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Abstract

Purpose Certain cancer treatments are associated with bone
loss and increased fracture risk. Weight-bearing impact exer-
cise, resistance training or the combination, are recommended
to preserve or improve bone mineral density (BMD) inhealthy
older adults, but their efficacy in cancer survivors is less well
understood. The aim of this systematic review with meta-
analysis of randomised control trials (RCT) was to review
the evidence regarding the role of exercise to counteract can-
cer treatment-induced bone loss.

Methods Four databases were searched systematically with
12 RCTs of at least 6-month duration investigating the effects
of exercise on BMD compared to a control group in adult
cancer survivors identified.

Results Meta-analysis was completed using available data
from six studies enrolling 814 participants, with lumbar spine,
femoral neck and/or total hip BMD as the primary outcome
measures. Overall, there was no significant benefit of exercise
compared to controls on BMD at the lumbar spine (0.0071 g/
cm , 95% CI —0.0002 to 0.0145, p = 0.057), femoral neck
(0.0044 g/cm , 95% CI—0.0005 to 0.0093, p = 0.077), or total
hip (0.0024 g/cm , 95% CI —0.0038 to 0.0086, p = 0.443).
Subgroup analysis revealed a positive effect on lumbar spine
BMD in three studies implementing a combined resistance
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and impact exercise intervention (0.015 g/cm , 95% CI
0.003 to 0.028, p = 0.019).

Conclusions From the evidence available, exercise may not
be sufficient to improve bone health in cancer survivors, but
given the heterogeneity in the participant characteristics and
several exercise programs which may not have been designed
to specifically optimise bone health, these findings should be
interpreted with caution.

Keywords Bone mineral density - Cancer - Exercise -
Meta-analysis

Introduction

Chemotherapy and endocrine therapy for breast cancer (selec-
tive oestrogen receptor modulators (SERM) or aromatase in-
hibitors (Al)), as well as androgen deprivation therapy (ADT)
for prostate cancer, have all been shown to improve survival
outcomes in cancer patients, but a common side effect for all
these treatments is that they have been associated with accel-
erated bone loss and an increased risk of fracture [1, 2].
Pharmacotherapy has been shown to be effective in managing
the treatment-related bone loss in cancer patients [1-3]; how-
ever, it does not appear to provide any additional benefits to
the multiple other adverse effects of cancer treatment.
Exercise has been shown to improve a range of cancer-
related adverse effects including physical function, sexual
function, body composition, and fatigue in men treated with
ADT for prostate cancer [4, 5] as well as psychological symp-
toms, physical function, body composition, fatigue, and qual-
ity of life in women treated for breast cancer [6, 7]. Currently,
however, there are no specific exercise prescription guidelines
to combat treatment-related adverse effects for different types
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of cancer, stages or therapies, and even less is known about the
efficacy of exercise to prevent bone loss in cancer patients.

In healthy older adults, current clinical practice guidelines
recommend high-intensity progressive resistance training,
moderate to high-impact or diverse multidirectional weight-
bearing activities or the combination of these modalities, to
maintain or improve BMD at the hip and/or lumbar spine
[8—11]. However, there is less definitive research replicating
these results in cancer populations. A 2010 qualitative review
that included eight studies, three of which were controlled
exercise trials with a usual care control group, reported that
there were too few studies and they were too varied to warrant
conclusions regarding the skeletal benefits of exercise during
or after cancer treatment [12]. Given that there have been
several recent intervention trials in this area, the aim of this
systematic review with meta-analysis was to provide a com-
prehensive update on the efficacy of RCT’s investigating the
effect of exercise on BMD in adult cancer survivors compared
to a control group.

Materials and methods

This systematic review and meta-analysis followed the
Preferred Reporting Items for Systematic reviews and Meta-
Analyses guidelines (PRISMA) [13].

Search strategy

An electronic search of the PubMed, MEDLINE, EMBASE
and Scopus databases was performed to identify peer-
reviewed articles published before January 2017. The search
terms used for all databases were [exercise OR training OR
physical activity] AND cancer AND [bone density OR bone
mineral density OR BMD] (Supplementary Table 1).
Reference lists of all included studies were examined for other
potentially relevant articles.

Selection strategy

Titles and abstracts of all search results were screened for
relevance by two independent reviewers (JDV and SFF).
Full-text versions of all potentially relevant articles were then
assessed for eligibility by the same reviewers according to
predetermined inclusion and exclusion criteria (Table 1). A
control comparison group was one that was not expected to
influence BMD (non-intervention, usual care or exercise
placebo) and only differed from the intervention group by
the exercise intervention. Multiple publications from the same
study were included once to avoid duplication of data
reviewed. Disagreements between the reviewers were re-
solved by consensus discussion.

@ Springer

Table 1
studies

Predetermined inclusion and exclusion criteria for eligible

Inclusion criteria

« Studies that included adult patients (aged > 18 years) with a diagnosis
of cancer

* Randomised controlled study design

* Studies that implemented a structured exercise intervention of at least
6 months

» Studies that used a control comparison group
» Studies that measured and reported BMD at any site
Exclusion criteria

* Review, non-human study, editorial, letter without relevant data,
conference literature

* The study did not implement a structured exercise intervention

* The intervention was shorter than 6 months

* The study did not use a control group or used an inappropriate control
group

* The study did not measure BMD

* The study population included children or adolescents

* The study population had not been diagnosed with cancer

* The article was not published in English

Quality assessment

The methodological quality of included studies was assessed
by two independent reviewers (JDV and SFF) using the
Cochrane collaboration risk of bias tool [14]. This tool in-
volves assigning a judgement of low, high or unclear risk of
bias for specific domains including sequence generation, allo-
cation concealment, blinding, incomplete outcome data, selec-
tive outcome reporting and other potential sources of system-
atic bias. Disagreement between the reviewers was resolved
by consensus discussion and reanalysis of the article.

Data extraction and management

Two reviewers (JDV and SFF) independently extracted the
following information from each eligible study: first authors
surname, publication year, country, number of participants
allocated to each group, participant cancer type, stage and
treatment details, mean age and menopausal status, study du-
ration, type of control group, BMD results, analysis type as
well as exercise type, setting, prescription and whether it was
targeted to improve BMD. Additionally, outcome data was
extracted for DXA assessed BMD measurements of the lum-
bar spine, femoral neck and/or total hip. These sites are clin-
ically relevant as they are common osteoporotic fracture sites
and were assessed in most included studies. Authors were
contacted to obtain absolute net differences for the change in
BMD between groups with 95% confidence intervals, if not
reported in the original publication. If a study did not report, or
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authors could not provide appropriate data, it was excluded
from the meta-analysis but included in the systematic review.
Where possible, data from an intention-to-treat (ITT) analysis
was extracted.

Statistical analysis

Absolute net differences for the change in BMD between the
intervention and control group were used to combine study
effect estimates in the meta-analysis. If a study reported bilat-
eral BMD results, the left side was arbitrarily used to avoid
duplicating data. Outcomes for each BMD site were analysed
using a random-effects meta-analysis. A random-effects mod-
el was chosen as the effect of the interventions on BMD in the
included studies may vary due to variability in the samples
and interventions used [14]. Statistical heterogeneity was
assessed using the P statistic. Values of 25, 50, and 75% were
considered to indicate low, moderate and high heterogeneity,
respectively [15]. To investigate sources of heterogeneity, a
list of predefined variables that may influence the effect of
exercise on BMD were chosen for subgroup analysis. These
were cancer type, menopausal status for women, type of anal-
ysis (ITT or per protocol), exercise modality and whether the
exercise program was targeted at improving bone health (yes
or no). Sensitivity analysis was also completed by excluding
studies with high or unclear risk of bias for each of the detec-
tion bias and attrition bias domains of the Cochrane collabo-
ration risk of bias tool. Funnel plots to assess the risk of pub-
lication bias are only recommended when there are at least 10
studies [14], and so would only be used if sufficient studies
were available. All analyses were conducted using STATA
software version 14.2 (Stata Corp, College Station, TX,
USA). A P value < 0.05 was considered statistically
significant.

Results

A total of 1002 unique studies were identified through the four
electronic databases. Full-text articles were reviewed from 79
potentially relevant publications, of which 67 did not meet the
inclusion criteria (Fig. 1). Consequently, 12 studies were in-
cluded in the systematic review [16-27]. There was 100%
agreement between reviewers on which studies to include.
No additional relevant articles were identified from reference
lists of included articles. Included studies were published be-
tween 2007 and 2017. Study characteristics are summarised in
Table 2.

Overall, there was a low risk of bias in the included studies
(Fig. 2). Only studies that reported appropriate randomisation
and allocation concealment methods were considered to have
low risk of selection bias. All studies were considered to have
a high risk of performance bias as it is difficult to blind an

exercise intervention. Only studies that reported blinding of
DXA technicians were considered to have a low risk of detec-
tion bias. Attrition bias was assessed by considering attrition,
retention and the analysis used in each study. Studies with
similar attrition, retention and reasons for missing data be-
tween groups, as well as those using ITT analysis with appro-
priate imputation methods were considered to have a low risk
of attrition bias. Only studies that reported outcomes as spec-
ified in a protocol paper were considered to have a low risk of
reporting bias. The design, limitations and any other aspects of
the study that may suggest bias were considered when
assessing other sources of bias. A study was considered to
have unclear risk of bias if there was insufficient information
provided to classify the risk of bias for each domain.

Study characteristics

Nine studies were in women with breast cancer [16-21, 23,
24, 27], two in men with prostate cancer [22, 26] and one in
female cancer patients (83 % breast cancer) [25]. Prostate can-
cer studies (n = 2) included men currently treated with ADT
[22, 26] for either any duration [22] or for at least 6 months
[26], with some men previously treated with radiation therapy
[22, 26] or chemotherapy [22]. Female cancer patients had
commonly completed non-hormonal treatment (surgery, che-
motherapy and/or radiotherapy) within the previous 5 years
[17-21,23-25]. One study included participants with a previ-
ous history of breast cancer, but did not define post-treatment
duration [23] and another included participants commencing
breast cancer treatment with chemotherapy with or without
radiation therapy [16]. All female cancer studies included par-
ticipants who were also treated with endocrine therapy with
both SERM’s and AI’s. All breast cancer patients in one study
were treated with Al’s for at least 6 months prior to enrolment
[27].

Mean age of participants was 67 and 70 years in the two
prostate cancer studies [22, 26] and between 46 and 62 years
[16-21,23-25, 27] in the female cancer studies. Sample sizes
were 51 and 57 in the two prostate cancer studies [22, 26] and
between 43 and 573 in female cancer studies [16-21, 23-25,
27]. All studies had a similar number of participants
randomised to the intervention and control groups. Six studies
completed ITT analysis only [16, 17, 20, 23, 25-27], while
five reported completing both ITT and per-protocol analyses
[18,19, 21, 22, 24]. Of those, three studies only reported data
from per-protocol analysis, only including participants who
completed the intervention [19, 21, 22].

Inclusion criteria commonly excluded participants com-
pleting regular resistance and/or impact exercise (deemed to
be osteogenic) [18, 19, 21-25]. Other studies excluded com-
petitive athletes [20], participants with high aerobic fitness
(VO, maximum > 35 ml/kg/min) [26] or high overall weekly
exercise duration (> 250 min per week) [16]. Two studies only
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Fig. 1 Flow chart of study
selection process for review

Unique records identified
through database searching
(n=1,002)

Records screened
(n=1,002)

Records excluded by title

(n=923)

Full-text articles assessed for
eligibility
n=179)

Full-text articles excluded
(n=67)

Incorrect article type (n = 35)
No exercise intervention (n = 11)

Intervention less than 6 months (n = 8)
No appropriate control group (n = 6)

No measure of bone density (n =4)
Studies included in Non-cancer population (n = 2)
qualitative synthesis Not in English (n = 1)
(n=12)
Articles excluded
(n=06)
Studies included in *  Common BMD site not measured (n = 2)
quantitative synthesis * Required data not available (n = 4)
(meta-analysis)
(n=06)

included inactive participants (< 90 min physical activity per
week) [17, 27]. Six studies included participants who were not
osteoporotic [19-22, 25, 26], two studies included osteopenic
or osteoporotic participants [18, 24], while others did not have
baseline BMD criteria [16, 17, 23, 27]. Other inclusion criteria
included participants with at least mild arthralgia [27], or at
risk of developing or having breast cancer-related lymphede-
ma [23].

Intervention characteristics

Intervention duration was most commonly 12 months (n = 8)
[17, 19-23, 25, 27], except for two 6-month studies [16, 24],
one 8-month study [26] and one 24-month study [18].
Interventions were completely supervised (n = 1) [26] or un-
supervised (n = 3) [16, 18, 24] or most commonly a combi-
nation (n=8) [17, 19-23, 25, 27]. Five studies used resistance
training either alone (n = 2) [18, 23] or combined with impact
training (n = 3) [19, 21, 22], two studies used acrobic training
either alone (n = 1) [17] or combined with impact training
(n = 1) [20], while three studies used a combination of resis-
tance and aerobic training [24, 25, 27]. Additionally, one study
used both a resistance and aerobic training group in a three-
arm RCT [16], while another implemented a soccer training

@ Springer

intervention [26]. Exercise training was completed at home
(n = 2) [16, 24], in a health and fitness centre (n = 2) [23,
25], a combination of both (n = 7) [17-22, 27] or on an out-
door soccer field (n = 1) [26]. Aerobic training typically in-
volved walking or any other aerobic activity of choice, resis-
tance training typically involved free weights, weight ma-
chines or resistance bands, while weight-bearing impact exer-
cises were completed using either body weight or weight
belts. Resistance training incorporated upper and lower body
exercises [16, 18, 19, 21-24, 27] or only lower body exercises
[25]. Impact exercises included two-footed jumping [19, 21,
22] or alternating weeks of step aerobics and circuit training
[20]. Aerobic exercise was prescribed two to five times per
week [16, 17, 20, 24, 25], except for one study [27] prescrib-
ing a total weekly duration. Resistance training sessions were
generally prescribed two to three times per week [18, 23, 24,
27], including studies incorporating impact exercises [19, 21,
22] and aerobic exercises [25] within the same session.
Exceptions were Schwartz et al. [16] who prescribed four
sessions and Saarto et al. [20] who prescribed one impact
session per week. Aerobic training intensity ranged from 11
to 16 on the Rating of Perceived Exertion (RPE) scale [20, 24,
25], 50-85% maximum heart rate [17, 25, 27] or simply mod-
erate intensity (not defined) [16]. Resistance and impact
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Fig. 2 Risk of bias summary for
the 12 randomised controlled
trials included in this systematic
review

Study
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training intensity was 70% 1RM [25], 0-15% body weight
[19, 21, 22], 14-16 RPE [20], undefined low-moderate inten-
sity [23, 24] or not specifically reported [16, 18, 19, 21, 22,
27]. Uth et al. [26] did not report the prescribed intensity of
soccer training. Session duration was 15—60 min for aerobic
training in most studies [16, 20, 24, 25] and 30-90 min for
resistance training sessions [18, 23] including those combined
with impact training [19, 21, 22] and 30-60 min for soccer
training sessions [26]. Four studies did not report resistance
training duration [16, 24, 25, 27].

Eight studies were specifically aimed at improving bone
outcomes [16, 18-22, 24, 25], with five of these studies
reporting that the exercises prescribed were targeted at specific
skeletal sites [18, 19, 21, 22] or were focused on increasing the
load placed on bone to induce adaptation [19-22]. Other in-
terventions were primarily aimed at improving lean mass [26],
muscle strength [23], arthralgia [27] or body composition in
general [17].

Eight studies used a usual care control group [16—18, 20,
23, 24, 26, 27], three a flexibility training program as an ex-
ercise placebo [19, 21, 22] and one a home exercise informa-
tion program [25]. Additionally, three studies provided calci-
um and vitamin D supplementation to both the control and
intervention groups [18, 24, 25], one of which also provided
bisphosphonates [18].

@ Springer

Mean retention of participants was 87% (range 66 to
100%) in intervention groups and 86% (range 57 to 95%) in
control groups [17-27]. One study reported 93% retention
overall for the study [16]. Adherence to supervised exercise
sessions ranged from 61 to 84% [18-22, 25], while adherence
to unsupervised sessions was 23-43% in resistance and im-
pact training interventions [19, 21, 22] and 100% in a study
prescribing unsupervised aerobic exercise [20]. One study re-
ported adherence for supervised but not unsupervised sessions
[25], while another did not report exercise adherence at all
[16]. One study reported 82% adherence in the first 6 months
(first 3 months were supervised) compared to 58% in the
remaining 6 months (unsupervised) [23]. Uth et al. [26] re-
ported 77% adherence in the first 12 weeks of soccer training
and 46% in the remaining 20 weeks. Kim et al. [24] reported
70% adherence for aerobic exercise sessions but 49% for re-
sistance training sessions. Thomas et al. [27] reported that
participants completed slightly above the prescribed weekly
exercise duration while Irwin et al. [17] reported that 73% of
participants completed at least 80% of the prescribed aerobic
training goal.

No study-related adverse events or injuries were reported in
five studies [18, 19, 22, 24, 25], while six studies did not
report on adverse events [16, 17, 20, 21, 23, 27]. The soccer
training intervention [26] reported two fractured fibulas and
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three other muscular or tendon injuries. Three of these men
resumed training once recovered.

BMD outcomes

All studies used DXA to assess BMD. One study [26] report-
ed results for both left and right hips, while all other studies
reported a single result without specifying the side measured.
Overall, 50% of included studies did not report any significant
between group differences at any site (Table 2) [18, 21, 23-25,
27]. Significant benefits of exercise on lumbar spine BMD
were reported in two studies [16, 19]. Winters-Stone et al.
[19] reported a significant benefit in the resistance and impact
exercise compared to control group (0.41 vs —2.27%) while
Schwartz et al. [16] reported a significant net difference
(7.1%) between the aerobic training and control group, but
not between their resistance training and control groups. One
study reported a net benefit for L4 BMD in the resistance and
impact exercise compared to control group (—0.8 vs —3.4%),
but no effect for L1-L.4 BMD [22]. Saarto et al. [20] reported a
significant benefit to femoral neck BMD in the aerobic-impact
exercise relative to control group among premenopausal par-
ticipants (—0.2 vs —1.4%). Uth et al. [26] reported significant
benefits of soccer training compared to controls for both left
and right total hip (0.9 vs —0.75%) and femoral shaft (0.7 vs
—1.05%), while differences in left and right femoral neck
BMD approached significance (p = 0.07). One study reported
improved total body BMD following aerobic exercise training
compared to usual care [17] while another did not [27]. In five
of the studies which reported a beneficial effect of exercise on
BMD, this was due to a maintenance in the exercise group and
a decline (loss) in the control group [16, 17, 19, 20, 22].

Meta-analysis

Data for the meta-analysis were available for six studies
[19-22, 25, 26]. Two studies measured total body BMD [17,
27], which was not measured in any other study and so were
not included in the meta-analysis. Authors of four studies were
not able to provide required data additional to what was pub-
lished, and thus these results were not included [16, 18, 23,
24]. Of the remaining six studies, all measured lumbar spine
and femoral neck BMD [19-22, 25, 26] and five measured
total hip BMD [19, 21, 22, 25, 26]. One study [20] analysed
pre- and postmenopausal women separately so these sub-
groups were included separately in the meta-analysis. In one
study measuring both hips [26], data from the left hip only was
included in the meta-analysis. Analysis was repeated with the
right hip data and the results remained unchanged. Another
study [25] including any female cancer patient was included
with the breast cancer studies due to the high proportion of
breast cancer patients (83%) in the final sample. The results

remained unchanged if the analysis was completed with this
study included as a separate group.

Primary analysis

There was no overall significant effect of exercise compared
to controls on lumbar spine BMD (0.0071 g/cm?, 95% CI
—0.0002 to 0.0145, p = 0.057), femoral neck BMD
(0.0044 g/em?, 95% CI—0.0005 to 0.0093, p = 0.077) or total
hip BMD (0.0024 g/cm?, 95% CI —0.0038 to 0.0086,
p = 0.443) (Fig. 3a—). There was borderline significant mod-
erate heterogeneity overall for the effect of exercise on lumbar
spine BMD (* = 52.1%, p = 0.051) and low non-significant
heterogeneity for femoral neck (* = 19.7%, p = 0.279) and
total hip BMD (I = 26.7%, p = 0.244).

Sensitivity and subgroup analysis

Intervention effects on lumbar spine and femoral neck BMD
became significant when the analysis excluded one study with
unclear risk of detection bias (Table 3), while results for total
hip BMD did not differ from the overall analysis. Analysis of
studies with low risk of attrition bias provided the same con-
clusions as the overall analysis at all skeletal sites.
Heterogeneity did not diverge from the overall analysis at
any site when only studies with low risk of detection bias were
included, but was lower at the lumbar spine (12 = 9.3%,
p = 0.346) and higher at the femoral neck (* = 52.0%,
p=0.100) and total hip (* = 73.1%, p = 0.054) when analysis
only included studies at low risk of attrition bias. There were
no significant effects when breast and prostate cancer studies
were analysed separately. Subgroup analysis involving three
trials [19, 21, 22] showed a significant benefit of exercise on
lumbar spine BMD in studies implementing a resistance and
impact exercise program (0.015 g/cm?, 95% CI 0.003 to
0.028, p =0.019). The same results were observed by analysis
type (ITT versus per protocol) since the same three studies as
above used a per-protocol analysis. The only other significant
subgroup effects were observed in subgroups containing re-
sults from a single study (Table 3).

Discussion

The main finding from this systematic review and meta-
analysis of exercise RCTs in adults with cancer was that there
were no significant effects on lumbar spine, femoral neck or
total hip BMD. However, given that there was a trend for a
beneficial effect of exercise on lumbar spine (p = 0.057) and
femoral neck (p = 0.077) BMD, the lack of clear evidence to
support the role of exercise to maintain or improve BMD in
cancer patients was likely influenced by the limited and varied
studies available, particularly the few studies (n = 6) with

@ Springer
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a N N
exercise  control %
Study Year  Subgroup group group ES (95% CI) Weight

Breast cancer

;
.
:
Winters-Stone et al. 2011 36 31 i —— 0.025 (0.011, 0.040) 16.49
Saarto et al. 2012 Premenopausal 124 105 — 0.003 (-0.006, 0.012)  23.42
Saarto et al. 2012 Postmenopausal 138 131 *: 0.004 (-0.004,0.012) 2492
Winters-Stone etal. 2013 23 25 _—‘I_ 0.006 (-0.009, 0.021)  15.53
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Knobf et al. 2016 62 64 —_— -0.001 (-0.010,0.009) 35.22
Subtotal (l-squared =0.0%, p=0.539) <> 0.000 (-0.006, 0.006) 100.00
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Winters-Stone etal. 2014 24 12 0.001(-0.016,0.018)  46.87
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Fig. 3 Forest plots of the effect sizes with 95% confidence intervals for the absolute difference in the change in bone mineral density between the
exercise and control groups at a lumbar spine, b femoral neck and ¢ total hip
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appropriate data to include in the meta-analysis. It is also
worth highlighting that these trends became significant when
one study with unclear risk of detection bias was excluded
from the analysis. Additionally, subgroup analysis of three
intervention trials implementing a resistance and impact exer-
cise program revealed that there was a significant benefit on
lumbar spine BMD. This is consistent with the findings from
meta-analyses of exercise interventions in healthy older
adults, where multi-component programs including progres-
sive resistance training with weight-bearing activities have
been shown to be most effective for improving hip and/or
lumbar spine BMD [8-11]. Given that there are few well-
designed, long-term RCTs examining the efficacy of such
targeted exercise programs on skeletal health in adults with
cancer, there is a clear need for further research in this area.
Previous meta-analyses of RCTs in healthy older adults
have consistently reported small but significant net benefits
(1-3%) of multi-component exercise programs on BMD at the
hip and/or lumbar spine [8—11]. The equivocal results ob-
served regarding the effects of exercise on BMD in cancer
patients in this systematic review and meta-analysis is likely
related to a number of factors associated with the limited
RCTs available. Sensitivity analysis by detection bias exclud-
ed a single study and resulted in a significant positive overall
effect of exercise on lumbar spine and femoral neck BMD.
This was likely because the excluded study by Knobf et al.
[25] reported a small but non-significant negative effect of
exercise on BMD at these skeletal sites, while almost all other
studies in the meta-analysis reported small but predominantly
non-significant positive effects of exercise at these sites.
Despite high retention of participants (mean 87%) in the ex-
ercise trials included, several of the studies described difficul-
ties with recruitment [22] and limitations with regard to the
final sample size [19, 21, 22, 24], potentially limiting the
statistical power to detect any exercise-related benefits. Low
exercise adherence in several studies, differences in the age,
menopausal status, habitual physical activity levels and initial
BMD of participants, the type and timing of cancer treatment,
the use of calcium and/or vitamin D supplements or bisphos-
phonate therapy in some trials are all other factors that may
have contributed to the mixed findings. For instance, previous
research indicates that premenopausal women are more re-
sponsive to the osteogenic effects of exercise than postmeno-
pausal women [28, 29]. In part support of this notion, two
studies included in this review reported a greater skeletal re-
sponse in pre- compared to postmenopausal women when
analysed separately [16, 20]. Additionally, one study [21] re-
ported a greater osteogenic response to exercise in women at
least 1 year postmenopause compared to women within the
first year of menopause, suggesting the oestrogen status at
different stages of menopause may also influence skeletal ad-
aptation to exercise beyond simply pre- compared to postmen-
opause. Of note, most studies only included postmenopausal
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women [17-19, 21, 24, 27] limiting subgroup analysis by
menopausal status.

A greater skeletal response to exercise is also expected
with lower initial BMD [30, 31]. All six studies included in
the meta-analysis only included non-osteoporotic partici-
pants. In habitually active participants, higher intensity or
higher magnitude loading patterns are likely required to
achieve a sufficient overload to stimulate further bone ad-
aptations [32]. While most studies excluded participants
completing regular resistance or impact training at baseline
[18, 19, 21-25], others used more generous physical activ-
ity inclusion criteria [16, 20, 26], potentially contributing to
the varying results. Regarding the timing of cancer treat-
ment, the rate of bone loss has been shown to be higher in
women undergoing current endocrine treatment or chemo-
therapy compared to those not receiving current treatment
[1, 2]. While three included studies reported no differences
in the skeletal response to exercise between types of breast
cancer treatment [17, 20, 23], they were limited by relative-
ly small sample sizes in the subgroups.

It is well established that not all types of exercise are equal-
ly osteogenic. Walking and other low/non-impact activities
such as cycling have been shown to have little or no effects
on BMD in healthy middle aged and older adults [33-35].
Several studies included in this review involved aerobic exer-
cise (walking or another aerobic activity of choice) alone or
with resistance training and reported little benefit on BMD at
any site [24, 25, 27]. However, in women with breast cancer,
Schwartz et al. [16] reported improved lumbar spine BMD
following aerobic exercise (predominantly walking) com-
pared to usual care, but there was no benefit of resistance
training, which is likely due to an insufficient training load
due to using resistance bands. Consistent with these findings,
the lack of a marked effect of resistance training alone on
BMD in many of the other studies included in this review is
likely related to the dose or intensity prescribed, which ap-
peared to be moderate (70% 1-RM or 8-15 repetitions maxi-
mum) in studies using free weights or weight machines [18,
19, 21-23, 25, 27] and low in studies using resistance bands
[16, 24]. Resistance training volume may have also been in-
sufficient to maximise skeletal adaptation, with just 1 or 2 sets
per exercise prescribed in several studies [16, 18, 19, 22, 24,
25]. Current exercise guidelines for preventing osteoporosis
recommended 2-3 sets of 8—10 repetitions at moderate to high
intensity (75-85% 1-RM) [30]. Specificity and progression of
an exercise program and training (overload principle) are also
critical elements to stimulate bone adaptation [35]. Most in-
cluded studies planned to progress resistance exercises pre-
dominantly by increasing the weight [18, 19, 21-23, 27] or
the level of resistance of the band used [16, 24]; however, the
only two studies [19, 22] that reported the actual level of
progression achieved both reported falling short of the
targeted progression.
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Exercise guidelines for weight-bearing impact exercise
with regard to skeletal health highlight that moderate to
high-magnitude dynamic loading, applied rapidly and inter-
spersed with rest periods and with loads that are novel and
varied in direction, provides the greatest stimulus to elicit bone
adaptation [35, 36]. Impact exercises in three studies consisted
of the same two-footed jumping for the entire 12-month inter-
vention [19, 21, 22], and thus, participants were not subjected
to novel or diverse loading patterns so potentially adapted to
the prescribed exercise, blunting the osteogenic response.
Additionally, the achieved progression of these exercises
was either lower than planned [22] or not reported [19, 21].
Men in the soccer training intervention [26] completed fre-
quent accelerations and decelerations that likely subjected
the bones to large muscle and ground reaction forces, which
the authors suggested contributed to the positive skeletal ad-
aptations. However, the safety of this mode of training is
questionable given the five serious musculoskeletal injuries
reported during this intervention. Alternating weeks of step
aerobics and circuit training in the study by Saarto et al. [20]
involved multidirectional impact loading patterns progressing
in intensity; however, these impact training sessions were
completed just once per week. When evaluating the exercise
prescribed in the included studies to current evidence-based
exercise recommendations for preventing and managing oste-
oporosis in older adults [32, 35], only three studies imple-
mented combined resistance and impact exercise training
[19, 21, 22] and subgroup analysis revealed a significant pos-
itive effect of such programs on lumbar spine BMD. The
magnitude of skeletal adaptation following exercise is known
to be dependent on a number of factors, including the speci-
ficity of loading, progressive overload and the loading char-
acteristics (magnitude, rate, number and frequency of loads)
[37]. Each of these three interventions specifically prescribed
exercises aimed to load the spine or the muscles attached to or
near the spine, which likely contributed to the positive effect
on lumbar spine BMD. While these results must be interpreted
with caution, they are consistent with the skeletal benefits
reported following multi-component exercise interventions
that are targeted to load specific skeletal sites in healthy older
adults [8—11].

Two included studies in this review only reported total
body BMD [17, 27], without measuring clinically relevant
sites such as the hip and spine. Although the focus of these
studies was on body composition (muscle and fat) changes, in
which case total body DXA scans are appropriate, total body
BMD is not used clinically for the diagnosis of osteoporosis.
Future research should focus on measuring clinically relevant
skeletal sites that are prone to osteoporotic fracture, in addition
to total body DXA scans to provide a more complete and
informative assessment of body composition.

A strength of this systematic review and meta-analysis is
that it was conducted in accordance with the PRISMA

guidelines [13]. Additionally, only studies with an interven-
tion 6 months or longer were included as exercise programs
shorter than this are unlikely to achieve true meaningful
changes in BMD given that the typical bone remodelling cycle
lasts 6 to 9 months. However, there are some limitations that
should be considered when interpreting the results. Firstly, a
small number of studies were identified overall and even few-
er included or provided appropriate data to include in the
meta-analysis. Additionally, substantial heterogeneity existed
between studies in terms of the participant characteristics, ex-
ercise interventions prescribed and control groups used.
Finally, with insufficient studies available to complete a for-
mal assessment, publication bias cannot be discounted.

In summary, this review provides an important update on
the effects of exercise training on cancer treatment-induced
bone loss. While the results are largely equivocal and do not
provide conclusive evidence for clinicians and other health
care professionals to recommend exercise training to selected
cancer patients to prevent bone loss, the results must be
interpreted in the context of the individual study limitations
discussed. Well-designed RCT’s implementing appropriately
prescribed exercise programs are still required to better under-
stand the role of exercise to combat cancer treatment-induced
bone loss. Future studies should be conducted for at least
12 months and use a combination of targeted and progressive
resistance training and impact exercises to maximise bone
adaptation. However, future studies also need to evaluate the
safety and tolerability of prescribing high-intensity resistance
or high-impact weight-bearing activities in such clinical pop-
ulations, with detailed recording of any potential adverse ef-
fects. If these studies are safe and well tolerated, future studies
could consider increasing the dose of impact training or in-
creasing the rate of progression to elicit greater bone adapta-
tion. These studies could also implement longer term follow-
up to assess important outcomes such as fractures, exercise
maintenance and quality of life following an exercise
intervention.

Studies using more advanced imaging technology (pQCT,
high resolution CT) to investigate bone structure, strength and
distribution outcomes are also needed to gain a greater under-
standing of the potential benefits of exercise on whole bone
strength. Further research investigating the combination of
exercise training with other common management practices
such as nutritional approaches or anti-resorptive medication
would also be of benefit to inform best practice guidelines to
manage cancer treatment-induced bone loss. Research to in-
vestigate the effects of exercise on skeletal health with differ-
ent cancer treatment types and at different stages of cancer
treatment when the rate of bone loss may differ may also allow
more effective tailoring of exercise training to cancer patients.
More well-designed trials showing benefits of exercise for not
only bone health, but other cancer treatment-related adverse
effects, would ideally lead to more integrated oncology and
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exercise physiology practices to optimise the care of cancer
survivors. Ideally, strategies such as exercise training, to man-
age the adverse effects of cancer treatment would be imple-
mented concurrently with the initiation of cancer treatment to
ameliorate the impact of these adverse effects on cancer
patients.
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