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Abstract
Purpose The purpose of this study was to evaluate the effica-
cy of exercise, either alone or in combination with other inter-
ventions, compared to a control, for the preservation of bone
mineral density (BMD) in early breast cancer (BC) patients.
Methods A systematic search was conducted to identify ran-
domized or quasi-randomized trials which met inclusion
criteria including prescribed exercise for ≥12 months. Ten
publications from seven randomized controlled trials
(RCTs), involving 1199 participants, were identified. Data
on primary and secondary outcome measures related to
BMD at the lumbar spine, total hip, femoral neck and greater
trochanter were analysed. Meta-analyses were limited to sub-
groups by menopausal status as other data could not be
pooled.
Results Based onmean differences or mean percentage differ-
ences between groups at 1 year, exercise did not preserve
BMD or bone mineral content at any site in post-
menopausal women. In contrast, evidence from one RCT
(n = 498) found that exercise reduced bone loss in pre-
menopausal women at the femoral neck [% MD = 1.20
(95% CI 0.22–2.18); P = 0.02] but not at the lumbar spine.
Conclusions Although this review indicated that exercisemay
result in a clinically important preservation of bone health
among pre-menopausal but not post-menopausal women, fur-
ther studies are needed to confirm whether or not exercise is

important in preservation of bone health in women diagnosed
with early BC.
Implications for cancer survivors Exercise alone may not be
sufficient to prevent bone loss in post-menopausal women at
high risk of osteoporosis. Further evidence is required to de-
termine if it provides any benefit to pharmacological therapy.

Keywords Osteoporosis . Resistance training . Bonemineral
density . Breast neoplasms . RCT

Background

Early diagnosis and improvements in treatments for breast
cancer (BC) have led to steady increases in survival rates
[1]. However, women treated for BC are at increased risk of
osteoporosis and fractures compared to women who have not
been treated for BC [2, 3] due to treatment-induced loss of
bone mineral density (BMD). Treatments for BC typically
include adjuvant chemotherapy and/or hormone therapy in
addition to surgery and radiotherapy, all of which can contrib-
ute, to varying degrees, to an increased risk of osteopenia and
osteoporosis. This can occur as a direct side-effect of the treat-
ments such as aromatase inhibitors (AIs) [4–6] and/or, indi-
rectly, by triggering early-onset menopause [6–9].

Adjuvant chemotherapy and hormone therapy are the most
significant risk factors underlying bone loss in women treated
for BC. Up to 70% of women treated with chemotherapy
experience premature menopause [10, 11], increasing bone
loss by 1–2% per year [7, 12]. Bone loss and consequent
increase in the risk of osteoporosis and fractures are related
to the reduction of oestrogen [13].

Hormone therapy, including AIs and selective oestrogen-
receptor modulators (SERMs), is used to inhibit growth of
oestrogen-positive tumours [14]. These two hormone therapy
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approaches suppress circulating oestrogen levels by different
mechanisms [15, 16], contributing to loss of BMD to different
extents. In particular, third-generation AIs such as anastrozole,
letrozole and exemestane, now standard care therapy for post-
menopausal women, are associated with bone loss [4]. As a
consequence, AIs cause more than double the rate of bone loss
in women treated for BC compared to age-matched healthy
post-menopausal women [4].

Exercise, and in particular interventions that include
moderate-intensity impact exercise, has been studied as a
non-pharmacological strategy for maintaining BMD and bone
turnover in women treated for early BC [17–28]. However, the
effect of exercise on bone health in this population is unclear,
with some studies indicating a reduction in bone loss at certain
sites and in specific subgroups, while others provide no such
evidence. The outcomes might be confounded by (i) meno-
pausal status at the time of the intervention; (ii) treatment with
adjuvant hormone therapies; (iii) time since chemotherapy;
and (iv) whether bisphosphonates and/or supplements such
as vitamin D and calcium were also provided. The aim of this
systematic review was to undertake a detailed qualitative and
quantitative analysis of relevant high-quality randomized con-
trolled trials (RCTs) to determine whether exercise is effective
in limiting the effect of BC treatment on BMD in pre- and/or
post-menopausal women treated for stages I–III BC. This clar-
ification of benefits is needed for the optimal management of
bone loss in a growing population of early BC survivors.

Methods

Search methods and study criteria

Searches were conducted for relevant RCTs in electronic da-
tabases and clinical trial websites. Five electronic databases
searched were as follows: MEDLINE; EMBASE; CINHAL;
AMED; and the Cochrane Central Register of Controlled
Trials (CCTR). Search strategies were adapted from
Cochrane reviews on exercise for preventing and treating os-
teoporosis [29] and from yoga for women with BC [30].
Clinical trials registries searched were as follows: the
National Cancer Institute (http://www.cancer.gov/about-
cancer/treatment/clinical-trials/search); Clinical Trials.Gov
(http://clinicaltrials.gov); and the Australian and New
Zealand Clinical trials Registry (http://www.anzctr.org.au/).
The search occurred in June 2015 and was checked at time
of submission in July 2016 and again in April 2017 in which
two new potentially eligible RCTs were identified; however,
closer examination led to their exclusion. There were no
restrictions on dates of publication or language.

Studies were identified if they were randomized or quasi-
randomized trials (i.e. assignment of participants to study
groups was not truly random, such as alternating allocation).

Trials were excluded if they included cancers other than BC
unless separate data were available. Studies presenting data
for bisphosphonates and supplement interventions only were
excluded.

Trials with women of any menopausal status, 18 years and
older, who underwent surgical treatment for early BC (i.e.
stages I–IIIA) were included. Trials including women with
metastatic or stage IV BC were excluded.

Trials were included in which an osteogenic exercise pro-
gram was given to one group and not to the other and the
prescribed exercise was for at least 12months [31], either with
or without bisphosphonates, hormone therapy and supple-
ments. Only trials in which interventions occurred after surgi-
cal intervention for early BC were considered. However, ex-
ercise interventions could occur during or following adjuvant
therapy and in a home, hospital or gym setting.

Primary outcomes

The primary outcome was the post-intervention difference in
mean BMD or bone mineral content (BMC) between exercise
and control groups for the total hip, greater trochanter, femoral
neck, proximal femur or lumbar spine (L1–4).

Secondary outcome

The secondary outcome measure was reported adverse events
such as fractures and sprains over the course of the study and
intervention safety in general.

Data collection and analysis

Both authors (SK and CF) screened all publications, including
conference abstracts, identified by our searches, firstly on title
and then on the abstract. A study was excluded if it did not
meet the eligibility criteria. The reference lists of all full pub-
lications extracted were hand-checked to identify all previous
studies. The full-text of each publication was then reviewed
against the inclusion and exclusion criteria. Any discrepancies
in retaining publications between the two authors were re-
solved by discussion.

Quality assessment

Both authors extracted and recorded data independently into
forms modified to include all relevant information from the
articles. The information recorded included study methods,
participant selection criteria, group numbers and baseline de-
mographics, type of exercise intervention and comparators
(usual care, bisphosphonates and vitamin D and calcium sup-
plements) and outcomes as raw data, effect sizes, 95% confi-
dence intervals (CI) and statistical testing results. Continuous
data were recorded as unadjusted means or percentage MD
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and standard deviations (SD), while categorical data was re-
corded as events per total in group. Where studies provided
only percentage MDs and 95% CIs, we calculated SDs1 [32].

Disagreements were resolved by discussion. We contacted
study authors when there was missing relevant data reported
or for further clarifications.

Assessment of risk of bias in included studies

Methodological quality was assessed for each included trial
using established criteria for the appraisal of RCTs [33]. Both
authors assessed each paper independently for the following
ten quality items, worth 1 point each: (i) evidence of random-
ization and allocation concealment, (ii) absence of statistically
significant differences between groups at baseline, (iii) speci-
fication of eligibility criteria, (iv) blinding of outcome asses-
sor, (v) compliance with exercise regimen reported, (vi) su-
pervision of exercise intervention, (vii) reporting of reasons
for dropouts, (viii) reporting of data for primary and secondary
outcomes, (ix) intention-to-treat analysis of results and (x)
reporting of adverse events. Any disagreements between au-
thors were resolved by discussion.

Statistical methods

We pooled studies using the random effects meta-analysis
model. To compute point estimates of treatment effects for
each trial, we plotted (i) post-intervention means and standard
deviations from five trials [17, 18, 20, 23, 34] and (ii) percent-
age MD and standard deviations from two trials [19, 21].
Thus, the point estimates derived for BMD from the former
five publications [17, 18, 20, 23, 34] did not take baseline
values into account while baseline values were accounted
for in the latter two trials [19, 21]. In trials in which only
post-intervention data were used, we checked for statistically
significant baseline differences in BMD where available and
performed sensitivity analyses if differences were identified.
As the data were continuous,MDs or mean percentage change
in BMD were calculated, along with the 95% CIs between
treatment and control groups. Where data for BMC was in-
cluded [34], standardized MDs (SMD) and 95% CIs were
computed. Authors were contacted regarding study data if
graphic representation of mean difference or SMD appeared
to be markedly distinct from other trials.

Heterogeneity among comparable trials was examined
within subgroups visually and tested using the I-squared sta-
tistic (I2) and chi-squared test of goodness of fit. If heteroge-
neity was identified, potential causes of divergences would be
explored. If a factor in the study design was thought to poten-
tially skew outcomes, a sensitivity analysis will be undertaken
where the specific trial(s) would be removed and a new

estimate of effect would be reported if it differed significantly.
Conversely, a subgroup analysis would be undertaken, in
which data from individual trials would be regrouped by a
new factor with new estimates calculated for each subgroup.

We planned a priori subgroup analysis to examine the ef-
fect of exercise on outcome measures in relation to women’s
menopausal status, use of vitamin D and calcium supplement,
use of hormones and intensity and compliance of exercise
supervision. We decided a priori that sensitivity analyses
would be conducted (i) to evaluate the effect of variations in
methodological quality if they existed or (ii) to estimate the
effect of any trial(s) which differed importantly in study de-
sign from others pooled in the same comparison. Publication
bias was not undertaken as the small number of trials that met
inclusion criteria (<10) would not likely lead to a meaningful
analysis.

Cochrane ReviewManager software (RevMan 5.3, version
5.3.5, 30 October 2014) was used for meta-analyses of the
data.

Results

Potential studies identified for this review and reasons for their
inclusion or exclusion are outlined in a flow diagram (Fig. 1).
We identified 298 potentially relevant records through our
search methods; three additional publications were identified
by other means. After removal of duplicate and triplicate re-
cords, 236 records were screened by their titles and abstracts
against the inclusion and exclusion criteria. A further 220
records were excluded, most commonly due to design, i.e.
not a RCT or pseudo-RCT, leaving 17 records for full text
screening. Of these, seven RCTs met eligibility criteria, and
resulted in ten published journal articles.

Descriptive data synthesis

Table 1 presents the quality of the included publications, and
Table 2 presents the main study characteristics of the included
publications. Studies were published between 2009 and 2016,
with six trials conducted in the USA [17, 18, 20–23] and one
in Finland [19]. One study comprised four publications, in-
cluding publications based on (i) analysis of data at the end of
1 year of training [20]; (ii) re-analysis of the intervention and
control data by age subgroups [35]; (iii) analysis of 1 year
follow-up from the original cohort [36]; and iv) an erratum
[37]. One study comprised two publications in which the data
from all sites involved in the study were analysed to determine
the effect of exercise on BMD and total BMC in most partic-
ipants [19]; and a second publication described the effect of
exercise on femoral neck BMC among a subset of 86 partic-
ipants from the multicentre trial [34]. The number of partici-
pants in the included trials ranged between 48 [18] and 4981 SD = (upper 95% CI − lower 95% CI) × √N/(1.96 × 2) [32].
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[19], with a total of 1282 participants analysed across all trials,
excluding a follow-up study [36], a subgroup analysis [35]
and a substudy [34]. Mean age of the participants in the in-
cluded trials ranged from 46 years [18] to 62 years [20].

Women diagnosed with BC were included in a trial if
they had undergone surgery and were commencing che-
motherapy [22] or had completed chemotherapy within
the last 4 months [19], more than 6 months ago [21],
more than 6 months ago but less than 5 years [18],
within the last year [20], or within the last 3 years
[23]. One trial did not specify inclusion criteria related
to chemotherapy [17], although most women in both
groups had undergone chemotherapy. All studies speci-
fied women were eligible if they presented with stages
0–III BC but not stage IV. In one trial, risk of lymph-
edema or diagnosis of stable lymphedema and resection
of >1 lymph node(s) comprised the inclusion criteria
[17, 38]. Diagnoses of BC were histologically con-
firmed in one trial [19, 34]. Menopausal status was
confirmed by estradiol and follicle stimulating hormone
(FSH) measures in two trials [18, 20] and determined
by self-report in the remaining trials [18, 20, 35, 36].
One trial included only women within 1 month of com-
mencing chemotherapy and those planning to have che-
motherapy treatment [22]. Another trial included women
who were treated with adjuvant chemotherapy or radio-
therapy within 4 months or those who started adjuvant
endocrine therapy within 4 months [19].

Women were excluded from trials if they took part in
exercise deemed to be osteogenic. This included partic-
ipants who were competitive athletes [19] or who par-
ticipated in any weight training during the previous year
[17], any resistance and/or impact training, comprising
≥2 sessions per week of at least 30 min duration during
the past month [20], >60 min of resistance training per
week [18], regular resistive exercise ≥3 times per week
[23] and currently participating in strength training [21].
All but one study whose primary outcome measure was
not bone health [17] excluded either current or recent
bisphosphonate use. All trials but one [19] did not ex-
clude women on an AI and/or tamoxifen although the
proportion of women using either of these adjuvant
therapies varied. The proportion of women on AIs var-
ied from 1% [17] to 56% [19], in which the latter com-
prised only post-menopausal women while the propor-
tion of women on a SERM varied from 15% [20] to
85% [19], in which the latter comprised only pre-
menopausal women. One trial excluded women who
had used tamoxifen for more than 6 months [19]. One
trial did not exclude women with osteoporosis [17],
while another trial excluded women who had either
osteopenia or osteoporosis [21]. The remaining four tri-
als excluded women with osteoporosis [18–20, 39] with
one trial also excluding those with severe osteopenia (T-
score ≥−2) [22]. Of the three trials which did not ex-
clude women with osteopenia, two administered

Fig. 1 Flowchart summarizing
identification of trials for review.
BC breast cancer, RCT
randomized controlled trial
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bisphosphonates to one study arm [21, 22]. Other gen-
eral exclusion criteria were the inability to exercise,
other major physical or mental health problems and
conditions or use of drugs which interfered with bone
metabolism.

Post-menopausal women only were included in three trials
[20, 21, 23]; only women who were prematurely menopausal
were included in one trial [18]; and both pre- and post-
menopausal women were included in three trials [19, 20,
22]. In the studies which combined women with pre- and
post-menopause, results were analysed and reported separate-
ly for pre- and post-menopausal participants in two publica-
tions [17, 19] and together in two publications [22, 34].

Timing of the interventions with regard to diagnosis, che-
motherapy and radiotherapy varied between studies.
Participants could be newly diagnosed but within 4 months

of receiving chemotherapy [19], newly diagnosed but within
1 month of receiving chemotherapy [22], diagnosed from be-
tween one to 15 years before study entry [17], post-
chemotherapy ≥6 months to <5 years prior to study enrolment
[18], at least 6 months post-chemotherapy and/or radiotherapy
[21] or at least 1 year post-chemotherapy or radiotherapy (25).

In all but one trial [17], the primary outcomes were related
to bone health with exercise prescribed specifically to target
BMD (see Table 2). Six trials administered exercise programs
consisting of either progressive resistance training (PRT)
alone [17, 21] or in combination with impact loading exercises
[18, 20, 23]. One exercise program comprised step aerobics
and circuit training [19] whereas another prescribed daily
walking to a total of approximately 10,000 steps, equivalent
to 5 miles [22]. PRT was prescribed using weight machines
(upper and lower body) and/or free weights (replaced by

Table 1 Quality items checklist for randomized controlled trials

Quality item Reference

Winters
Stone
et al.
[20]

Winters
Stone et al.
(subgroup)
[35]

Dobek
et al.
[36]

Winters
Stone
et al.
[18]

Winters
Stone et al.
(PAL study)
[17]

Saarto
et al.
(BREX
trial) [19]

Nikander
et al. (Brex
substudy)
[34]

Swenson
et al. [22]

Waltman
et al. [21]

Knobf
et al.
[23]

Treatment allocation: evidence of
(i) randomization method and
(ii) concealment of treatment
allocation

1 1 1 1 1 0.5a 0.5a 1 0.5 1

Were groups similar at baseline
regarding the most important
prognostic indicators?

1 1b NA 1 1 c 1 c 1 c 1 0.5c, d 0 e

Were the eligibility criteria
specified?

1 1 1 1 1. 1 1 1 1 1

Were outcomes assessors blinded?
(0.5 for partial blinded
assessment of outcomes)

1 1 1 1 1 1 1 1 0 1

Was compliance to the intervention
reported?

1 1 0.5 f 1 1 1 1 1. 1 1

Were exercise sessions supervised
(0.5 for partial supervision)

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Were dropouts reported? 1. 0 0 1 1 1 1 1 1 1

Were data presented for primary
and secondary outcome
measures?

1 0.5 NA 0.5 0.5 1 1 0.5g 1 1

Did the analysis include an
intention-to-treat analysis?

1 1 1 1 1 1 1 1 1 1

Were adverse events reported? 1 1 1 0 1 0 1 1 1 0

a Eighteen participants were excluded from each group after randomization
bNo mention of group allocation by age tertile
c Not a true baseline table but of participants not lost to follow-up or important baseline characteristics of participants not lost to follow-up
dNo bone health measure at baseline; baseline measures for continuous data were compared using chi-squared test rather than independent t test
eMean age, proportion of women who underwent adjuvant chemotherapy, and proportion of women on endocrine therapy differed significantly between
exercise and control groups
f Only exercise group (POWIR) was asked about physical activity during follow-up period
g This is the only study where non-parametric statistics were used due to non-normal distribution of percent change in BMD from baseline (no measures
of variance included, no adjusting possible for potential confounders)
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resistance bands at home) performed at moderate to high
forces [17–21, 23]. Additionally, some programs included
weighted vests/belts and body weight resistance exercises
such as wall sits, squats, lateral lunges and push ups [18–20,
23]. Participants were typically instructed to complete 1–3 sets
of 8–12 repetitions. Weighted vests [18, 20] or loaded belts
(30) were used with jumps as part of impact exercises. Step
aerobics comprised jumps and leaps in different directions
using benches which increased in height in three phases (10,
20 and 30 cm). Home-based aerobic exercise included walk-
ing [19, 22, 23], Nordic walking [19] or aerobic training [19,
23]. Circuit training comprised steps and hops that progressed
in difficulty to high impact jumps with a magnitude of up to
four times the body weight [19].

The length of the prescribed exercise programs was
12 months in six trials [17–20, 22, 23] and 24 months in one

trial [21]. The duration of each exercise session was 30 min
including 5–10 min warm-up stretching exercises [23], be-
tween 30 and 45 min [21], 45 and 60 min [18, 20], and 60
and 90 min including warm-ups [17]; duration for one trial
was for 60 min [19]. The frequency of exercise sessions was
twice weekly in two trials [17, 21], thrice weekly in three trials
[18, 20, 23], three to four times per week in one trial [19] and
daily in one trial [22]. Exercise sessions were supervised once
per week in one trial [19], twice per week in two trials [18, 20],
twice-weekly for the first 3 months only of a 12 month inter-
vention [17], thrice-weekly for the first 6months of a 12month
intervention [23], and once every 2 weeks for the first
9 months and once every 2months in the remaining 15months
[21]. In one trial, participants were not supervised [22]. Mean
rates of adherence to prescribed exercises in the RCTs ranged
from 57% [20] to 77% [23].

a 

b

Fig. 2 aMean differences in BMD (post-intervention) and b percentage mean differences from baseline in BMD between exercise and control/placebo
groups at the lumbar spine. Pre-menopausal and post-menopausal women are analysed separately
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Supplementation with vitamin D and calciumwas provided
to the intervention and control groups in three studies [21–23].
Dosages were 600 mg of calcium + 200 IU vitamin D twice
daily [22], 1200 mg calcium + 400 IU vitamin D [21] or a
multivitamin that contained 400 IU vitamin D + calcium sup-
plementation to a total of 1200 mg calcium based on dietary
intake questionnaire [23]. An additional 50,000 IU of vitamin
D was given to participants in whom the vitamin D levels
were <20 ng/ml [23]. Vitamin D and calcium intake were
monitored by pill counts in two of the trials in which supple-
mentation was provided [21, 22] and measured at baseline and
post-intervention [21]. Vitamin D and calcium supplementa-
tion were noted at baseline and post-intervention in one trial
[19], while calcium intake was measured at baseline and post-
intervention in three trials using the Block Food Frequency

Questionnaire (BFFQ) questionnaire [17, 18, 20] and a 4-day
diet recall in one trial [23].

The control group received a stretching intervention in two
trials [18, 20], encouragement to maintain regular levels of
physical activity in one trial [19], home-based health promo-
tion guidelines for moderate intentisy exercise in one trial
[23], a 1-h education lecture on exercise for lymphedema
based on the National Lymphedema Network material in
one trial [17], bisphosphonate (oral risedronate, 35 mg/week)
in addition to exercise in one trial [21] and bisphosphonates
only (IV zoledronic acid, 5 × 4 mg every 3 months) and
standard exercise counselling in one trial [22]. Adherence to
interventions was determined in all trials by patient diaries
[19] and/or questionnaires including the Community Healthy
Activity Model Program for Seniors (CHAMPS) [18, 20], the

a

b

Fig. 3 a Standardized mean differences in BMD (post-intervention) and b percentage mean differences in BMD between exercise and control/placebo
groups at the femoral neck. Pre-menopausal and post-menopausal women are analysed separately
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International Physical Activity Questionnaire (IPAQ) [17, 23],
the Paffenbarger Physical Activity Questionnaire (PPAQ) [22]
and the 7-Day Physical Activity Record-Adapted (7PAR-A)
[21].

Primary outcome measures were BMD at the lumbar
spine (L1–4), femoral neck, greater trochanter and total
hip in four trials [17, 18, 20, 23], BMD at the lumbar
spine (L1–4), femoral neck and total hip in two trials
[21, 22] and BMD at the lumbar spine (L1–4) and fem-
oral neck in one trial [19]. Total BMC [19] and femoral
neck BMC [34] were also measured in different subsets
of participants from one trial [19].

Safety data was recorded as adverse events [17–21]
or fractures [22] in all but one trial [23], including a
follow-up [36].

Quantitative data synthesis

Primary outcomes

Pre- and post-menopausal womenwere analysed as subgroups
in the meta-analysis; however, no other a priori subgroup
analysis was performed due to the unavailability of separate
data of other factors of interest.

Exercise did not lead to a significant increase in either post-
intervention mean BMD or percentage change in mean BMD
from baseline at the lumbar spine (Fig. 2), femoral neck
(Fig. 3), total hip or greater trochanter (Fig. 4) in post-
menopausal women. For example, theMD at the lumbar spine
between exercise only and control (placebo (FLEX), no exer-
cise, or bisphosphonates + exercise) groups post-intervention

a

b

Fig. 4 Mean differences in BMD (post-intervention) between exercise and control/placebo groups at a the total hip and b greater trochanter. Pre-
menopausal and prematurely/post-menopausal women are analysed separately
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for 478 women derived from four trials [17, 18, 20, 23] was
0.01 g/cm2 BMD (95% CI −0.02 to 0.03; P = 0.69) in favour
of exercise. Similarly, for all regions of interest except
the femoral neck, exercise did not lead to significant
increase in BMD or percent change in BMD in pre-
menopausal women (Figs. 2, 3 and 4). Exercise signif-
icantly increased BMD at the femoral neck (Fig. 3) in
pre-menopausal women (% MD 1.2 (95% CI 0.22–
2.18); P = 0.02), indicating that for this region of inter-
est, pre- and post-menopausal women differed signifi-
cantly from each other in their response to exercise
(P = 0.04, I2 = 77%). In all analyses, there was no
heterogeneity between trials within subgroups.

Sensitivity analyses

Only one trial did not exclude women currently on
bisphosphonates or who had taken them for at least 6 months
[17]. In this trial, the primary outcome was not related to bone
health. Removal of this trial from the meta-analysis did not

result in any substantive changes in estimates or significant P
levels (Table 3).

Secondary outcomes

No adverse events or injuries were reported in four of the trials
[17, 18, 20, 21], including a 1-year follow-up study [36]. In
contrast, two trials did not mention recording safety events
[19, 23] although Nikander et al.’s report [34] on a subset of
participants from Saarto et al.’s trial [19] reported four mod-
erate overuse injuries which resolved. One trial [22] reported a
fracture rate of 10.3% (3/29) in the physical activity group and
a rate of 3% (1/33) in the bisphosphonate group; both groups
had one pre-existing fracture at baseline.

Discussion

Among post-menopausal women diagnosed with stages I–III
BC, neither mean BMD/BMC nor mean percentage difference

Table 3 Summary of meta-
analyses, subgroup and sensitivity
analyses by skeletal site for BMD

Outcome Subgroup No. of
studies

No. of
participants

Effect size

BMD change: lumbar spine Post-menopausal 4 445 0.01 [−0.02, 0.03]
Pre-menopausal 1 33 0.02 [−0.10, 0.13]
Sensitivity

analysisa
3 220 0.02 [−0.02, 0.05]

2 153

BMD% change: lumbar spine Post-menopausal 2 492 0.38 [−0.23, 0.99]
Pre-menopausal 1 229 0.30 [−0.61, 1.21]

BMD change: femoral neckb Post-menopausal 5 512 0.14 [−0.04, 0.31]
Pre-menopausal 1 33 0.29 [−0.39, 0.98]
Sensitivity

analysisa
4 287 0.22 [−0.2, 0.45]

3 220

BMD% change: femoral neck Post-menopausal 2 492 −0.10 [−0.84,
0.63]

Pre-menopausal 1 229 1.20 [0.22, 2.18]

BMD change: total hip Post-menopausal 4 445 0.02 [−0.01, 0.04]
Pre-menopausal 1 33 0.04 [−0.06, 0.14]
Sensitivity

analysisa
3 220 0.02 [−0.01, 0.05]

2 153

BMD change: greater
trochanter

Post-menopausal 4 445 0.02 [−0.00, 0.03]
Pre-menopausal 1 33 0.03 [−0.06, 0.11]
Sensitivity

analysisa
3 220 0.02 [−0.00, 0.04]

2 153

All statistical methods are on mean difference (IV, fixed, 95% CI) except for BMD change: femoral neck with its
standardized mean difference (IV, fixed, 95% CI)
a Sensitivity analysis of the effect of current bisphosphonate use on BMD [17]. Post-menopausal subgroup only
b Statistical method is Std mean difference (IV, fixed, 95% CI). All other effect sizes and 95% CIs are non-
standardized mean difference
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in BMD at the lumbar spine, total hip, femoral neck or greater
trochanter was significantly different after 1 year of exercise
compared to a group who did not exercise. These findings are
based on meta-analyses from seven RCTs [17–23]. In addi-
tion, exercise provided no additional benefit to bisphospho-
nate use among post-menopausal women when compared to a
control group prescribed bisphosphonate only for preserving
BMD [21]. In contrast, among pre-menopausal women who
exercised, BMD at the femoral neck was significantly higher
compared to the control group while no effect was observed at
the lumbar spine. Although the finding comes from only one
study [19], the effect was large and statistically significant.
The net effect of exercise in this subgroup was to preserve
BMD at the femoral neck, whereas the control group lost
BMD. This was also the only trial which included pre-
menopausal women in which the exercise intervention was
specifically designed to improve bone health. The other trial
that included pre-menopausal women was designed to assess
safety of weight training among women at risk of lymphede-
ma [17].

A couple of factors may contribute to the overall lack of
responsiveness of exercise in post-menopausal women com-
pared to pre-menopausal women. First, in post-menopausal
women, oestrogen’s role in osteoclast-mediated bone resorp-
tion is suppressed, independent of cancer treatment [13, 40,
41]. Second, endocrine therapy may influence the responsive-
ness of bone to exercise differently for pre- and post-
menopausal women. AIs, which are prescribed to post-
menopausal women, lead to bone loss [4, 42], while
SERMs, prescribed mainly to pre-menopausal women, pre-
serve BMD and reduce bone turnover markers and fractures
[43]. In the current review, we were unable to perform a meta-
analysis for the effect of endocrine therapy on bone health
outcomes by intervention group. However, of the trials includ-
ed in this review, two reported that endocrine therapy did not
modify the effect of exercise on bone outcomes [18, 20]; one
reported that women on AI therapy who exercised had signif-
icant bone loss compared to controls (data analysis for BC
patients only provided by trial authors) [23]; and another ten-
tatively reported that type of endocrine therapy was an inde-
pendent predictor of BMD outcomes regardless of interven-
tion group [19]. Although it has not been established that
endocrine therapy can modulate the effect of exercise on
BMD, the fact that AIs lead to increased bone loss and its
disproportionate use among post-menopausal women sug-
gests that it could potentially underlie the effect of menopausal
status on exercise outcomes. (pre-menopausal use 1.6% vs
post-menopausal use 84.7% in the trial which showed a sig-
nificant benefit from exercise among pre-menopausal women
only [19]).

Other factors may contribute to the overall lack of respon-
siveness of exercise on bone health in post-menopausal wom-
en compared to pre-menopausal women in both the general

population and in those diagnosed with stages I–III BC. Age
may modify the effect of exercise, even among post-
menopausal women. Age-related bone loss occurs through
increases in oxidative stress and decreases in growth factors
[44]. As treatments used for cancer accelerate the ageing pro-
cess [45], skeletal responsiveness in the older post-
menopausal women may be blunted compared to younger
women [35]. Furthermore, the rate of bone loss is highest
during peri- and recently menopausal women [46]. Another
explanation may be related to the intensity at which older
women exercise compared their younger counterparts. While
the same programs were used for both older and younger
women, the effort which older women exert, and thus level
of activation of muscles, may not be equivalent to that exerted
by the younger women [19].

Other factors that may contribute to the overall lack of
responsiveness of exercise in women treated for BC, regard-
less of menopausal status, include timing of chemotherapy,
the exercise program, including type of intervention, intensity
at which it was delivered and adherence to the prescribed
exercise regimen. Timing of the exercise intervention with
regards to chemotherapy treatment may affect BMDoutcomes
as rapid loss of BMD during chemotherapy could mask the
effect of the concurrent exercise intervention.

Several issues related to the exercise program may have
contributed to the general lack of effect of exercise on bone
factors. Systematic reviews of trials that aim to improve BMD
in post-menopausal women reveal that that exercise interven-
tions which have efficacy for maintenance and/or improve-
ment of bone density include impact exercises such as occurs
with jogging, jumping and hopping combined with resistance
training [29, 47]. One trial used only a walking program in
which women were asked to achieve 10,000 steps per day
[22]. However, a previous meta-analysis for dynamic low-
force weight bearing exercises that included walking found a
significant effect in favour of exercise on percentage change in
BMD at the spine but not at the hip [29]. In contrast and in
another meta-analyses, the opposite was found in that walking
had no significant effect on BMD at the spine but did have
positive effects at the hip [48]. Two trials used only resistance
training but not impact exercise [17, 21]. Adherence to the
prescribed exercise program ranged from 57% [20] to 77%
[23] while retention rates ranged from 63% [20] to 90% [21].
Where reasons for dropouts were reported, lack of time to
exercise was commonly cited for declining to participate in
the trial or discontinuing it [18–20, 22]. Even the addition of
resources to motivate participants did not result in high com-
pliance: in a home-based, daily walking intervention without
supervision with high levels of patient-reported adherence
(90%), pedometer readings found that only 67% of prescribed
exercise was performed [49].

The low compliance and/or adherence to prescribed activ-
ity in exercise trials raises the issue of whether exercise to
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preserve or increase BMD is the best strategy. Furthermore,
the challenge in recruitment and/or low ratio (<50%) of ran-
domized participants from the available pool [17, 18, 20, 21,
23] is particularly relevant to practicality given that effective
pharmaceutical alternatives (bisphosphonates) exist and are
currently recommended for post-menopausal women taking
AI who have osteoporosis [50, 51]. Consequently, current
use of bisphosphonates may be an obstacle in recruiting wom-
en diagnosed with BC from being eligible for exercise trials as
was reported in a separate publication about one trial [21, 52].
Moreover, exercise added no benefit to risedronate and sup-
plementation in one trial [21] while daily walking failed to
prevent bone loss compared to women on zoledronic acid
[22].

Limitations

Several limitations are noted in our review. First, only seven
trials were identified that examined the effect of exercise pro-
grams lasting one year or more on BMD/BMC outcomes in
women diagnosed with early BC. However, these RCTs were
of relatively high quality (Table 1). The single RCT from
which improvements in BMD following exercise in pre-
menopausal women was identified excluded 18 participants
from each group (6–7% per exercise and control group, re-
spectively) after randomization but before the intervention
took place [19] which may have compromised randomisation.
Second, participants’ baseline characteristics differed among
the included trials in terms of menopausal and bone health
status, endocrine therapy and time from diagnosis of BC
and/or chemotherapy. Third, the exercise interventions varied
in terms of type, length and frequency, as well as participants’
compliance and adherence. Fourth, a range of comparators
were used, including usual care, placebo exercise,
bisphosphonates and use of vitamin D and calcium supple-
mentation. Despite this clinical heterogeneity, I2 statistics
showed no methodological heterogeneity among the trials
grouped in our meta-analysis.

The diversity of studies could have led to relevant sub-
group analyses; however there were too few comparable trials
without separate data for all planned subgroup analyses.
Consequently, subgroup analysis was only conducted onmen-
opausal status. There was also diversity in reporting units of
outcome and lack of variability data necessary to consolidate
results. It is preferable for meta-analyses to be undertaken on
the mean percentage change as it accounts for any baseline
differences. However, as most trials reported pre- and post-
intervention data with SDs rather than change scores (absolute
or percentage change), we were restricted to undertaking the
meta-analysis on post-intervention measures [17, 18, 20, 23,
34]. Use of post-intervention data may have introduced bias as
baseline values were not considered; however, there were no
significant differences in inter-group mean baselines BMD.

Our findings from the meta-analysis that exercise did not
affect BMD in post-menopausal women may have been com-
promised by less than ideal adherence and/or compliance with
the prescribed exercise regimen in most trials [20, 23]. Issues
with measures of physical activity included self-reported ex-
ercise adherence and compliance [22] and no [22] or partial
supervision of exercise for only a period of the intervention
duration [17, 23] or a fraction of exercise sessions [18–21].
The validity of effect estimates derived from the trials and the
efficacy of the intervention may have been underestimated
due to low adherence and/or compliance of participants in
most trials.

Another limitation which may impact on the responsive-
ness of bone to exercise is related to the subgroup of women
who were on endocrine therapy. It is unknown to what extent
women were compliant with their medication. Compliance to
AIs is an important factor which was never verified in any of
the trials. It is likely that some women on AIs discontinued
their therapy due to side-effects such as arthralgia, a common
side-effect leading to discontinuation in 20–30% of cases [53].
This could confound the effect of exercise on bone and reduce
the difference in effect estimates between exercise and control
groups.

Conclusions

In post-menopausal women with stages I–III BC, exercise did
not improve or prevent bone loss or add any benefit to
bisphosphonates. In pre-menopausal women diagnosed with
stages I–III BC, exercise favourably impacted on bone out-
comes at the femoral neck but not the spine compared to those
who did not exercise. However, these need to be viewed cau-
tiously due to the small numbers of studies available to inves-
tigate this topic and the methodological issues evident in the
published trials, particularly in relation to the exercise pro-
grams. Future high-quality studies are required to address lim-
itations identified in the current studies.
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