (n = 38) beginning radiation therapy were randomized to a 4-week exercise
program or no exercise arm. Global sleep quality, subjective sleep quality, sleep latency, sleep
duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction
were assessed with the Pittsburgh Sleep Quality Index. IL-6, TNF-a, and STNF-R were measured
before and after intervention. There was a greater improvement in sleep quality in the exercise
group from pre- to postintervention, although the difference was not significant. Additionally,
there were associations between 1L-6 and sleep efficiency and duration, suggesting that regulation
of sleep-mediating cytokines by exercise may mediate improvements in sleep-quality components.

Subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances,
use of sleep medication, and daytime dysfunction are components of global sleep quality as
measured by the Pittsburgh Sleep Quality Index (PSQI). Poor sleep quality has been
associated with multiple negative consequences such as worse health, fatigue, mood
disturbances, and immunosuppression.1:2 Poor sleep quality is common among cancer
patients and several times more prevalent than in the general population.3:4

Radiation therapy in particular leads to a multitude of side effects including sleep problems.
5 Radiation targets the tumor and surrounding tissue. 6 Symptomatic injury can result from
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irradiating normal tissues surrounding the tumor.6 For example, radiation activates cellular
signaling pathways that lead to the expression of proinflammatory cytokines.6:7 In
particular, radiation causes an increase in interleukin-6 (IL-6)8 and tumor necrosis factor-a
(TNF-a)9-10 production. IL-6 and TNF-a help regulate the inflammatory process locally
and trigger central nervous system-mediated responses to inflammation.11 TNF-a activity
promotes inflammation, and levels are high when systemic inflammation and catabolic
conditions are observed.12 IL-6 functions as either a pro- or anti-inflammatory cytokine,
depending on the stimulus. In response to tissue injury, IL-6 is proinflammatory. Local
tissue injury involves cytokine production at the site of inflammation. The systemic low-
grade inflammatory response to local inflammation is known as the acute-phase response.13
IL-6 and TNF-a, as proinflammatory cytokines, are associated with fever, pain, cognitive
impairment, fatigue, insomnia, and decreased eating14—16 and may be, at least in part,
responsible for cancer-related symptoms. 15717

Cytokines also play a role in sleep regulation by interacting with the hypothalamic-pituitary-
adrenal (HPA) axis. The HPA axis initiates the secretion of cortisol, a sleep-regulating
glucocorticoid. IL-6 and TNF-a activate the HPA axis, which can lead to adrenal secretion
of cortisol. 11 As a result, high levels of circulating cytokines can lead to abnormal cortisol
fluctuations. Abnormal cortisol secretion is associated with short sleep duration and high
sleep disturbance. 18 Ultimately, cancer and its treatments disturb cytokine secretion and, as
a consequence, affect the sleep/wake cycle2 and immune function.19

Physical exercise has been shown to improve sleep quality in cancer survivors. A clinical
trial in breast cancer patients receiving hormonal treatment who participated in a four-times-
per-week, 20-minutes-per-day home-based walking exercise intervention, described as
moderate intensity, had improved self-reported sleep quality after 4 weeks of participation.
20 In another study, patients within 2 years of diagnosis of a variety of cancers who had
completed or were currently undergoing various cancer treatments participated in a
supervised exercise intervention 2 days per week for 12 weeks. The exercise intervention
was modeled after phase Il cardiac rehabilitation and consisted of treadmill walking, stair
stepping, and upper body exercises, which were all made progressively more challenging as
patients adapted. Self-reported sleeping difficulty significantly decreased following the
exercise intervention.21

Exercise may improve sleep quality through the regulation of proinflammatory cytokines.22
Regular exercise training reduces low-grade inflammation23:24 by triggering the immediate
but transient release of IL-6 from skeletal muscle.25 IL-6, released in proportion to exercise
intensity, duration, muscle mass used during exercise, and training status, functions as an
anti-inflammatory when released during and immediately after an acute bout of exercise.
When acting as an anti-inflammatory, IL-6 triggers the release of soluble TNF-a receptor
(STNF-R), which has anti-inflammatory effects, and inhibits the production of TNF-a, an
inflammatory cytokine.13:25:26

Physical exercise of moderate intensity may have a positive influence on sleep quality
through altered plasma concentrations of mediators of sleep. This subject has not been fully
explored in cases of impaired sleep quality stemming from cancer and its treatments. In this
secondary analysis, we investigated the relationship between mediators of sleep and
subjective sleep quality in breast and prostate cancer patients undergoing radiation
treatments.
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The primary outcomes and methods from this randomized, controlled phase Il pilot clinical
trial were previously reported by Mustian et al27 in 2009 and are briefly described below.

Breast and prostate cancer patients starting radiation treatments were recruited for
participation in this study at the University of Rochester James P. Wilmot Cancer Center,
Rochester, NY. Eligibility criteria were (1) a primary diagnosis of breast or prostate cancer;
(2) no distant metastases; (3) no recurrent disease; (4) no conditions prohibiting participation
in a low-to-moderate intensity walking or resistance exercise program or physical fitness
testing, as assessed by the patient’s radiation oncologist (or physician designee); (5)
completion of enrollment and baseline assessments before the end of the first calendar week
of radiation treatments; (6) at least 30 scheduled radiation treatments (6 weeks); (7)
sedentary lifestyle (no regular exercise or fewer than two exercise sessions per week); and
(8) signed informed consent. The Research Subjects Review Board approved the study
protocol and consent procedures prior to enrollment of any participants.

Baseline assessments of patients in this clinical trial were obtained during the first week of
radiation therapy. Demographic information was drawn from the clinical record. Patients
completed the PSQI, a symptom inventory, and a daily diary. A pedometer assessed steps
walked daily, and blood was drawn for measurement of cytokine levels.

Patients were randomized after stratification based on breast or prostate cancer diagnosis to
either (1) the control condition (radiation treatment alone), ie, standard care (SC), or (2) the
intervention condition: radiation treatment and a 4-week home-based exercise (HBEX)
intervention that included progressive walking and resistance band exercises. The exercise
intervention was performed off-site from the University of Rochester Medical Center in a
patient-selected home-based environment.

Patients in the HBEX arm of the study were given a 45-minute instructional session led by
an exercise physiologist. During this session, participants were provided with an exercise kit
that contained materials needed to complete the home-based walking and progressive
resistance training intervention (ie, written instructions, a pedometer, and therapeutic
resistance bands).

SC patients were encouraged to remain only as active as they were prior to study inclusion
and were not given a pedometer during the study intervention period to reduce the risk of
exercise contamination. Participants in both groups were monitored by weekly contact with
study personnel and by review of daily diary entries. Baseline assessments were repeated
following 4 weeks of SC or moderate-intensity HBEX and again 3 months later.

Exercise prescription

The American College of Sports Medicine (ACSM) guidelines for exercise testing and
prescription were followed in the design of the HBEX program.28 The progressive walking
component of the exercise intervention was designed to be performed at a moderate
intensity. Participants wore a pedometer during the initial 1-week assessment period and
recorded their daily number of steps. Using the average number of steps taken during the
baseline assessment as a guide, participants in the exercise arm were instructed to increase
the number of steps attained each day by 5%-20% while performing activity at a moderate
intensity. Moderate-intensity exercise was described as a score of 3-5 on the ACSM revised
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rating of perceived exertion (RPE) scale, with O representing no exertion and 10
representing maximal exertion. An individualized table, developed to increase compliance
and provide motivation, was given to exercise arm participants at the beginning of the
intervention. The table included the average number of steps taken at baseline and the
corresponding 5%, 10%, 15%, and 20% increases.

The resistance training portion of the exercise intervention was designed to be performed at
a low to moderate intensity, 7 days per week, for 4 weeks, with the aim of maintaining upper
body muscular strength. A 7-day-per-week intervention was chosen because the low- to
moderate-intensity regimen—designed to maintain, not improve, strength—was performed
with a minimal number of sets and repetitions. Upper body resistance exercises were the
focus due to the reliance on the lower body for the progressive walking portion of the
intervention.

Three therapeutic bands offering low to moderate resistance were provided to allow for
individualized resistance and progression. During the 45-minute instructional session,
patients were shown proper resistance band use and body mechanics for the 11 resistance
exercises, which included bicep curls, tricep extensions, overhead press, rows, chest press,
internal and external rotation of the shoulder, front and lateral raises, and horizontal
abduction and adduction of the shoulder. Progression was determined by the participants, as
they were instructed to increase the intensity by shortening the band length or changing the
band color, with the aim of increasing from the initial sets and repetitions to a maximum of
4 sets of 15 repetitions per exercise.

Demographic and medical information—Demographic information collected from the
on-study and clinical record forms were age, gender, race, partnered status, job status, and
educational level, height, weight, and cancer treatment history.

Sleep—Subjective sleep quality was assessed using the PSQI,29 a 19-item questionnaire
used to assess sleep quality during the past month. Global scores range from 0 to 21 with
lower scores indicating better sleep quality. A global score of greater than 5 is generally
accepted as an indicator of impaired global sleep quality.29 Seven components, individually
scored from 0 to 3, make up the global score: subjective sleep quality, sleep latency, sleep
duration, sleep efficiency, sleep disturbance, use of sleep medication, and daytime
dysfunction. Psychometric evaluation of the PSQI in cancer patients has established internal
consistency, reliability, and construct validity. Researchers have found internal consistency
coefficients (Cronbach alpha) of 0.81 (n = 170) and 0.77 (n = 249) in diverse samples of
cancer patients.30 Internal consistency, reliability, and construct validity of the PSQI were
also demonstrated in a study of 472 cancer patients, with an internal consistency coefficient
of 0.80.31 PSQI scores were moderately to highly correlated with sleep quality and sleep
problems, exceeding r = 0.69 with various other measures, and poorly correlated, r < 0.37,
with unrelated constructs such as nausea and vomiting in cancer patients.31

Biologic mediators of sleep—Blood samples were collected during a fasting state at
baseline and post intervention and were centrifuged to allow serum collection. Serum
samples were aliquotted and stored at —80 °C. Enzyme-linked immunosorbent assays
(ELISAS) were used to determine the concentrations of IL-6 in serum (IL-6s), IL-6 in
plasma (IL-6p), TNF-0, and sSTNF-R using commercially available kits from Becton,
Dickinson and Company, Franklin Lakes, NJ.
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Adherence and compliance—Adherence and compliance were assessed in both groups.
Daily steps walked and daily minutes of resistance exercise, from the self-report daily
diaries, were used to determine the amount of exercise each patient performed during the
study assessment periods. The level of exercise was determined specifically by frequency
(number of times per week), duration/volume (length of time/volume of the exercise bout),
mode (type of exercise), and intensity (difficulty level of the effort put forth to perform the
exercise; ACSM RPE scale).28

The frequency of exercise was determined by adding the total numbers of days per week that
a patient reported doing any exercise. The total daily duration was identified by using a
pedometer to determine daily steps walked and, from that information, estimating duration,
then adding the minutes of resistance exercise performed. The mode was determined from
the patient’s record of aerobic and resistance exercise modalities. The intensity was assessed
by having patients record an RPE for the exercise sessions.28

Adherence to and compliance with the walking program were also assessed by pedometers,
set to zero each morning and worn throughout the day. Patients recorded the daily steps
walked in a diary each night before going to bed.

Data analysis

Results

Participants

Data analyses were conducted using SPSS PASW version 18 and R Version 2.9.1 software.
All statistical tests were performed at a two-tailed 5% level of significance. Data were coded
and cleaned by independent data managers using Teleforms scanned into a Microsoft Access
database; data managers visually audited the data. Patient data were analyzed on an intent-
to-treat basis. Assumptions underlying all analyses were checked, and analyses included all
evaluable patients. Missing data were minimal, and no imputations were necessary for
analyses. Immediately after consent, two participants withdrew with no data provided,;
therefore, data from these two participants were not used in the analyses.

Descriptive statistics, frequency distributions, means, mean change scores, and standard
deviations (SDs) for measures were assessed in the two study arms. Independent-sample t-
tests were used to compare baseline characteristics of the two groups. Analysis of
covariance (ANCOVA) was used to examine differences between HBEX and SC groups in
the outcomes measured. All ANCOVA analyses controlled for mean-centered baseline and
age, because they may influence sleep and inflammatory markers. Outcomes assessed were
global sleep quality, duration of sleep, sleep disturbances, sleep latency, daytime
dysfunction due to sleepiness, habitual sleep efficiency, overall sleep quality, use of sleep
medication, IL-6, TNF-a, STNF-R, and patient-reported cancer-related and/or cancer
treatment-related side effects. These ANCOVA models included an arm*baseline interaction
term. Significant interaction terms were left in the model, and nonsignificant ones were
removed. Values are reported as mean + SD. The exploratory analyses used to assess
associations between sleep quality and mediators of sleep were performed using Spearman
correlations with P values and 95% confidence intervals (Cls) based on Fisher’s Z
transformation procedure. All hypothesis tests were two-tailed at the 0.05 level of
significance.

From a total of 120 screened participants, 82 were potentially eligible for participation in the
study. Study coordinators approached 61 patients following physician or nurse referral, and
of them, 40 were eligible and agreed to participate. Reasons for not enrolling the 21
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remaining patients included ineligibility due to maintaining an exercise program prior to
enrollment or patient declining to participate. Two participants, one from each study arm,
did not complete any study-related testing and therefore were not included in the analyses,
leaving 38 fully evaluable patients. Figure 1 illustrates the recruitment efforts, enrollment,
and completion of the study by participants.

There were no significant differences between groups at baseline in demographic variables,
including age, height, weight, body mass index, gender, race, marital status, education,
employment status, weekly hours worked, or Karnofsky performance status. There were no
differences in clinical variables, including previous surgery, chemotherapy or hormone
therapy, or total radiation dose. The demographic variables have previously been presented
in Mustian et al.27 There were no significant differences between groups at baseline in study
outcome variables, including global sleep quality and the seven components that contribute
to the global score: subjective sleep quality, sleep latency, sleep duration, sleep efficiency,
sleep disturbance, use of sleep medication, and daytime dysfunction. Additionally, no group
differences were found in baseline levels of the potential sleep mediators IL-6, TNF-a, and
STNF-R. Patients all had early-stage cancer with no distant metastases or recurrent disease.
See Table 1 for demographic and treatment-related characteristics of participants.

Exercise adherence and compliance

Aerobic exercise—Fifteen of the 19 patients assigned to HBEX reported increased daily
steps walked. The mean number of daily steps walked in this group was 7,222 at baseline,
11,200 at postintervention, and 12,878 at 3-month follow-up. In addition, the mean increase
in daily steps walked from baseline to postintervention was 5,959 steps and from baseline to
3-month follow-up, 7,095 steps. Patients in the SC group had mean daily steps of 5,544 at
baseline, 4,796 at postintervention, and 5,180 at 3-month follow-up. Their mean change in
daily steps walked from baseline to postintervention was —572 steps and from baseline to 3-
month follow-up, —64 steps. ANCOVAs with mean daily steps as the response and baseline
daily steps as the covariate showed significantly more daily steps walked post intervention
and at the 3-month follow-up in the HBEX group, compared with the SC group (all P <
0.05).

Resistance exercise—Of the 19 patients in the HBEX group, 12 reported doing
resistance training during the intervention, for an average of 17 minutes per day, 3 days per
week, at an RPE of 4 (moderate intensity). Eight of the HBEX participants reported doing
resistance exercise at the 3-month follow-up for an average of 18 minutes per day, 1.5 days
per week. In the HBEX group, time spent in resistance training increased by 9.4 minutes
from baseline to postintervention and by 6.81 minutes from postintervention to 3-month
followup. None of the SC patients reported performing resistance training at
postintervention, and only one patient reported doing resistance training at the 3-month
follow-up. In the SC group, time spent in resistance training decreased by 1.6 minutes from
baseline to postintervention and by 1.0 minutes from postintervention to 3-month follow-up.
ANCOVASs comparing mean daily minutes of resistance training and mean days of
resistance training per week with baseline daily minutes and training days per week as
covariates showed significantly more daily minutes of resistance training and mean days of
resistance training in the HBEX group, compared with the SC group at postintervention and
3-month follow-up (all P < 0.05). See Table 2 for exercise at baseline and postintervention.

Sleep quality

Global sleep quality is scored from 0 to 21, with lower scores indicating better sleep quality.
The seven components of sleep are scored from 0 to 3, with 0 indicating no difficulty and 3
indicating severe difficulty.
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1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sprod et al.

Page 7

Baseline—At baseline, approximately 60% (n = 10) of participants in the HBEX group
and 74% (n = 14) of participants in the SC group reported scores of greater than 5 for global
sleep quality as measured by the PSQI, indicating impaired global sleep quality. Self-
reported global sleep quality was 7.06 in the HBEX group, and 7.79 in the SC group, with
no significant difference between groups at baseline. Subjective sleep quality was reported
as fairly bad or very bad by 22% (n = 4) of HBEX participants and 32% (n = 6) of SC
participants. The majority of participants in each group slept for a duration of 6 or more
hours per night, with 17% (n = 3) of HBEX participants and 26% (n = 5) of SC participants
reporting 6 or fewer hours of sleep per night. Sleep efficiency, the percentage of time spent
in bed actually sleeping, was reported as less than 75% in 33% (n = 6) of HBEX participants
and 21% (n = 4) of SC participants. The use of sleep medication three or more times per
week was reported by 11% (n = 2) of participants in the HBEX group and 16% (n = 3) in the
SC group.

Postintervention—The percentage of participants who reported impaired global sleep
quality in the HBEX group postintervention dropped to 50% (n = 9), compared with 60% at
baseline. There was a slight reduction in the number of SC participants who reported
impaired global sleep quality postintervention (baseline = 74%; postintervention = 67%).
Using ANCOVA, with baseline values and age as covariates, the difference between groups
was not statistically significant (HBEX = 6.00 + 3.87; SC = 7.44 £ 4.72; P = 0.50). The
HBEX group reported better subjective sleep quality postintervention than did the SC group,
but there was a 0.09 improvement in subjective sleep quality in the SC group at
postintervenion, compared with a 0.11 reduction in the HBEX group. The HBEX group
reported less sleep latency than the SC group postintervention. Sleep latency fell by 0.39
points throughout the intervention in the HBEX group, whereas the SC group reported a
0.06 point increase in sleep latency. The number of patients reporting 6 or fewer hours of
sleep per night decreased from 17% at baseline to 10% (n = 2) postintervention in the HBEX
group and from 26% at baseline to 11% (n = 2) postintervention in the SC group. At
postintervention, in the HBEX group, only 16% (n = 3) of participants reported having less
than 75% sleep efficiency, compared with 33% at baseline, whereas 22% (n = 4) of SC
participants reported less than 75% sleep efficiency. Sleep medication usage did not change
in the HBEX or SC group from baseline to postintervention. See Table 2 for means, SDs,
and 95% Cls for global sleep quality and the seven components of sleep.

Biological mediators of sleep

Baseline—Baseline levels of IL-6, (HBEX = 1.08 pg/mL; SC = 3.60 pg/mL; P = 0.31);
IL-65 (HBEX =5.74 pg/mL; SC = 6.28 pg/mL; P = 0.31); TNF-o. (HBEX = 0.57 pg/mL; SC
=9.43 pg/mL; P = 0.31); and STNF-R (HBEX = 760.62 pg/mL; SC = 766.30 pg/mL; P =
0.96) did not differ between groups.

Postintervention—pPostintervention levels of IL-6, increased slightly in both groups.
ANCOVA adjusted for baseline values and age revealed that between-group differences of
postintervention IL-6¢ were significant, with the HBEX group having lower IL-6 levels
(HBEX =6.33 pg/mL; SC = 9.26 pg/mL; P = 0.04). TNF-a increased in both groups from
baseline to postintervention. Postintervention TNF-o was lower in the HBEX group
compared with the SC group, although the difference was not significant when evaluated by
adjusted ANCOVA (HBEX = 2.82 pg/mL; SC = 9.58 pg/mL; P = 0.61). STNF-R decreased
by 80 pg/mL in the HBEX group and increased by nearly 20 pg/mL in the SC group from
baseline to postintervention. See Table 2 for means, SDs, and 95% Cls for the HBEX and
SC groups in exercise and sleep. See Table 3 for sleep mediator means and ranges.
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Relationship between sleep and mediators of sleep

Baseline—In participants as a whole, STNF-R was negatively associated with subjective
sleep quality (r = —0.36; P = 0.026, Cl = —0.610, —0.046); sleep disturbances (r = —0.42; P
=0.009; Cl = —0.651, —0.115); and the use of sleep medications (r = —0.33; P = 0.045; Cl =
—0.586, —0.008). IL-6, was positively associated with sleep duration (r = 0.35; P = 0.031;
Cl =0.035, 0.603) and sleep efficiency (r = 0.39; P = 0.015; Cl = 0.081, 0.613).

In the HBEX group, there was a negative association between subjective sleep quality and
STNF-R (r = —0.53; P = 0.020; Cl = —0.792, —0.097); sleep disturbances and IL-6p (r =
—0.63; P = 0.004; CI = —0.884, —0.249); and use of sleep medication and IL-6 (r = —0.54;
P =0.017; Cl = —0.799, —0.114). There were two data points, one at baseline and one at
postintervention, that were clearly IL-65 outliers. These values were removed. However, the
results with and without those values were similar. Higher levels of IL-6, and lower levels
of sSTNF-R were associated with poorer sleep quality for all variables.

Postintervention—In the study sample as a whole, there was a positive association
between TNF-a and subjective sleep quality (r = 0.33; P = 0.041; CI = 0.015, 0.590) and
TNF-a and sleep latency (r = 0.36; P = 0.028; Cl = 0.042, 0.607).

In the HBEX group, there was a negative association between subjective sleep quality and
STNF-R (r = —0.50; P = 0.030; Cl = —0.058, —0.777) and sleep efficiency and IL-6, (r =
—0.49; P =0.034; Cl = —0.772, —0.045) postintervention, indicating that better subjective
sleep quality and sleep efficiency were associated with higher levels of STNF-R and IL-6p,
respectively.

In the SC group postintervention, there was a positive association between sleep duration
and IL-6p (r = —0.49; P = 0.036; Cl = 0.039, —0.769), indicating that higher levels of IL-6,
were associated with impaired sleep duration.

There was a positive association between changes from baseline in the SC group in TNF-a
and changes in sleep latency (r = 0.50; P = 0.031; Cl = 0.054, 0.775) and use of sleep
medications (r = 0.58; P = 0.009; Cl = 0.176, 0.820). No significant associations were
observed between changes in sleep measures and changes in inflammatory markers in the
HBEX group.

Discussion

The results from this secondary analysis of a randomized clinical trial provide support for
the use of a home-based walking and resistance training exercise program during radiation
therapy for breast and prostate cancers to positively influence sleep quality, possibly by
regulating mediators of inflammation. The mean global sleep quality of 6.00 in the HBEX
group at postintervention was less than the self-reported global sleep quality in a healthy
group of participants of similar age, reported in a different study.1 These findings are in
accordance with previous research suggesting that exercise may improve sleep in cancer
patients20:21:32 and contribute to the growing body of literature supporting the safety and
benefits of exercise during radiation treatment.33736

The exploratory analyses of the relationships between mediators of sleep and sleep quality
revealed an association between IL-6 and sleep efficiency, sleep duration, and the use of
sleep medication. In participants from both groups, increases in fasting IL-6, an
inflammatory marker and mediator of sleep, were correlated with reduced sleep duration and
reduced sleep efficiency. In the SC group, IL-6, increased from baseline and was associated
with impaired sleep duration postintervention. Postintervention IL-6, levels in the HBEX
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group (1.38 pg/mL) were similar to IL-6 levels in a healthy sample of women who reported
exercising one or more times per week (1.25 pg/mL),37 whereas postintervention I1L-6
levels in the SC group were more than two times greater (3.75 pg/mL).

TNF-a, another inflammatory marker and mediator of sleep, also increased in the SC group
and was associated with longer sleep latency and greater use of sleep medication.
Conversely, in the HBEX group, an increase in STNF-R correlated with better subjective
sleep quality and global sleep quality, suggesting that STNF-R may be a mediator of sleep.

The outcomes of this study lead us to hypothesize that the relationship between the
mediators of sleep and sleep quality may be mediated by the hypothalamic-pituitary-adrenal
(HPA) axis. Radiation treatment can activate signaling pathways that lead to the expression
of IL-68 and TNF-0..6:7:9:10 IL-6 and TNF-a can activate the HPA axis, which can lead to
the adrenal secretion of cortisol.11 Therefore, high levels of circulating cytokines can result
in abnormal cortisol fluctuations, and abnormal cortisol secretion is associated with short
sleep duration and sleep disturbance. 18 However, exercise results in reduced low-grade
inflammation23:24 by triggering the immediate but transient release of IL-6 from skeletal
muscle.25 Functioning as an anti-inflammatory when released during and immediately after
an acute bout of exercise, IL-6 triggers the release of IL-1 receptor antagonist (IL-1ra),
STNF-R, and IL-10, which have anti- inflammatory effects, and IL-6 inhibits the production
of TNF-0.13:25:26 Exercise may improve sleep quality through the regulation of pro-
inflammatory cytokines that would otherwise stimulate the HPA axis and promote cortisol
production.22

The results presented should be considered preliminary, as these analyses were not the
primary aim of the study but were exploratory. By the same token, the small size of this pilot
study limited our power to detect differences and correlations, which means we may have
missed important relationships among exercise, inflammatory markers, and sleep measures.
These results should not be generalized to a broader population of cancer survivors or to
survivors of nonmetastatic breast and prostate cancers receiving treatment other than
radiation. Additionally, we were not able to control for comorbid conditions or medications
that may have influenced sleep. The use of an objective measure of rest such as actigraphy,
in addition to subjective self-reported sleep quality as assessed by the PSQI, would add
strength to future studies of this problem.

Although participants were randomized to the HBEX and SC groups, those who agreed to
participate may have been more highly motivated to begin an exercise intervention that
included walking and resistance training. Therefore, these beneficial results may not
necessarily translate into improvements in all breast and prostate cancer survivors beginning
radiation treatment, as there may be a fair amount of resistance to partaking in a regular
exercise program in the general public, although it has many positive healthy effects in
general. Finally, the study was not placebo controlled or fully blinded. Participant
expectancy and experimenter bias may have played a role in improvements.

Despite the limitations, the positive outcomes from this pilot study provide evidence
supporting home-based aerobic and resistance exercise training during radiation treatment
for nonmetastatic breast and prostate cancer patients. Future phase 111 randomized controlled
trials are needed with larger samples to fully investigate these relationships and confirm
these findings related to sleep quality and markers of inflammation. Additionally, research
comparing the effects of various modes of exercise on sleep and inflammation in cancer
patients undergoing radiation is needed.
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Figure 1.
Flow of participants through the study
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Demographic and treatment-related characteristics of the study population

TABLE 1

Exercise Control All

Characteristic group (n=19) group (n=19) (n=38)
Cancer type, n (%)

Prostate 6 (32%) 5 (26%) 11 (29%)

Breast 13 (68%) 14 (74%) 27 (71%)
Race, n (%)

White 16 (84%) 18 (95%) 34 (90%)

Asian 2 (11%) 0 (0%) 2 (5%)

Black 1 (5%) 1 (5%) 2 (5%)
Currently employed, n (%) 17 (90%) 12 (63%) 29 (76%)
Marital status, n (%)

Married 14 (74%) 9 (47%) 23 (61%)

Divorced 2 (11%) 5 (26%) 7 (19%)

Single 2 (11%) 2 (11%) 4 (10%)

Widowed 1 (5%) 3 (16%) 4 (10%)
Some college education or higher, n (%) 16 (84%) 12 (63%) 28 (74%)
Previous surgery, n (%) 16 (84%) 16 (84%) 16 (84%)
Previous chemotherapy, n (%) 9 (47%) 10 (53%) 19 (50%)
Current hormone therapy, n (%) 1 (5%) 2 (10%) 3 (8%)
Karnofsky performance status, mean + SD 96.3+6.8 93.7+10.1 95.0+ 8.6
Age, years, mean + SD 56.6 + 13.7 63.3+9.4 60.0+12.1
Height, inches, mean + SD 64.7 + 3.6 65.0+ 3.5 64.8+ 35
Weight, pounds, mean + SD 173.7£46.8 188.3+£43.9 181.0+45.4
Body mass index, kg/m2, mean + SD 28.7+5.4 31.3+6.8 30.0+6.2
Total radiation dose, Gy, mean + SD 66.6 + 13.1 61.7+7.9 64.1+11.0

SD = standard deviation
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