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Background: Adjuvant endocrine therapy (ET) in patients with breast cancer (BC) increases the risk of
becoming less physically active. Physical inactivity is associated with a higher risk of treatment-related
side effects and mortality. This study investigated whether supervised exercise increased the proportion
of patients adhering to the national physical activity (PA) guideline during adjuvant ET in overweight or
obese BC patients.
Methods: This multicentre single-arm clinical trial included patients with BC participating in a 12-week
supervised exercise intervention. An accelerometer measured moderate to vigorous PA (MVPA) at
baseline (T0), after 12 (T1) and 26 weeks (T2). The primary endpoint was change in the proportion of
patients with weekly �150 min of MVPA at T1 compared to T0. Secondary endpoints were adherence to
PA guideline at T2, metabolic syndrome (MetS), body composition, health-related quality of life (HRQoL)
and BC-specific functioning and symptoms, self-reported PA, self-efficacy, exercise motivation and
satisfaction with life.
Results: 141 patients with a median age of 61 years and a mean BMI of 31.3 participated. Adherence to
the PA guideline increased from 38.3% at T0, to 40.4% at T1 (p ¼ .112) and 44.7% at T2 (p ¼ .003). MetS,
body composition, HRQoL, BC-specific functioning and symptoms (i.e. fatigue, dyspnoea), self-reported
PA, self-efficacy, exercise motivation and satisfaction with life improved significantly over time.
Conclusions: Supervised exercise increased the proportion of BC patients adhering to the PA guideline
over time. Furthermore, MetS, body composition, HRQoL and symptoms improved. Our findings high-
light the clinical relevance of supervised exercise during ET in overweight BC patients.
Clinical trial information: (NCT02424292).
© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Breast cancer is the leading cause of mortality among women
worldwide, with approximately 2.1 million newly diagnosed cases
in 2018 [1]. Mounting evidence reveals the potential risk of being
overweight (body mass index (BMI) of �25 kg/m2) or obese (BMI
�30 kg/m2) for the development of cancer and impaired cancer
ers).

an open access article under the C
outcome [2]. A large survey among all women in the Netherlands in
2000 revealed that 51% (>40 years of age) were overweight or
obese [3]. Patients who are overweight or obese are at an increased
risk of recurrent disease, and of worse breast cancer-specific and
overall survival outcome compared to patients with a BMI <25 kg/
m2 [2,4]. Adverse lifestyle habits, such as physical inactivity and
sedentary behaviour, are common in patients with breast cancer
who are overweight or obese [5,6]. This is particularly the case
during adjuvant endocrine treatment, as it can cause arthralgia, and
can be associated with weight gain and cancer-related fatigue [7].
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
Baseline characteristics of patients participating in the I-MOVE study (n ¼ 141).

Characteristics, mean (SD (±)), median [range], no. (%) (n ¼ 141)

Demographic characteristics
Age at inclusion (years) 61 [34 to 74]
Marital status
Married/relationship (living together) 103 (73.0%)
Single/divorced/widowed/relationship (not living together) 38 (27.0%)

Education
Low-medium (elementary-, primary- or secondary school/ 100 (70.9%)
lower- or secondary vocational education)
High (higher vocational-, college- or university education) 40 (28.4%)
Missing 1 (0.7%)

Employment status
Paid work/work as a volunteer 38 (27.0%)
Sickness leave/re-integration process 33 (23.4%)
Unemployed/retirement/housewife 64 (45.4%)
Other 6 (4.3%)

Behavioural characteristics

Smoking habits (yes)

Current smoker 19 (13.5%)
Former smoker 80 (56.7%)
Non-smoker 42 (29.8%)

Pack years (years) 17 [0 to 75]
Alcohol consumption (yes) 65 (46.1%)
Medical oncologist or treating physician advised exercise (yes) 82 (58.2%)
Medical characteristics
BMI (kg/m2) 31.3 ± 4.4
BMI (categorised)
Overweight (�25e29.9 kg/m2) 69 (48.9%)
Obese (�30e39.9 kg/m2) 66 (46.8%)
Morbid obese (�40 kg/m2) 7 (4.3%)

Antihypertensive drug treatment (yes) 52 (36.9%)
Tumour stage
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Also, a cluster of cardiovascular risk factors known as metabolic
syndrome (MetS) can develop, which is related to poor outcome in
these patients during adjuvant endocrine therapy [8,9].

Furthermore, physical activity (PA) levels tend to deteriorate
after a breast cancer diagnosis, especially among overweight and
obese patients [10]. In the Netherlands, the national PA guideline
“Nederlandse Norm Gezond Bewegen (NNGB)” recommendation is
to perform aerobic and resistance exercises, and avoid sedentary
behaviour [11]. The aerobic PA guideline recommends engaging in
moderate to vigorous physical activity (MVPA) for �150 min per
week, e.g. brisk walking (5e7 km/h) [11]. The resistance PA
guideline recommends performing resistance exercises twice per
week [11]. However, most patients do not follow in these recom-
mendations [12]. When adherence to the PA guideline is gradually
met in 5 years after a breast cancer diagnosis compared to being
physically inactive at baseline, all-cause- and cancer mortality risks
could potentially be reduced with hazard ratios of 0.76 and 0.89,
respectively [13]. Participation in supervised exercise to improve PA
behaviour could be beneficial during adjuvant endocrine therapy in
patients with breast cancer. It can render health gain, as it can
potentially endorse a physically active lifestyle, limit weight gain,
improve parameters of MetS and improve health-related quality of
life (HRQoL) [14,15].

Therefore, this study aimed to investigate whether supervised
exercise increased the proportion of patients adhering to the Dutch
national aerobic PA guideline during adjuvant endocrine therapy in
overweight or obese patients with breast cancer. Additionally,
MetS, HRQoL and breast cancer-specific functioning and symptoms,
body composition, self-reported PA, self-efficacy, exercise motiva-
tion and overall satisfaction with life were investigated.
I 65 (46.1%)
II 58 (41.1%)
III 18 (12.8%)

Radiation therapy (yes) 111 (78.7%)
Chemotherapy (yes) 73 (51.8%)
Endocrine therapy (type)
Aromatase inhibitor 54 (38.3%)
SERM 83 (58.9%)
LHRH-analogue combined with aromatase inhibitor or SERM 4 (2.8%)

Duration of endocrine therapy (months) 15 [0 to 96]

SD, standard deviation; BMI, bodymass index; LHRH, luteinizing hormone-releasing
hormone; SERM, selective oestrogen receptor modulator.
2. Methods

2.1. Study design and patients

In this multicentre, single-arm clinical trial, the I-MOVE study,
patients treated with endocrine therapy with curative intent for
hormone receptor-positive, stage I-III breast cancer, regardless of
other treatment modalities, were prospectively included. Over-
weight (BMI �25 to <30 kg/m2) or obese (BMI �30 kg/m2) female
patients between the age of 18 and 75 years who did not previously
participate in an oncologic rehabilitation program were eligible.
Exclusion criteria were uncontrolled heart disease, dementia, on-
going side effects of previous chemotherapy, or other contraindi-
cations to exercise. Written informed consent was obtained from all
included patients. The protocol was approved by the local medical
ethics committee of the University Medical Centre Groningen and
registered in ClinicalTrials.gov (NCT02424292).
2.2. Recruitment and study procedures

Eligible patients were identified through hospital medical re-
cords. Recruitment occurred between August 2015 to February
2019 at the University Medical Centre Groningen, Martini Hospital
Groningen and Ommelander Hospital Group Scheemda in the
Netherlands. After informed consent, a detailed medical history
was obtained and anthropometric measures were performed. After
overnight fasting blood samples were drawn at the local hospital
laboratory to determine fasting blood glucose and lipid profile.
Baseline questionnaires were provided, and patients were
instructed to wear an accelerometer. Patients underwent assess-
ments at baseline (T0), post-intervention after 12 weeks (T1) and
follow-up 26 weeks after T0 (T2).
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2.3. Study intervention

Patients were referred to a facility-based supervised exercise
intervention. In case patients were unable to participate in such a
program due to barriers like travel distances or time constraints,
they were allowed to attend a home-based supervised exercise
intervention at a physiotherapy practice near their home with the
same exercise prescriptions.

Patients were prescribed three supervised exercise sessions per
week and consisted of a combination of supervised aerobic exercise
training (AET) three times a week and resistance exercise training
(RET) twice a week for twelve weeks. The AET and RET were fully
tailored based on the patient's exercise capacity. The duration,
frequency and intensity of the exercise programwere following the
American College of Sports Medicine recommendations [16]. The
AET intensity of patients who participated in the facility-based
supervised exercise was based on the training heart rate deter-
mined by performing a maximal cardiopulmonary exercise test as
part of usual care. The AET intensity of the home-based supervised
exercise was based on the training heart rate determined by the
Karvonen formulae [17]. During week 1e6, AET was performed at a
training heart rate of 40e60% and during week 7e12 at a training
heart rate of 60 to 70e75%. The AET was performed on a bicycle- or



Fig. 1. CONSORT diagram of the I-MOVE study. PS, performance score; BMI, body mass index; CVD, cardiovascular disease; T0, baseline; T1, post-intervention (12 weeks); T2, follow-
up (26 weeks).

H.L. Ormel, C.P. Schr€oder, G.G.F. van der Schoot et al. The Breast 58 (2021) 138e146
row ergometer or treadmill for 30 min. The intensity of RET started
at 50% of the one-repetition maximum during the first week and
was progressively increased by 5e10%. The RET was performed for
20e30 min in a muscle strengthening circuit with a frequency of
three series with twelve repetitions per exercise. Behavioural
changing techniques were administered throughout the program
with a focus on self-efficacy based on Social Cognitive Theory [18].
Patients were allowed to attend a dietician, occupational therapist,
psychologist, labour consultant or to follow a quit-smoking pro-
gram besides this intervention.

2.4. Outcome measures

Change inMVPAwas objectively measured bywearing an GT3X-
BT accelerometer (ActiGraph, Pensacola, FL, USA) continuously
during one week on the hip or wrist to determine the primary
endpoint, proportion of patients adhering to the aerobic PA
guideline (�150 min of MVPA per week), at T1. Secondary outcome
measures were adherence to the PA guideline at T2, MetS, HRQoL
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and breast cancer-specific functioning and symptoms, body
composition, self-reported PA, self-efficacy, exercise motivation
and overall satisfaction with life.

The accelerometer measured high-frequency (60 Hz) raw ac-
celeration in units of gravity, Euclidean norm minus 1 [19]. Raw
data were downloaded from the accelerometer and converted into
CSV files using Actilife Software version 6.13.4. Consecutively, the
GGIR package version 1.6 in R’ was used to process the CSV files
[19]. Prior validated cut-points for MVPAwere as follows:�100 mG
(wrist-worn, non-dominant side), �110 mG (wrist-worn, dominant
side) and �69 mG (hip-worn) [20,21]. A valid day of wearing time
was defined as at least 8 h [22].

MetS was categorised as being present when three or more of
the following criteria were met: waist circumference �88 cm;
blood pressure (systolic �130 mmHg or diastolic �85 mmHg or
drug treatment); triglycerides (�150 mg/dL or drug treatment);
high-density lipoprotein cholesterol (�50 mg/dL or drug treat-
ment) and fasting blood glucose (�100 mg/dL or drug treatment)
[23]. Also, the modified MetS z-score was calculated using



Fig. 2. Alluvial diagram of proportion of patients adhering to the PA guideline. Flows between the blocks represent changes in clusters of patients that adhere or do not adhere to
the PA guideline over time. PA, physical activity; T0, baseline; T1, post-intervention (12 weeks); T2, follow-up (26 weeks).
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individual patient data representing standardised data of metabolic
variables [24]. Weight and height were used to calculate body mass
index (kg/m2). To calculate waist/hip ratio standard measuring tape
was used to determine thewaist, measured at midway between the
lower rib and iliac crest, and hip circumference, measured around
the widest portion of the buttocks. Fat percentagewas measured by
4-site skinfold measurement using a Harpenden Skinfold Calliper
[25]. A fasting (>8 h) blood sample was obtained. Blood pressure
was measured after >5 min of sitting quietly using the arm of the
unaffected breast.

Patient-reported HRQoL and (breast) cancer-specific func-
tioning and symptoms were measured with the European Organi-
zation for Research and Treatment of Cancer Quality of Life
Questionnaire Core 30 (QLQ-C30) and Breast cancer module (QLQ-
BR23) [26,27].

Self-reported PA was measured with the Physical Activity Scale
for the Elderly (PASE) questionnaire [28]. Patient-reported self-
141
efficacy was measured using the validated Dutch version of the
General Self-Efficacy Scale [29]. Exercise motivation was measured
by using the Transtheoretical model stage of behavioural change
and patients were categorised as non-regular exerciser or as regular
exerciser [30]. Satisfaction with life was measured by using a Likert
scale (1-10). Exercise adherence was calculated by the number of
attended divided by the prescribed exercise sessions (36 sessions in
total).
2.5. Sample size calculation and statistical analyses

It was assumed that at baseline, approximately 30% of the
eligible patients would adhere to the PA guideline and an increase
of 20% from T0 to T1 was considered to be clinically relevant
[12,31,32]. Enrolment of 120 patients provided 80% power to detect
a 20% difference at T1, with a two-sided alpha of p < .05. Assuming
15% dropout and using the exact McNemar test, 141 patients were



Table 2
Changes in metabolic syndrome.

MetS outcome (T0) (T1) (T2) D Mean change from T0 with 95% CI or (%)

(D T0-T1) (D T0-T2)

Mean (SD (±)), no. (%) (n ¼ 141) (n ¼ 120) (n ¼ 117) (n ¼ 120) Pa (n ¼ 117) Pa

MetS risk factors
WC (cm) 100.0 ± 11.9 97.7 ± 11.8 97.2 ± 11.6 �2.1 (�3.0 to �1.3) .000 �2.6 (�3.5 to �1.7) .000
SBP (mm HG) 141.5 ± 19.4 136.3 ± 18.4 135.0 ± 18.8 �5.6 (�8.4 to �2.9) .000 �6.4 (�9.7 to �3.1) .000
DBP (mm HG) 84.4 ± 9.5 80.7 ± 9.1 80.5 ± 10.0 �3.7 (�5.4 to �2.0) .000 �3.9 (�6.0 to �1.9) .000
HDL-C (mg/dL) 59.8 ± 15.4 59.3 ± 14.3 60.2 ± 13.8 �1.1 (�2.7 to 0.4) .147 �0.7 (�2.3 to 0.8) .340
TGs (mg/dL) 141.3 ± 65.4 138.8 ± 67.2 135.1 ± 57.6 �0.7 (�9.8 to 8.4) .882 �4.4 (�13.4 to 4.6) .338
FBG (mg/dL) 106.6 ± 14.4 105.7 ± 12.2 104.1 ± 10.4 0.5 (�1.0 to 1.9) .524 �1.1 (�2.9 to 0.8) .244

Presence of MetS (yes) 98 (69.5%) 66 (46.8%) 73 (51.8%) �13.0 (�9.2%) .001 �7.0 (�5.0%) .189
MetS z-score 1.4 ± 3.5 0.4 ± 3.4 0.1 ± 3.7 �0.7 (�1.1 to �0.4) .000 �1.0 (�1.4 to �0.6) .000

MetS, metabolic syndrome; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density-lipoprotein cholesterol; TGs, tri-
glycerides; FBG, fasting blood glucose; SD, standard deviation; CI, confidence interval.

a Differences within-group were assessed by general linear models repeated measures analysis of variance when data was continuous and normally distributed with
planned comparisons using paired samples t-tests and by the Cochran's Q test with planned comparisons using McNemar test when data was categorical with two-sided p
values.
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needed to be included.
All variables were checked for normality. Across time compari-

sons for dichotomous dependent variables were performed using
Cochran's Q test. When statistically significant, comparisons were
performed without adjustment for multiple testing using the exact
McNemar test with T0 as the reference value. Across time com-
parisons for continuous variables were performed using general
linear models repeated-measures analysis of variance. When sta-
tistically significant, comparisons were performed using the paired
t-test with T0 as the reference value. All data across time-points T0,
T1, T2were analysed using SPSS (version 23.0) and R (version 3.6.2).
All data stated are median with ranges unless indicated otherwise.

3. Results

3.1. Study sample

Baseline characteristics are depicted in Table 1. In total, 141
patients were included of which 124 attended a facility-based and
17 a home-based supervised exercise intervention. Patients were
seen for baseline assessments at a median of 20.5 months [0 to 96]
after diagnosis. Fig. 1 displays the CONSORT diagram. The dropout
rate was 14.9% at T1 and 16.3% at T2. The adherence rate to su-
pervised exercise was 72% (26 of the 36 sessions).

3.2. Adherence to the national PA guideline

Patients wore the accelerometer on the non-dominant wrist
(n ¼ 56), dominant wrist (n ¼ 51), hip (n ¼ 19) or combinations at
different time points (n ¼ 15). At T0, patients engaged in a median
MVPA of 118 min [0 to 786] per week. Median MVPA per week
increased to 137min [0 to 838] at T1 and 163min [2 to 652] at T2. In
total, 54 patients (38.3%) adhered to the national aerobic PA
guideline at T0 (see Fig. 2). The proportion increased to 57 patients
(40.4%) at T1 and 63 patients (44.7%) at T2. The primary endpoint,
the increase in proportion from T0 to T1, was statistically non-
significant (p ¼ .112). However, a statistically significant longitu-
dinal effect was found for adherence to the PA guideline using
Cochran's Q test [c2(2) ¼ 8.977, p ¼ .011]. Comparisons using the
exact McNemar test showed a statistically significant increase in
adherence to the PA guideline from T0 to T2 (p ¼ .003).

3.3. Secondary outcomes

At T0, MetS was present in 69.5% of the patients (see Table 2).
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The proportion of patients with MetS decreased statistically
significantly over time to 46.8% at T1 and 51.8% at T2 [c2(2)¼ 9.923,
p¼ .007]. Also, a statistically significant decreasewas found inMetS
z-score as well as in two MetS variables: waist circumference and
blood pressure. Changes in other secondary outcomes are shown in
Table A1. The mean BMI and fat percentage at T0 were 31.3 kg/m2

(SD 4.4) and 42.7% (SD 3.6) respectively. Both variables decreased
statistically significantly over time points (Table A1). At T0, mean
HRQoL was rated 70.3. HRQoL increased statistically significantly
over time to 76.8 at T1 and 76.9 at T2 [F (2,224)¼ 14.813, p ¼ .000].
Statistically significant improvements from T0 were also found in
fatigue, dyspnoea, body image, future perspective, physical-, social-
, emotional- and role functioning, insomnia, breast symptoms and
systemic therapy side effects. Statistically significant improvements
in HRQoL and breast cancer-specific functioning and symptoms are
presented in Fig. 3A and B and Table B1. The PASE sum score, total
minutes of PA and sedentary time statistically significantly
improved over time. Changes in self-reported PA, self-efficacy, ex-
ercise motivation, satisfaction with life, and maximal cardiopul-
monary exercise test outcome (facility-based sub-group) are
provided in Table B1.
4. Discussion

During treatment with adjuvant endocrine therapy for breast
cancer, the studied supervised exercise increased the proportion of
patients adhering to the Dutch national aerobic PA guideline. This
increase was statistically non-significant immediately after
completion of the intervention but was statistically significant
during follow-up. Moreover, the effectiveness of supervised exer-
cise was accentuated by statistically significant improvements in
presence of MetS, body composition, HRQoL, breast cancer-specific
functioning and symptoms (e.g. fatigue, dyspnoea), self-efficacy,
exercise motivation and satisfaction with life in these patients.

This is the first large clinical study to present the effect of su-
pervised exercise on objectively measured MVPA and correspond-
ing proportion of patients adhering to the national PA guideline
during adjuvant endocrine therapy in overweight or obese patients
with breast cancer. Over the past years, the role of endocrine
treatment has become more dominant compared to chemo-
endocrine therapy for oestrogen receptor-positive breast cancer
[33]. The majority of studies have focused on the effects of exercise
interventions during or after adjuvant chemotherapy instead of
concentrating on endocrine therapy. The use of endocrine therapy
renders this subgroup highly at risk for adverse effects, and those



Fig. 3. Overall change from baseline. (A) EORTC QLQ-C30: QoL and functional scales; EORTC QLQ-BR23: functional scales. (B) EORTC QLQ-C30: QoL and symptom scales; EORTC
QLQ-BR23: symptom scales. EORTC, European Organization for Research and Treatment of Cancer; QLQ-C30; Quality of Life Questionnaire Core 30; QLQ-BR23, Quality of Life
Questionnaire breast cancer module; HRQoL, health-related quality of life; CI, confidence interval; T0-T1, change from baseline to post-intervention (week 12); T0-T2, change from
baseline to follow-up (week 26). Asterisks denote that the change from baseline was statistically significant with two-sided p values (*, p � .05; **, p � .01). aThe sample sizes for the
‘sexual enjoyment’ functional scale and ‘Upset by hair loss’ symptom scale were smaller than other scales.
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patients could substantially benefit from supervised exercise, as
demonstrated by the current study [9]. Over half of our study
population was obese at baseline, which does not reflect the gen-
eral female population in the Netherlands where estimations from
the WHO show rates of approximately 20% presence of obesity
among Dutch adult women [34]. The low proportion of patients
that were adhering to the national PA guideline at baseline in our
sample (38.3%) is similar to findings from a large cohort study that
compared PA of patients with breast cancer to the general Dutch
female population [10]. A possible explanation for the statistically
non-significant increase at T1 could be temporary discontinuation
in physical exercise immediately after completion of the
143
intervention. This phenomenon can be accredited to the transition
from supervised to home-based, regular physical exercise [35,36].
Patients were frequently uncertain about incorporating physical
exercise in a home-based setting. A possible solution could be a
tapering period after completion of the intervention consisting of
physiotherapy counselling sessions (lifestyle monitoring) by tele-
phone to coach them in incorporating structural physical exercise
as a routine lifestyle [37e40]. A study comparable to the current
one investigated a 12-week exercise intervention that consisted of
12 supervised exercise sessions that were tapered over six weeks to
a home-based exercise setting in patients with breast cancer [39].
This resulted in a statistically significant effect immediately post-
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intervention on adherence to the PA guideline in that study.
However, the impact of their intervention was not sustained at 26
weeks follow-up. Possibly, a more extended period of supervised
exercise, 12 instead of six weeks, is more optimal to induce sus-
tained PA behaviour. Another study described self-reported PA
behaviour patterns during 24 months follow-up after an exercise
intervention during adjuvant chemotherapy in patients with breast
cancer and found that patients were less physically active at follow-
up compared to post-intervention [35]. The difference with our
results might be explained by the timing of the intervention (dur-
ing adjuvant chemotherapy in their study compared to during
adjuvant endocrine therapy in our study). Adjuvant chemotherapy
treatment often interrupts patients’ everyday daily life. In contrast,
during the period of adjuvant endocrine therapy, patients already
restored their routines of daily life. A clinically relevant finding is
the exercise-induced effect on HRQoL as well as in several cancer-
specific functional and symptom scales [41]. These findings are
comparable with the beneficial small-to-moderate effect described
by a recently published Cochrane review which pooled HRQoL data
of 22 studies that investigated exercise-induced effects on HRQoL
in patients with breast cancer [42].

Furthermore, our intervention statistically significantly attenu-
ated the presence of MetS by improving cardiovascular risk factors
including body composition. Comparable results were found in a
recent study, where MetS was effectively attenuated by a super-
vised 16-week combined aerobic and resistance exercise inter-
vention [43]. The effect was more pronounced in that study,
probably caused by a higher adherence rate of 96% compared to our
72%. Adherence could be improved by identifying patients at risk
for non-adherence to provide extra guidance [44]. Currently, there
are promising studies in progress that will provide more informa-
tion about lifestyle interventions in breast cancer patients, for
example the German SUCCES-C trial [45] and BWEL trial [46]. In an
interim-analysis of the SUCCES-C trial, no difference in disease-free
survival of the intervention, a telephone-delivered two-year life-
style intervention, was found.

Strengths of this study include the multicentre design, real-
world setting of supervised exercise, objectively measured MVPA
and relatively high adherence to the intervention. An important
limitation, however, is the single-arm design. This design makes it
difficult to differentiate between the effect of the intervention, a
placebo effect, and the effect of natural history, hence caution is
warranted in interpretation of results. Future lifestyle intervention
studies preferably should use a randomised controlled trial study
design [47]. The high dropout in our intervention was a limitation
as well. Also, there is a need for consensus about cut-points, data
collection and processing criteria for accelerometer use in studies
as well [48]. Additionally, measurement of MVPA by accelerometer
could be prone to measurement error caused by electric-assisted
cycling, which is impossible to distinguish from regular cycling/
cycle sport without a PA log or heart rate monitoring. Health-
monitoring wearable devices, such as activity trackers and smart-
phone apps provide a promising alternative to measure or stimu-
late PA when incorporated in an intervention [49]. The additional
measurement of daily food intake could have been interesting. The
effect of the supervised exercise intervention on MetS and body
composition could be confounded by alterations in daily food
intake. However, our study focused primarily on the effect of su-
pervised exercise on PA. Measurement of daily food intake could
have diluted the effect of the intervention on PA. Also, this is a
burdensome measurement which could have negatively impacted
adherence to the intervention.

In conclusion, supervised exercise statistically significantly
increased adherence to the PA guideline at 26 weeks follow-up
during adjuvant endocrine therapy in overweight or obese breast
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cancer patients. Health care providers should use our findings to
explain, convince and motivate this patient population. Referral to
supervised exercise can be a powerful strategy to endorse a phys-
ically active lifestyle and reduce or manage adverse effects of
adjuvant endocrine therapy [50]. Research is warranted to inves-
tigate further tapering to self-initiated exercise, cost-effectiveness,
benefits and implement pathways.

Authors’ information

Annemiek M.E. Walenkamp and Anna K.L. Reyners shared last
authorship.

List of where and when the study has been presented in part
elsewhere

Part of the data was presented at the ESMO virtual congress
2020.

Funding

The Dutch Pink Ribbon Foundation, the Netherlands, supported
this work (grant number 2011.WO43.C116).

Declaration of competing interest

All authors have nothing to disclose.

Acknowledgements

The authors would like to thank all of the patients, oncologists
and physical therapists who participated in the trial. We also thank
Karin Oosterkamp, physician assistant (UMCG) and physiothera-
pists: Joyce Stel (UMCG), Brenda Kupers-Broekeveen (MZH),
Floortje Meulman (MZH), Annemarie Helbig (UMCG), Marjolein
Fleuren (UMCG), Anton Slagers (UMCG), Ellis Suk (OZG), and all
other physiotherapists for their involvement in the supervised ex-
ercise intervention. We also thank all research nurses: Gerrie
Steursma (UMCG), Laura-Witteveen-van Heijst (MZH), Ina Kremer
(MZH), Esmeralda Bolt (MZH), Gery Dijkinga (MZH), Corrie Vegter
(OZG), Cisca Dallinga (OZG), Marietje Visker (OZG) and Marja Dales
(OZG) for their involvement in the recruitment of patients and
Karin Hemmer-Wildemors for her contribution to the data entry.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.breast.2021.05.004.

Ethical approval

All procedures performed in this study were in accordance with
the ethical standards of the local medical ethical committee of the
University Medical Centre Groningen (ethical approval) and with
the 1964 Declaration of Helsinki and its later amendments. Written
consent was obtained from all participating patients. The studywas
registered in ClinicalTrial.gov (NCT02424292).

Eq. (A.1) metabolic z-score

Formula used in the current study:
HDL-C, high-density

ðð50�HDL�CÞ =15:3Þþ ððTGs�150Þ =60:7Þ

https://doi.org/10.1016/j.breast.2021.05.004
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þððFBG�100Þ =11:2Þþ ððWC�88Þ =11:9Þþ ððSBP�130Þ =19Þ
þððDBP�85Þ =9:8Þ

lipid cholesterol; TGs, triglycerides; FBG, fasting blood glucose;
WC, waist circumference; SBP, systolic blood pressure; DBP, dia-
stolic blood pressure.

References

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA A Cancer J Clin 2018;68:394e424. https://
doi.org/10.3322/caac.21492.

[2] Avgerinos KI, Spyrou N, Mantzoros CS, Dalamaga M. Obesity and cancer risk:
emerging biological mechanisms and perspectives. Metabolism 2019;92:
121e35. https://doi.org/10.1016/j.metabol.2018.11.001.

[3] van Gemert WA, Lanting CI, Goldbohm RA, van den Brandt PA, Grooters HG,
Kampman E, et al. The proportion of postmenopausal breast cancer cases in
The Netherlands attributable to lifestyle-related risk factors. Breast Canc Res
Treat 2015;152:155e62. https://doi.org/10.1007/s10549-015-3447-7.

[4] Schmidt ME, Chang-Claude J, Vrieling A, Seibold P, Heinz J, Obi N, et al. As-
sociation of pre-diagnosis physical activity with recurrence and mortality
among women with breast cancer. Int J Canc 2013;133:1431e40. https://
doi.org/10.1002/ijc.28130.

[5] Foucaut A-M, Berthouze SE, Touillaud M, Morelle M, Bourne-Branchu V,
Kempf-L�epine A-S, et al. Deterioration of physical activity level and metabolic
risk factors after early-stage breast cancer diagnosis. Cancer Nurs 2015;38:
E1e9. https://doi.org/10.1097/NCC.0000000000000187.

[6] De Groef A, Geraerts I, Demeyer H, Van der Gucht E, Dams L, de Kinkelder C,
et al. Physical activity levels after treatment for breast cancer: two-year
follow-up. Breast 2018;40:23e8. https://doi.org/10.1016/j.breast.2018.04.009.

[7] Irwin ML, Cartmel B, Gross CP, Ercolano E, Li F, Yao X, et al. Randomized ex-
ercise trial of aromatase inhibitor-induced arthralgia in breast cancer survi-
vors. J Clin Oncol 2015;33:1104e11. https://doi.org/10.1200/
JCO.2014.57.1547.

[8] Sadim M, Xu Y, Selig K, Paulus J, Uthe R, Agarwl S, et al. A prospective eval-
uation of clinical and genetic predictors of weight changes in breast cancer
survivors. Cancer 2017;123:2413e21. https://doi.org/10.1002/cncr.30628.

[9] Baglia ML, Lin IH, Cartmel B, Sanft T, Ligibel J, Hershman DL, et al. Endocrine-
related quality of life in a randomized trial of exercise on aromatase inhibitor-
induced arthralgias in breast cancer survivors. Cancer 2019;125(13):2262e71.
https://doi.org/10.1002/cncr.32051.

[10] Gal R, Monninkhof EM, Peeters PHM, van Gils CH, van den Bongard DHJG,
Wendel-Vos GCW, et al. Physical activity levels of women with breast cancer
during and after treatment, a comparison with the Dutch female population.
Acta Oncol (Madr) 2019:1e9. https://doi.org/10.1080/
0284186X.2018.1563712.

[11] Weggemans RM, Backx FJG, Borghouts L, Chinapaw M, Hopman MTE,
Koster A, et al. The 2017 Dutch physical activity guidelines. Int J Behav Nutr
Phys Activ 2018;15:1e12. https://doi.org/10.1186/s12966-018-0661-9.

[12] Schermers DP, Jongert DMWA, Chorus DIAMJ, Verheijden DIMW. Inleiding bij
de KNGF standaarden Inhoudsopgave. TNO-Rapport 2008;32.

[13] Mok A, Khaw K-T, Luben R, Wareham N, Brage S. Physical activity trajectories
and mortality: population based cohort study. BMJ 2019:l2323. https://
doi.org/10.1136/bmj.l2323.

[14] Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, Sami N, Lee K,
Sweeney FC, et al. Aerobic and resistance exercise improves physical fitness,
bone health, and quality of life in overweight and obese breast cancer sur-
vivors: a randomized controlled trial. Breast Cancer Res 2018;20:1e10.
https://doi.org/10.1186/s13058-018-1051-6.

[15] Perry RJ, Shulman GI. Mechanistic links between obesity, insulin, and cancer.
Trends in Cancer 2020;6:75e8. https://doi.org/10.1016/j.trecan.2019.12.003.

[16] Schmitz KH, Courneya KS, Matthews C, Demark-Wahnefried W, Galv~ao DA,
Pinto BM, et al. American college of sports medicine roundtable on exercise
guidelines for cancer survivors. Med Sci Sports Exerc 2010;42:1409e26.
https://doi.org/10.1249/MSS.0b013e3181e0c112.

[17] Karvonen J, Vuorimaa T. Heart rate and exercise intensity during sports ac-
tivities. Sports Med 1988;5:303e12. https://doi.org/10.2165/00007256-
198805050-00002.

[18] Bandura A. Social foundations of thought and action: a social cognitive theory.
Englewood Cliffs, NJ, US: Prentice-Hall, Inc; 1986.

[19] Migueles JH, Rowlands AV, Huber F, Sabia S, van Hees VT. GGIR: a research
communityedriven open source R package for generating physical activity
and sleep outcomes from multi-day raw accelerometer data. J Meas Phys
Behav 2019;2:188e96. https://doi.org/10.1123/jmpb.2018-0063.

[20] Migueles JH, Cadenas-Sanchez C, Rowlands AV, Henriksson P, Shiroma EJ,
Acosta FM, et al. Comparability of accelerometer signal aggregation metrics
across placements and dominant wrist cut points for the assessment of
physical activity in adults. Sci Rep 2019;9:1e12. https://doi.org/10.1038/
s41598-019-54267-y.

[21] Hildebrand M, Van Hees VT, Hansen BH, Ekelund U. Age group comparability
of raw accelerometer output from wrist-and hip-worn monitors. Med Sci
145
Sports Exerc 2014;46:1816e24. https://doi.org/10.1249/
MSS.0000000000000289.

[22] Scott JJ, Rowlands AV, Cliff DP, Morgan PJ, Plotnikoff RC, Lubans DR. Compa-
rability and feasibility of wrist- and hip-worn accelerometers in free-living
adolescents. J Sci Med Sport 2017;20:1101e6. https://doi.org/10.1016/
j.jsams.2017.04.017.

[23] Alberti KGMM, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al.
Harmonizing the metabolic syndrome. Circulation 2009;120:1640e5. https://
doi.org/10.1161/CIRCULATIONAHA.109.192644.

[24] Bateman LA, Slentz CA, Willis LH, Shields AT, Piner LW, Bales CW, et al.
Comparison of aerobic versus resistance exercise training effects on metabolic
syndrome (from the studies of a targeted risk reduction intervention through
defined exercise - STRRIDE-AT/RT). Am J Cardiol 2011;108:838e44. https://
doi.org/10.1016/j.amjcard.2011.04.037.

[25] Durnin JVGA, Womersley J. Its estimation from skinfold thickness: measure-
ments on. Br J Nutr 1973;32:77e97. https://doi.org/10.1079/BJN19740060.

[26] Groenvold M, Klee MC, Sprangers MAG, Aaronson NK. Validation of the EORTC
QLQ-C30 quality of life questionnaire through combined qualitative and
quantitative assessment of patient-observer agreement. J Clin Epidemiol
1997;50:441e50. https://doi.org/10.1016/S0895-4356(96)00428-3.

[27] Sprangers MA, Groenvold M, Arraras JI, Franklin J, te Velde A, Muller M, et al.
The European Organization for Research and Treatment of Cancer breast
cancer-specific quality-of-life questionnaire module: first results from a
three-country field study. J Clin Oncol 1996;14:2756e68. https://doi.org/
10.1200/JCO.1996.14.10.2756.

[28] Washburn RA, McAuley E, Katula J, Mihalko SL, Boileau RA. The physical ac-
tivity scale for the elderly (PASE). J Clin Epidemiol 1999;52:643e51. https://
doi.org/10.1016/S0895-4356(99)00049-9.

[29] Bosscher R, Smit JH, Kempen GIJM. Algemene competentieverwachtingen bij
ouderen: een onderzoek naar de psychometrische kenmerken van de Alge-
mene Competentieschaal (ALCOS). Ned Tijdschr Voor Psychol 1997;52:
239e48.

[30] Marcus BH, Selby VC, Niaura RS, Rossi JS. Self-efficacy and the stages of ex-
ercise behavior change. Res Q Exerc Sport 1992;63:60e6.

[31] Rogers LQ, Hopkins-Price P, Vicari S, Pamenter R, Courneya KS, Markwell S,
et al. A randomized trial to increase physical activity in breast cancer survi-
vors. Med Sci Sports Exerc 2009;41:935e46. https://doi.org/10.1249/
MSS.0b013e31818e0e1b.

[32] Beasley JM, Kwan ML, Chen WY, Weltzien EK, Kroenke CH, Lu W, et al.
Meeting the physical activity guidelines and survival after breast cancer:
findings from the after breast cancer pooling project. Breast Canc Res Treat
2012;131:637e43. https://doi.org/10.1007/s10549-011-1770-1.

[33] Andre F, Ismaila N, Henry NL, Somerfield MR, Bast RC, Barlow W, et al. Use of
biomarkers to guide decisions on adjuvant systemic therapy for women with
early-stage invasive breast cancer: ASCO clinical practice guideline update-
integration of results from TAILORx. J Clin Oncol 2019;37:1956e64. https://
doi.org/10.1200/JCO.19.00945.

[34] World Health Organization (WHO) European health information gateway.
Prevalence of obesity among adult women in The Netherlands. Geneva: Switz;
2016. https://gateway.euro.who.int/en/indicators/h2020_11-obesity-females/
visualizations/#id=21509%26tab=graph/. Accessed April 2021.

[35] An K-Y, Kang D-W, Morielli AR, Friedenreich CM, Reid RD, McKenzie DC, et al.
Patterns and predictors of exercise behavior during 24 months of follow-up
after a supervised exercise program during breast cancer chemotherapy. Int
J Behav Nutr Phys Activ 2020;17:23. https://doi.org/10.1186/s12966-020-
00924-9.

[36] Kampshoff CS, Jansen F, van Mechelen W, May AM, Brug J, Chinapaw MJM,
et al. Determinants of exercise adherence and maintenance among cancer
survivors: a systematic review. Int J Behav Nutr Phys Activ 2014;11:80.
https://doi.org/10.1186/1479-5868-11-80.

[37] Ormel HL, van der Schoot GGF, Westerink N-DL, Sluiter WJ, Gietema JA,
Walenkamp AME. Self-monitoring physical activity with a smartphone
application in cancer patients: a randomized feasibility study (SMART-trial).
Support Care Canc 2018;26:3915e23. https://doi.org/10.1007/s00520-018-
4263-5.

[38] Wong JN, McAuley E, Trinh L. Physical activity programming and counseling
preferences among cancer survivors: a systematic review. Int J Behav Nutr
Phys Activ 2018;15. https://doi.org/10.1186/s12966-018-0680-6.

[39] Rogers LQ, Courneya KS, Anton PM, Hopkins-Price P, Verhulst S, Vicari SK,
et al. Effects of the BEAT Cancer physical activity behavior change intervention
on physical activity, aerobic fitness, and quality of life in breast cancer sur-
vivors: a multicenter randomized controlled trial. Breast Canc Res Treat
2015;149:109e19. https://doi.org/10.1007/s10549-014-3216-z.

[40] Derksen JWG, Beijer S, Koopman M, Verkooijen HM, van de Poll-Franse LV,
May AM. Monitoring potentially modifiable lifestyle factors in cancer survi-
vors: a narrative review on currently available methodologies and in-
novations for large-scale surveillance. Eur J Canc 2018;103:327e40. https://
doi.org/10.1016/j.ejca.2018.06.017.

[41] Cocks K, King MT, Velikova G, St-James MM, Fayers PM, Brown JM. Evidence-
based guidelines for determination of sample size and interpretation of the
European organisation for the research and treatment of cancer quality of life
questionnaire core 30. J Clin Oncol 2011;29:89e96. https://doi.org/10.1200/
JCO.2010.28.0107.

[42] Levett-Jones T, Jones M. Physical activity for women diagnosed with breast
cancer after adjuvant therapy: a Cochrane review summary. Int J Nurs Stud

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/j.metabol.2018.11.001
https://doi.org/10.1007/s10549-015-3447-7
https://doi.org/10.1002/ijc.28130
https://doi.org/10.1002/ijc.28130
https://doi.org/10.1097/NCC.0000000000000187
https://doi.org/10.1016/j.breast.2018.04.009
https://doi.org/10.1200/JCO.2014.57.1547
https://doi.org/10.1200/JCO.2014.57.1547
https://doi.org/10.1002/cncr.30628
https://doi.org/10.1002/cncr.32051
https://doi.org/10.1080/0284186X.2018.1563712
https://doi.org/10.1080/0284186X.2018.1563712
https://doi.org/10.1186/s12966-018-0661-9
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref12
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref12
https://doi.org/10.1136/bmj.l2323
https://doi.org/10.1136/bmj.l2323
https://doi.org/10.1186/s13058-018-1051-6
https://doi.org/10.1016/j.trecan.2019.12.003
https://doi.org/10.1249/MSS.0b013e3181e0c112
https://doi.org/10.2165/00007256-198805050-00002
https://doi.org/10.2165/00007256-198805050-00002
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref18
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref18
https://doi.org/10.1123/jmpb.2018-0063
https://doi.org/10.1038/s41598-019-54267-y
https://doi.org/10.1038/s41598-019-54267-y
https://doi.org/10.1249/MSS.0000000000000289
https://doi.org/10.1249/MSS.0000000000000289
https://doi.org/10.1016/j.jsams.2017.04.017
https://doi.org/10.1016/j.jsams.2017.04.017
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1016/j.amjcard.2011.04.037
https://doi.org/10.1016/j.amjcard.2011.04.037
https://doi.org/10.1079/BJN19740060
https://doi.org/10.1016/S0895-4356(96)00428-3
https://doi.org/10.1200/JCO.1996.14.10.2756
https://doi.org/10.1200/JCO.1996.14.10.2756
https://doi.org/10.1016/S0895-4356(99)00049-9
https://doi.org/10.1016/S0895-4356(99)00049-9
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref29
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref30
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref30
http://refhub.elsevier.com/S0960-9776(21)00376-3/sref30
https://doi.org/10.1249/MSS.0b013e31818e0e1b
https://doi.org/10.1249/MSS.0b013e31818e0e1b
https://doi.org/10.1007/s10549-011-1770-1
https://doi.org/10.1200/JCO.19.00945
https://doi.org/10.1200/JCO.19.00945
https://gateway.euro.who.int/en/indicators/h2020_11-obesity-females/visualizations/#id=21509%26tab=graph/
https://gateway.euro.who.int/en/indicators/h2020_11-obesity-females/visualizations/#id=21509%26tab=graph/
https://doi.org/10.1186/s12966-020-00924-9
https://doi.org/10.1186/s12966-020-00924-9
https://doi.org/10.1186/1479-5868-11-80
https://doi.org/10.1007/s00520-018-4263-5
https://doi.org/10.1007/s00520-018-4263-5
https://doi.org/10.1186/s12966-018-0680-6
https://doi.org/10.1007/s10549-014-3216-z
https://doi.org/10.1016/j.ejca.2018.06.017
https://doi.org/10.1016/j.ejca.2018.06.017
https://doi.org/10.1200/JCO.2010.28.0107
https://doi.org/10.1200/JCO.2010.28.0107


H.L. Ormel, C.P. Schr€oder, G.G.F. van der Schoot et al. The Breast 58 (2021) 138e146
2018. https://doi.org/10.1016/j.ijnurstu.2018.12.002.
[43] Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, Sami N, Lee K,

Buchanan TA, et al. Effects of aerobic and resistance exercise on metabolic
syndrome, sarcopenic obesity, and circulating biomarkers in overweight or
obese survivors of breast cancer: a randomized controlled trial. J Clin Oncol
2018;36:875e83. https://doi.org/10.1200/JCO.2017.75.7526.

[44] Ormel HL, van der Schoot GGF, Sluiter WJ, Jalving M, Gietema JA,
Walenkamp AME. Predictors of adherence to exercise interventions during
and after cancer treatment: a systematic review. Psycho Oncol 2018;27:
713e24. https://doi.org/10.1002/pon.4612.

[45] Janni W, Rack BK, Friedl TW, Müller V, Lorenz R, Rezai M, et al. Lifestyle
intervention and effect on disease-free survival in early breast cancer pts:
interim analysis from the randomized SUCCESS C study. Cancer Res 2019;79.
https://doi.org/10.1158/1538-7445.SABCS18-GS5-03. Abstract nr GS5-03.

[46] Ligibel JA, Barry WT, Alfano C, Hershman DL, Irwin M, Neuhouser M, et al.
Randomized phase III trial evaluating the role of weight loss in adjuvant
treatment of overweight and obese women with early breast cancer (Alliance
146
A011401): study design. NPJ Breast Cancer 2017;3:37. https://doi.org/
10.1038/s41523-017-0040-8.

[47] Younge JO, Kouwenhoven-Pasmooij TA, Freak-Poli R, Roos-Hesselink JW,
Hunink MM. Randomized study designs for lifestyle interventions: a tutorial.
Int J Epidemiol 2015;44:2006e19. https://doi.org/10.1093/ije/dyv183.

[48] Migueles JH, Cadenas-Sanchez C, Tudor-Locke C, L€of M, Esteban-Cornejo I,
Molina-Garcia P, et al. Comparability of published cut-points for the assess-
ment of physical activity: implications for data harmonization. Scand J Med
Sci Sports 2019;29:566e74. https://doi.org/10.1111/sms.13356.

[49] Gal R, May AM, van Overmeeren EJ, Simons M, Monninkhof EM. The effect of
physical activity interventions comprising wearables and smartphone appli-
cations on physical activity: a systematic review and meta-analysis. Sport
Med Open 2018;4:42. https://doi.org/10.1186/s40798-018-0157-9.

[50] Schmitz KH, Campbell AM, Stuiver MM, Pinto BM, Schwartz AL, Morris GS,
et al. Exercise is medicine in oncology: engaging clinicians to help patients
move through cancer. CA A Cancer J Clin 2019;69:468e84. https://doi.org/
10.3322/caac.21579.

https://doi.org/10.1016/j.ijnurstu.2018.12.002
https://doi.org/10.1200/JCO.2017.75.7526
https://doi.org/10.1002/pon.4612
https://doi.org/10.1158/1538-7445.SABCS18-GS5-03
https://doi.org/10.1038/s41523-017-0040-8
https://doi.org/10.1038/s41523-017-0040-8
https://doi.org/10.1093/ije/dyv183
https://doi.org/10.1111/sms.13356
https://doi.org/10.1186/s40798-018-0157-9
https://doi.org/10.3322/caac.21579
https://doi.org/10.3322/caac.21579

	Effects of supervised exercise during adjuvant endocrine therapy in overweight or obese patients with breast cancer: The I- ...
	1. Introduction
	2. Methods
	2.1. Study design and patients
	2.2. Recruitment and study procedures
	2.3. Study intervention
	2.4. Outcome measures
	2.5. Sample size calculation and statistical analyses

	3. Results
	3.1. Study sample
	3.2. Adherence to the national PA guideline
	3.3. Secondary outcomes

	4. Discussion
	Authors’ information
	List of where and when the study has been presented in part elsewhere
	Funding
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	Ethical approval
	Eq. (A.1) metabolic z-score
	References


