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ABSTRACT

ROGERS, L. Q., S. VICARI, R. TRAMMELL, P. HOPKINS-PRICE, A. FOGLEMAN, A. SPENNER, K. RAO, K. S. COURNEYA,

K. S. HOELZER, R. ROBBS, and S. VERHULST. Biobehavioral Factors Mediate Exercise Effects on Fatigue in Breast Cancer

Survivors. Med. Sci. Sports Exerc., Vol. 46, No. 6, pp. 1077–1088, 2014. Purpose: This study aimed to examine mediators of fatigue

response to an exercise intervention for breast cancer survivors in a pilot randomized controlled trial. Methods: Postmenopausal

breast cancer survivors (n = 46; estage 2), off primary treatment, and reporting fatigue and/or sleep dysfunction were randomized to a

3-month exercise intervention (160 minIwkj1 of moderate-intensity aerobic walking, twice weekly resistance training with resistance

bands) or control group. Six discussion group sessions provided behavioral support to improve adherence. Fatigue, serum cytokines,

accelerometer physical activity, cardiorespiratory fitness, sleep dysfunction, and psychosocial factors were assessed at baseline and

3 months. Results: The exercise intervention effect sizes for fatigue were as follows: fatigue intensity d = 0.30 (P = 0.34), interference

d = j0.38 (P = 0.22), and general fatigue d = j0.49 (P = 0.13). Using the Freedman–Schatzkin difference-in-coefficients tests,

increase in fatigue intensity was significantly mediated by interleukin 6 (IL-6) (82%), IL-10 (94%), IL-6/IL-10 (49%), and tumor

necrosis factor-> (TNF->):IL-10 (78%) with reduced sleep dysfunction increasing the relationship between intervention and fatigue

intensity rather than mediating intervention effects (j88%). Decrease in fatigue interference was mediated by sleep dysfunction (35%),

whereas IL-10 and pro–anti-inflammatory cytokine ratios increased the relationship between intervention and interference (j25%

toj40%). The reduction in general fatigue was significantly mediated by minutes of physical activity (76%), sleep dysfunction (45%),

and physical activity enjoyment (40%), with IL-10 (j40%) and IL-6/IL-10 (j11%) increasing the intervention–fatigue relationship.

In the intervention group, higher baseline fatigue, anxiety, depression, and perceived exercise barrier interference predicted a greater

decline in fatigue interference and/or general fatigue during the intervention. Conclusions: Biobehavioral factors mediated and en-

hanced intervention effects on fatigue, whereas psychosocial factors predicted fatigue response. Further study is warranted to con-

firm our results and to improve understanding of relationships that mediate and strengthen the intervention–fatigue association.
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R
ecent meta-analyses support exercise as a treatment
modality for fatigue after a cancer diagnosis (40).
Nevertheless, half of exercise intervention trials

have not demonstrated significant reductions in fatigue (40),
and not all exercise trial participants report reduced fatigue
with an exercise intervention (29). Inconsistent reports of
exercise effects on fatigue may be due, in part, to differences
in fatigue measures, exercise prescriptions, and baseline

fatigue levels along with failure to tailor based on the multi-
factorial biobehavioral mechanisms underlying fatigue (1,19,
28). Fatigue is described by patients as encompassing more
than physical fatigue alone (13) and is sometimes assessed as
‘‘peripheral’’ or ‘‘central’’ (10). Two randomized exercise
trials (one in breast cancer and one in hematologic cancer
receiving bone marrow transplant) have demonstrated im-
provements in physical but not mental fatigue (16,45). In
cross-sectional studies, exercise demonstrated variable asso-
ciations among different fatigue aspects in 58 head and neck
cancer patients with the largest correlation being with aver-
age fatigue per day (r = j0.18) and days per week fatigued
(r = j0.22) (30). Among 525 bladder cancer survivors,
exercising at least 150 min per week was associated with
less average fatigue and fatigue interference but was not
associated with days per week fatigued or level of most
intense fatigue (17). Additional data from randomized trials
regarding how exercise effects may vary depending on
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the fatigue aspect assessed and measurement tool used is
needed. These data will inform fatigue measurement choice
for future exercise and cancer trials and facilitate tailoring
of exercise recommendations based on the nature of the
fatigue experienced by a cancer survivor.

In addition to the consideration of the fatigue outcome
measure, exercise effectiveness as a treatment for fatigue
could be improved by targeting the most important mediators
responsible for exercise effects on fatigue. No prior prospec-
tive, randomized exercise and cancer trial has reported the
mediators of exercise effects on fatigue or attempted to ex-
amine mediators within a biobehavioral framework. Fatigue is
often a significant and persistent symptom after cancer diag-
nosis and mediates the benefits of exercise on quality of life (4).
Postcancer fatigue may be caused by physical deconditioning
(44), comorbid conditions (35), inflammation (39), psychoso-
cial factors (25), neurotransmitter dysregulation (36), alter-
ations in the hypothalamic–pituitary–adrenal axis function
(36), and sleep disruption (36). Attempts to combine these
multiple factors into theoretical models explaining the under-
lying mechanisms for fatigue after cancer diagnosis are limited,
in part, by the lack of clear articulation of specific pathways
linking factors to the patient-reported outcome (26). In con-
trast, Al-Majid and Gray (1) have proposed a theoretical model
articulating explicit pathways that are altered by cancer and its
treatments but may also be potential targets improved with
exercise. For example, cancer and its treatments lead to bio-
logical effects (e.g., decreased muscle strength and increased
pro-inflammatory cytokines), functional effects (e.g., decreased
fitness), and psychobehavioral factors (e.g., sleep dysfunction,
anxiety, and depression), which contribute to cancer-related
fatigue (Fig. 1). Targeting these effects with exercise could
potentially reverse the cancer and cancer treatment effects
resulting in a reduction in fatigue.

Therefore, our specific aims were to obtain preliminary,
pilot data that examine the 1) the effects of an exercise in-
tervention for breast cancer survivors on three aspects of
fatigue and 2) the mediators of fatigue response to the in-
tervention. We hypothesized that when compared with the
control group, the intervention group would demonstrate a
reduction in fatigue that varied based on the aspect mea-
sured. We also hypothesized that fatigue effects would be
mediated by biological, functional, and biobehavioral fac-
tors as depicted in Figure 1. Although we focused on serum

inflammatory markers during protocol design, the study
outcomes were analyzed within a biobehavioral framework
to be consistent with the rising interest in examining the
multifactorial mediators of intervention effects on cancer-
related fatigue as a way to improve future interventions (2).

METHODS

Setting, participants, and study design. The pro-
tocol was approved by the local institutional review board.
Informed consent was obtained from all participants before
beginning study activities. The study criteria are presented
as follows:

Inclusion criteria: 1) female, 30–70 yr old, ductal carci-
noma in situ (DCIS), stage 1 or 2 breast cancer; 2) at
least 4 wk after final primary treatment administra-
tion (longer-term therapies such as aromatase inhibi-
tors and estrogen receptor modulators were allowed);
3) Q8 wk postsurgical procedure; 4) English speaking;
5) medical clearance for participation provided by phy-
sician; 6) postmenopausal; 7) average fatigue over the
past week rated as Q3 on a 1–10 Likert scale (11) or sleep
dysfunction Q1 on a 0–3 Likert scale (5); and 8) Willing
to abstain from ‘‘as needed’’ medications for 7 d before
each blood draw. (Note: This pilot study was designed
to collect preliminary results for both fatigue and sleep
dysfunction. A comprehensive reporting of the sleep
outcomes is beyond the scope of this report and is antic-
ipated to be published separately. The inclusion of par-
ticipants with either fatigue or sleep dysfunction was
done to reduce the risk of a ‘‘floor effect’’ related to fa-
tigue and sleep dysfunction while avoiding overly re-
strictive inclusion criteria that would have impeded our
ability to recruit within the time frame limited by bud-
getary constraints.)

Exclusion criteria: 1) metastatic or recurrent breast cancer;
2) unable to ambulate without assistance; 3) unstable
angina; 4) New York Heart Association class II, III, or
IV congestive heart failure; 5) uncontrolled asthma; 6)
interstitial lung disease; 7) current use of steroids; 8)
having been told by a physician to only do exercise
prescribed by a physician; 9) dementia or organic brain
syndrome; 10) schizophrenia or active psychosis; 11)

FIGURE 1—Hypothesized mediators of exercise effects on fatigue among breast cancer survivors based on Al-Majid and Gray (1).
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connective tissue or rheumatologic disease (i.e., systemic
lupus erythematosus, rheumatoid arthritis, amyloidosis,
Reiter’s syndrome, psoriatic arthritis, mixed connective
tissue disease, Sjögren’s syndrome, progressive systemic
sclerosis, CREST syndrome, polymyositis, dermatomyo-
sitis, vasculitis, polymyalgia rheumatic, and temporal ar-
teritis); 12) participating, on average, in more than 20 min
of physical activity on two or more days per week during
the past 6 months; 13) elective surgery planned for during
the time of the intervention, which would interfere with
intervention participation (e.g., breast reconstructive sur-
gery); 14) live or work 950 miles from the study site; 15)
lack of transportation to the study site; 16) changes in
usual medications expected during the study period; 17)
plan to move residence out of the local area during the
5 months of study participation; 18) plan to travel out of
the local area for vacation during the first 4 wk of the
intervention or plan to travel out of the local area for more
than a week during the last 8 wk of the intervention; and
19) contraindication to participation in exercise (i.e.,
moderate-intensity walking and strength training with re-
sistance bands).

This two-arm randomized controlled pilot study took
place at a Midwestern academic center in a small urban
setting adjacent to a rural population. An exercise interven-
tion was compared with control group with measurements
obtained at baseline (preintervention [M0]) and 3 months
(postintervention [M3]). Participants were paid a small
monetary incentive after completion of each assessment.
Eligible participants were stratified by DCIS versus stage 1
or 2 before randomization in blocks of four based on
computer-generated numbers. Participants were randomized
in the order in which they completed baseline testing. Ran-
domization numbers were kept in sealed, opaque envelopes
so that study staff and participants were unaware of group
allocation until all baseline testing was complete.

Exercise intervention. The exercise intervention com-
bined aerobic walking with strength training using resis-
tance bands. For the aerobic component, participants were
gradually advanced by week 9 to 40-min bouts of moderate-
intensity walking four times per week with no more than 1 d
in between bouts (e.g., exercise on Monday, Wednesday,
Thursday, and Saturday each week or Tuesday, Wednesday,
Friday, and Sunday each week), resulting in a total weekly
goal of 160 aerobic minutes. Moderate exercise intensity was
based on the Karvonen method (i.e., 48%–52% of heart rate
reserve). Participants attended 26 individual supervised ex-
ercise sessions with an exercise specialist (three per week for
the first 2 wk and two per week for the last 10 wk). Partici-
pants were also instructed to exercise at home (two walking
sessions per week in the last 10 wk of the intervention). The
resistance training occurred twice weekly during the same
sessions as the supervised aerobic walking (e.g., Monday/
Thursday or Tuesday/Friday). The strength of the resistance
bands was advanced as tolerated at intervals of Q2 wk. Eight

different resistance exercises focused on the major muscle
groups were included with up to two sets of 15 repetitions per
exercise. To improve adherence, behavioral support was
provided by six group meetings with a clinical psychologist
or psychology intern under the supervision of a clinical psy-
chologist (every other week) based on a prior successful be-
havior change intervention (32). Intervention participation
occurred in cohorts or ‘‘waves’’ to facilitate the social support
provided by the group meetings.

Control group instructions. The control group was
instructed not to change their exercise behavior beyond what
they were doing at the time of study enrollment.

Measures: General. The following were measured
by self-administered survey: age, race, ethnicity, education,
annual household income, marital status, cancer stage,
prior cancer treatment (chemotherapy and radiation), cur-
rent antiestrogen therapy, medical comorbidity score (14),
smoking status, and prior receipt of physician exercise
counseling. Participants kept a medication log for the 7 d
before each blood draw, which was reviewed by a licensed
physician on the investigative team (Rogers) for medication
changes that might influence serum cytokine levels. Three-
day diet records were collected (one weekend and two
weekdays) and analyzed for carbohydrate differences that
might act as a covariate (3). To facilitate consistency, the
same staff member analyzed all diet records; diet data were
analyzed using FoodWorks 13 (Long Valley, NJ). MTI/
ActiGraph accelerometer was worn for 7 d; four valid days
were required for analysis. Cut points for physical activity
intensity were sedentary = 0–99 (9), inactive = 100–499,
light activity = 500–1951, moderate activity = 1952–5724,
and vigorous Q 5725 (12). Supervised session records
completed by the supervising exercise specialists were used
to determine adherence to resistance training and supervised
aerobic exercise sessions.

Measures: Fatigue. Two different scales were used to
measure fatigue. First, the Fatigue Symptom Inventory (15)
was used to measure fatigue intensity (mean of four items,
1–10 scale) and fatigue interference (mean of six items, 1–10
scale). The Patient Reported Outcomes Measurement In-
formation System (PROMIS�) scale was used to measure
general fatigue (seven items using a Likert scale, 1 = rarely to
5 = always; http://www.nihpromis.org/default.aspx). Items
were summed and then converted to a T score as provided on
the PROMIS� Web site (http://www.nihpromis.org/Documents/
PROMIS_Age_Gender_Comorbidity.pdf). For all measures
used, a higher score indicated greater fatigue.

Measures: Potential mediators. For body composi-
tion, measured height and weight were used to calculate
body mass index [(weight in pounds / height in inches
squared) � 703], and circumferences were obtained for the
calculation of the waist-to-hip ratio. Bioelectric impedance
(i.e., Quantum X by RJL Systems) was used to assess per-
cent body fat (i.e., performed same time of day for each
measurement after a Q4-h fast). Extensor leg strength was
assessed using a back and leg dynamometer (Takei, model
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T.K.K. 5002). The participant completed three trials with
a 1-min rest between trials. The maximum reading (best of
the three efforts) provided the absolute strength measure.
Cardiorespiratory fitness was estimated from a submaximal
treadmill test using a modified Naughton protocol (43).
Physical measures were obtained by individuals who were
blinded to the participant’s study group allocation.

Serum samples for interleukin 6 (IL-6), IL-8, IL-10, and
tumor necrosis factor-> (TNF->) were obtained after a 12-h
fast by an experienced phlebotomist between 7:45 a.m. and
10:00 a.m. Participants were instructed to not take sporadic
or ‘‘as needed’’ medications for 7 d before the blood draw.
During the 24 h before the blood draw, participants ab-
stained from exercise, smoking, and alcohol. Blood samples
were collected, processed, and stored using a standard op-
erating procedure consistent with expert consensus recom-
mendations (41). Samples were batch analyzed according
to manufacturer’s instructions by an investigator who was
unaware of the participants’ group allocations. Luminex�

technology was used to measure IL-6, IL-8, IL-10, and
TNF-> using the high-sensitivity human cytokine assay (Cat
# HSCYTO-60SK; Millipore Corp., Billerica, MA). Detec-
tion limits were 0.1 pgImLj1 for IL-6, 0.11 pgImLj1 for IL-
8, 0.15 pgImLj1 for IL-10, and 0.05 pgImLj1 for TNF->.
Cytokines were analyzed individually and as pro-
inflammatory to anti-inflammatory ratios (i.e., IL-6/IL-10,
IL-8/IL-10, and TNF->/IL-10).

The PROMIS� scale was used to measure depression
(8 items), anxiety (7 items), and sleep/wake disturbances
(16 tems) with all items using a 1–5 Likert scale (http://
www.nihpromis.org/default.aspx). Sums were converted to
T scores for the analysis according to conversion tables
published on the PROMIS� Web site. Higher scores indi-
cate greater depressive symptoms, greater anxiety, or greater
sleep/wake disturbances. Walking self-efficacy was mea-
sured using a 6-item scale asking participants to rate their
confidence (0%–100% in 10% increments) in their ability
to walk at a moderately fast pace without stopping for 5 min
up to 30 min in 5-min increments (24). This scale has been
validated based on significant associations with physical
activity and functioning in cross-sectional and prospec-
tive studies (22,23). Exercise social support was measured
using four items asking the frequency with which family or
friends had offered to exercise with the participant or given
the participant encouragement to stick with their exercise
program (38). The five-point Likert responses (0 = rarely to
4 = very often) were summed for the analysis. Physical ac-
tivity enjoyment was a single item asking the participant
their agreement with the statement ‘‘I enjoy engaging in
regular physical activity’’ (1 = disagree to 5 = agree) (34).

Data analysis. Baseline characteristics for the interven-
tion versus control group were compared with independent-
group t-test or chi-square test. Intention-to-treat analysis was
performed (i.e., differences between the study groups were
assessed with all data regardless of the participant’s adher-
ence to the exercise in the intervention group or self-initiation

of exercise in the control group). Within-group changes
over time were tested with a paired t-test. Between-group
differences were tested with independent-group t-tests. (Of
note, nonparametric tests were performed and provided sim-
ilar results to that of the parametric procedures. To allow
the expression of data in the unit of measure rather than the
rank score, the parametric results are reported here.) The
Freedman–Schatzkin difference-in-coefficient test was used
to test mediation of the intervention effects on fatigue. The
Freedman–Schatzkin test was chosen because of its in-
creased study power when testing mediation in small ran-
domized trials (7). This procedure also results in the most
accurate type I error rates when the relationship between
the intervention and the potential mediator or between the
mediator and the outcome are both null (21). Moreover, the
Freedman–Schatzkin test does not require that both the rela-
tionship between the intervention and the mediator and be-
tween the mediator and the outcome be significant (21). In
smaller pilot studies, important mediators may be missed
using other methods because one of these relationships may
lack statistical significance due to low study power. This was
particularly important because of the pilot nature of the study
described in this report. Mediation is considered statistically
significant when including the potential mediator in the final
model significantly reduces the relationship between the in-
tervention and outcome (e.g., fatigue). In this case, mediation
is reported as the proportion (or percentage) of the interven-
tion effect that is due to the change in the mediator occurring
during the intervention (reported as a positive percentage). If
the final model that includes the mediator detects a stronger
statistical relationship between the intervention and the out-
come (i.e., negative percent change), then the change in the
factor during the intervention is influencing the intervention–
outcome relationship rather than mediating the relationship.
Mediators were tested if they were statistically significant (or
close to significant) on the between-group differences or the
paired t-test. Because of the pilot nature of the study and the
need to generate hypotheses related to potential mediators
warranting further study, we tested mediation using all fatigue
outcomes and inflammatory markers regardless of the sig-
nificance of the intervention effect. For all statistical testing,
a P value of G0.05 was considered statistically significant.

RESULTS

Participant flow is provided in Figure 2. The target pop-
ulation was defined based on cancer type and stage, fatigue
and/or sleep dysfunction, age, and menopausal status with
34 (24%) excluded because they were not within the target
population. Of the target population screened (n = 105), 56
(53%) were excluded, with the most prevalent reasons for
exclusion as follows: currently exercising more than 20 min
on more than 2 dIwkj1 (n = 15), live or work 950 miles from
study site (n = 8), poor health (n = 5), not first time breast
cancer diagnosis (i.e., recurrence) (n = 4), steroid use (n = 4),
vacation plans (n = 4), unable to commit to the program (n = 4),
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and refused (n = 4). Of the 49 consented (47% of the target
population), three dropped out before randomization because
of illness (n = 1) or lack of time (n = 2). Of the 46 complet-
ing baseline testing and undergoing randomization, 22 were
randomized to the intervention group and 24 to the control
group with one in each study group dropping out before
M3 testing (both due to time). Therefore, 44 (retention rate
of 96% of randomized participants) completed the M3 as-
sessment. However, two participants developed cancer recur-
rence during the trial (both in the intervention group). These
two participants were dropped from the analysis for scien-
tific reasons (i.e., the potential impact of the cancer recurrence
on cytokine levels could erroneously skew the results farther
from the reality of that which can be expected in sur-
vivors without recurrence). This conservative approach was

acceptable because analyses results with and without the
participants with recurrence were not substantially different,
confirming that removing the participants with recurrence
did not manipulate the data for a more favorable result. We
did not perform the sensitivity analysis because only two
dropouts occurred with these being evenly distributed be-
tween the study groups and both being due to the same reason
(i.e., time), thus removing any systematic bias that might be
caused if both dropouts had occurred in the same study group
or for different reasons. The less complex statistical approach
is acceptable for this pilot study, but future trials should con-
sider performing sensitivity analysis as a method for dealing
with the possibility that dropouts are not a random occur-
rence. Therefore, 42 participants (91% of the 46 randomized)
were included in the final analyses reported here.

FIGURE 2—Participant recruitment, allocation, and retention by study group.
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No serious adverse events occurred. Of the related non-
serious adverse events, two occurred in the intervention
group (modification of resistance exercise required due
to ongoing preexistent lymphedema symptoms and mild he-
matoma at site of blood draw) and two in the control group
(both experienced elevated blood pressure during treadmill
fitness test and were instructed to discuss with primary care
physician). Two unrelated nonserious adverse events oc-
curred (both in the intervention group) and included broken
wrist due to a motor vehicle accident and new breast lump
with negative mammogram.

Sample characteristics (combined and stratified by study
group allocation) for all participants completing both base-
line and follow-up assessments are provided in Table 1. The
study groups differed significantly with regard to the per-
centage who were never smokers (45% in control vs 74%
in the intervention group, P = 0.04). Adjusting for smoking
status did not significantly change our study results; there-
fore, the unadjusted results are presented in this report.
At the time of enrollment, 68% of the participants were
fatigued and 93% reported sleep dysfunction with 64%
reporting both symptoms. Medication changes during study
participation reported on the medication log, which may
have influenced cytokine levels, included changes in the

following: nonsteroidal anti-inflammatory drugs (including
aspirin) (n = 14), antihistamines (n = 5), HMG CoA reduc-
tase inhibitors (n = 3), selective serotonin receptor inhibitors
(n = 2), fish oils (n = 2), beta blocker (n = 1), and tamoxifen
(n = 1). (Note that participants may have had more than one
medication change).

Excluding the two participants developing cancer recur-
rence during the trial, adherence to supervised aerobic ex-
ercise sessions was 91% and adherence to the resistance
exercise sessions was 93% (based on session record sheets).
On the basis of accelerometer monitoring, weekly minutes
of Qmoderate-intensity exercise significantly increased from
baseline to 3 months in the intervention compared with the
control group, with the intervention group mean at 3 months
being 294 T 175 weekly minutes. Weekly minutes of
Qmoderate-intensity exercise did not significantly increase
in the control group (baseline mean = 148 T 79, 3-month
mean = 154 T 75 min, paired t-test P value not significant).
On the basis of exercise logs, the exercise goal with regard
to the total minutes of exercise done at home was met in
65% of the possible weeks. Discussion group attendance for
all participants and waves combined was 94%. No protocol
deviations occurred; however, DCIS was added to the inclu-
sion criteria midtrial to facilitate recruitment.

TABLE 1. Baseline characteristics of participants overall and by group allocation.

Variable Overall (n = 44) Control (n = 24) Intervention (n = 20) P

Age, yr 56.2 T 7.7 (32–69) 55.2 T 9.1 (32–67) 57.2 T 5.5 (45–69) 0.38
Race

White 42 (95.5%) 22 (91.7%) 20 (100.0%) 0.49
Other 2 (4.5%) 2 (8.3%) 0 (0.0%)

Education, yr 14.0 T 2.2 (12–20) 14.0 T 2.4 (12–20) 14.0 T 1.9 (12–18) 0.95
Income

G$10,000 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.65
$10,000–$20,000 1 (2.3%) 0 (0.0%) 1 (5.0%)
$20,000–$35,000 6 (13.6%) 4 (16.7%) 2 (10.0%)
$35,000–$50,000 5 (11.4%) 3 (12.5%) 2 (10.0%)
Q$50,000 32 (72.7%) 17 (70.8%) 15 (75%)

Marital status
Married or living with sig other 31 (70.5%) 18 (75.0%) 13 (65.0%) 0.47
Other 13 (29.5%) 6 (25.0%) 7 (35.0%)

Cancer stage
DCIS 8 (18.2%) 5 (20.8%) 3 (15.0%) 0.88
Stage 1 21 (47.7%) 11 (45.8%) 10 (50.0%)
Stage 2 15 (34.1%) 8 (33.3%) 7 (35.0%)

Received chemotherapy 18 (40.9%) 10 (41.7%) 8 (40.0%) 0.91
Months since chemotherapy 70.3 T 65.5 (3–222) 64.7 T 51.0 (3–144) 76.6 T 82.2 (9–222) 0.72
Received radiation 28 (63.6%) 14 (58.3%) 14 (70.0%) 0.42
Months since radiation 44.1 T 41.8 (1–168) 37.6 T 38.5 (1–132) 51.2 T 45.5 (12–168) 0.41
Hormonal therapy

Estrogen receptor modulator (yes) 7 (15.9%) 2 (8.3%) 5 (25.0%) 0.13
Aromatase inhibitor (yes) 16 (36.4%) 9 (37.5%) 7 (35.0%) 0.86
Months on hormonal therapy 22.5 T 18.7 (1–59) 16.9 T 17.5 (1–53) 27.6 T 18.9 (1.3–59) 0.18
Beta blocker (yes) 8 (18.2%) 4 (16.7%) 4 (20.0%) 1.00
Comorbidity score 2.1 T 1.6 (0–6) 2.0 T 1.6 (0–6) 2.1 T 1.7 (0–6) 0.91

Smoker
Never 27 (61.4%) 18 (75.0%) 9 (45.0%) 0.042
Current or ex-smoker 17 (38.6%) 6 (25.0%) 11 (55.0%)

Physician ever advised to exercise 38 (86.4%) 20 (83.3%) 18 (90.0%) 0.62
Medication changes that may have effected cytokines (inflammation) 20 (48.8%) 11 (47.8%) 9 (50.0%) 0.89
Possible effect of medication change on cytokines (inflammation)

Decrease 10 (24.4%) 5 (21.7%) 5 (27.8%) 0.35
No change (n = 21) or both directions (n = 4) 25 (61.0%) 13 (56.5%) 12 (66.7%)
Increase 6 (14.6%) 5 (21.7%) 1 (5.6%)
Carbohydrate (g) 200 T 77 203 T 79 198 T 76 0.83

Data are presented as mean T SD (range) or n (%).
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The preliminary effects of our exercise program on fa-
tigue and possible mediators are provided in Tables 2 and 3.
A medium negative effect size was noted for PROMIS�

fatigue (d = j0.49) and fatigue interference (d = j0.38)
with a small positive effect size noted for fatigue intensity
(d = 0.30) (all P values 90.10). Potential mediators with
effect sizes that were statistically significant included ac-
celerometer measured Qmoderate-intensity physical ac-
tivity (d = 1.15, P G 0.01), walking self-efficacy (d = 0.66,
P G 0.05), exercise social support (d = 0.85, P G 0.01), and
physical activity enjoyment (d = 0.63, P G 0.05). A trend
in fewer anxiety symptoms for intervention compared with
control group was noted (d = j0.54, P G 0.10).

The results of the Freedman–Schatzkin analyses are pro-
vided in Table 4. The positive effect size increase in fatigue
intensity was significantly mediated by IL-6 (82%), IL-10
(94%), IL-6/IL-10 (49%), and TNF->/IL-10 (78%), with
sleep dysfunction increasing the relationship between the
intervention and the fatigue intensity rather than mediating
the intervention effects (j88%) (Table 4). The negative effect
size decrease in fatigue interference for the intervention
compared with control group was mediated by an improve-
ment in sleep dysfunction (35%), whereas serum IL-10 and
the pro–anti-inflammatory ratios increased the relationship
between the intervention and the fatigue interference (j25%
to j40%) (Table 4). PROMIS� fatigue was significantly
mediated by the positive intervention effects on weekly
minutes of physical activity (76%), sleep dysfunction (45%),
and physical activity enjoyment (40%) with IL-10 (j40%)
and IL-6/IL-10 (j11%) increasing the statistical intervention–
fatigue relationship (Table 4).

In a post hoc analysis, we examined the prevalence of
nonresponders (i.e., participants reporting greater fatigue
after the intervention) and baseline factors that predicted
the change in fatigue during the intervention (i.e., Pearson
correlations between the change in fatigue and potential pre-
dictors measured at baseline). In the intervention group, fa-
tigue intensity increased in 11/19 (58%), fatigue interference
increased in 7/19 (37%), and PROMIS� fatigue increased in
3/19 (16%). No significant correlations with change in fa-
tigue intensity were noted. A greater decline in fatigue in-
terference was significantly associated with higher baseline

fatigue intensity (r =j0.50, P = 0.029), fatigue interference
(r = j0.84, P G 0.0001), anxiety (r = j0.80, P G 0.0001),
depression (r = j0.81, P G 0.0001), and exercise barriers
interference (r = j0.46, P = 0.046). A greater decline in
PROMIS� fatigue was significantly associated with higher
baseline fatigue interference (r = j0.56, P = 0.013), baseline
PROMIS� fatigue (r =j0.50, P = 0.03), anxiety (r =j0.70,
P G 0.001), and depression (r = j0.69, P = 0.001). The fol-
lowing baseline factors were not predictive of the change
in any of the fatigue measures used: age, education, cancer
type, time since treatment, current hormonal therapy, breast
cancer stage, number of comorbidities, self-efficacy, social
support, enjoyment, prediagnosis physical activity, and base-
line physical activity.

DISCUSSION

Although not statistically significant, the direction and
magnitude of the effect sizes related to our exercise intervention
varied depending on the fatigue measure used and aspect
assessed. A nonsignificant small to medium effect size increase
was noted for fatigue intensity, with a nonsignificant small
to medium effect size decrease noted for fatigue interference
and PROMIS� fatigue. Only PROMIS� fatigue showed a
within-group statistically significant decline in the interven-
tion group. Study power was limited by our small sample size,
which resulted from the budgetary and logistical constraints
of a pilot study. Nevertheless, our effect size reductions in
fatigue interference and general fatigue are consistent with
that of previous studies (40), with our results suggesting an
important finding relative to a possible increase in intermit-
tent fatigue intensity. It is noteworthy that our data suggest
important mediating relationships warranting further study.
Specifically, inflammation, sleep quality, psychosocial fac-
tors (i.e., exercise social support and enjoyment), and minutes
of weekly physical activity mediated the effects of our exercise
intervention on fatigue in breast cancer survivors. Complex
relationships that include both mediation and strengthen-
ing of the intervention–fatigue relationship exist. These
relationships vary among the fatigue measures used, and
further study is needed to improve our understanding of
these relationships. The inflammatory mediators of fatigue

TABLE 2. Preliminary effects of a walking program plus resistance exercise on sedentary activity, minutes of physical activity, and fatigue in breast cancer survivors postprimary treatment
(participants with complete data, n = 42).

Month 0 Month 3 Change over Time Between-Group Difference

Variable Group Mean T SD Mean T SD Mean T SD Mean T SD Effect Size

Weekly minutes
of sedentary behavior

Intervention 7208.3 T 866.9 7141.4 T 536.2 j84.4 T 788.2
Control 7577.0 T 620.7 7549.2 T 628.4 j55.2 T 435.3 j29.2 T 619.5 j0.05

Weekly minutes of Q
moderate-intensity
physical activity

Intervention 181 T 152 294 T 175 114 T 109***
Control 148 T 79 154 T 75 10 T 70 103 T 89 1.15***

Fatigue intensity Intervention 3.6 T 1.5 4.1 T 2.1 0.4 T 1.9
Control 4.2 T 2.1 4.0 T 1.8 j0.1 T 1.9 0.6 T 1.9 0.30

Fatigue interference Intervention 2.2 T 1.4 1.8 T 0.8 j0.4 T 1.1*
Control 2.5 T 1.7 2.6 T 1.9 0.1 T 1.8 j0.6 T 1.5 j0.38

PROMIS� fatigue Intervention 51.1 T 5.3 47.6 T 5.4 j3.8 T 4.1***
Control 52.7 T 8.1 51.6 T 6.9 j1.1 T 6.4 j2.7 T 5.4 j0.49

*P G 0.10 (trend only), **P G 0.05, ***P G 0.01.
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response to exercise may be due to beneficial reductions in
the pro–anti-inflammatory ratios resulting from the dynamic
response of the cytokine system to pro-inflammatory as-
pects of exercise training.

The National Comprehensive Cancer Network (NCCN)
guidelines (a national resource used by U.S. medical on-
cologists as the ‘‘standard of care’’ for all cancer patients;
http://www.nccn.org/index.asp) include exercise in its

TABLE 3. Preliminary effects of a walking program plus resistance exercise on potential mediators of fatigue response to exercise in breast cancer survivors postprimary treatment
(participants with complete data, n = 42).

Month 0 Month 3 Change over Time Between-Group Difference

Variable Group Mean T SD Mean T SD Mean T SD Mean T SD Effect Size

Body mass index Intervention 29.8 T 4.8 29.6 T 5.0 j0.2 T 0.9
Control 32.6 T 6.6 32.2 T 6.7 j0.3 T 1.1 0.1 T 1.0 0.14

Waist-to-hip ratio Intervention 0.8 T 0.1 0.8 T 0.1 0.0 T 0.0
Control 0.9 T 0.1 0.9 T 0.1 0.0 T 0.1 j0.0 T 0.1 j0.10

Percent body fat Intervention 39.7 T 7.0 38.6 T 6.4 j1.1 T 2.2**
Control 42.2 T 7.6 41.5 T 7.4 j0.6 T 2.4 j0.4 T 2.3 j0.19

Back/leg extensor muscle strength Intervention 61.8 T 19.3 65.9 T 18.2 4.1 T 14.4
Control 67.8 T 29.8 73.1 T 26.3 5.2 T 19.7 j1.2 T 17.5 j0.07

IL-6 (pgImLj1) Intervention 2.6 T 1.8 2.8 T 2.2 0.0 T 1.5
Control 7.8 T 16.2 7.3 T 11.6 j0.7 T 6.1 0.8 T 4.7 0.16

IL-8 (pgImLj1) Intervention 6.8 T 6.3 5.4 T 2.2 j1.7 T 5.6
Control 6.1 T 3.1 6.3 T 4.7 0.1 T 2.8 j1.7 T 4.3 j0.40

IL-10 (pgImLj1) Intervention 5.5 T 4.2 4.7 T 3.6 j1.0 T 2.4*
Control 8.4 T 12.8 7.4 T 9.9 j0.4 T 4.9 j0.7 T 4.0 j0.17

TNF-> (pgImLj1) Intervention 7.7 T 3.7 8.5 T 4.2 0.6 T 2.4
Control 12.9 T 18.8 12.6 T 18.1 j0.6 T 2.6 1.3 T 2.5 0.50

IL-6/IL-10 Intervention 1.1 T 2.6 1.0 T 1.4 j0.2 T 2.8
Control 5.3 T 10.6 6.1 T 13.4 0.3 T 5.2 j0.6 T 4.3 j0.13

IL-8/IL-10 Intervention 3.5 T 9.4 2.5 T 4.5 j1.1 T 9.8
Control 6.9 T 17.5 6.7 T 14.7 j0.8 T 4.0 j0.3 T 7.2 j0.04

TNF->/IL-10 Intervention 5.6 T 15.7 4.2 T 7.0 j1.5 T 15.9
Control 11.9 T 26.7 15.2 T 31.5 2.2 T 17.1 j3.8 T 16.6 j0.23

Fitness (mLIkgj1Iminj1) Intervention 27.6 T 7.0 30.9 T 6.3 2.8 T 4.9**
Control 24.0 T 5.7 25.1 T 5.0 1.1 T 4.2 1.7 T 4.5 0.37

Depression Intervention 45.5 T 6.9 44.2 T 8.6 j1.7 T 6.9
Control 48.2 T 8.7 45.7 T 8.0 j1.8 T 5.0 0.0 T 6.0 0.01

Anxiety Intervention 48.9 T 7.9 45.6 T 8.9 j4.0 T 6.5**
Control 47.8 T 7.7 47.1 T 8.2 j0.6 T 6.0 j3.4 T 6.3 j0.54*

Sleep dysfunction Intervention 49.4 T 7.1 46.2 T 8.0 j3.7 T 8.6*
Control 53.4 T 9.2 51.1 T 7.4 j1.9 T 7.6 j1.8 T 8.1 j0.22

Walking self-efficacy Intervention 73.5 T 22.9 90.4 T 17.3 17.0 T 20.5***
Control 62.8 T 31.5 67.3 T 32.1 4.2 T 18.5 12.8 T 19.5 0.66**

Exercise social support Intervention 5.4 T 4.7 7.3 T 4.9 2.1 T 3.2**
Control 3.9 T 3.7 3.1 T 3.2 j0.8 T 3.5 2.9 T 3.4 0.85***

Physical activity enjoyment Intervention 3.2 T 1.0 3.7 T 0.9 0.4 T 1.3
Control 3.3 T 1.2 2.9 T 1.3 j0.4 T 1.1 0.8 T 1.2 0.63**

*P G 0.10 (trend only), **P G 0.05, ***P G 0.01.

TABLE 4. Potential mediators: correlation of residualized change score with intervention and percent of intervention effect mediated (positive percent) or enhanced (negative percent) by
the mediator.

Percent of intervention effect mediated

Potential Mediator na

Correlation between Mediator
(Residualized Change Score)

and Group Allocation
Fatigue
Intensity

Fatigue
Interference

PROMIS�

Fatigue

Weekly minutes sedentary behavior 42 j0.23 j46% 13% 11%
Weekly minutes Qmoderate-intensity physical activity 42 0.53*** j82% 5% 76%***
Percent body fat 42 j0.17 j22% j1% 5%
IL-6 41 j0.18 82%** j3% j9%
IL-8 42 j0.20 j7% j6% 9%
IL-10 38 j0.21 94%** j33%** j40%***
TNF-> 41 0.19 j23% j4% j8%
IL-6/IL-10 38 j0.02 49%** j25%*** j11%**
IL-8/IL-10 38 j0.15 55%* j30%*** j8%
TNF->/IL-10 38 j0.17 78%** j40%*** j12%
Fitness 42 0.35** j64% 4% 24%
Anxiety 41 j0.24 j42% 7% 5%
PROMIS� sleep dysfunction 41 j0.25 j88%** 35%** 45%***
Walking self-efficacy 41 0.41*** j33% j2% 24%
Exercise social support 41 0.48*** 29% j53%* j13%
Physical activity enjoyment 41 j0.37** j62% 22% 40%**

aTotal n varies due to missing survey on one participant and undetectable levels of IL-6 (n = 1), IL-10 (n = 3), and TNF-> (n = 1).
*P G 0.10, **P G 0.05, ***P G 0.01.
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treatment algorithm for cancer-related fatigue. However, our
study demonstrates that some cancer survivors will not ex-
perience reductions in their fatigue with an exercise inter-
vention. Identifying reasons for this lack of response can
be used to tailor future exercise interventions for improved
effectiveness. To our knowledge, we are the first study to
report predictors of fatigue response to an exercise inter-
vention. Although preliminary in nature, our data suggest
that breast cancer survivors with higher baseline anxiety,
depression, and barriers interference may be more likely to
experience a beneficial fatigue response to our intervention.
Given the moderately complex nature of our intervention
with respect to cost and staff time, our data suggest that
targeting individuals with predictors of greater response
could be used to better allocate financial and staff resources.
It is also noteworthy that the factors that contribute to de-
veloping fatigue after cancer diagnosis have been well
studied but may not be the same factors that predict response
to exercise. For example, affective state may increase fatigue
prevalence (2) but, in contrast, predict a better response to
our exercise intervention. Further research is needed to bet-
ter understand predictors of fatigue response to exercise.

Our data further support the fact that exercise intervention
effects on fatigue may vary when different fatigue measures
are used and/or aspects assessed. The four Fatigue Symptom
Inventory items used to measure fatigue intensity were
fatigue on the day felt most fatigued, fatigue on day felt least
fatigued, average fatigue, and current fatigue. In our study,
it is conceivable that exercise may transiently increase fa-
tigue intensity after an exercise bout, which might increase
the perception of fatigue by participants on the day they
felt most fatigued and on average. However, the exercise
training may have reduced fatigue interference because of
improved participants’ physical ability to engage in their
daily activities regardless of the transient increases in fatigue
after exercise bouts. Also related, the seven PROMIS� fatigue
items include three items asking about fatigue, which in-
terferes with work, thinking clearly, and bathing/showering;
therefore, it is not surprising that the intervention effects were
similar to that noted with fatigue interference. Consistent with
this, the change in PROMIS� fatigue was significantly cor-
related with the change in fatigue interference in the inter-
vention group (r = 0.62, P G 0.01). However, the PROMIS�

fatigue scale combines other aspects of fatigue with fatigue
interference for a more general fatigue assessment, which
may explain the additional mediators related to minutes of
physical activity and enjoyment. Future exercise and post-
cancer fatigue research should measure multiple fatigue as-
pects (or dimensions), assess the pattern of fatigue intensity
pre- and postexercise bout, and compare how effects may
differ for vigorous versus moderate-intensity exercise train-
ing. Further study is needed to better understand and define
the meaning of fatigue (a subjective patient-specific mea-
sure) while also determining fatigue aspects responsive
to exercise that are most important for improving patient
quality of life.

Also related to the definition of fatigue, previous research
by other investigators (primarily in noncancer populations)
has differentiated between central and peripheral fatigue
(10). We did not conceptualize fatigue in this manner be-
cause our goal was to examine fatigue as it might be
reported by a patient in a clinical setting (i.e., patients usu-
ally do not differentiate central from peripheral fatigue).
Nevertheless, interpretation of our data from the perspec-
tive of central versus peripheral fatigue warrants discussion
and suggests future research directions. Peripheral fatigue is
caused by neuromuscular abnormalities (e.g., excitation–
contraction coupling, impaired calcium reuptake, etc.) that
can be assessed with objective measures (10). Central fa-
tigue results from a variety of possible central nervous sys-
tem abnormalities (10), which include but are not limited to
the lack of self-motivation influenced by psychosocial fac-
tors such as depression or catastrophe (8,20). Although
further study is needed, central fatigue has been reported
to be the primary cause of fatigue in cancer patients and
survivors (10). Exercise without psychosocial support is
expected to improve peripheral more than central fatigue,
which may have contributed to the decline in fatigue inter-
ference and not fatigue intensity seen in our study. However,
it is not possible to differentiate the effects of exercise alone
from the effects of exercise plus the additional staff attention
and group support in our study (e.g., support may have im-
proved psychosocial factors that influence central fatigue).
Therefore, it is possible that our intervention influenced
both peripheral and central fatigue but to a different extent
for each participant, thus explaining the variable rates of
fatigue improvement and the greater effect on the more
general measure of PROMIS� fatigue. The inclusion of mea-
sures that differentiate peripheral from central fatigue in fu-
ture studies is warranted for improving our understanding of
fatigue and its response to exercise interventions in cancer
survivors.

Importantly, using consistent measures across studies would
improve our ability to compare study results. PROMIS� is
sponsored by the National Institutes of Health (NIH) and aims
to develop a system of tools for patient-reported health status
that can be used in multiple research and clinical populations
and settings (http://www.nihpromis.org/about/abouthome) (6).
Our results indicate that this scale shows change over time
with the intervention and can be used to examine fatigue
mediators. Our study is the first exercise and cancer trial to
report the use of this scale (28) and supports the use of the
PROMIS� fatigue scale in future trials to facilitate collection
of data that are comparable not only across cancer types but
also with various chronic disease populations.

Identifying factors mediating the largest proportions of
exercise intervention effects on fatigue will help prioritize
and focus future interventions (exercise and otherwise) to
treat cancer-related fatigue. This is particularly important
with regard to the role of inflammation in fatigue due to the
inconsistent associations related to cytokines and fatigue
after cancer diagnosis reported in the literature (37). Our
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data suggest that the pro–anti-inflammatory balance plays a
more consistent role in mediating exercise effects on fatigue
when compared with individual cytokines alone. It is pos-
sible that individual variation in fatigue response to exercise
may be due, in part, to genomic differences in inflammatory
response (37). However, larger trials are needed to confirm
our results while also examining moderators of the inflam-
matory response and the complex interaction between
changes in inflammatory markers and intervention effects on
fatigue beyond mediation alone.

In an effort to better understand the complex relationships
among the individual cytokines and related ratios, post hoc
analyses examined the Pearson correlations among the raw
difference scores for the intervention participants. Changes
in IL-6 and IL-10 were significantly associated with TNF->
(r = 0.55, P G 0.05 and r = 0.49, P G 0.05, respectively).
None of the individual cytokines were significantly associated
with the ratios with the highest correlation noted for IL-10 and
each of the ratios (r = 0.20 to j0.23, nonsignificant). Al-
though our small sample size precludes definitive conclusions
related to specific mechanistic pathways, the direction of
effect size changes and the correlations among the difference
scores support the theorized increase in anti-inflammatory
cytokines (e.g., IL-10) as a result of higher levels of pro-
inflammatory cytokines released during exercise (27).

Our data also provide additional support for the close
association between sleep quality and fatigue previously
reported in the literature (18). Mediation by social support
and enjoyment support continued investigation of the theo-
rized biobehavioral models of fatigue (1). It is noteworthy
that cross-sectional associations have suggested a relation-
ship between self-efficacy and fatigue (25) but our study (the
first to look at these relationships in a prospective design)
did not detect a significant mediation effect by self-efficacy.
Taken as a whole, our data suggest that combining exercise
with interventions including sleep hygiene counseling, ex-
ercise social support, and exercise enjoyment has the po-
tential to improve intervention effects on fatigue.

We originally published a pilot study evaluating a physi-
cal activity behavior change intervention effects on inflam-
matory markers of inflammation (31). Because of the small
effects on cytokines, we attempted to reduce variability,
which would increase effect sizes by narrowing our study
inclusion/exclusion criteria and by prescribing a more spe-
cific exercise dose (i.e., 40 min of aerobic exercise on
4 dIwkj1 with no more than 2 d lapsing between exercise
sessions and resistance training on two nonconsecutive days
of the week). We also included participants with fatigue
and/or sleep dysfunction in an effort to prevent the potential
‘‘floor effect’’ occurring when nonfatigued individuals are
included (19). When the two studies are compared, fatigue
effect sizes are higher in the study reported here. Also, the
directions of cytokine-related effects were similar with the
exception of TNF->, but the magnitude of the effects
remained small to medium in size. Importantly, effect sizes
in both studies, although small, suggest beneficial changes

in the pro–anti-inflammatory ratios with chronic exercise
participation.

Although extensor leg strength was assessed using a back
and leg dynamometer, no significant change in this outcome
was noted for the intervention compared with the control
group (d = j0.07, P = 0.831). This differs from prior re-
ports, indicating an increase in strength with this measure-
ment in response to a similar walking intervention (32).
Several possible explanations exist. Prior study assessments
were done by individuals who were not blinded to group
allocation. Because of the lack of blinding, assessors may
have inadvertently provided increased encouragement dur-
ing the testing for participants in the intervention group.
Also, our intervention focused on general muscle strength
and aerobic fitness rather than being specific to those muscle
groups tested with the back/leg dynamometer. Lastly, our
resistance protocol may not have been rigorous enough to
result in significant improvements in muscle strength using
the simple back/leg dynamometer. Future studies should
assess mediation of fatigue using a strength measure sensi-
tive to change with the intervention and/or a more intensive
resistance training protocol before muscle strength is ex-
cluded as a possible mediator of fatigue response to exercise.

Also related to the adequacy of the exercise dose, the
baseline mean weekly minutes of Qmoderate-intensity exer-
cise exceeded the intervention goal of 160 weekly minutes,
which could conceivably threaten sufficient increases in
exercise minutes due to a ceiling effect. The self-report of
leisure-time exercise was used when determining study eli-
gibility during the screening process, but only the objective
measure is reported here because it is generally considered
to be a more accurate assessment of exercise behavior when
compared with self-report. Nevertheless, accelerometers do
not differentiate between leisure activity (i.e., volitional be-
havior that is more apt to change with an intervention) from
nonleisure activities (e.g., occupation). Therefore, it is possi-
ble that some participants may have had greater amounts of
physical activity when they wore the accelerometer (compared
with self-report) because of nonleisure activities. The magni-
tude of the between-group differences were similar for self-
report and accelerometer (i.e., 110.5 min for self-report and
98.8 min for the accelerometer), and the baseline mean of the
self-report was 17 T 39min for all participants combined. This
suggests that the volitional (or leisure) exercise, which would
be anticipated to change the most during an exercise inter-
vention, was sufficiently low at baseline to limit a ceiling
effect. Furthermore, the standardized effect size for aerobic
fitness (i.e., 0.37) is comparable with that reported by other
studies, including the weighted mean standardized effect
size in a meta-analysis of exercise studies in cancer survivors
(i.e., 0.32 for posttreatment cancer survivors) (40). In addition,
the paired t-test of the within group change demonstrated a
significant improvement in fitness for the intervention group
participants from baseline to postintervention. Therefore,
limited study power due to the relatively large standard de-
viation of the between-group difference is a more likely
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explanation of the lack of statistical significance for aerobic
fitness rather than an aerobic intervention that was ‘‘too mild’’
to cause improvement.

Discussion groups were included in our intervention to
improve adherence to the exercise protocol. These groups
may have inadvertently affected fatigue because they en-
couraged cognitive reframing (which may have influenced
enjoyment) and social support relative to exercise. There-
fore, conclusions about the effects of exercise independent
of the group sessions cannot be made especially given the
mediation by social support. However, the significant me-
diation of PROMIS� fatigue by the increase in physical
activity minutes suggests that exercise independent of the
groups plays a role. Also, our results suggest the importance
of interventions that focus on multiple potential mediators.
We also acknowledge the limited study power due to the
small sample size. Nevertheless, strong study design (e.g.,
randomized controlled trial), use of multiple fatigue mea-
sures, excellent retention, and report of mediators in a pro-
spective study design significantly improve the usefulness of
these study data. Also, we documented with accelerometer
that time spent in sedentary behavior did not change for the
intervention compared with control group. This is important
because of the health risks associated with sedentary be-
havior (42), associations between sedentary behavior and
fatigue in breast cancer survivors (33), and concerns about
exercise training causing individuals to be less active during
other times of day.

Our data suggest several important clinical and research
implications. The correlation between the difference scores for
change in fatigue intensity and interference in the intervention
group was 0.44 (P G 0.10), suggesting that these constructs
are different (account for only 19% of the variance of the
other construct) yet overlap. It is possible that exercise that

is too rigorous for an individual might increase fatigue in-
tensity, which worsens interference and could potentially
act as an exercise barrier. Therefore, exercise recommenda-
tions for survivors with higher fatigue intensity should fo-
cus on adapting the exercise program that monitors for and
avoids increases in fatigue intensity. In contrast, an indi-
vidual with higher levels of anxiety and depressive symp-
toms at baseline can be advised to adapt an exercise training
protocol similar to our intervention. Further research is
needed to identify strategies for and usefulness of tailor-
ing exercise counseling to the nature of the cancer survi-
vor’s fatigue.

Inflammation, sleep quality, and psychosocial factors may
mediate or influence exercise intervention effects on fatigue
in breast cancer survivors. Larger trials are needed to con-
firm our results and better understand the complex mediator
and moderator relationships between biobehavioral factors
and fatigue response to exercise. The inclusion of additional
possible mediators such as catastrophe, pain perception,
neuropeptides, and catecholamines should be considered.
Future studies should use several fatigue measures, includ-
ing but not limited to the PROMIS� fatigue scale, to allow
comparison with other studies and measurement of different
fatigue aspects. If the biobehavioral mechanisms suggested
in this study continue to be observed, interventions targeting
these mechanisms can be developed to reduce fatigue in
breast cancer survivors.
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