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Abstract
Summary A 12-month exercise program reversibly prevented hip bone loss in premenopausal women with early breast cancer.
The bone-protective effect was maintained for 2 years after the end of the program but was lost thereafter.
Purpose Breast cancer survivors are at an increased risk for osteoporosis and fracture. This 5-year follow-up of a randomized
impact exercise intervention trial evaluated the maintenance of training effects on bone among breast cancer patients.
Methods Five hundred seventy-three early breast cancer patients aged 35–68 years and treated with adjuvant therapy were
allocated into a 12-month exercise program or a control group. Four hundred forty-four patients (77%) were included in the 5-
year analysis. The exercise intervention comprised weekly supervised step aerobics, circuit exercises, and home training. Areal
bone mineral density (aBMD) was measured by dual-energy X-ray absorptiometry. Physical activity was estimated in metabolic
equivalent (MET) hours per week and physical performance assessed by 2-km walking and figure-8 running tests.
Results In premenopausal patients, the 12-month exercise program maintained femoral neck (FN) and total hip (TH) aBMD for
3 years, but the protective effect was lost thereafter. The mean FN aBMD change in the exercise and control groups was − 0.2%
and − 1.5% 1 year, − 1.1% and − 2.1% 3 years and − 3.3% versus − 2.4% 5 years after the beginning of the intervention,
respectively. Lumbar spine (LS) bone loss was not prevented in premenopausal women and no training effects on aBMD were
seen in postmenopausal women. The main confounding element of the study was the unexpected rise in physical activity among
patients in the control group. The physical performance improved among premenopausal women in the exercise group compared
with the controls.
Conclusion The 12-month exercise program prevented FN and TH bone loss in premenopausal breast cancer patients for 3 years.
The bone-protective effect was reversible and lost thereafter.
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Introduction

Breast cancer is the most commonly occurring malignancy in
women. Systemic breast cancer therapies interfere with bone turn-
over and predispose patients to cancer treatment–related bone loss
[1]. Breast cancer survivors are at an increased risk for osteoporosis
and fracture compared with women in general [2].

Chemotherapy causes premature menopause in most pre-
menopausal women aged 40 years or more [3, 4]. Estrogen
deficiency due to early menopause disturbs bone remodeling
and leads to accelerated bone loss. Endocrine therapy with
aromatase inhibitors inhibits peripheral estrogen production
in postmenopausal women, and suppressed estrogen levels
lead to increased bone loss and risk of fracture [1, 5].

Bisphosphonates and denosumab prevent cancer treatment–
related bone loss [1, 6]. A recent meta-analysis suggested that
bisphosphonates also reduce the risk of bone metastasis and
breast cancer death among postmenopausal, but not premeno-
pausal women. Reasons for this difference are not fully under-
stood, but bisphosphonates seem to have antitumoral activity
only in estrogen-deficient bone microenvironment [1, 6, 7].

While exercise too may reduce bone loss, it also helps to over-
comemany other treatment-related adverse effects like fatigue and
psychological symptoms and improves the quality of life [8, 9].
Exercise seems to have a positive effect on breast cancer prognosis
as well. Moderate-intensity physical activity has been related to
decreased breast cancer mortality in a few studies [10].

High-intensity resistance and weight-bearing training have
been shown to reduce bone loss in healthy pre- and postmen-
opausal women [11–14]. Much less is known about the skel-
etal benefits of exercise among breast cancer survivors, but a
few exercise intervention studies have been carried out with
varying results [15–24]. To our knowledge, the current BREX
(Breast Cancer and Exercise) study is the largest prospective
exercise intervention study on breast cancer survivors.

We have previously shown that a 12-month combined im-
pact and aerobic exercise program prevents FN bone loss dur-
ing the intervention in premenopausal women with early
breast cancer. No exercise effect was found at LS or in post-
menopausal women [24]. The aim of this 5-year follow-up of
a randomized clinical trial was to evaluate the long-term effect
of weight-bearing jumping exercises and circuit training on
bone loss among breast cancer patients.

Patients

The BREX study is an open, randomized controlled exercise
intervention trial. A total of 573 pre- and postmenopausal
women aged from 35 to 68 years with newly diagnosed breast
cancer enrolled into the study between September 2005 and
September 2007 from the Departments of Oncology in
Helsinki, Tampere, and Turku University Hospitals, Finland.

Inclusion and exclusion criteria and flowchart of the study
patients are presented in the Electronic Supplementary
Material. Patients were randomly allocated into 1-year exer-
cise training or control groups. Randomization was central-
ized and stratified for study centers, menopausal status, endo-
crine treatment in postmenopausal women (aromatase inhibi-
tor vs. tamoxifen vs. no endocrine treatment), and for age in
premenopausal women (below or above 45 years).

The local ethical committee of Helsinki University Hospital
approved the study protocol. Informed consent was obtained
from all individual participants included in the study. The trial
was registered in the Helsinki and Uusimaa Hospital District
Clinical Trials Register (www.hus.fi; 210590) and in the http://
www.clinicaltrials.gov/; NCT00639210).

All patients were treated with adjuvant chemotherapy and/
or endocrine therapy. Radiotherapy was given after breast-
conserving surgery. Radiation to the chest wall after mastec-
tomy and regional nodal irradiation was given according to
local clinical guidelines. Chemotherapy and radiotherapy had
to be completed and endocrine treatment started no later than
4 months before study enrollment.

Three different chemotherapy regimens at 3-week intervals
were used: six cycles of FEC (5-fluorouracil, epirubicin, and
cyclophosphamide), three cycles of docetaxel followed by
three cycles of FEC or three cycles of docetaxel followed by
three cycles of EC (epirubicin and cyclophosphamide), both
of the last two regimens combined with capecitabine for
2 weeks. The recommended endocrine treatment was tamox-
ifen for premenopausal patients and aromatase inhibitor, ta-
moxifen, or both sequentially for postmenopausal patients.

Of the 573 randomized patients, 537 (94%) received the
allocated intervention (284 in the exercise and 253 in the con-
trol group). Ninety-three patients were excluded from the 5-
year analyses due to breast cancer recurrence (51 patients),
study discontinuation (27 patients), new malignancy (11 pa-
tients), or other reasons (4 patients). Altogether, 444 (77%)
were included in the 5-year analyses. Of these women, 201
were premenopausal and 243 postmenopausal.

The division into pre- and postmenopausal groups was based
on the baseline menstrual status of the patients. The definition of
postmenopausal status was at least 12 months of amenorrhea and
for those, whose menstruation status could not be assessed due to
hysterectomyor hormonal IUD, patients < 50yearswere classified
as premenopausal, patients ≥ 55 years as postmenopausal, and
those in between according to whether FSH was in the postmen-
opausal range (> 30 IU/l) or not.Most of the patients went through
menopause during the study follow-up period of 5 years.

Exercise intervention

The total duration of the exercise training program was
12 months, and it comprised supervised exercise and home
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training. The exercise group attended either one 60-min su-
pervised session of step aerobics (including 150 to 180 jumps
or leaps) or circuit training (including 150–180 steps and
hops) on alternate weeks and three home training sessions
per week. The training was progressive. A detailed description
of the exercise sessions has been published previously [24].
Patients in the control group were recommended to maintain
their usual level of physical activity and exercise habits.

Compliance to the 12-month exercise program was satisfac-
tory both among the premenopausal and postmenopausal wom-
en. The premenopausal women in the exercise group (n = 107)
attended a median 30 of the 52 supervised training sessions
(58%). According to training diaries, home training was done
on average 2.8 times a week (93% of recommended). The mean
weekly number of steps or jumps was 160 (53%) during home
training. The median total number of supervised and home train-
ing sessions together was 3.3 times per week (IQR, 2.4–4.6). The
postmenopausal women in the exercise group (n = 128) attended
a median 33 of the 52 supervised sessions (63%). According to
training diaries, home training was done on average 3.2 times
(107%) a week. The number of weekly steps or jumps was 206
(69%). The median total number of training sessions was 4.3
times per week (IQR, 2.3–5.4) [24].

Physical activity

The type, extent, and intensity of leisure time physical activity
before and after breast cancer diagnosis was assessed via a ques-
tionnaire and classified as low, moderate, hard, or very hard
intensity. Information on the intensity of physical activity was
collected by means of a prospective 2-week physical activity
diary. Patients filled the diary before the beginning of the inter-
vention, every 6 months until 3 years and thereafter at 5 years.
Activity was categorized as light (< three METs), moderate
(three to six METs), vigorous (six to nine METs), or hard inten-
sity (> nine METs). One MET denotes the amount of oxygen
consumed at rest in supine position and matches 3.5 ml oxygen
consumption per kilogram each minute [25].

The total physical activity was expressed inMET-hours per
week (MET-h/week) and calculated by multiplying the inten-
sity of the activity by the time spent. MET-hours per week
were also analyzed separately for moderate- to hard-intensity
(three to nine METs or above) exercise training. In addition,
the time spent in supervised and home trainings and the sum
of jumps during home training were collected using a
questionnaire.

Physical performance and bone mineral
density

Measurements of physical performance, body composition,
and aBMD were done at baseline, after completion of the

12-month intervention and at 3 and 5 years thereafter. The
researchers were not involved in training of the participants
and were kept blinded to the patients’ group allocation, where-
as patients were requested not to reveal their study group
during the tests.

Cardiorespiratory fitness was tested by asking the partici-
pants to walk a level 2-km distance as quickly as possible and
measuring the corresponding walking time (UKK walking
test, Tampere, Finland) [26]. Dynamic neuromuscular perfor-
mance was evaluated by the figure-8 running test [27]. The
test is done by running two loops around a track including two
poles 10 m apart.

Body height and weight were measured using standard
methods. aBMD (g/cm2) was measured by dual-energy X-
ray absorptiometry (DXA) at LS (vertebrae L1–L4), left fem-
oral neck (FN), and the total hip (TH). The reproducibility and
coefficients of variation (CV) for each of the tests above were
presented in our previous publication [24].

In Helsinki, aBMD was measured with Hologic Discovery
A and in Tampere, with Lunar Prodigy Advance, at baseline
and during follow-up. In Turku, Hologic QDR-4500 was used
at baseline and either Hologic QDR-4500, Medilink
Osteocore III, or Medilink Medix during follow-up. Since
different DXA brands were employed and their aBMD values
may not be directly commensurable, the baseline DXA results
are reported separately for each center, and only the absolute
changes in aBMD data were compared.

Clinical investigations

Staging investigations were performed before adjuvant treat-
ments. Clinical investigations, including basic laboratory safe-
ty tests and radiological examinations, were repeated accord-
ing to local routine follow-up practice. Medical history and
clinical examination were done at baseline, after completion
of the 12-month intervention and at 3 and 5 years thereafter.
Self-reports of clinically apparent fragility fractures were col-
lected at each visit. Fractures in metacarpals, metatarsals, fin-
gers, toes, skull, and nasal bones were excluded as non-
fragility fractures. The patients filled in a questionnaire cov-
ering basic demographics, lifestyle issues, and a 2-week exer-
cise diary before the intervention and every 6 months until
3 years and finally at 5 years.

Statistical analysis

The a priori power calculation indicated that 400 patients
would have been sufficient for testing the pre- and postmeno-
pausal women separately and with multiple-test adjustment.

Data were analyzed longitudinally (four time points: base-
line, 1 year, 3 years, and 5 years) with linear mixed models
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(LMM). Endocrine therapy and baseline values of age and
weight were used as covariates. For premenopausal patients,
menopause status was also included in the models as a longi-
tudinal covariate. A sensitivity test including Met-h/week at
baseline was done and did not change the results. Cox propor-
tional hazards regressionmodels were used to calculate hazard
ratios for fractures. Changes between two time points were
presented with mean difference and 95% confidence interval.
All the analyses were performed using IBM SPSS software
(version 24, IBM Corp, Armonk, NY, USA).

Results

The final study population encompassed 235 patients in the
exercise group (107 premenopausal and 128 postmenopausal)
and 209 patients in the control group (94 premenopausal and
115 postmenopausal). Around 90% of both pre- and postmen-
opausal women had received adjuvant chemotherapy. The
baseline group characteristics are presented in Table 1.

Effect of the exercise intervention on aBMD
changes during the follow-up

Premenopausal patients

aBMD changes at the FN during follow-up differed signifi-
cantly between the exercise and control groups (p = 0.015).
The 12-month exercise program prevented FN bone loss dur-
ing the intervention and the effect was maintained for 2 years
thereafter. Only marginal bone loss − 0.2% at the FN was
noted among women in the exercise group, while women in
the control group lost − 1.5% during the first 12 months. The
protective effect of exercise was reversible and gradually lost
during further follow-up, as the bone loss was − 1.1% and −
2.1% at 3 years but − 3.3% versus − 2.4% at 5 years in the
exercise and control groups, respectively (Fig. 1a).

The TH aBMD changes resembled those of the FN, and
similarly, a significant difference between the exercise and
control groups emerged (p = 0.004). The bone loss at the TH
was − 0.2% in the exercise group and − 1.2% in the controls
during the first 12 months, − 0.3% and − 1.6% at 3 years and
− 2.2% and − 1.5% at 5 years, respectively.

The exercise intervention had no significant effect on the
LS aBMD changes (p = 0.959). The baseline LS aBMD in the
exercise group was lower than in the control group. The LS
aBMD decreased − 1.9% among women in the exercise group
and − 2.4% in the controls during the first 12 months. The
bone loss was − 3.2% and − 3.2% at 3 years and − 5.1% versus
− 4.7% at 5 years in the exercise and control groups, respec-
tively (Fig. 1b).

Postmenopausal patients

The exercise intervention had no significant effect on the FN
aBMD changes (p = 0.395). The FN aBMD decreased − 1.2%
in the exercise group and − 1.4% in the control group during
the 12-month intervention, − 1.8 and − 1.7% at 3 years and −
3.9% versus − 3.2% at 5 years, respectively (Fig. 1a).

The TH aBMD changes did not differ between the exercise
and control groups (p = 0.989). The bone loss at the THwas −
1.2% in the exercise group and − 1.5% in the controls during
the first 12 months, − 1.0% and − 1.5% at 3 years and − 2.9%
and − 2.7% at 5 years, respectively.

The exercise intervention had no significant effect on the
LS aBMD (p = 0.213) The LS aBMD declined − 1.4% in the
exercise and − 2.2% in the control group during the 12-month
period, − 2.3% and − 3.1% at 3 years and − 3.0% versus −
3.9% at 5 years, respectively (Fig. 1b).

Fractures

At least one fragility fracture was reported by 18 premeno-
pausal and 38 postmenopausal patients. The rate of self-
reported fractures did not differ between the exercise and con-
trol groups (p = 0.91). Patients with a fracture were signifi-
cantly older than those without (p = 0.018), while MET hours
per week, type of endocrine therapy, or results in the figure-8
running and 2-km walking test were not associated with frac-
ture rate.

Effect of the exercise intervention on total
physical activity

Patients in the control group increased their leisure time phys-
ical activity more than women in the exercise intervention
group. However, changes in moderate- to hard-intensity phys-
ical activity during the 5 years of follow-up did not differ
significantly between the exercise and control groups among
premenopausal (p = 0.053) or postmenopausal (p = 0.159)
women.

Among premenopausal patients, women in the exercise
group maintained their activity level (+ 0.27 MET-h/week),
while those in the control group increased their activity by +
4.0 MET-h/week during the 5-year follow-up. The baseline
mean physical activity performed at moderate to hard intensity
was 17.40 MET-h/week in the exercise group and 15.30
MET-h/week in the control group. During the intervention
year, moderate- to hard-intensity activity increased by + 1.19
MET-h/week among women in the exercise group and + 1.98
MET-h/week in the controls. During the subsequent 4 years,
women in the exercise group decreased their activity by − 2.00
MET-h/week, while those in the control group further in-
creased theirs by + 1.74 MET-h/week.
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In postmenopausal patients, women in the exercise group
gained only + 0.61 MET-h/week during the 5-year follow-up,
while those in the control group increased their activity by +
3.97 MET-h/week. The mean baseline level of moderate- to
hard-intensity physical activity was 14.75 MET-h/week in the
exercise group and 12.91 MET-h/week in the control group.
During the intervention year, MET-h/week increased both in
the exercise (+ 4.76 MET-h/week) and control groups (+ 4.65
MET-h/week). During the subsequent 4 years, women in the
exercise group decreased their activity by − 3.76 MET-h/
week, while those in the control group maintained their activ-
ity level (− 0.24 MET-h/week) (Fig. 2a and Electronic
Supplementary Material).

Effect of the exercise intervention on physical
performance

2-km walking test

In premenopausal women, the walking test performance im-
proved significantly more among women in the exercise
group as compared with controls (p = 0.011). The 2-km walk-
ing test time improved by − 1.26 min in the exercise and
− 0.66 min in the control group during the 5-year follow-up.
The mean baseline 2-km walking time was 18.2 min in the
exercise group and 17.8 min in the control group. During the
intervention year, improvements of − 0.98 and − 0.64 min

Table 1 Baseline characteristics

Characteristics Premenopausal Postmenopausal

Exercise (n = 107) Control (n = 94) Exercise (n = 128) Control (n = 115)

Age, years* (range) 46.0 (36.0–54.3) 46.2 (34.7–56.6) 57.4 (47.2–67.6) 58.0 (45.7–68.2)

Tumor size, mm** (range) 18 (5–70) 20 (4–72) 18 (4–100) 20 (4–130)

Metastatic lymph nodes, n** (range) 1 (0–17) 1 (0–42) 1 (0–20) 1 (0–17)

Weight, kg* (SD) 69.5 (10.5) 69.6 (12.6) 73.1 (12.4) 69.5 (12.0)

Height, cm* (SD) 165.8 (6.1) 166.6 (6.3) 163.6 (5.0) 163.9 (5.7)

BMI, kg/m2* (SD) 25.3 (3.7) 25.1 (4.5) 27.3 (4.3) 25.9 (4.2)

Helsinki population (n = 346)

FN aBMD, g/cm2* (SD) 0.77 (0.08) 0.79 (0.11) 0.77 (0.11) 0.77 (0.11)

TH aBMD, g/cm2* (SD) 0.90 (0.01) 0.94 (0.01) 0.93 (0.01) 0.93 (0.01)

LS aBMD, g/cm2* (SD) 0.98 (0.10) 1.01 (0.12) 0.98 (0.11) 0.98 (0.11)

Tampere population (n = 65)

FN aBMD, g/cm2* (SD) 0.94 (0.08) 0.96 (0.07) 0.95 (0.15) 0.92 (0.12)

TH aBMD, g/cm2* (SD) 1.01 (0.03) 1.03 (0.02) 1.02 (0.04) 0.99 (0.03)

LS aBMD, g/cm2* (SD) 1.15 (0.13) 1.15 (0.13) 1.14 (0.18) 1.11 (0.12)

Turku population (n = 32)

FN aBMD, g/cm2* (SD) 0.78 (0.08) 0.85 (0.16) 0.77 (0.12) 0.80 (0.09)

TH aBMD, g/cm2* (SD) 0.91 (0.03) 0.98 (0.09) 0.87 (0.04) 0.91 (0.04)

LS aBMD, g/cm2* (SD) 0.97 (0.11) 1.13 (0.20) 0.97 (0.09) 0.93 (0.09)

Leisure time activity, n (%)

Low 19 (17.8) 14 (14.9) 25 (19.5) 15 (13.0)

Moderate 53 (49.5) 50 (53.2) 68 (53.1) 68 (59.1)

High 32 (29.9) 23 (24.5) 31 (24.2) 28 (24.3)

Missing data 3 (2.8) 7 (7.4) 4 (3.2) 4 (3.6)

MET-h/week* (SD) 26.4 (14.6) 26.1 (15.0) 27.0 (18.3) 26.9 (17.7)

Radiotherapy, n (%) 85 (79.4) 67 (71.3) 99 (77.3) 94 (81.7)

Chemotherapy, n (%) 96 (89.7) 86 (91.5) 113 (88.3) 106 (92.2)

Endocrine therapy, n (%)

Tamoxifen 89 (83.2) 68 (72.3) 38 (29.7) 33 (28.7)

Aromatase inhibitor 2 (1.9) 2 (2.1) 67 (52.3) 65 (56.5)

Other therapy or missing data 16 (15.0) 24 (25.6) 23 (17.9) 17 (14.8)

* mean, ** median, n number, SD standard deviation, BMI body mass index, aBMD areal bone mineral density
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were seen among women in the exercise and control groups,
respectively. During the subsequent 4 years, changes in the 2-
km walking time were − 0.01 and − 0.22 min in the exercise
and control groups, respectively.

The exercise intervention did not significantly affect walk-
ing test performance in postmenopausal women (p = 0.253).
The 2-km walking test time improved by − 0.45 min in the
exercise and − 0.70 in the control group. The mean baseline 2-
km walking time was 19.2 min in the exercise group and
18.8 min among the controls. During the intervention year,
improvements of − 0.79 and − 0.83 min were seen among
women in the exercise and control groups, respectively.
During the subsequent 4 years follow-up, changes in the 2-
km walking time were + 0.37 and + 0.21 min in the exercise
and control groups, respectively (Fig. 2b and Electronic
Supplementary Material).

Figure-8 running test

In premenopausal women, the changes in figure-8 running
time improved significantly more among patients in the

exercise group as compared with controls (p = 0.006). The
figure-8 running time improved by − 0.25 s in the exercise
and − 0.12 s in the control group during the 5-year follow-up.
The baseline mean figure-8 running time was 15.15 s in the
exercise group and 14.97 s among the controls. During the
exercise intervention, an improvement of − 0.34 s was seen
among women in the exercise group, while the running time
increased by + 0.08 s among those in the control group.
During the subsequent 4 years, changes in the figure-8 run-
ning time were + 0.08 and − 0.14 s in the exercise and control
groups, respectively.

In postmenopausal women, the changes in figure-8 running
time did not significantly differ between the exercise and con-
trol groups (p = 0.379). The figure-8 running time increased
by + 0.15 s in the exercise group and + 0.22 s in the control
group during the 5-year follow-up. The baseline mean figure-
8 running time was 16.71 s in the exercise group and 16.63 s
among the controls. During the exercise intervention, an im-
provement of − 0.24 s was seen among women in the exercise
group, while the running time increased by + 0.06 s among the
controls. During the subsequent 4 years, changes in the figure-

a

b

Fig. 1 a Percentage changes of
the FN aBMD in the exercise
(intervention) and control groups.
b Percentage changes of the LS
aBMD in the exercise
(intervention) and control groups
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8 running time were + 0.32 and + 0.16 s in the exercise and
control groups, respectively (Fig. 2c and Electronic
Supplementary Material).

Discussion

The primary objective of this prospective follow-up of a ran-
domized clinical trial was to evaluate the effect of supervised
weight-bearing jumping exercises and circuit training on bone
loss among pre- and postmenopausal breast cancer patients.
The 12-month exercise intervention prevented FN and TH

bone loss in premenopausal patients during the intervention.
The bone-protective effect was still evident 2 years after com-
pletion of the intervention, but was lost during further follow-
up. LS bone loss was not prevented by the exercise program in
premenopausal women and no effect on aBMD at any site was
seen among postmenopausal women.

Exercise intervention improved the cardiorespiratory fitness
assessed by 2-km walking test and dynamic neuromuscular per-
formance evaluated by 8-figure running test in premenopausal
patients. This was true despite the fact that the intervention had
no significant effect on the total amount of leisure time physical
activity. On the contrary, the control patients were actually more

a

b

c

Fig. 2 a Percentage changes in
moderate- to hard-intensity MET-
hours per week. b Percentage
changes in time spent walking
2 km (UKK walking test). c
Percentage changes in time spent
running figure-8
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physically active than patients in the intervention group after the
end of the 1-year exercise program.

In line with the previous literature, premenopausal women
were more responsive to bone-protective effects of exercise
than postmenopausal women [28–30]. In the present study,
premenopausal women in the intervention group were able
to improve their physical performance, while no improvement
was seen among postmenopausal women as compared with
controls. Improved physical and neuromuscular performance
may translate into more intensive movements and higher
ground impacts that are characteristic to osteogenic physical
loading [14].

Improved physical performance might, at least partly, ex-
plain the difference in aBMD effects between pre- and post-
menopausal women as better physical performance facilitates
more intensive training. In a previous study, high-impact
jumping exercise was found beneficial both at the FN and
the LS aBMD among healthy premenopausal women [31].
This exercise-induced aBMD gain was maintained for at least
3.5 years at the FN [32]. However, weight-bearing jumping
exercise had no effect on bone mass among healthy early
postmenopausal women despite beneficial training effects on
physical performance [33].

A recent meta-analysis on the aBMD effects of exer-
cise among breast and prostate cancer survivors (n = 814)
comprising six RCTs and including the current BREX
showed a trend for an exercise-induced aBMD benefit
both at the LS (p = 0.057) and at the FN (p = 0.077).
Subgroup analysis revealed a significant positive training
effect on LS aBMD in three studies implementing a com-
bined resistance and impact exercise intervention [30].
This underscores the importance of considering the type
and intensity, not only the amount of exercise, in studies
evaluating the effects of training on aBMD.

Somewhat surprisingly, women in the control group in-
creased their total leisure time physical activity more than
women in the exercise group. The fact that femoral bone loss
among premenopausal women was reduced during the inter-
vention period despite a physically more active control group
underscores the importance of exercise type (here the impact
loading) and not only the total amount of physical activity in
prevention of osteoporosis. It seems that after the 1-year ex-
ercise intervention stopped, patients in the exercise group lost
their interest in extra training, whereas women in the control
group had chosen their preferred mode of physical exercise
more freely and were thus more motivated to keep up with
extra training in the long run. Perhaps an individualized exer-
cise program according to patient’s preferences and exercise
habits before cancer diagnosis could better support permanent
lifestyle changes than a structured intervention. The ultimate
challenge in all exercise interventions is how to maintain the
participants’ long-term adherence to physically active
lifestyle.

Bisphosphonates and denosumab are effective against can-
cer treatment-related bone loss and reduce the risk of fracture
in patients with early breast cancer. In addition,
bisphosphonates decrease the risk of bone metastases and
breast cancer death among postmenopausal women (1, 6, 7).
On the contrary, in young premenopausal women
bisphosphonates may be associated with an increase in relapse
risk and a worse overall survival [34]. Since bisphosphonates
are not without risk in young women, exercise could provide a
safe and natural means to preserve bone mass in premeno-
pausal women with early breast cancer.

In addition to its bone-protective potential, exercise has
multiple other health benefits like improved muscle strength,
balance and coordination, better cardiorespiratory fitness, as
well as lower risk of fall-related injuries and many other dis-
eases affecting public health [35, 36]. Among cancer survi-
vors, exercise helps to combat treatment-related adverse ef-
fects like fatigue and even a positive effect on breast cancer
prognosis has been suggested [8–10]. Thus, regular exercise
can be recommended not only to protect the bone but also to
improve the general health and quality of life of cancer pa-
tients. Future studies are needed to explore what kind of ex-
ercise would be most feasible and effective to improve cardio-
vascular and neuromuscular fitness and to prevent treatment-
related adverse effects like bone loss.

The current BREX study is, to our knowledge, the larg-
est randomized exercise intervention trial in breast cancer
survivors. The relatively intensive exercise program select-
ed was pretested for feasibility in breast cancer patients and
found effective in bone protection [37]. The large sample
size and long follow-up time are among the strengths of
BREX. The main confounding element of the study was
the unexpected rise in physical activity among patients in
the control group. This compromised our ability to detect
the overall exercise effect on aBMD by comparing the two
randomized groups. On the other hand, the fact that the
exercise program in the present study did prevent aBMD
loss at the FN and TH despite activation of the control
group confirms the fact that different types of physical
activity have different effects on aBMD [38]. The physical
activity measure used in the current study may not be the
most appropriate to quantify bone-relevant loading, as, for
instance, swimming may contribute a large number of
MET-h but not stimulate much bone adaptation.

In conclusion, our 12-month exercise program improved
physical performance and prevented femoral bone loss in pre-
menopausal breast cancer patients during the intervention.
The bone-protective effect was still evident 2 years after the
end of the intervention despite the reduced overall physical
activity of women in the exercise group, but was lost thereaf-
ter. Our findings emphasize the fact that premenopausal wom-
en are more responsive to bone-protective effects of exercise
than postmenopausal women.
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