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Abstract

Purpose Physical activity is associated with a reduced risk
of breast cancer development and recurrence. There are
several hypothesised mechanisms for this including positive
effects on metabolic and inflammatory biomarkers and
favourable changes in anthropometric variables. This pilot
study examined the effect of an 8-week aerobic exercise
intervention on several of these outcomes, including body
composition, the metabolic syndrome, C-reactive protein
(CRP) and physical activity, in breast cancer survivors 2—
6 months post-chemotherapy.

Methods Assessments were completed at baseline, at 8-
weeks and 3-months post-intervention. Measures taken fol-
lowing a 12-h fast included body composition (bioimpedance
analysis), metabolic syndrome (waist circumference, blood
pressure, high-density lipoprotein cholesterol, triglycerides
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and fasting glucose), insulin resistance (homeostatic model
assessment), CRP and physical activity (accelerometry and
questionnaire). Participants were randomized to either an 8-
week moderate-intensity aerobic exercise group or a usual-
care control group. Analysis was completed using repeated-
measures analysis of variance (ANOVA) (p=0.05).
Results Twenty-six breast cancer survivors participated
(mean (standard deviation) age 48.1 (8.8) years, exercise
group; n=16, control group; n=10). At baseline, 13 partic-
ipants were overweight, 6 were obese and 19 centrally
obese. Intention-to-treat analysis revealed no significant
differences between the exercise and control groups in any
of the outcomes measures; however, analysis of those who
adhered to >90 % of the supervised exercise class showed a
significant decrease in waist circumference (p=0.05) and a
significant increase in subjectively reported “total weekly”
(p=0.005) activity.

Conclusion While this 8-week aerobic exercise pilot inter-
vention did not elicit significant improvements in bio-
markers of breast cancer risk, there was some suggestion
of improvements in waist circumference and subjectively
measured physical activity in participants with >90 %
adherence to the programme. A trial of longer duration
and greater subject numbers is warranted.

Keywords Breast cancer survivor - Physical activity -
Obesity - Insulin resistance - Inflammation - Exercise
intervention

Introduction

Breast cancer is the most commonly diagnosed female can-
cer worldwide and is the leading cause of female cancer-
related death [1]. In recent years, the numbers of women
surviving breast cancer has increased greatly, generating



interest in the role of modifiable risk factors for breast
cancer, such as obesity and physical activity, in improving
breast cancer outcomes.

Physical activity can reduce breast cancer occurrence by up
to 25 % in postmenopausal women engaging in the highest
quartile of habitual exercise [2]. Breast cancer survivors who
engage in aerobic exercise equivalent to 9 metabolic
equivalent-hours (MET-h) for 2-3 h per week have a signifi-
cantly lower risk of breast cancer recurrence and improved
breast cancer and all-cause mortality when compared with less
active women (<3 MET-h/week) [3-5]. Obesity is a well-
established risk factor for postmenopausal breast cancer devel-
opment [6] and recurrence [7]. Weight gain, a common side-
effect of adjuvant chemotherapy and hormonal therapy [8],
observed most commonly in premenopausal women [9], has
also been associated with poorer breast cancer outcomes [10].

The mechanisms through which physical activity exerts
its protective effect are hypothesised to be through alter-
ations in a number of biomarkers of breast cancer risk
including the insulin-glucose pathways and inflammatory
markers and improvements in anthropometrics [11, 12].
The current study is the first to examine the effect of aerobic
exercise on the clustering of these variables in breast cancer
survivors. The metabolic syndrome [13] represents a pro-
inflammatory state and encompasses many of the bio-
markers associated with breast cancer risk including abdom-
inal obesity and insulin resistance [14]. While individually,
high insulin resistance and chronic low-grade inflammation
characterised by high circulating C-reactive protein (CRP)
are associated with poor breast cancer prognosis and in-
creased mortality [15, 16], the co-existence of inflammatory
and metabolic biomarkers may be a more crucial target for
improving breast cancer outcomes.

The aim of the current study was to evaluate the effect of
aerobic exercise on a clustering of anthropometric and blood
biomarkers for breast cancer risk, including the metabolic syn-
drome and CRP in breast cancer survivors. A secondary aim
was to investigate if such a programme resulted in improve-
ments in physical activity levels as measured by accelerometry.

Materials and methods
Setting and participants

This study was designed as an ancillary study to a random-
ized controlled trial (RCT) (Prescribed Exercise after
Chemotherapy (PEACH)) [17]. The PEACH examined the
effect of an 8-week aerobic exercise intervention on
physical activity, aerobic fitness and quality of life in a
heterogeneous group of cancer survivors, 2—6 months
post-chemotherapy. Breast cancer survivors who had
consented to the PEACH trial were eligible to participate

in the current study. All other inclusion and exclusion
criteria were as per the PEACH trial [17]. Ethical approval
was granted by the hospital Research Ethics Committee.

Protocol

Participants attended the laboratory for testing on three
occasions; baseline (pre-randomisation), immediately post-
intervention (8-week visit) and 3 months post-intervention
(3-month visit). Participants were randomized to either an
exercise group (EG) or control group (CG) following the
baseline visit, as per the PEACH ftrial using a computer-
generated random numbers list (GraphPad Software, San
Diego, CA). Assessments were completed by the same
researcher at every visit who was blinded to the participants’
group assignment. Demographic details, medical and cancer
treatment history were obtained from medical charts and
through participant interview.

Exercise intervention

The intervention has been described in full previously [17].
The EG completed an 8-week, twice weekly supervised
aerobic intervention and a home-exercise programme. Fitness
levels were classified as “Poor”, “Fair” or “Average” from pre-
determined cut-off values, as per baseline fitness tests. Partic-
ipants with “Poor” fitness started the intervention at an inten-
sity range of 35-55 % heart rate reserve (HRR), participants
with “Fair” fitness started at 40-60 % HRR, while those
classified as “Average” commenced at 45-65 % HRR. Aerobic
intensity zones were progressed by 5 % HRR every 2 weeks.
Class duration increased by 3 min every 2 weeks, alternate to
the increase in exercise intensity, from 21 min in week 1 to
42 min in week 8. Heart rate (HR) was monitored using polar
HR monitors (Polar FT4F Heart Rate Monitor). Participants
rotated between three aerobic exercise stations during the class
(stationary bike, treadmill, rowing ergometer).

The intensity of the home-exercise programme progressed
in the same manner as the supervised class. Participants wore
HR monitors to monitor compliance. Initially, participants
exercised at home on one day of the week, increasing to 5 days
per week at study completion. The CG did not engage in a
structured exercise programme but were offered an exercise
advice session following the final assessment.

Assessments
Body composition analysis and blood pressure
Anthropometric data were collected following a 12-h fast.

Standing height was measured, barefoot, to the nearest
millimetre using a SECA stadiometer. Body composition,



including body weight, was estimated using a bioimpedance
analyser, the Tanita MC 180 MA Multi-Frequency Body
Composition Analyzer (Tanita Corp, Tokyo, Japan). Waist
circumference was measured using a flexible measuring
tape, in duplicate, to the nearest millimetre, at the mid-
point between the top of the iliac crest and the last rib.
Resting blood pressure was measured using the auscultatory
method following a 5-min rest period. Blood pressure mea-
surements were taken on the non-surgical side, in duplicate
and averaged for data entry.

Venous blood sampling

Venous blood samples were collected in the morning fol-
lowing a 12-h fast. Participants were asked to refrain from
moderate-vigorous intensity exercise for 24-h prior to col-
lection. Samples were taken to measure glucose, insulin,
lipid profile (total cholesterol (TC), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C) and triglycerides), glycosylated haemoglobin
levels (HBA1c) and CRP. Insulin resistance was calculated
using the Homeostatic Model Assessment (HOMA):
[(fasting glucose (mmol/L)xfasting insulin (mU/L))/22.5]
[18].

Metabolic syndrome classification

The metabolic syndrome was diagnosed in the presence
of any three of the following: elevated waist circumfer-
ence (=80 cm); elevated triglycerides (=1.7 mmol/L) or
drug therapy for lipid abnormalities; reduced HDL-C
(<1.3 mmol/L) or drug therapy for lipid abnormalities;
elevated blood pressure (systolic =130 mmHg and/or
diastolic =85 mmHg) or antihypertensive medication;
elevated fasting glucose (=100 mg/dL) or glucose-
lowering medication [13].

Physical activity

Physical activity was measured objectively using the
triaxial RT3 activity monitor (Stayhealthy Inc. Montrovia,
California, USA). Participants wore the monitor for
7 days, during waking hours, following each assessment.
The validity [19] and reliability [20] of the accelerometer
have been established. The RT3 is a reliable tool for
assessing moderate-to-vigorous activity in overweight
and obese adults [21] and has been used previously in our
laboratory to monitor activity levels in cancer patients prior to
surgery [22].

Physical activity was measured subjectively using the
Godin Leisure Time Exercise Questionnaire, which records
the frequency of strenuous, moderate and mild exercise
bouts of at least 15 min duration. The validity and reliability

of the questionnaire has been established [23] and it has
been used in cancer survivors [24].

Dietary intake

Participants were asked to complete an estimated dietary
record (Medical Research Council, UK) on three consecu-
tive days comprising of 2 weekdays and 1 weekend day,
within 1 week of providing the blood samples at each
assessment. No specific diet was prescribed. Diaries were
analysed using WISP (Tinuveil Software, Llanfechell,
Anglesey, UK) nutrition analysis programme.

Statistical analysis

Data was analysed using an intention-to-treat analysis with
SPSS version 18.0 software (SPSS, Inc., Evanston, IL). The
last-observation-carried forward procedure was used for
missing variables. Secondary analysis examined if outcomes
were influenced by adherence to the programme. Partici-
pants were grouped into two categories; adherence to >90 %
of the exercise class or attended all three CG assessments
(per-protocol analysis) or those who either dropped out or
adhered to <90 % of the exercise class. Distributions were
checked for normality using the K-S normality test.

Baseline characteristics were compared using independent
sample ¢ tests for continuous variables and Pearson chi-
squared and Fisher’s exact tests for categorical variables.
Log transformations were applied to non-parametric variables.
Changes in endpoints were examined using general linear
model repeated-measures ANOVA. Mean changes in vari-
ables from baseline to 8 weeks and from baseline to 3 months
are described with 95 % confidence intervals (95 % CI). The
lowest detectable value for CRP was 1 mg/L and therefore
results <1 mg/L were assigned a value of 1 mg/L.

One participant was prescribed Metformin following
baseline assessment and was excluded from analysis of
metabolic variables. Another participant with a baseline
CRP value over tenfold higher than subsequent results was
excluded from CRP analysis as this result most likely
represented an acute inflammatory event. Non-normally
distributed data was examined using the Wilcoxon test.
Statistical significance was set at p<0.05.

Results

Participants were recruited from St. James’s Hospital,
Dublin, between March 2010 and January 2011. Forty-
three participants were enrolled onto the PEACH ftrial, 32
of whom with breast cancer and 26 consented to the current
study. Baseline characteristics are described in Table 1. The
two groups were similar for all demographics (p<0.05). All



Table 1 Baseline demographic

details Variable Total (n=26) Exercise group (n=16)  Control group (n=10)  p value*
Demographics
Age (years) 48.12 (8.75)  50.05 (8.27) 45.05 (9.04) 0.16
Menopausal status®
Premenopausal 18 (69.2) 9 (56.3) 9 (90) 0.09
Postmenopausal 8 (30.8) 7 (43.8) 1(10)
Marital status 0.76
Married 14 (53.8) 9 (56.3) 5 (50)
Single 12 (46.2) 7 (43.7) 5 (50)
Ethnicity 1.00
Caucasian 25 (96.2) 15 (93.8) 10 (100)
Asian 1(3.8) 1(6.3) 0
Current smoker 7(26.9) 3(18.8) 4 (40) 0.37
Months since diagnosis 8.62 (1.13) 8.5 (1.16) 8.8 (1.14) 0.52
Months since chemotherapy  3.74 (1.06) 3.8 (0.97) 3.63 (1.24) 0.69
Cancer stage
I 7 (26.9) 3(18.8) 4 (40) 0.74
I 13 (50) 10 (62.6) 3 (30)
I 6 (23.1) 3 (18.8) 3 (30)
Surgery
WLE 13 (50) 9 (56.3) 4 (40) 0.69
WLE Wide local excision Mastectomy 13 (50) 7 (43.8) 6 (60)
Data are presented as the Axillary clearance 15 (57.7) 9 (56.3) 6 (60)
mean (standard deviation) for Radiotherapy 24 (92.4) 15 (93.8) 9 (90) 1.00
?Q‘Z“;z‘y‘s(;’;“t:zzsg:)’"f‘;s Hormonal therapy 20(769)  11(688) 9 (90) 035
categorical variables Tamoxifen 15 (57.6) 7 (43.8) 8 (80) 0.32
*Refers to menopausal status Aromatase inhibitors 5(19.2) 4 (25) 1(10)
at diagnosis Additional therapies
*p values comparing the Trastuzumab 5(19.2) 3 (18.8) 2 (20) 1.00
exercise and control groups Lapatinib 1(3.8) 0 1(10)

at baseline

participants received anthracycline and/or taxane containing
adjuvant chemotherapy. Six participants, three per group,
continued to receive anti-HER?2 directed therapy during the
intervention period.

Two participants dropped out of the EG due to time
constraints. A further six adhered to <90 % of the exercise
class but completed follow-up assessments. There were no
differences between those who adhered to the exercise class
and those who didn’t in terms of cancer stage (p=0.74), time
since completion of chemotherapy (p=0.69), baseline body
mass index (BMI) (p=0.98) or baseline physical activity
(p=>0.05 for all activity domains). Two members of the
CG didn’t complete the final assessment due to illness
unrelated to their breast cancer.

Metabolic and inflammatory biomarkers
At baseline, the metabolic syndrome was present in nine

participants (EG: n=6, CG: n=3). Nineteen participants
were centrally obese (waist circumference >80 cm), and

there was no difference between the two groups (p=0.60).
Groups were similar for systolic and diastolic blood pressure
(p=0.96 and p=0.38 respectively), with three members of
each group taking antihypertensive medications. Lipid pro-
files were significantly worse in the exercise group for both
TC (p=0.002) and LDL-C (p=0.001). Dyslipidaemia
(TC >5.2 mmol/L) was present in half the overall group
(EG; n=11, CG; n=2) and two participants in the EG took
lipid-lowering medication. Baseline glucose levels were
<100 mg/dL (88.6 (7.6) mg/dL). Five participants in the EG
were hyperinsulinemic (insulin >12 mU/L) versus one in the
CG (p=0.06). Consequently, insulin resistance was signifi-
cantly higher among exercisers (p=0.05). There were no
baseline differences in CRP (p>0.05).

Results of the intention-to-treat analysis for metabolic
parameters are presented in Table 2. Examination of the
accompanying confidence intervals suggest significant
within-group changes in a number of parameters; however,
changes were not significant when groups were compared.
Per-protocol analysis showed a significant (p=0.05)



Table 2 Changes in metabolic biomarkers

Variable Baseline 8 weeks 3 months AO-8 weeks A0-3 months p value*
N Mean (SD) Mean (SD) Mean (SD) Mean (95 % CI) Mean (95 % CI)

WC (cm)*

Exercise group 16 87.4 (11.9) 85.6 (12.5) 86.2 (12.2) ~1.8 (2.7 to -0.8) -1.2 (2410 0.1) 0.45

Control group 10 85.1 (8.9) 84.8 (10.8) 84.8 (12.3) <02 (-1.31t0 0.9) ~0.3 (1.8 to 1.3)

SBP (mmHg)*

Exercise group 16 124.6 (11.5) 118.5 (16.5) 117.00 (14.2) -6.1 (-84 to -3.7) 7.6 (-9.7 to -5.5) 0.53

Control group 10 116.7 (10.9) 114.4 (9.5) 111.80 (12.8) ~23(-4.910 0.4) -4.9 (-7.9t0 ~-1.7)

DBP (mmHg)*

Exercise Group 16 78.4 (10.7) 78.8 (9.7) 76.1 (7.8) 0.4 (-09to 1.7) ~2.3 (-3.9t0 -0.8) 0.71

Control Group 10 75.0 (6.4) 74.6 (4.4) 74.0 (7.2) -0.4 (-2.5t0 1.7) ~1.0 (3.4 to 1.4)

TC (mmol/L)

Exercise group 15 5.8 (1.0) 5.6 (1.1) 5.6 (0.9) -0.2 (-0.4 to -0.0) 0.2 (0.4 to -0.1) 0.69

Control group 10 4.8 (0.5) 4.4 (0.7) 4.3 (0.6) 0.4 (0.6 to -0.2) -0.5 (-0.6 to —0.3)

HDL-C (mmol/L)*

Exercise group 15 1.6 (0.6) 1.5(0.4) 1.5(0.3) 0.0 (0.1 t0 0.1) 0.1 (-0.2100.1) 0.96

Control group 10 1.5(0.5) 1.5(0.5) 1.4 (0.4) ~0.1 (0.1 to 0.01) =0.1 (0.1 to -0.01)

LDL-C (mmol/L)

Exercise group 14 3.5(0.9) 3.4(0.9) 3.3(0.9) -0.1 (0.3 t0 0.01) -0.2 (0.3 to —0.01) 0.78

Control group 10 2.6 (0.5) 2.3 (0.5) 2.3(0.9) ~0.3 (0.4 to -0.1) 0.3 (0.4 to —0.1)

TC:HDL-C ratio

Exercise group 15 3.9(0.9) 3.89(1.2) 3.8 (1.0) =0.1 (-0.2t0 0.1) -0.2 (0.3 to —0.01) 0.91

Control group 10 3.4 (0.8) 3.2(0.8) 32(0.8) 0.4 (0.3 t0 0.01) -0.2 (0.4 to —0.01)

TG (mmol/L)*

Exercise Group 15 1.4 (0.7) 1.4 (0.9) 1.4 (0.6) ~0.02 (0.2 t0 0.2) =0.02 (0.3 to 0.1) 0.37

Control group 10 1.5 (0.8) 1.3 (0.8) 1.2 (0.7) 0.2 (0.2 to -0.1) ~0.3 (-0.4t0 -0.2)

Fasting glucose (mg/dL)*

Exercise group 15 88.3 (7.7) 88.9 (6.1) 90.4 (9.5) 0.6 (-091022) 2.0 (-0.3 10 4.3) 0.84

Control group 10 88.9 (7.9) 88.5(7.9) 91.1 (9.9) -04 (-2.2t0 1.4) 22 (-03104.7)

Fasting insulin(mU/L)

Exercise group 14 10.5 (4.9) 10.4 (4.6) 10.2 (4.5) 0.1 (-1.2t0 1.1) 0.3 (1.6 to 1.0) 0.51

Control group 9 6.9 (2.8) 9.1 (4.5) 74 (2.8) 22(1.1t03.4) 0.5 (0.8 t0 1.8)

Insulin resistance (HOMA-IR)

Exercise group 14 23 (L1 23 (L1 2.3 (1.0) 0.1 (-0.1 to 0.3) 0.02 (-0.3 t0 0.4) 0.66

Control group 9 1.5 (0.6) 1.9 (0.9 1.7 (0.8) 0.5 (0.3 10 0.7) 0.5 (0.8 t0 1.8)

HBA1lc (mmol/mol)

Exercise group 15 35.9 (2.3) 34.1 (2.0) 35.7 (2.0) ~1.8(-251t0-1.2) -0.3 (-0.9t0 0.3) 0.07

Control group 9 35.6 (2.9) 359 (3.6) 36.9 (3.9) 03 (-0.5t0 1.2) 1.3(0.6t02.1)

WC waist circumference; SBP systolic blood pressure; DBP diastolic blood pressure; TC total cholesterol; HADL-C high-density lipoprotein

cholesterol; LDL-C low-density lipoprotein cholesterol; TG triglycerides; HBAIc: glycosylated haemoglobin
p for MANOVA with repeated measures comparing changes between the exercise group and the control group from baseline to 3 months post

intervention (time*group effect)
“Represents features of the metabolic syndrome

decrease in waist circumference in the EG versus control
subjects (EG; mean change baseline to 3 months —4.63 cm
(95 % CI, =5.7 to —3.6), CG; mean change baseline to
3 months —0.30 (95 % CI, 2.3 to 1.7)).

CRP decreased by 1.53 mg/L (95 % CI, —2.39t0 —0.66 ) at
8 weeks and by 0.65 mg/L (95 % CI, —1.66 to 0.35) ) at
3 months post-intervention in the EG, while it increased by
0.38 mg/L (95 % CI, 0.03 to 0.74) at 8 weeks and decreased

by 0.01 mg/L (95 % CI,—0.41 to 0.39) at 3 months in the CG;
however, changes were not different between groups (p=
0.07 and p=0.69, respectively).

Body composition and dietary intake

Groups were similar at baseline for all body composition
measures (p>0.05). The majority of participants were



overweight (n=13) or obese (n=6). No changes occurred in
body weight (p=0.53), BMI (p=0.43), percentage body fat
(p=0.25) or muscle mass (p=0.46). There were no further
changes with per-protocol analysis. Similarly, energy intake
at baseline was 7.62 (1.69) MJ and did not change during
the study (p=0.37).

Physical activity

Groups were similar at baseline for subjectively and objec-
tively measured physical activity. Neither the Godin question-
naire nor the RT3 accelerometer showed changes across any
activity domain (Table 3). Per-protocol analysis showed sig-
nificant improvements in subjectively reported “total weekly”
(p=0.005) activity but not in objectively measured data.
Analysis of objectively measured activity indicated that
throughout the study, over 50 % of time was spent sedentary
(baseline 52 %, 8 weeks 51 % and 3 months 50 %). Light
intensity activity was high (baseline 42 %, 8 weeks 43 %

Table 3 Changes in physical activity

and 3 months 42 %), while moderate-vigorous intensity time
remained low (baseline 6 %, 8 weeks 6 % and 3 months
8 %) (Figs. 1 and 2). Data were further examined for
adherence to physical activity guidelines (30 min moderate
intensity activity (accumulated in >10 min bouts), 5 days per
week [25]). At baseline, five participants were exercising to
recommended activity guidelines (EG: n=3, CG: n=2), with
no change post-intervention.

Discussion

This pilot study demonstrated that an 8-week aerobic exer-
cise intervention did not improve features of the metabolic
syndrome, CRP or anthropometric variables in breast cancer
survivors. Sub-analysis of those with >90 % adherence to
the exercise class demonstrated significant improvements in
waist circumference and subjectively measured “total weekly”
physical activity.

Activity intensity Baseline 8 weeks 3 months AO-8 weeks AO0-3 months p value
N Mean (SD) Mean (SD) Mean (SD) Mean (95 % CI) Mean (95 % CI)

Godin questionnaire

Light METS

Exercise group 16 4.5 (6.6) 5.4 (7.6) 7.1(8.2) 0.9 (0.9 to 2.8) 2.6 (0.3 t0 4.9) 0.29

Control group 10 6.9 (11.0) 5.1 (8.4) 4.8 (8.0) ~1.8 (-531t0 1.7) -2.1 (6.7 to 2.5)

Moderate METS

Exercise group 16 14.7 (18.5) 16.1 (19.3) 16.7 (17.1) 1.4 (0.4 10 3.2) 2.0 (-021t0 4.3) 0.19

Control group 10 21.3(9.8) 14.8 (10.4) 15.0 (13.9) -6.5 (-10.5 to -2.5) -6.3 (-13.210 0.7)

Strenuous METS

Exercise group 16 3.9(9.8) 17.2 (20.9) 7.3 (14.8) 13.2 (8.2 to 18.1) 34(-141082) 0.83

Control group 10 0.0 (0.0) 0.0 (0.0) 4.5 (14.2) 0.0 (0.0 to 0.0) 4.5 (0.0 to 9.0)

Total weekly METS

Exercise group 16 23.1(19.8) 38.7 (26.9) 31.2 (21.1) 15.6 (9.5 to 21.6) 8.0 (3.3 to 12.8) 0.06

Control group 10 28.2(11.2) 19.9 (11.3) 243 (11.9) -8.3 (-11.3 to -5.3) -39 (-9.5to0 1.8)

RT3 activity monitor

Sedentary (min/week)

Exercise group 16 427.5 (1454)  446.0 (127.0) 438.0 (121.6) 18.5 (-9.3 to 46.1) 10.5 (~14.4 t0 35.3) 0.53

Control group 9 405.6 (146.7) 385.8 (107.9) 359.5 (149.3) ~19.8 (-68.1 to 28.4) -46.1 (-110.8 to 18.5)

Light intensity (min/week)

Exercise group 16 332.6 (69.7) 318.1 (72.1) 327.2 (70.5) ~14.5 (-24.2 to -4.9) ~55(-22.6t0 11.7) 0.36

Control group 9 339.7 (128.1) 346.7 (101.0) 315.7 (110.1) 6.9 (-15.0 to 28.9) ~24.1 (-58.4 t0 10.3)

Moderate intensity (min/‘week)

Exercise group 16 31.8 (17.0) 30.7 (15.6) 38.4 (25.9) ~1.1(-441022) 6.75 (0.9 to 12.3) 0.61

Control group 9 38.9 (21.04 31.0 (15.6) 53.4 (53.9) =7.9 (-12.0 to -3.7) 14.5 (5.6 to 10.3)

Vigorous intensity (min/week)

Exercise group 16 24.7 (53.5) 15.7 (15.7) 15.8 (22.2) -9.0 (-22.5 t0 4.4) -89 (23210 5.4) 0.49

Control group 9 9.5 (11.8) 11.2 (13.5) 19.8 (29.4) 1.7 (0.1 to 3.3) 10.3 (-0.04 to 20.6)

p for MANOVA with repeated measures comparing changes between the exercise group and the control group from baseline to 3 months post
intervention (time*group effect)
METS metabolic equivalent; Min minutes
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This is the first study to measure metabolic syndrome in
breast cancer survivors in the acute stage post adjuvant
chemotherapy. The majority of participants were overweight
or obese (n=19) and/or centrally obese (n=19) at baseline
and nine presented with the metabolic syndrome. The met-
abolic syndrome, characterised by abdominal obesity and
insulin resistance [13], is identified as one of the potential
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links between obesity and cancer [26]. The metabolic syn-
drome as a collective unit and its individual components
have been associated with increased breast cancer risk [6,
27, 28] as well as poorer breast cancer outcomes [15, 29].

In the current study, despite marked levels of central
obesity, insulin resistance and CRP values were low,
characterising an obese but metabolically healthy state
[30]. Visceral adipose tissue is a multi-functional endocrine
organ, secreting of a number of proteins including tumor
necrosis factor-«, interleukin-6, leptin, insulin-like growth
factor-I (IGF-I), resulting in a pro-inflammatory, insulin-
resistant environment [14]. Prior to chemotherapy, the ma-
jority of participants in this trial were premenopausal, a
group at high risk of chemotherapy-related weight gain
[9]. The level of obesity observed may reflect recent weight
gain among this group which has yet to have an adverse
impact on metabolic and inflammatory pathways. In long-
term breast cancer survivors, increasing concentrations of C-
peptide, leptin, IGFs and CRP have been associated with
increasing BMI (p<0.05) [31, 32]. Thompson and colleagues
[33] reported that the metabolic syndrome was present in
54.8 % of overweight/obese breast cancer survivors, 96 % of
whom were centrally obese, with mean CRP levels of 5.1 mg/dL,
suggestive of chronic low-grade inflammation.

Physical activity can improve breast cancer related out-
comes [3-5], most likely through alterations in insulin and
inflammatory pathways and improved anthropometrics [12].
While a number of interventions have examined the effect of
exercise on individual components of the metabolic syn-
drome among breast cancer survivors [24, 34-37], this
was the first study to consider the syndrome as a unit. While
no changes in metabolic or inflammatory markers were
observed, per-protocol analysis revealed a significant de-
crease in waist circumference. Previous studies have also
reported reductions in waist circumference [38, 39];
however, unlike the current study, these have been limited
due to non-randomized designs [38] and reporting of waist-
to-hip ratio, not waist circumference [39]. Other studies in
this population have reported decreases in triglycerides [24],
systolic blood pressure [40, 41] and IGFs [34, 37, 42] with
both aerobic and resistance training. Four RCTs have exam-
ined the effect of both aerobic and resistance exercise on
markers of insulin resistance and have observed no changes
in fasting glucose, fasting insulin or insulin resistance
[34-37]. Only one other intervention measured CRP and
reported no change [24]. In non-breast cancer populations, a
number of RCTs have reported significant decreases in
intra-abdominal and subcutaneous fat, insulin, insulin resis-
tance and CRP [43-45], following year-long moderate-to-
vigorous intensity aerobic interventions in overweight/obese
postmenopausal women.

Whether improvements in metabolic parameters are stim-
ulated by physical activity, without concurrent fat loss, is



unclear. In the present study, no change in BMI or percent-
age body fat was observed. Generally, it appears that some
fat loss is necessary for changes to occur; however, the
extent to which visceral fat can be reduced is greatly
influenced by incorporating high-intensity exercise into diet
interventions [11]. Weight loss stimulated by diet alone
reduces both fat-free mass and fat mass, having little effect
on visceral fat [11]. Higher-intensity aerobic exercise spe-
cifically targets visceral fat deposits [11, 45]. The current
study monitored dietary intake using food diaries and
found no changes during the study period, suggesting that
exercise stimulated the decrease in waist circumference
observed in the per-protocol analysis.

A major strength of the current study is the use of
accelerometry to objectively measure physical activity,
allowing for accurate quantification of activity intensity
and duration. A high percentage of objectively measured
sedentary time was observed in both groups at all assess-
ment stages (Figs. 1 and 2). This is consistent with other
studies which show that breast cancer survivors spend the
majority of time inactive [46]. Breast cancer patients signifi-
cantly reduce activity levels upon diagnosis and rarely return
to pre-morbid levels [47]. Objectively measured sedentary
time is significantly associated with BMI, waist circumfer-
ence, CRP, insulin and insulin resistance in postmenopausal
women while moderate-to-vigorous intensity activity is in-
versely related to these variables [48]. These relationships
were not observed in the current study. Subjectively, partici-
pants in the per-protocol analysis study reported significant
increases in “total weekly” physical activity that was not
reflected by increases in objectively measured physical activ-
ity. As the group remained predominantly sedentary through-
out the study period, even light intensity activity may have
been perceived at a higher intensity, leading to inaccurate and
exaggerated reporting.

Reasons for the lack of change in the primary outcomes
require consideration. The short duration of this intervention
may have been insufficient to promote meaningful changes
in lifestyle activity habits. The current study did not signif-
icantly reduce time spent sedentary nor did it improve
adherence to physical activity guidelines, suggesting that
participants compensated for exercise with prolonged rest
periods. The high percentage of inactivity may reflect some
side-effects of chemotherapy treatments such as cancer-
related fatigue or reduced cardiorespiratory fitness, which
may have a strong influence over a group in the acute stage
post chemotherapy. However, all these subjects were able to
participate in the exercise intervention, suggesting that they
were not unduly fatigued.

The timing of the intervention may also have been un-
suitable due to treatment related issues such as adjusting to
hormonal therapy medication, anti-Her directed therapies
during the intervention period and continuing medical

appointments. Previous interventions have exercised partic-
ipants during chemotherapy [41] to several years post-
diagnosis [35, 38]. Courneya and Friedenreich [49] describe
the 3—6-month period post-cessation of cancer treatment as the
“rehabilitation period”. Although the current study included
participants within this period, adherence to the protocol was
poor (per-protocol analysis excluded 10/26 participants),
suggesting that not all breast cancer survivors appear ready
for such a demanding intervention so early in their recovery.

There are a number of limitations to this intervention that
warrant discussion. Firstly, this study was designed as an
exploratory pilot study. An inherent limitation of a pilot
study is a small sample size, such as observed in the current
study, which results in issues such as reduced statistical
power to detect significant change. In addition, the study
was set as an ancillary study to a larger RCT, resulting in
uneven group assignments and statistically significant dif-
ferent between groups. Finally, the short duration of the
intervention may have been insufficient to elicit change in
the variables measured. While these issues limit the inter-
pretation of results and the conclusions that are drawn, the
study provides rationale for developing a larger RCT to
explore the questions raised by this study.

Conclusions

The results from this eight-week aerobic exercise pilot inter-
vention did not elicit significant improvements in metabolic or
inflammatory biomarkers suggested to play a role in breast
cancer risk, in breast cancer survivors, 2—-6 months post-
chemotherapy. While results may have been limited by the
small sample size, higher adherence to the exercise class did
stimulate significant decreases in waist circumference and in-
creased subjectively measured “total weekly™ activity. The lack
of change may be due to the short duration of the intervention
resulting in a failure to change in lifestyle activity habits. The
results from this pilot study would suggest that future trials with
breast cancer survivors in the early stages post-treatment should
include a gradual build-up in aerobic intensity to accommodate
on-going treatment related issues and be of longer duration to
promote long-term changes in lifestyle activity habits. A larger
RCT examining this issue is warranted.
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