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Aerobic and resistance exercise improves
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Abstract

Background: Exercise is an effective strategy to improve quality of life and physical fitness in breast cancer
survivors; however, few studies have focused on the early survivorship period, minorities, physically inactive and
obese women, or tested a combined exercise program and measured bone health. Here, we report the effects of a
16-week aerobic and resistance exercise intervention on patient-reported outcomes, physical fitness, and bone
health in ethnically diverse, physically inactive, overweight or obese breast cancer survivors.

Methods: One hundred breast cancer survivors within 6 months of completing adjuvant treatment were assessed
at baseline, post-intervention, and 3-month follow-up (exercise group only) for physical fitness, bone mineral
density, serum concentrations of bone biomarkers, and quality of life. The exercise intervention consisted of
moderate-vigorous (65–85% heart rate maximum) aerobic and resistance exercise thrice weekly for 16 weeks.
Differences in mean changes for outcomes were evaluated using mixed-model repeated measure analysis.

Results: At post-intervention, the exercise group was superior to usual care for quality of life (between group
difference: 14.7, 95% CI: 18.2, 9.7; p < 0.001), fatigue (p < 0.001), depression (p < 0.001), estimated VO2max (p < 0.001),
muscular strength (p < 0.001), osteocalcin (p = 0.01), and BSAP (p = 0.001). At 3-month follow-up, all patient-reported
outcomes and physical fitness variables remained significantly improved compared to baseline in the exercise
group (p < 0.01).

Conclusions: A 16-week combined aerobic and resistance exercise program designed to address metabolic
syndrome in ethnically-diverse overweight or obese breast cancer survivors also significantly improved quality of life
and physical fitness. Our findings further support the inclusion of supervised clinical exercise programs into breast
cancer treatment and care.

Trial registration: This trial is registered on ClinicalTrials.gov: NCT01140282 as of June 9, 2010.
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Background
Breast cancer survivors are at elevated risk for the devel-
opment of comorbid conditions such as sarcopenia,
osteoporosis, and cardiovascular disease [1] which con-
tribute to declines in quality of life, cardiorespiratory fit-
ness, muscular strength, and bone health. These
negative health concerns are partly induced by
cancer-related treatments (e.g., chemotherapy, radiation,
endocrine therapy) and are exacerbated by obesity and a
physically inactive lifestyle. Exercise is an effective
non-pharmacologic strategy to mitigate cancer-related
treatment side effects and improve quality of life, cardio-
respiratory fitness, and muscular strength in breast can-
cer survivors [2]; however, few studies have focused on
the early survivorship period (≤6 months
post-treatment), minorities, physically inactive and obese
women, or tested a combined exercise program and
measured bone health.
The overall purpose of this trial was to compare a

16-week supervised moderate-vigorous intensity aerobic
and resistance exercise intervention to usual care in
physically inactive, overweight and obese breast cancer
survivors. We previously reported that the exercise
intervention led to significant improvements in meta-
bolic syndrome, sarcopenic obesity, and circulating bio-
markers that were maintained at 3-month follow-up [3].
Here, we report the secondary outcomes of physical fit-
ness, bone health, and quality of life. We hypothesized
that a combined exercise intervention performed within
6 months of cancer treatment completion would im-
prove patient-reported outcomes, physical fitness, and
bone health in ethnically-diverse, physically inactive,
overweight/obese breast cancer survivors compared to
usual care.

Methods
Participants/Consent
Eligible participants were < 6 months post-treatment for
chemo- or radiation-therapy for stage 0-III breast cancer
and were non-smokers, physically inactive (< 60 min of
structured exercise/week), with BMI ≥25.0 kg/m2 (or
body fat > 30%) and waist circumference > 88 cm. Partic-
ipants were verbally screened for eligibility by phone or
in person at time of consent. Treatment history and
diagnosis were confirmed by medical record abstraction.
Body composition measure were obtained at time of
screening per testing methods described below (Covari-
ate Measures).
Recruitment occurred between August 1, 2012 and De-

cember 31, 2016 from the USC Norris Comprehensive Can-
cer Center and Los Angeles County Hospital. The protocol
and informed consent were IRB-approved (HS-12-00141)
and registered (ClinicalTrials.gov:NCT01140282). A signed
informed consent was obtained from each participant.

Participants were randomized to exercise or usual care fol-
lowing the completion of baseline testing using concealed
randomization lists.

Experimental Design
This randomized controlled trial compared a progressive
combined (aerobic and resistance) exercise intervention
versus usual care on baseline to 4-month changes in phys-
ical fitness, bone health, and patient-reported outcomes.
Detailed methods [4], and primary outcomes related to
metabolic syndrome were published previously. Endpoints
were assessed at baseline, post-intervention (month 4),
and 3-month follow-up (exercise group only). To enhance
participation, usual care participants were offered the ex-
ercise program following the study period.

Cardiorespiratory Fitness
A single-stage submaximal treadmill test was used to es-
timate maximal oxygen uptake, VO2max [5]. Participants
first performed a 4-min warm up by walking on a tread-
mill (Desmo Woodway, Waukesha, WI) at a speed (2.0,
3.0, 4.0, or 4.5 mph) that increased their heart rate be-
tween 50 and 70% heart rate maximum. This was
followed by the 4-min test at the same speed with a 5%
grade; heart rate was measured during the final 30 s of
the test. Using heart rate, speed, age and gender, esti-
mated maximal oxygen uptake was predicted using the
test-specific regression formula [5].

Muscular Strength
Estimated maximal voluntary strength (1-RM) was
assessed for the chest press, latissimus pulldown, knee
extension, and knee flexion using the 10-repetition max-
imum (10-RM) method (Tuff Stuff, Pomona, CA). [6]
Participants completed a warm-up load of ~ 5–8-RM be-
fore attempting 10-RM. A 2-min rest period was given
between attempts; 3–5 attempts were performed.

Dual Energy X-Ray Absorptiometry (DXA)
Dual hip and lumbar DXA scans were used to assess
bone mineral density (BMD; Lunar GE iDXA, Fairfield,
Connecticut).

Blood Collection and Analysis
Fasting (≥12 h) blood was obtained by trained phleboto-
mists. Serum was stored at − 80° until batch analysis at
study completion. Biomarkers of bone turnover were an-
alyzed and included bone-specific alkaline phosphatase
(BSAP) and osteocalcin as markers of bone formation,
C-telopeptide of type 1 collagen (CTX), N-telopeptides
of type 1 collagen (NTX) as markers of bone resorption,
and receptor activator factor-kappa B (RANK) and re-
ceptor activator factor-kappa B ligand (RANKL) as
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markers of bone remodeling. In addition, we quantified
calcium and 25-hydroxyvitamin D.
Osteocalcin (Meso Scale Discovery, Rockville MD,

Catalog #K151HHC-1), BSAP (Ostase Assay Catalog
#37300, Beckman Coulter, Ontario, Canada), CTX
(Immunodiagnostics, Gaithersburg, MD, Catalog
#AC-02F1), NTX (MyBioSource, San Diego, CA,
Catalog #MBS705111), RANK (MyBioSource, San
Diego, CA, Catalog #MBS9308775), and RANKL (MyBio-
Source, San Diego, CA, Catalog #MBS2533374) were ana-
lyzed by enzyme-linked immunoabsorbent assays.
25-hydroxyvitamin D was detected by high-performance
liquid chromatography (Dionex Corporation, Sunnyvale,
CA). Calcium was detected using an automated colorimet-
ric technique including an ion-specific assay (abcam,
Cambridge, MA Catalog #ab102505) and a colorimetric
microplate reader (BioTek, Winooski, VT). Duplicate test-
ing was performed with coefficients of variation for all
samples < 10%.

Patient-reported Outcomes
Quality of Life was assessed using the Functional Assess-
ment of Cancer Therapy-Breast (FACT-B) and the Short
Form-36 Health Survey (SF-36). The Brief Fatigue In-
ventory (BFI) was used to assess fatigue, where a lower
score indicates less fatigue [7]. Risk for depression and
depressive symptoms were assessed using the 20-item
Center for Epidemiologic Studies-Depression Scale
(CES-D) [8].

Covariate Measures
Weight was measured to the nearest 0.1 kg on an elec-
tronic scale with the patient wearing a hospital gown
and no shoes and height was measured to the nearest
0.5 cm with a fixed stadiometer in order to calculate
BMI. Waist circumference was measured at the mid-
point between the lower margin of the last palpable rib
and the iliac crest. Physical activity history was assessed
at baseline using an interviewer-administered, validated
questionnaire to assess historical, past-year, and
past-week physical activity [9]. Three-day dietary records
(2 weekdays and 1 weekend day) were completed at
baseline, post-intervention, and 3-month follow-up (ex-
ercise group only) within 1-week of each assessment and
analyzed using Nutritionist Pro™ (Woodinville, WA).
Participants completed the Charlson Comorbidity ques-
tionnaire [10]. Cancer-related information (i.e., time
since treatment completion, time since diagnosis, disease
stage, hormone-receptor status, endocrine therapy, and
surgery) was abstracted from medical records.

Exercise Intervention
The exercise program aligned with ACS/ACSM exercise
guidelines for cancer survivors (150 min of aerobic

exercise and 2–3 days of resistance exercise training/
week) [11]. Participants received 3 supervised
one-on-one exercise sessions/week. Days 1 and 3 con-
sisted of aerobic and resistance exercise of ~ 80 min and
Day 2 included ~ 50 min of aerobic exercise. All sessions
were led by a certified ACS/ACSM Cancer Exercise
Trainer. Participants wore a Polar® heart monitor (Lake
Success, NY) during each exercise session. Each session
began with a 5-min aerobic exercise warm-up at 40–50%
estimated VO2max. Sequenced resistance exercise
followed in circuit training fashion with no rest periods
between exercises: Leg Press ⇔ Chest Press ⇒ Lunges ⇔
Seated Row ⇒ Leg Extensions ⇔ Triceps Extensions ⇒
Leg Flexion ⇔ Biceps Curl; where ⇔ indicates the two
exercises that alternated until all sets were completed,
then the following pair of exercises was performed. Ini-
tial resistance was set at 80% of the estimated 1-RM for
lower body exercises and 60% estimated 1-RM for upper
body exercises. When the participant was able to
complete three sets of 10 repetitions at the set weight in
two consecutive sessions then the weight is increased by
10%. Repetitions increased from 10 (week 4) to 12 (week
8) to 15 (week 12) every 4 weeks to safely build muscu-
lar endurance. Compression garments were required
during the exercise sessions for all participants who held
prescriptions.
Resistance exercises were followed by self-selected aer-

obic exercise: treadmill walking/running; rowing ma-
chine; stationary bicycle. Heart rate (HR) was monitored
throughout the aerobic sessions to maintain a HR at 65–
80% of maximum HR. Target HR was increased every
4 weeks to safely build cardiorespiratory endurance and
to maintain the prescribed intensity as participants im-
proved their cardiorespiratory fitness. Duration of the
aerobic sessions was increased from 30 min (week 1) to
50 min (week 16) as cardiorespiratory fitness increased
to meet the exercise guidelines for cancer survivors. Par-
ticipants ended each session with a 5-min cool down at
40–50% estimated VO2max. The trainers documented
attendance and minutes of exercise per session.

Follow-up period (exercise group only)
A 12-week follow-up was instituted in the exercise
group to assess intervention durability. During the
12-week period, participants were encouraged to exer-
cise on their own without study team supervision. Par-
ticipants were asked to maintain weekly physical activity
logs and wear an accelerometer on a daily basis during
this period; they repeated outcome measure testing upon
completion of the 12-week period. Sustainability was
assessed at 28-week follow-up in this group by 7-day ac-
celerometer monitoring (Model GT3X Actigraph, Fort
Walton Beach, FL). Participants were asked to wear the
accelerometer during waking hours for 7 consecutive
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days, perform their normal or usual activity, and remove
the device while bathing, showering, or swimming. Par-
ticipants received verbal and written instructions and a
wear time log to encourage adherence. Devices were
returned at time of follow-up testing. Accelerometer
data was used to estimate minutes and intensity of phys-
ical activity performed according to the manufacturer’s
directions.

Statistical Analyses
As this is a secondary analysis of the parent trial which
focused on metabolic syndrome, the sample size was
based on projected changes in insulin [12]. Enrollment
of 100 women provided 80% statistical power (α = 0.05)
to detect a 2.6 μU/ml (SD = 4.0 μU/ml) difference in
mean insulin levels assuming 20% drop-out using a
two-group t-test.
Within-group differences in mean changes for individ-

ual outcomes measured at post-intervention and
3-month follow-up (exercise group only) were evaluated
using general linear models repeated-measures ANO-
VAs. Between-group differences in mean changes for in-
dividual outcomes measured at post-intervention were
evaluated using mixed-model repeated measure analysis.
A priori covariates included type of treatment (chemo-
therapy, radiation, or both), surgery type, time on hor-
monal therapy, comorbidities, and BMI were explored in
models due to their possible associations with outcomes,
but none modified results. Five women using bispho-
sphonates were excluded when analyzing BMD and
other bone biomarkers.
Post-hoc analyses included stratification by meno-

pausal status at time of diagnosis. (women were classi-
fied as postmenopausal if amenorrheic over the previous
12 months). Analyses were performed using SAS (Ver-
sion 9.4, Cary, NC).

Results
The study CONSORT diagram is reported elsewhere.
Briefly, we assessed 418 women for eligibility of which
100 were randomized to the exercise or usual care
group. Four participants in the exercise group and five
participants in the usual care group did not complete
the study. Baseline characteristics also are reported else-
where and were similar across the 2 groups. On average,
women were 53.5 ± 10.4 (SD) years old, postmenopausal
(60%), Hispanic white (55%) or non-Hispanic white
(26%), 6.2 ± 2.1 months from diagnosis, with a BMI =
33.5 ± 5.5 kg/m2. Women were diagnosed primarily with
stage I (40%) or II (38%) breast cancer and largely
treated with both chemo- and radiation- therapy (76%).
The weekly average of moderate-to-vigorous physical ac-
tivity at baseline was 9.6 ± 6.8 min.

Intervention adherence and adverse events are re-
ported elsewhere. High session attendance of 96% (over-
all average 46 of 48 sessions) was attained by the
exercise group. Adherence with aerobic exercise, and
with intensity and volume of resistance exercises was
95%. No adverse events were reported over the duration
of the study.

Physical Fitness
Physical fitness outcomes are displayed in Table 1. Esti-
mated VO2max, an indicator of cardiorespiratory fitness,
significantly increased in the exercise group as compared
to baseline and the usual care group (p-value< 0.001).
Resting heart rate significantly decreased in the exercise
group as compared to baseline and the usual care group
(p-value< 0.001). Muscle strength, assessed as estimated
1-RM, significantly increased across all four exercises
(leg extension, leg flexion, latissimus pulldown, chest
press) in the exercise group as compared to baseline and
the usual care group (p-values< 0.001). At follow-up, all
physical fitness measures remained significantly im-
proved in the exercise group compared to baseline
(p-values< 0.001). The usual care group did not experi-
ence changes in any measure of physical fitness
(p-values> 0.05).

Bone Health
Table 2 shows baseline, post-intervention, and 3-month
follow-up changes in BMD and bone biomarkers by
group. Post-intervention, BMD (whole body, lumbar
spine, total hip, trochanter, and femoral neck) did not
significantly change in the exercise or usual care groups
(p > 0.10). Calcium and 25-hydroxyvitamin D levels in-
creased (p = 0.09) in the exercise group however this did
not reach significance. Osteocalcin and BSAP, bio-
markers of bone formation, increased in the exercise as
compared to baseline (p = 0.04, 0.05, respectively) and
the usual care group (p = 0.01, 0.07, respectively) how-
ever, significance was only reached for osteocalcin.
Post-intervention, CTX and NTX, biomarkers of bone
resorption, and RANK and RANKL, biomarkers of bone
remodeling, did not significantly change in the exercise
or usual care groups (p > 0.05). Stratification by meno-
pausal status did not alter these results.

Patient-Reported Outcomes
Tables 3 and 4 display patient-reported outcomes.
Post-intervention, FACT-B scores (Table 3) were signifi-
cantly improved in exercise vs. usual care (between
group difference: 14.7, 95% CI: 18.2, 9.7; p < 0.001).
FACT-General, trial outcome index, and all subscales
were significantly improved in the exercise group when
compared to baseline (p ≤ 0.01) and the usual care group
(p < 0.001). All SF-36 subscores (Table 4) significantly
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improved in the exercise group when compared to base-
line and the usual care group (p ≤ 0.001). Fatigue and de-
pression (Table 4) significantly reduced in the exercise
group as compared to baseline (p ≤ 0.01) and the usual
care group (p < 0.001). At follow-up, all patient-reported
outcome measures remained significantly improved in
the exercise group compared to baseline (p < 0.001).

Discussion
A supervised 16-week aerobic and resistance exercise
intervention designed to improve metabolic syndrome
also led to significant improvements in quality of life, de-
pression, fatigue, and physical fitness that were main-
tained at 3-month follow-up among ethnically-diverse,
physically inactive, and overweight/obese breast cancer
survivors. While the intervention did not alter bone
density, osteocalcin and BSAP showed significant im-
provements. This is the first study to our knowledge to
significantly improve these outcomes with a structured
combined exercise intervention in an ethnically-diverse
sample of overweight or obese breast cancer survivors
soon after treatment. These results are impactful given
that quality of life, fatigue, and physical deconditioning
are some of the most common and persevering symp-
toms reported by breast cancer survivors [13, 14]. This

work supports the ACS/ACSM exercise guidelines for
cancer survivors and demonstrates successful integration
of these guidelines for women from different ethnic
backgrounds.
Remarkable improvements in patient-reported out-

comes were observed for quality of life, fatigue, and de-
pressive symptoms. While our results align with those
reported in the literature [15, 16], the exercise-induced
reductions in fatigue (effect size d = 0.91) and depressive
symptomology (effect size d = 0.97) are unparalleled with
substantially larger effect sizes than the 0.30 and 0.38 re-
ported from recent meta-analyses examining exercise
and fatigue [16] and depressive symptoms [17], respect-
ively, in cancer survivors. The marked reduction in these
two domains may be due to the inclusion of women
within a short period (6 months) of concluding
cancer-related treatment, the physically inactive and
obese nature of the participants upon enrollment, and
the ethnically diverse sample. Further, it is plausible that
the combination of aerobic and resistance exercise, in a
supervised manner, resulted in greater benefits on
patient-reported outcomes than only one mode of exer-
cise. Previous studies have integrated a supervised com-
bined exercise intervention with significant
improvements in quality of life [18–23], fatigue [20], and

Table 1 Comparison of physical fitness between exercise and usual care groups

Baseline Post-intervention 3-month follow-up Between-group difference post-intervention

Mean (SD) Mean (SD) P valuea Mean (SD) P valueb Mean (95% CI) P valuec

Estimated VO2max (mL/kg/min)

Exercise 23.3 (6.1) 35.1 (8.0) < 0.001 32.1 (8.2) < 0.001 11.8 (25.2 to 16.7) < 0.001

Usual care 22.7 (6.4) 19.3 (8.5) 0.14 – –

Resting heart rate (bpm)

Exercise 87.9 (8.0) 77.5 (8.5) < 0.001 76.9 (8.9) < 0.001 −15.4 (−18.1 to −11.7) < 0.001

Usual care 87.7 (7.7) 88.1 (7.8) 0.67 – –

Leg extension (kgs)

Exercise 45.4 (10.6) 75.7 (10.8) < 0.001 77.4 (11.5) < 0.001 30.4 (35.9 to 27.8) < 0.001

Usual care 44.9 (9.1) 42.9 (9.0) 0.15 – –

Leg flexion (kgs)

Exercise 39.5 (9.6) 63.6 (11.2) < 0.001 62.4 (12.1) < 0.001 24.0 (27.2 to 21.6) < 0.001

Usual care 40.8 (10.1) 39.7 (10.6) 0.23 – –

Latissimus pulldown (kgs)

Exercise 30.6 (4.7) 39.0 (6.1) < 0.001 38.5 (6.5) < 0.001 9.6 (11.7 to 6.1) < 0.001

Usual care 30.3 (4.0) 29.6 (4.4) 0.27 – –

Chest press (kgs)

Exercise 9.1 (2.3) 20.7 (4.5) < 0.001 19.5 (4.0) < 0.001 11.6 (15.9 to 7.7) < 0.001

Usual care 9.2 (2.5) 8.7 (2.4) 0.40 – –

Abbreviations: SD standard deviation, CI confidence interval, kgs kilograms
aP value for repeated measures ANOVA comparing changes in the exercise group from baseline to post-intervention, and in the usual care group from baseline
to post-intervention
bP value for repeated measures ANOVA comparing changes in the exercise group from baseline to 3-month follow-up
cP value for mixed model analysis comparing changes between the exercise and usual care group from baseline to post-intervention
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Table 2 Comparison of bone health between exercise and usual care groups

Baseline Post-intervention 3-month follow-up Between-group difference post-intervention

Mean (SD) Mean (SD) P valuea Mean (SD) P valueb Mean (95% CI) P valuec

Calcium (mg/dL)

Exercise 10.3 (2.6) 13.7 (1.9) 0.09 13.4 (1.7) 0.10 3.4 (5.0 to 1.6) 0.10

Usual care 10.5 (2.5) 9.9 (2.6) 0.67 – –

25(OH)D (ng/dL)

Exercise 21.7 (4.4) 27.8 (6.7) 0.09 27.4 (6.5) 0.09 6.1 (9.8 to 4.3) 0.10

Usual care 21.5 (4.1) 20.9 (4.0) 0.57 – –

Osteocalcin (ng/mL)

Exercise 12.1 (3.1) 15.0 (4.1) 0.01 14.7 (3.5) 0.01 3.1 (5.6 to 1.5) 0.01

Usual care 12.3 (3.4) 12.0 (3.0) 0.61 – –

BSAP (ng/mL)

Exercise 16.1 (4.6) 18.0 (5.0) 0.01 17.7 (4.6) 0.01 1.9 (2.4 to 0.55) 0.001

Usual care 16.2 (4.3) 15.9 (4.2) 0.55 – –

CTX (ng/mL)

Exercise 0.48 (0.1) 0.44 (0.2) 0.07 0.44 (0.2) 0.07 −0.04 (−0.10 to −0.06) 0.10

Usual care 0.47 (0.1) 0.48 (0.2) 0.74 – –

NTX (nM BCE/L)

Exercise 18.6 (3.1) 17.7 (2.8) 0.10 17.8 (2.7) 0.11 −0.90 (−1.1 to − 0.6) 0.12

Usual care 18.4 (2.7) 18.3 (2.5) 0.67 – –

RANK (pg/mL)

Exercise 27.4 (6.8) 26.7 (6.4) 0.14 26.6 (6.1) 0.14 −0.70 (−0.9 to − 0.4) 0.20

Usual care 26.9 (6.6) 26.4 (6.5) 0.34 – –

RANKL (pmol/L)

Exercise 142.5 (18.9) 146.1 (16.1) 0.09 145.7 (16.2) 0.09 3.6 (5.1 to 1.2) 0.14

Usual care 139.8 (18.1) 148.8 (18.9) 0.47 – –

Whole body BMD (g/cm2)

Exercise 1.22 (0.1) 1.27 (0.1) 0.15 1.26 (0.1) 0.16 0.05 (0.04 to 0.02) 0.15

Usual care 1.20 (0.1) 1.19 (0.1) 0.29 – –

Lumbar spine BMD (g/cm2)

Exercise 1.16 (0.09) 1.20 (0.09) 0.09 1.20 (0.1) 0.09 0.04 (0.03 to 0.01) 0.10

Usual care 1.15 (0.09) 1.14 (0.09) 0.57 – –

Total hip BMD (g/cm2)

Exercise 0.91 (0.09) 0.94 (0.09) 0.17 0.94 (0.09) 0.17 0.03 (0.03 to 0.00) 0.18

Usual care 0.90 (0.09) 0.89 (0.08) 0.23 – –

Trochanter BMD (g/cm2)

Exercise 0.72 (0.07) 0.74 (0.07) 0.18 0.74 (0.07) 0.20 0.02 (0.03 to 0.00) 0.22

Usual care 0.71 (0.06) 0.70 (0.06) 0.43 – –

Femoral neck BMD (g/cm2)

Exercise 0.88 (0.1) 0.90 (0.1) 0.21 0.88 (0.7) 0.24 0.02 (0.03 to 0.00) 0.21

Usual care 0.87 (0.1) 0.86 (0.1) 0.23 – –

Abbreviations: SD standard deviation, CI confidence interval, BMD bone mineral density, RANK receptor activator factor-kappa B, RANKL receptor activator factor-
kappa B ligand
aP value for repeated measures ANOVA comparing changes in the exercise group from baseline to post-intervention, and in the usual care group from baseline
to post-intervention
bP value for repeated measures ANOVA comparing changes in the exercise group from baseline to 3-month follow-up
cP value for mixed model analysis comparing changes between the exercise and usual care group from baseline to post-intervention
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depression [18] yet achieved a magnitude of improve-
ment lower than our results. Differences in exercise dur-
ation, intensity, and frequency may underlie the various
magnitudes of change across outcomes.
Physical function, described as the ability of an indi-

vidual to perform common daily activities has been
shown to predict survival and mortality in breast cancer
survivors [24, 25], and thus is gaining support as a rele-
vant prognostic indicator among cancer survivors. One
determinant of physical function is one’s level of physical
fitness, thereby improving physical fitness as a means to
improve physical function is of high importance. We
found notable improvements in estimated VO2max (52%)
and muscular strength (> 30%) following exercise. For
example, estimated 1-RM for chest press increased by
133%. Previous studies utilizing a supervised combined
exercise intervention have produced significant improve-
ments in physical fitness [18–23, 26] yet to a lesser

degree than our results. Various exercise fitness testing
methodologies (i.e., six-minute walk test, 12-min walk
test, Aerobic Power Index cycle test, modified Bruce
treadmill test) were used across studies, challenging the
interpretation of results and between-study comparisons.
Moreover, we used indirect assessment of VO2max that
involved the use of a regressions formula which may
have influenced our results.
Our large exercise-induced effects on physical fitness

may be due to the high rate of physically inactive behav-
ior at baseline, and subsequent low physical fitness levels
at baseline, the early survivorship phase, high adherence,
a supervised environment, and inclusion of both aerobic
and resistance exercise. In particular, most (95%) of our
Hispanic white participants had no history of physical
activity and therefore may have experienced greater
gains in the outcomes from the intervention. The large
increase in maximal strength for the chest press may be

Table 3 Comparison of breast cancer-specific quality of life between exercise and usual care groups

Baseline Post-intervention 3-month follow-up Between-group difference post-intervention

Mean (SD) Mean (SD) P valuea Mean (SD) P valueb Mean (95% CI) P valuec

Physical well-being

Exercise 19.2 (3.1) 23.2 (3.0) < 0.001 23.1 (3.2) < 0.001 3.9 (7.2 to 1.7) 0.003

Usual care 19.1 (3.4) 19.1 (3.5) 0.74 – –

Social well-being

Exercise 19.7 (3.0) 23.0 (3.2) < 0.001 23.0 (3.0) < 0.001 3.3 (6.9 to 1.1) 0.005

Usual care 19.6 (3.1) 19.5 (3.0) 0.81 – –

Emotional well-being

Exercise 18.4 (2.6) 20.1 (3.1) 0.01 20.1 (3.5) 0.01 1.7 (3.4 to 0.8) 0.01

Usual care 18.3 (2.5) 18.2 (2.7) 0.75 – –

Functional well-being

Exercise 19.9 (3.4) 22.0 (3.2) 0.01 21.9 (3.1) 0.01 2.0 (4.2 to 0.6) 0.01

Usual care 20.0 (3.6) 19.9 (3.3) 0.83 – –

Additional concerns

Exercise 21.1 (4.7) 24.7 (4.1) 0.002 24.0 (4.5) 0.001 3.6 (7.7 to 2.0) 0.002

Usual care 21.7 (4.4) 19.6 (10.4) 0.43 – –

FACT-General

Exercise 77.2 (9.0) 88.3 (9.9) < 0.001 88.1 (9.2) < 0.001 11.1 (16.4 to 7.7) < 0.001

Usual care 77.0 (9.1) 76.7 (9.0) 0.54 – –

FACT-Breast

Exercise 98.3 (14.1) 113.0 (13.0) < 0.001 112.1 (13.2) < 0.001 14.7 (18.2 to 9.7) < 0.001

Usual care 98.7 (14.4) 96.3 (14.5) 0.44 – –

Trial outcome index

Exercise 60.2 (7.3) 69.9 (7.5) < 0.001 69.0 (7.7) < 0.001 8.8 (15.3 to 4.3) < 0.001

Usual care 60.8 (7.5) 58.6 (7.4) 0.64 – –

Abbreviations: SD standard deviation, CI confidence interval, FACT Functional Assessment of Cancer Therapy
aP value for repeated measures ANOVA comparing changes in the exercise group from baseline to post-intervention, and in the usual care group from baseline
to post-intervention
bP value for repeated measures ANOVA comparing changes in the exercise group from baseline to 3-month follow-up
cP value for mixed model analysis comparing changes between the exercise and usual care group from baseline to post-intervention
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Table 4 Comparison of health status, fatigue, and depression between exercise and usual care groups

Baseline Post-intervention 3-month follow-up Between-group difference post-intervention

Mean (SD) Mean (SD) P valuea Mean (SD) P valueb Mean (95% CI) P valuec

SF-36 SUBSCORES

Physical functioning

Exercise 65.3 (9.4) 74.1 (9.5) 0.001 73.9 (8.9) 0.001 9.2 (12.3 to 7.7) 0.001

Usual care 65.0 (9.7) 64.1 (9.8) 0.77 – –

Role-physical

Exercise 68.4 (8.6) 75.7 (9.1) 0.002 74.4 (9.5) 0.003 7.3 (10.9 to 4.8) 0.001

Usual care 67.9 (9.1) 66.9 (8.7) 0.55 – –

Bodily pain

Exercise 50.5 (9.6) 63.3 (11.2) 0.001 62.1 (12.1) 0.001 13.2 (17.2 to 9.6) 0.001

Usual care 50.8 (10.1) 49.7 (10.3) 0.23 – –

General health

Exercise 60.1 (11.7) 67.2 (11.1) 0.002 67.0 (10.5) 0.001 7.1 (11.7 to 4.0) 0.002

Usual care 59.7 (11.0) 57.6 (10.4) 0.43 – –

Mental health

Exercise 69.1 (12.3) 77.7 (12.5) 0.003 75.5 (11.0) 0.001 8.6 (12.9 to 5.7) 0.001

Usual care 69.7 (12.5) 68.7 (13.0) 0.60 – –

Role-emotional

Exercise 70.1 (11.3) 83.7 (12.5) 0.001 82.0 (12.0) 0.001 12.1 (15.6 to 7.3) 0.001

Usual care 70.2 (11.5) 68.7 (10.4) 0.44 – –

Social functioning

Exercise 79.1 (14.3) 87.7 (14.5) 0.001 85.5 (14.0) 0.001 8.6 (14.9 to 5.7) 0.002

Usual care 79.4 (14.5) 78.7 (12.4) 0.67 – –

Vitality

Exercise 49.4 (9.3) 56.8 (9.5) 0.001 55.5 (9.0) 0.001 7.4 (12.9 to 4.3) 0.001

Usual care 49.2 (9.5) 48.7 (9.4) 0.63 – –

Physical component summary

Exercise 66.1 (9.3) 72.7 (10.5) 0.003 72.0 (10.0) 0.001 6.6 (12.3 to 4.1) 0.001

Usual care 65.8 (9.0) 63.7 (9.4) 0.27 – –

Mental component summary

Exercise 67.1 (11.0) 72.7 (12.1) 0.004 72.4 (12.4) 0.001 5.5 (9.6 to 3.3) 0.001

Usual care 69.2 (11.7) 68.7 (11.4) 0.56 – –

BFI

Exercise 7.1 (2.0) 2.9 (1.5) < 0.001 3.1 (1.9) 0.0001 −4.2 (−6.1 to −2.4) < 0.001

Usual care 7.2 (2.1) 7.7 (2.4) 0.30 – –

CES-D

Exercise 15.1 (3.3) 9.7 (2.5) < 0.001 9.5 (3.0) 0.0001 6.6 (11.9 to 3.1) < 0.001

Usual care 15.2 (3.5) 16.7 (3.4) 0.11 – –

Abbreviations: SD standard deviation, CI confidence interval; Short form-36 Health Status, SF-36; Brief Fatigue Index, BFI; Center for Epidemiological Studies
Depression; CES-D
aP value for repeated measures ANOVA comparing changes in the exercise group from baseline to post-intervention, and in the usual care group from baseline
to post-intervention
bP value for repeated measures ANOVA comparing changes in the exercise group from baseline to 3-month follow-up
cP value for mixed model analysis comparing changes between the exercise and usual care group from baseline to post-intervention
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attributed to the deconditioned status of the participants
enrolled within 6 months of the completion of cancer
treatment. Our adherence of 96% exceeds the 70–80%
noted in other trials [27–29], and could be attributed to
flexible session timing (5 am – 8 pm, 7d/wk),
one-on-one supervision, and the provision of parking
permits or bus passes to overcome transportation bar-
riers. Intentionally, we conducted the intervention in a
controlled clinical setting under direct supervision to en-
sure exercise safety and dose intensity needed to elicit
greater benefits in our outcomes.
Bone loss occurs as a consequence of breast cancer

treatment [30]. Premenopausal breast cancer survivors
may experience chemotherapy-induced amenorrhea or
pharmacologic ovarian suppression treatment, predis-
posing them to further bone loss [30]. While we did not
observe improvements in BMD, this may be explained
by the short duration of our intervention. Interventions
similar to ours that included aerobic and resistance exer-
cise produced conflicting results and involved varying
durations of exposure to exercise. Thomas et al. did not
observe significant improvements in BMD following a
12-month aerobic and resistance exercise intervention in
breast cancer survivors taking aromatase inhibitors
(change from baseline: 0.001, 95% CI: -0.009, 0.010) [31].
Almstedt and Tarleton [32] observed improvements in
T-scores at the femoral neck and whole body following
13 weeks of aerobic and resistance exercise + whole
body vibration in female cancer survivors (breast cancer
n = 5). It is probable that the incorporation of whole
body vibration contributed to the improvements BMD
observed by Almstedt and Tarleton. Notably, we did ob-
serve a significant increase in osteocalcin and BSAP, a
biomarkers of bone formation, so perhaps a longer inter-
vention of a minimum of 6 months would elicit a posi-
tive effect on BMD.
Strengths of our study include the focus on high-risk

breast cancer survivors with high rates of inactivity and
obesity, targeting the early survivorship period, the
ethnically-diverse sample, the randomized controlled trial
design, the high adherence rate, and the modest
loss-to-follow up. Limitations include lack of direct phys-
ical function and physical fitness measures (i.e., 1-RM and
VO2max), and lack of an attention control group.

Conclusions
In summary, a combined exercise intervention designed
to improve metabolic syndrome in ethnically diverse,
overweight or obese BCS also demonstrated significant
improvements in patient-reported outcomes and phys-
ical fitness. Based on our findings, supervised clinical ex-
ercise programs that adhere to the ACS/ACSM exercise
guidelines should be incorporated into breast cancer
treatment and early survivorship care plans.
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