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A B S T R A C T

Background

Survival for stage I to III, hormone receptor-positive, breast cancer has substantially improved over time due to advances in screening,
surgery and adjuvant therapy. However many adjuvant therapies have significant treatment-related toxicities, which worsen quality of
life for breast cancer survivors. Postmenopausal women with hormone receptor-positive breast cancer are now prescribed aromatase
inhibitors (AI) as standard, with longer durations of therapy, up to 10 years, being considered for certain women. AI treatment is associated
with a high incidence of AI-induced musculoskeletal symptoms (AIMSS), oKen described as symmetrical pain and soreness in the joints,
musculoskeletal pain and joint stiCness. AIMSS reduces compliance with AI therapy in up to one half of women undergoing adjuvant AI
therapy, potentially compromising breast cancer outcomes. Exercise has been investigated for the prevention and treatment of AIMSS but
the eCect of this intervention remains unclear.

Objectives

To assess the eCects of exercise therapies on the prevention or management of aromatase inhibitor-induced musculoskeletal symptoms
(AIMSS) in women with stage I to III hormone receptor-positive breast cancer.

Search methods

We searched Cochrane Breast Cancer's Specialised Register, CENTRAL, MEDLINE, Embase and CINAHL databases up to 13 December 2018.
We also searched two conference proceedings portals and two clinical trials registries for ongoing studies or unpublished trials, or both,
in August 2019. We also reviewed reference lists of the included studies.

Selection criteria

We included randomised controlled trials that compared exercise versus a comparator arm. We did not impose any restriction on the
comparator arm, which could include an alternative type of exercise, no exercise or a waiting list control. Both published and non-peer-
reviewed studies were eligible.

Data collection and analysis

Two review authors independently extracted data, assessed risk of bias and certainty of the evidence using the GRADE approach. The
outcomes investigated were pain, joint stiCness, grip strength, health-related quality of life, cancer-specific quality of life, adherence to
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AI therapy, adverse events, incidence of AIMSS, breast cancer-specific survival and overall survival. For continuous outcomes that were
assessed with the same instrument, we used the mean diCerence (MD); for those outcomes that used diCerent instruments, we used the
standardised mean diCerence (SMD) for the analysis. For dichotomous outcomes, we reported outcomes as an odds ratio (OR).

Main results

We included seven studies with 400 randomised participants; one study assessed exercise for preventing AIMSS and six studies assessed
treating AIMSS.

For preventing AIMSS, the single study reported no diCerence in pain scores, grip strength or compliance to taking AI medication between
groups. Data values were not provided in the study and no other outcomes were reported.

For managing AIMSS, we found that the evidence for the eCect of exercise therapies on overall change in worst pain scores was very
uncertain (SMD −0.23, 95% confidence interval (CI) −0.78 to 0.32; 4 studies, 284 women; very low-certainty evidence). The evidence
suggested that exercise therapies result in little to no diCerence in overall change in stiCness scores (Western Ontario McMasters
Universities Osteoarthritis Index (WOMAC) stiCness score MD −0.76, 95% CI −1.67 to 0.15 and Visual Analogues Scale (VAS) stiCness score
MD −0.42, 95% CI −2.10 to 1.26; 1 study, 53 women; low-certainty evidence). The evidence was very uncertain for the outcomes of overall
change in grip strength (MD 0.30, 95% CI −0.55 to 1.15; 1 study, 83 women; very low-certainty evidence); overall change in health-related
quality of life (subscales of SF-36 tool ranged from least benefit of MD 1.88, 95% CI −2.69 to 6.45 to most benefit of MD 9.70, 95% CI 1.67
to 17.73; 2 studies, 123 women, very low-certainty evidence); overall change in cancer-specific quality of life (MD 4.58, 95% CI −0.61 to
9.78; 2 studies, 136 women; very low-certainty evidence); and adherence to aromatase inhibitors (OR 2.43, 95% CI 0.41 to 14.63; 2 studies,
224 women; very low-certainty evidence). There were no adverse events identified across four studies in either arm (0 events reported; 4
studies; 331 participants; low-certainty evidence). There were no data reported on incidence of AIMSS, breast cancer-specific survival or
overall survival.

Authors' conclusions

Given the wide-ranging benefits of exercise for people aCected by cancer, it was surprising that this review provided no clear evidence
of benefit for exercise therapies in women with early breast cancer with AIMSS. This review only yielded seven eligible studies with 400
participants, which is likely to have underpowered the findings. The meta-analysis was challenging due to the considerable heterogeneity
amongst the trials, with a wide range of exercise regimens and follow-up periods. Despite these inconclusive findings, exercise needs to
be part of routine care for women with breast cancer due to its wide-ranging benefits. Future research in this area would be enhanced with
further understanding of the mechanism of AIMSS, a single clear definition of the condition, and phase III randomised controlled trials that
are adequately powered to test targeted exercise interventions on the key clinical outcomes in this condition.

P L A I N   L A N G U A G E   S U M M A R Y

Exercise therapies for preventing or treating aromatase inhibitor-induced musculoskeletal symptoms in early breast cancer

What is the aim of this review?

Aromatase inhibitors (AI) are a hormonal therapy used to treat a particular type of breast cancer in post-menopausal women. However,
they can cause joint and muscle pain (called aromatase inhibitor-induced musculoskeletal symptoms, or AIMSS). The aim of this Cochrane
Review was to find out whether exercise therapies can reduce this pain in women undergoing treatment for early breast cancer.

Key messages

It is unclear if exercise improves, worsens, or makes no diCerence to pain, quality of life, grip strength, or the number of women continuing
to take AI medication. Exercise likely results in little to no diCerence in stiCness in women suCering from AIMSS, although the certainty of
this evidence was also low. Exercise is probably safe in women with AIMSS.

What was studied in the review?

Studies have shown a survival benefit for women when they take AIs for five to ten years aKer surgery, but unfortunately, they are associated
with musculoskeletal side eCects that may cause some women to stop taking their medication, which may have an impact on their survival.
We looked at whether exercise could help prevent or treat the joint pains, stiCness and muscle aches from AIs that are being taken by
women with breast cancer to prevent a recurrence. We looked at research studies of exercise compared to either usual care, being on a
waiting list for an exercise treatment, or another exercise like walking, in women who had AIMSS. Women aged 18 years or older with early
stage breast cancer being treated with AI were included. In most studies, the women had to have joint or muscle pains whilst being treated
with an AI.

We studied a number of outcomes, including changes in pain, stiCness, hand strength (grip strength), the number of women continuing to
take AI medication, the quality of life of women on AI medication, and the safety of the exercise programmes.

What are the main results of the review?
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We collected and analysed all relevant studies to answer this question and found seven studies with 400 women. The studies included
diCerent numbers of women, ranging from 20 to 121 participants. Three studies were conducted in the USA, one study in the UK, one study
in Australia, one study in Canada and one study in Japan. Overall, the certainty of the evidence for most outcomes was very low. This may
have been because many of the studies did not have many participants, making it hard to find small diCerences. Other problems were that
the women and the people assessing the results, knew which exercise therapy the woman was receiving, and this may have introduced
bias. Many studies did not report all of their results, and some of the studies were not carried out to a high research standard.

Therefore it is unclear whether exercise has a positive or negative eCect on pain, grip strength, the number of women continuing to take AI
medication, or the quality of life of women with AIMSS, because of the very low certainty of the evidence. Exercise likely results in little to
no change in stiCness in women suCering from AIMSS. Importantly, exercise is probably safe, with no harms reported, although the studies
did not follow up the women for very long. There were no data available to assess the eCect of exercise on survival in women with AIMSS.
Despite these inconclusive findings, exercise should still be recommended as part of routine care for women with breast cancer, due to
its wide-ranging benefits.

How up to date is this review?

The last search for studies in this review was performed in December 2018 and the search for ongoing studies was conducted in August 2019.
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Summary of findings for the main comparison.   Exercise therapies compared to standard care for the management of aromatase inhibitor-induced
musculoskeletal symptoms

Exercise therapies compared to standard care for the management of aromatase inhibitor-induced musculoskeletal symptoms

Patient or population: women with aromatase inhibitor-induced musculoskeletal symptoms (AIMSS)
Setting: outpatient
Intervention: exercise therapies
Comparison: standard care

Outcomes Anticipated absolute effects*

(95% CI) with the use of exer-
cise

Relative effect
(95% CI)

№ of participants
(studies)

Certainty of the
evidence
(GRADE)

Comments

Overall change in
worst pain scores

SMD 0.23 SD lower
(0.78 lower to 0.32 higher)

- 284
(4 RCTs)

⊕⊝⊝⊝

Very low1,2,3,4

The evidence is very uncertain about the ef-
fect of exercise therapies on overall change in
worst pain scores.

Overall change in
stiffness scores

The effect in this single study
ranged from MD 0.76 points
lower (1.67 lower to 0.15 high-
er) to MD 0.42 points lower
(2.10 lower to 1.26 higher)

- 53
(1 RCT)

⊕⊕⊝⊝

Low5,6

The evidence suggests that exercise thera-
pies result in little to no difference in overall
change in stiffness scores.

Overall change in
grip strength

MD 0.30 points higher
(0.55 lower to 1.15 higher)

- 83
(1 RCT)

⊕⊝⊝⊝

Very low6,7,8

The evidence is very uncertain about the ef-
fect of exercise therapies on overall change in
grip strength.

Overall change
in health-related
quality of life

We could not calculate total
score. Effect within subscales
of HR-QoL ranged from MD 1.88
points higher (2.69 lower to
6.45 higher) to 9.70 points high-
er (1.67 higher to 17.73 higher)

- 123
(2 RCTs)

⊕⊝⊝⊝

Very low1,3,9,10

The evidence is very uncertain about the ef-
fect of exercise therapies on overall change in
health-related quality of life.

Overall change in
cancer-specific
quality of life

MD 4.58 points higher
(0.61 lower to 9.78 higher)

- 136
(2 RCTs)

⊕⊝⊝⊝

Very low1,3,11,12

The evidence is very uncertain about the ef-
fect of exercise therapies on overall change in
disease-specific quality of life.

Adverse effects
secondary to the
intervention

Nil adverse events in either
arm.

Not estimable 331
(4 RCTs)

⊕⊕⊝⊝

Low1,13

The evidence suggests that exercise therapies
are low risk, with no adverse events reported
across four studies
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Adherence to aro-
matase inhibitors

- OR 2.43
(0.41 to 14.63)

224
(2 RCTs)

⊕⊝⊝⊝

Very low3,13,14

The evidence is very uncertain about the ef-
fect of exercise therapies on adherence to
aromatase inhibitors.

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).
AIMSS: aromatase inhibitor-induced musculoskeletal symptoms; CI: confidence interval; HRQoL: health-related quality of life; RR: risk ratio; OR: odds ratio; SD: standard
deviation; SMD: standardised mean difference; MD: mean difference; RCT: randomised controlled trial

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

1Risk of bias concerns with each study, including lack of blinding of participants/personnel and outcome assessors. There were serious concerns regarding random sequence
allocation and allocation concealment in one study. High risk of attrition bias in three studies. Concerns regarding exercise contamination in the control arm in two studies.
Downgraded 1 point.
2Significant statistical heterogeneity, I2 = 79%, resulting in downgrading 1 point for inconsistency.
3Multiple studies only written in abstract form, without pursuing full publication, including studies that had unpublished results relevant to this outcome. Strong suspicion of
publication bias, and therefore downgraded 1 point.
4Downgraded 1 point for imprecision, due to a number of factors: sample sizes were too small to determine an accurate result; the width of the confidence interval is consistent
with both benefit and harm; and one of the studies included skewed data.
5High risk of bias for this study, due to serious concerns with random sequence generation and allocation concealment, and also the lack of blinding of participants/personnel
and outcome assessors. In addition, high risk of attrition bias. Selective reporting bias for one study for this outcome, which did not report results. Downgraded 1 point.
6Small number of participants and null eCect and appreciable harm and benefit included in the confidence interval. Downgraded 1 point.
7Two studies did not report grip-strength results, as only published in abstract form. Downgraded 1 point for publication bias.
8Downgraded 1 point for risk of bias, due to inability to blind participants/personnel to the intervention, and lack of blinding for outcome assessors. Concerns regarding
incomplete outcome data and exercise contamination in the control arm.
9Imprecision was present, due to wide range of confidence intervals, a sample size that was too small to provide accurate results, and inclusion of one study that had skewed
data. Downgraded 1 point.
10Downgraded 1 point for risk of bias. Lack of blinding for participants/personnel, and inadequate allocation concealment. Judged as high risk of attrition bias in one study, and
concerns regarding exercise contamination in the control arms of both studies. Poor adherence to exercise in one study.
11Downgraded 1 point for imprecision, due to small sample size and wide confidence intervals, which included both the null eCect and appreciable benefit.
12Risk of bias concerns with each study, including lack of blinding of participants/personnel and outcome assessors. There were serious concerns regarding random sequence
allocation and allocation concealment in one study. High risk of attrition bias in both studies. In addition, concerns regarding exercise contamination in the control arm in one
study. Downgraded 1 point.
13Downgraded 1 point for imprecision, because the sample size was small, and the event rate low.
14Downgraded 1 point due to high risk of bias with each study, including high risk of attrition bias in both studies, and one study only being published in abstract form so limited
data available. It is unclear how much lack of blinding of participants and personnel may have impacted on this outcome.
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B A C K G R O U N D

Description of the condition

Breast cancer remains a major public health problem despite
advances in screening and treatment. There was an estimated
1.67 million new cases diagnosed in 2012, making breast cancer
the most common non-skin cancer in women (Ferlay 2012). With
522,000 deaths, breast cancer was the fiKh most common cause
of cancer death globally in 2012 (Ferlay 2012). In women in
high-income countries, breast cancer is second to lung cancer
as the leading cause of cancer death, and in low- to middle-
income countries, breast cancer remains the leading cause of
cancer death (Ferlay 2012). Hormone receptor-positive breast
cancer, that is, oestrogen receptor (ER)-positive, or progesterone
receptor (PR)-positive, or both, accounts for about 80% of breast
cancer, with women with early breast cancer usually having
oestrogen or 'endocrine-sensitive' cancer (Nadji 2005). Treatment
of postmenopausal women with hormone receptor-positive breast
cancer with aromatase inhibitor (AI) medications is eCective. Five
years of AI therapy in early breast cancer improves disease-free
survival (DFS) and breast cancer specific survival (BCSS) when
compared to another hormonal therapy, tamoxifen (Aydiner 2013;
EBCTCG 2015). Recent guidelines (Burstein 2019) now recommend
consideration of 10 years of AI treatment for certain high-risk
subgroups, such as node-positive patients.

However, AIs are commonly associated with joint and
muscular symptoms, referred to as aromatase inhibitor-induced
musculoskeletal symptoms (AIMSS; Lintermans 2013). Nearly half
of all women on AIs experience these side eCects (Beckwee
2017). AIMSS oKen presents as symmetrical pain or soreness in
multiple joints, and is also oKen associated with early morning
stiCness (Burstein 2007). Despite the survival advantage of AIs,
these side eCects are causing a quarter to half of all women on this
treatment to discontinue (Chim 2013; Henry 2012; Kadakia 2016).
An association between switching AIs and the development of
new musculoskeletal pain has been identified (Kemp-Casey 2017).
If AIMSS can be managed, then quality of life and adherence to
treatment may improve, and the survival advantage from using AI
therapy may not be compromised.

Description of the intervention

Exercise can be defined as "a subset of physical activity that
is planned, structured, repetitive, and has as a final or an
intermediate objective of the improvement or maintenance of
physical fitness" (Caspersen 1985). The definition of therapy in
the Merriam-Webster dictionary is the "therapeutic treatment
especially of bodily, mental, or behavioral disorder" (Merriam-
Webster). Exercise therapies investigated in this review involve
a variety of therapeutic interventions intended to improve
or maintain fitness. These include, but are not restricted to,
cardiovascular and resistance exercises, yoga, tai-chi, aquatic
exercise, walking and pilates.

How the intervention might work

The cause of AIMSS is unknown, and therefore the mechanism
for the eCectiveness of exercise therapies on AIMSS cannot be
ascertained. There has been a growing interest in conducting
research into the eCect of exercise on a wide variety of conditions,
such as the eCect on cancer mortality, recurrence and treatment-
related adverse eCects (Cormie 2017), cancer-related fatigue and

mobility (Dennett 2016), quality of life in cancer survivors (Mishra
2012), the immune system (Szlezak 2016), and rheumatological
conditions, such as osteoarthritis (Fransen 2014; Osteras 2017).
There has been a large phase III randomised controlled trial (RCT)
investigating the intervention of cardiovascular and resistance
exercise in the treatment of AIMSS, which reported a clinically
significant benefit with the use of exercise (Irwin 2015). Therefore,
even though the mechanism of any potential benefit of exercise in
this area is largely unknown, a positive result from a large phase
III RCT, plus multiple other smaller studies in this field, warrants a
comprehensive review of these therapies.

Why it is important to do this review

AIMSS has a clinical impact on the management of women
with breast cancer, as studies have shown substantial rates of
suboptimal adherence to AIs (Brier 2017; Hadji 2014; Henry 2012;
Hershman 2011; Partridge 2008; Presant 2007). Non-compliance
with endocrine therapies in the adjuvant setting may impact
on women's survival (Hershman 2011). To date, there is limited
evidence regarding the best management options for AIMSS. With
a growing emphasis on the management of survivorship issues
for women with early breast cancer, this area of research is
very topical, and of increasing importance. It has been identified
that oncologists may feel ill-equipped to prescribe exercise to
women with early breast cancer (Smaradottir 2017), and providing
a stronger evidence base for the role of exercise in managing
symptoms may assist with this issue.

O B J E C T I V E S

To assess the eCects of exercise therapies on the prevention
or management of aromatase inhibitor-induced musculoskeletal
symptoms (AIMSS) in women with stage I to III hormone receptor-
positive breast cancer.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All RCTs looking at the prevention or management of AIMSS in
women with stage I to III hormone receptor-positive breast cancer.
AIMSS was defined by the study authors of each trial. We excluded
animal and in vitro studies. We considered studies in all languages
for inclusion.

Types of participants

Women aged 18 years and older with stage I to III ER-positive, or PR-
positive breast cancer, or both, who were being treated adjuvantly
with AIs.

Types of interventions

We included all exercise therapy interventions, such as aerobic and
resistance exercise, tai chi, yoga and aqua aerobics. We excluded
musculoskeletal manipulation therapies, such as massage and
kinesiology. We did not impose any restriction on the type of
comparator arm; comparator arms could include an alternative
type of exercise, no exercise, or a waiting list control.

Exercise therapies for preventing or treating aromatase inhibitor-induced musculoskeletal symptoms in early breast cancer (Review)
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Types of outcome measures

Primary outcomes

• Prevention and treatment of symptoms of AIMSS (pain,
stiCness, and grip strength) from baseline. These were
preferably assessed by validated questionnaires, such as
the Visual Analogue Scale (VAS), Brief Pain Inventory (BPI),
Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAC), Functional Assessment of Cancer Therapy – General
(FACT-G), Medical Outcome Study Short Form 36 (SF-36), and
the Modified Score for the Assessment of Chronic Rheumatoid
ACections of the Hands (M-SACRAH)

• Safety of the intervention, including adverse eCects, such as
injury

Secondary outcomes

• Incidence of AIMSS

• Persistence and compliance of women continuing to take their
AI medication due to the intervention

• Participant health-related quality of life, which was also
preferably assessed by validated patient/participant-reported
outcome questionnaires

• Participant cancer-specific quality of life

• Breast cancer-specific survival

• Overall survival

Search methods for identification of studies

Electronic searches

The Information Specialist (KR) designed and conducted
systematic searches in the selected databases and trial
registries without language, publication year or publication status
restrictions. Cochrane Breast Cancer's Information Specialist
conducted the search of the group's Specialised Register. Where
appropriate, the search strategies also included adaptations of
the highly sensitive search strategy designed by the Cochrane
Collaboration (Lefebvre 2011), and the search filter for CINAHL
(EBSCO) created by Mark Clowes at SIGN for identifying RCTs and
controlled clinical trials.

We searched the following databases and trials registries.

• Cochrane Breast Cancer's Specialised Register. We extracted and
considered for inclusion in the review trials with the key words
"breast cancer" and related terms, "aromatase inhibitors",
"exemestane", "anastrozole", "letrozole", "exercise", "physical
activity", "resistance training", "yoga", "walking", "T'ai chi";
searched on 16 April 2018.

• Cochrane Central Register of Controlled Trials (CENTRAL; 2018,
Issue 11) in the Cochrane Library (searched 13 December 2018).
See Appendix 1

• MEDLINE (via PubMed) from 1946 to December 2018 (searched
13 December 2018). See Appendix 2

• Embase (via Embase.com) from 1947 to December 2018
(searched 13 December 2018). See Appendix 3

• CINAHL (via EBSCO) from 1937 to present. (Last search 13
December 2018). See Appendix 4

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP) search portal (apps.who.int/trialsearch)
for all prospectively registered and ongoing trials (searched on
18 August 2019). See Appendix 5

• Clinicaltrials.gov (clinicaltrials.gov; searched on 18 August
2019). See Appendix 6

Searching other resources

Bibliographic searching

We searched reference and citation lists of identified relevant trials
and reviews to try and identify further studies. We attempted
to obtain a copy of the full article for each reference reporting
a potentially eligible trial. Where this was not possible, such as
with the inclusion of conference abstracts, we sourced additional
information from clinical trials databases, and we attempted to
contact study authors to provide additional information.

Grey searching

We screened conference abstracts from major conferences such as
the San Antonio Breast Cancer Symposium (SABCS) and American
Society of Clinical Oncology (ASCO) up to December 2018 and any
additional papers identified during the attendance at the 2019 San
Antonio Breast Cancer Symposium (NW) were reported and added
for inclusion, where relevant.

Data collection and analysis

Selection of studies

Review authors (SF, NW, KER and KR) screened retrieved abstracts
from the literature search and assessed whether the abstracts met
the specified selection criteria. Subsequently, we reviewed the full
texts of all remaining studies to ensure that they still met the
selection criteria. At least two review authors reviewed each study
to ensure that they met the selection criteria. We resolved any
disagreements on study selection by involving a separate review
author (NW or KER). We recorded the selection process in a PRISMA
flow diagram (Figure 1; Moher 2009). We documented the reason
for excluding any studies in the Characteristics of excluded studies
tables. There were no studies reported in languages other than
English identified during this search, and therefore no translation
was required.
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Figure 1.   Study flow diagram
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Figure 1.   (Continued)

 
Data extraction and management

We performed data extraction using a standard data extraction
form that included the following:

Characteristics of the study

• Study sponsors and author aCiliations

• Study funding

• Methods, including study design, method of sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcomes, participant attrition and
exclusions, and selective outcome reporting

• Full-text availability versus abstract only

Characteristics of the study population

• Country of enrolment

• Inclusion/exclusion criteria

• Study definition of AIMSS

• Number of participants in each treatment arm

• Mean and range of participant ages

• Type of AI prescribed to the participant

Characteristics of the intervention

• Description of the intervention
◦ Aerobic/resistance/combination/other

◦ Exercise intensity: mild/moderate/vigorous

◦ Frequency and duration of sessions

◦ Duration of intervention period

◦ Supervised versus home-based; group versus individual

• Details of control or waiting list group

• Compliance with intervention

• Safety

Characteristics of the outcomes

• Scoring systems used (and documentation of participant-
reported outcomes versus investigator-reported outcomes)

• Outcomes of pain, stiCness, grip strength and health-related
quality of life

• Change in incidence of AIMSS

• Timing of outcome data collection, including length of time
between intervention and last collected outcome measurement

• Follow-up period

Two review authors (KER and SF) performed data extraction and a
third review author (NW) resolved any disagreements. KER and SF
entered data into Review Manager 5 (Review Manager 2014). Where
there was more than one publication for a study, we extracted
the data from all publications as required, but we considered the
most recent version of the study to be the primary reference. We
combined records relating to the same study under an overall study
name or ID.

Assessment of risk of bias in included studies

We performed assessment of risk of bias for all RCTs using
Cochrane's 'Risk of bias' assessment tool (Higgins 2017).
This included the assessment of seven specific domains:
random sequence generation; allocation concealment; blinding
of participants and personnel; blinding of outcome assessment;
incomplete outcome data; selective reporting; and other sources
of bias. We assessed each study domain as high risk, low risk or
unclear risk. Two review authors (KER, SF, NW or KR) independently
assessed each study for risk of bias and a third review author (KER
or NW) resolved any disagreements. Where there was incomplete
reporting of the conduct of a study, we attempted to contact
the authors of the study to clarify any uncertainties. 'Risk of
bias' tables for each study are presented in the Characteristics of
included studies table and a summary table, listing the 'Risk of bias'
judgement for all studies is presented Figure 2.
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Figure 2.   'Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included study

 
Measures of treatment e<ect

We expected that studies would use a variety of diCerent tools
to measure the outcomes of interest (pain, stiCness, grip strength
and health-related quality of life) and would mainly be reporting
continuous outcomes. Therefore, we calculated the treatment
eCect by undertaking a standardised mean diCerence (SMD)
analysis (SMD = diCerence in mean outcomes/standard deviation

of outcomes among participants; Deeks 2017), to combine data
from diCerent instruments measuring the same domain. When
studies used the same participant-reported outcome tool for a
single outcome, we combined the data for meta-analysis using
mean diCerence (MD). If there was minimal heterogeneity between
studies, we used a fixed-eCect model. This is diCerent from our
protocol, as we originally had proposed to use only the random-
eCects model, due to expected heterogeneity amongst the varying
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interventions and assessment tools. In our revised method, we still
used a random-eCects model, but have also reported the results
of the fixed-eCect model. Due to the small number of studies, and
small number of participants in some studies, we also performed a
random-eCects meta-analysis using the Hartung, Knapp, Sidik and
Jonkman (HKSJ) approach (IntHout 2014).

For studies which we could not obtain standard deviations (SD),
we imputed the SD as per Higgins 2011a. Where the SD was not
available in the published study, or from study authors, we used the
following formula to determine the SD: SD = √n × (upper limit 95%
CI – lower limit 95% CI)/(2 x T value calculated by the T distribution),
where n is the sample size and CI is the confidence interval. We
estimated appropriate T values for smaller sample sizes using the
TINV function (TINV(1-0.95,n-1)) in Excel. We could then use the
calculated SD to calculate the SMD. These calculations were guided
by the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011b), and results were confirmed with the calculator
available on Review Manager 5 (Review Manager 2014).

We calculated the published confidence intervals in the HOPE study
(Irwin 2015), on the diCerence in the means for each group, so
we calculated a SD for the change in means, rather than the final
value for each arm of the study. By using these calculations, our
review ran the risk of giving greater weight to the studies that
reported change-from-baseline SD, as the SD in these studies may
have been more precise than studies only reporting final value SD,
due to the smaller SD (Deeks 2017). Therefore, where possible,
we performed a separate analysis on final values and change-
from-baseline values, and compared the results. Where we used a
combination of final value confidence intervals and change-from-
baseline values in a meta-analysis, we highlighted it in the text for
the result.

Fields 2016 reported interquartile range (IQR) and median values,
rather than mean and standard deviations. This is oKen an indicator
that the data are skewed, so should be incorporated into a meta-
analysis with caution (Higgins 2011a). To calculate SD from IQR, we
used the following formula: SD = (q3 - q1)/1.35, where q3 is quartile
3 and q1 is quartile 1 (Higgins 2011b).

For dichotomous outcomes, we measured the treatment outcome
by the odds ratio (OR), in combination with a 95% confidence
interval (CI).

Unit of analysis issues

There were no studies that may have created unit of analysis issues,
such as cross-over trials or trials with multiple treatment arms.

Dealing with missing data

In the case of missing data, wherever possible, we sourced
additional information through clinical trials registries or data
repositories. Where the required data were still not available, we
contacted original corresponding authors via email and gave them
three weeks to reply to the request. If the corresponding authors
did not reply, we attempted further contact with the original
investigators, and either the first or last author of each paper (if
not the primary corresponding author). Where we were unable to
obtain missing data, we have included an explanation for this in the
Discussion section of our review.

Assessment of heterogeneity

We assessed the percentage of total variation across studies that is

due to heterogeneity rather than chance using I2 statistic (Higgins

2003). We also used the Chi2 test and visual inspection of forest
plots, as recommended in the Cochrane Handbook for Systematic

Reviews of Interventions (Deeks 2017). Based on this, an I2 statistic
value of:

• 30% to 60% may represent moderate heterogeneity;

• 50% to 90% may represent substantial heterogeneity; and

• 75% to 100% represents considerable heterogeneity (Deeks
2017).

The importance of the I2 statistic result depends on the magnitude
and direction of eCects, and the strength of evidence for

heterogeneity. Based on Deeks 2017, a Chi2 test greater than the
degrees of freedom (df) and a small P value (e.g. P < 0.05) indicates
significant heterogeneity, and we applied this guideline in the
current analysis.

Assessment of reporting biases

We included one funnel plot in the assessment of reporting biases
for the outcome with the largest number of studies. We could not
undertake any further assessments due to the small number of
studies contributing data to each outcome.

Data synthesis

We performed statistical analysis using Review Manager 5 soKware
(Review Manager 2014). Where there was only low statistical
heterogeneity, we performed a fixed-eCect meta-analysis. Where
there was at least moderate statistical heterogeneity present, we
used a random-eCects meta-analysis, using the inverse variance
method to combine the data.

We reported the meta-analysis mainly by forest plots and the
'Summary of findings' table (see Summary of findings for the main
comparison). For outcomes where there was an insuCicient number
of studies for us to pool for meta-analysis (i.e. fewer than two
studies), or we could not combine the data, we presented our
findings in a narrative manner.

Summary of findings and assessment of the certainty of the
evidence

We developed a 'Summary of findings' table to assess the certainty
of evidence using the GRADE approach, as detailed in the Cochrane
Handbook for Systematic Reviews of Interventions, Chapter 11
(Schünemann 2017). The GRADE approach assesses the evidence
using five considerations: study limitations, consistency of eCect,
imprecision, indirectness and publication bias. The key outcomes
we included in the Summary of findings for the main comparison
were:

• overall change in worst pain scores;

• overall change in stiCness scores;

• overall change in grip strength;

• overall change in health-related quality-of-life scores;

• overall change in cancer-specific quality of life;

• adverse eCects, secondary to the intervention; and
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• persistence and compliance of participants continuing to take
their AI medication due to the intervention.

The 'Summary of findings' table in our review was diCerent to the
'Summary of findings' table that we proposed in our protocol. We
had initially intended to assess the overall change in the incidence
of AIMSS. There were no studies that addressed the incidence
of AIMSS as a result of exercise, and therefore we substituted
the overall change in the incidence of AIMSS for one of our
secondary outcomes, the overall change in health-related quality
of life. Quality of life was further defined by incorporating both
'health-related quality of life' and 'cancer-specific quality of life'.
We developed the 'Summary of findings' table using GRADEpro
GDT soKware (GRADEpro GDT). Two review authors (KER, NW)
independently assessed the evidence using the GRADE approach
and a third review author (KR) resolved any disputes.

Subgroup analysis and investigation of heterogeneity

We did not undertake any subgroup analyses, as there were
insuCicient studies and participants to undertake any meaningful
subgroup analysis within this review.

Sensitivity analysis

There were not enough studies to in our review to undertake
meaningful sensitivity analyses.

R E S U L T S

Description of studies

Results of the search

The searches of the identified databases retrieved 1187 results.
Our searches of other resources, such as bibliography and citation
searching, and searching of the grey literature identified 19
additional records that appeared to meet the inclusion criteria.
Once duplicates had been removed, there were 910 records for
title and abstract screening, where we excluded 860 records. Where
possible, we obtained the full text of the remaining 50 papers
or register records. We excluded 32 articles (see Characteristics
of excluded studies). We included seven studies (relating to 14
references) and identified four ongoing studies relevant to our
inclusion criteria (see Characteristics of ongoing studies). The
process is detailed further in the study flow diagram (see Figure 1;
Moher 2009).

Included studies

The final selection of studies, based on review author consensus,
resulted in seven studies for inclusion. Study characteristics and
outcomes can be viewed in the Characteristics of included studies
table. Three of these studies had been published as full texts
(Fields 2016; Irwin 2015; Nyrop 2017), and four studies (Lohrisch
2011; Sanmugarajah 2017; Tamaki 2018; Varadarajan 2016), were
published in abstract or poster form only. We were able to retrieve
additional data from the Sanmugarajah 2017 trial via study author
correspondence.

Three studies enrolled participants in the USA (Irwin 2015; Nyrop
2017; Varadarajan 2016), one in the UK (Fields 2016), one in
Canada (Lohrisch 2011), one in Japan (Tamaki 2018) and one in
Australia (Sanmugarajah 2017). All studies were RCTs, but four of
these studies were designed as feasibility studies (Fields 2016;

Nyrop 2017; Sanmugarajah 2017; Varadarajan 2016). The majority
of the studies were investigating the treatment of AIMSS, with only
one study investigating the prevention of AIMSS, which enrolled
participants at the time of AI initiation (Sanmugarajah 2017).

Population

There were 400 participants enrolled across the seven studies. The
sample sizes of the included studies ranged from 22 to 108. Four
studies reported participant mean ages (Fields 2016; Irwin 2015;
Lohrisch 2011; Nyrop 2017), and ranged from 61 to 63.8 years. Two
studies gave age ranges (Fields 2016; Tamaki 2018), and ranged
from 50 to 73 years. The majority of participants were on an AI at the
time of enrolment, which included either anastrozole, letrozole or
exemestane, with three studies reporting the average length of time
on an AI (Irwin 2015; Nyrop 2017; Tamaki 2018), and ranging from
1.7 to 2.1 years. In Sanmugarajah 2017, participants commenced
the exercise intervention within 12 weeks of being initiated on an
AI. For detailed information on inclusion and exclusion criteria for
each study, see the Characteristics of included studies table.

For the studies that only included participants experiencing
AIMSS at baseline, the definition of AIMSS varied widely. Some
studies reported their inclusion criteria as incorporating women
experiencing any joint symptoms whilst taking an AI (Fields 2016;
Irwin 2015; Nyrop 2017; Tamaki 2018; Varadarajan 2016), and only
a few of these had stipulated a minimum pain score to qualify
for inclusion (Irwin 2015; Nyrop 2017). Only one study specified
arthralgia/myalgias, which were related to the AI as an inclusion
criteria, although they did not report their criteria for this (Lohrisch
2011). Only one study reported the exclusion of women with pre-
morbid musculoskeletal conditions such as rheumatoid arthritis
(Varadarajan 2016). All of the studies had excluded metastatic
disease as per their inclusion and exclusion criteria, but one study
reported 16% of their participants (n = 10) as having stage IV disease
in the baseline demographics (Nyrop 2017).

Interventions

The included studies investigated a variety of diCerent exercise
programmes. Two studies investigated walking programmes, with
one of these being Nordic walking, which utilises walking plus
the addition of hand-held poles (Fields 2016). The other walking
study was a home-based exercise programme of 150 minutes'
walking per week (Nyrop 2017). Three studies used a combination
of resistance training plus aerobic exercise (Irwin 2015; Lohrisch
2011; Sanmugarajah 2017). One study only described their
intervention as an "exercise program", without further details
available (Varadarajan 2016). Tamaki 2018 enabled participants
who were randomised to the exercise arm to choose between three
types of exercises, which included either walking/running, gentle
callisthenics, or weak exercise such as going up the stairs.

The length of the intervention varied between studies, ranging from
6 weeks to 12 months. The intensity of the exercise intervention was
variably reported, with only two of the studies reporting the desired
level of exercise intensity. One study aimed for 60% to 70% of
maximum heart rate, with no further details given (Sanmugarajah
2017). The other study aimed for 60% to 80% of maximum heart
rate, based on VO2 max testing (Irwin 2015).

The majority of studies included a mix of both supervised and
home-based exercise; two studies had supervised components
initially (Fields 2016; Lohrisch 2011), but the remainder of the
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these studies was unsupervised; two studies had supervised
strength training plus home-based aerobic exercise (Irwin 2015;
Sanmugarajah 2017); one study was completely home-based
(Nyrop 2017); one study used completely supervised exercise in the
intervention arm (Varadarajan 2016); and one study was unclear
(Tamaki 2018). The majority of studies included at least 150 to 200
minutes of exercise weekly.

Three studies reported adherence to the exercise intervention
(Fields 2016; Irwin 2015; Nyrop 2017). Fields 2016 aimed for
four independent Nordic walking sessions each week in weeks
7 to 12 of their intervention, but only 8% of participants were
compliant with this. In contrast, 68% to 85% completed one
to two independent sessions weekly. In Irwin 2015, there was
70% mean attendance at the twice-per-week strength-training
sessions, and a mean of 119 minutes of aerobic exercise weekly.
The recommended amount of aerobic exercise in this study was
150 minutes a week. Control arms also varied widely, including
a waiting list control group (Nyrop 2017), unsupervised moderate
physical activity (Varadarajan 2016), written information about
exercise in cancer (Fields 2016; Sanmugarajah 2017), or no exercise
instruction until the end of the study (Irwin 2015). One study only
described the control arm as "usual care" (Tamaki 2018), and
another did not describe the details of their control arm (Lohrisch
2011).

Excluded studies

The reasons for exclusions are summarised in Characteristics of
excluded studies. We excluded the majority of studies because they
either were not RCTs; they had the incorrect participant population
(e.g. participants on tamoxifen, rather than aromatase inhibitors,
or by including women who had metastatic disease); or they were
looking at diCerent outcomes, such as other health-related quality-
of-life symptoms, including fatigue or hot flushes, rather than
AIMSS.

Risk of bias in included studies

We have documented details for the risk of bias of the included
studies in the 'Risk of bias' tables, listed in the Characteristics of
included studies. We requested additional information from study
authors where the risk of bias rating was unclear, and was provided
by the following studies: Fields 2016; Irwin 2015; Sanmugarajah
2017. The 'Risk of bias' summary can be viewed in Figure 2.

Allocation

There were a number of studies that were at high risk of selection
bias. We judged one study as high risk of selection bias, because
during recruitment, three participants who were randomised to
the home-based walking intervention were inadvertently assigned
to the waiting list control, and three participants who were
randomised to the waiting list control were inadvertently assigned
to the exercise intervention (Nyrop 2017). It was unclear whether
this was due to inadequate random sequence generation or
inadequate allocation concealment, and we judged the study at
high risk of both components of selection bias. We judged three
studies to be at unclear risk of selection bias since these studies
failed to report suCicient information to adequately assess their
means of random sequence generation (Lohrisch 2011; Tamaki
2018; Varadarajan 2016). We judged the remaining three studies
to have adequate random sequence generation (Fields 2016; Irwin

2015; Sanmugarajah 2017), and were therefore judged to be at low
risk of selection bias caused by random sequence generation.

Three studies were at high risk of selection bias due to concerns
with the allocation concealment in their studies, because allocation
of the intervention was not concealed such that investigators
and participants could not foresee assignment to the study
groups. One study, as described above, reported randomisation
errors, and although they did not report the actual cause of
the error nor when this became apparent, it may have been
because investigators were aware of the allocation (Nyrop 2017).
The study was therefore judged to be at high risk of selection
bias (allocation concealment). Another study was at high risk of
selection bias (allocation concealment) as the study did not fully
implement allocation concealment due to resource constraints
(Fields 2016). One study did not implement allocation concealment
(Sanmugarajah 2017), and was also judged as high risk. We rated
the remainder of the studies as having an unclear risk of selection
bias (allocation concealment) as they did not describe the method
of allocation concealment in enough detail to adequately allow
definitive judgement (Irwin 2015; Lohrisch 2011; Tamaki 2018;
Varadarajan 2016).

Blinding

None of the included studies reported blinding of participants
and personnel. It is not feasible to blind participants to an
exercise intervention because of the nature of the intervention.
We therefore assessed all included studies as being at high risk of
performance bias. None of the studies had blinding of outcome
assessment. The majority of outcomes were participant-reported
outcomes, and it was not practical to blind participants to these
outcomes in an exercise intervention. Two of our outcomes, overall
survival and breast cancer-specific survival, would not be aCected
by blinding, but none of the studies in our review measured these
outcomes. We assessed all the studies as being at high risk of
detection bias.

Incomplete outcome data

Three of seven studies reported that they had analysed data
according to the intention-to-treat (ITT) principle (Fields 2016; Irwin
2015; Nyrop 2017), but only one of these studies had completion of
outcome assessments for all randomised participants to enable a
judgement of low risk of attrition bias (Fields 2016). We assessed
three studies to be at high risk of attrition bias (Irwin 2015; Nyrop
2017; Tamaki 2018), basing this judgement on disparities in dropout
rates between intervention and control group (Irwin 2015; Nyrop
2017), or high dropout rates of greater than 20% (Tamaki 2018). We
assessed three studies to be at unclear risk of attrition bias due to
insuCicient information available to make a judgement (Lohrisch
2011; Sanmugarajah 2017; Varadarajan 2016).

Selective reporting

We judged two studies as low risk of reporting bias, because
either they reported all of their proposed outcomes (Nyrop 2017),
or only minor outcomes included in the initial trial registration
were not reported in the study and these outcomes were not of
interest to our review (Fields 2016). We judged five studies as
unclear risk of reporting bias. The reasons for judgement of unclear
risk were: in one study, at least one relevant missing unreported
outcome amongst a very high number of planned outcomes in the
protocol (Irwin 2015); not enough information being provided on
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outcomes and study protocol or registration not being available
(Tamaki 2018; Varadarajan 2016); the protocol being available but
not enough information on outcomes provided (Sanmugarajah
2017); or the abstract publication reporting diCerent outcomes to
those mentioned in the trial registration, and the trial only being
reported in abstract publication (Lohrisch 2011).

Other potential sources of bias

Four studies were only reported as abstracts, and therefore were
diCicult to assess for other sources of bias due to inadequate
information, and we rated three of these studies as unclear risk
(Lohrisch 2011; Sanmugarajah 2017; Varadarajan 2016). We rated
one study, which was also reported in abstract/poster form, as
being at high risk of other potential sources of bias, for allowing
participants in the intervention arm to choose between three
diCerent exercise interventions with a wide range of exercise
intensities (Tamaki 2018). Three studies were at low risk of other
sources of bias (Fields 2016; Irwin 2015; Nyrop 2017).

We have added two additional domains to be assessed across all
studies: adherence and contamination. Studies reported diCerent
approaches for measuring adherence. Some studies did not
provide this information. Adherence was the level of exercise
achieved once the participant had agreed to undertake the
intervention. In two studies, participants adhered to the exercise
intervention adequately, and both studies were assessed as low
risk of bias due to adherence (Irwin 2015; Nyrop 2017). In four
studies, risk of bias due to adherence was unclear (Lohrisch
2011; Sanmugarajah 2017; Tamaki 2018; Varadarajan 2016). In the
remaining study, adherence to the intervention was so low in the
independent sessions during weeks 7 to 12 that we classified it as
high risk of bias (Fields 2016). Two studies reported exercise in the
non-exercising control groups (contamination; Fields 2016; Irwin
2015), and we assessed them as high risk of bias for contamination.
Four studies did not report contamination and therefore we judged
these studies as unclear risk of bias (Lohrisch 2011; Sanmugarajah
2017; Tamaki 2018; Varadarajan 2016). One study had a minimal
increase in baseline activity levels in the control group, and
therefore we judged it as low risk of bias for contamination (Nyrop
2017).

E<ects of interventions

See: Summary of findings for the main comparison Exercise
therapies compared to standard care for the management of
aromatase inhibitor-induced musculoskeletal symptoms

Prevention of symptoms

Only one study investigated the use of exercise in the prevention
of AIMSS (Sanmugarajah 2017). This study was stopped early due
to lack of funding, aKer accruing only 20 of the 120 participants
intended for the study. We obtained further results from the
study and also the study protocol via author correspondence.
Tamaki 2018 allowed the inclusion of women who were only just
commencing their AI medication at the time of enrolment, but
baseline characteristics showed that the majority of participants
were already taking an AI prior to the study: AI administration 25.6
± 13.8 months in the intervention arm, and 25.3 months ± 14.2
months in the control arm. Therefore we have included Tamaki
2018 in the analysis of treatment of symptoms section (outlined
below).

Pain

Sanmugarajah 2017 used Brief Pain Index (BPI) scores to assess
symptoms of pain. The study reported an increase of one BPI
unit between baseline and 12-month follow-up, compared to an
increase of mean BPI scores of five units in the control group. They
did not provide any values. Correspondence with the study authors
confirmed that diCerences in pain scores between groups were not
statistically significant.

Sti�ness

Sanmugarajah 2017 did not report stiCness as an outcome in the
prevention of AIMSS.

Grip strength

Sanmugarajah 2017 reported a trend towards improved grip
strength between baseline and six months in the exercise group.
Study author correspondence confirmed that the change in grip
strength was not statistically significant between groups and they
did not provide values.

Safety of the intervention

The study did not report this outcome.

Incidence of AIMSS

The study did not report this outcome.

Persistence and compliance of women continuing to take their AI
medication due to the intervention

Sanmugarajah 2017 collected data on AI adherence relating to
preventing AIMSS, but this study has not been published in full,
and adherence data were not available. We made contact with
Sanmugarajah 2017, who did not provide data for AI adherence, but
confirmed that the diCerence between groups was not statistically
significant.

Health-related quality of life

Overall change in health-related quality of life

The study did not report this outcome.

Overall change in cancer-specific quality of life

The study did not report this outcome.

Breast cancer-specific survival

The study did not report this outcome.

Overall survival

The study did not report this outcome.

Treatment of symptoms

Six studies investigated the treatment of AIMSS (Fields 2016; Irwin
2015; Lohrisch 2011; Nyrop 2017; Tamaki 2018; Varadarajan 2016).
Two of these studies had specified a minimum pain criteria for
eligibility into the study, including either a pain score of at least
3 on a 5-point scale of joint pain, stiCness or achiness in the past
seven days (Nyrop 2017), or arthralgia for at least two months that
was at least mild in severity (consisting of a score of at least 3 for
worst pain on a BPI; Irwin 2015). One study included women who
had described any joint symptoms in the previous 12 months via
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an amended C-PET (Checklist for Patients on Hormone Therapy) in
clinic (Fields 2016). One study (Lohrisch 2011), listed arthralgias/
myalgias as part of their inclusion criteria, and another included
women who had been experiencing joint discomfort/stiCness when
attempting activities of daily living (Varadarajan 2016). One study
reported "any arthralgia level" as one of their inclusion criteria
(Tamaki 2018).

Pain

All of the six studies used participant-reported outcomes to assess
pain symptoms. These included the Visual Analogue Scale (VAS;
Nyrop 2017), Western Ontario and McMaster Universities Index
(WOMAC; Irwin 2015; Nyrop 2017), Arthritis self-eCicacy scale
(Nyrop 2017), BPI-Short Form (BPI-SF; Fields 2016), BPI (Irwin 2015;
Sanmugarajah 2017; Tamaki 2018), Pain Disability Index (Tamaki
2018), Pain Self-ECicacy Questionnaire (PSEQ; Fields 2016) and a
Pain Scale (PS; Tamaki 2018).

We performed a meta-analysis on the eCect of exercise on worst
pain. Due to the availability of data, four studies were eligible for
inclusion in the meta-analysis. Three of these studies reported BPI
worst pain scores (Fields 2016; Irwin 2015; Tamaki 2018), and the
remaining study reported WOMAC pain scores and VAS pain scores
(Nyrop 2017). It should be noted that there was a discrepancy in the
reporting of results between the two posters published for Tamaki
2018, with the initial poster (Tajaesu 2017), reporting a change of
0.09 points for worst pain at 12 months in the exercise group, and
the final results poster reporting a change of 0.03 ± 2.35 points for

worst pain in the exercise group. We used the result from the most
recent poster/abstract in our analysis. The same study (Tamaki
2018), included three types of exercise in the intervention arm,
and the participants randomised to the intervention arm were able
to choose their exercise group. No details were reported on the
number of participants in each exercise group, which ranged from
weak exercise (going up the stairs) to strong exercise (120 to 150
minutes per week of walking or running).

Due to the diCerent scoring systems used for measuring pain, we
performed the analysis using SMD. In the meta-analysis, Nyrop
2017 used the WOMAC pain subscale and Irwin 2015 (the Hormones
and Physical Exercise (HOPE) trial), used the BPI worst pain scores.
The eCect of exercise therapies on overall change in worst pain
scores using the random-eCects model resulted in an SMD of −0.23

(95% confidence interval (CI) −0.78 to 0.32; I2 = 79%; 4 studies,
284 participants; very low-certainty evidence; Figure 3; Analysis
1.1). There was considerable statistical heterogeneity amongst the
studies involved in the meta-analysis, which is likely to be explained
by the wide range of outcome assessment tools used and also the
range of exercise interventions utilised between the studies. The
results using other models remained the same (fixed-eCect model:
SMD −0.29, 95% CI −0.54 to −0.04; HKSJ random-eCects model: SMD
−0.23, 95% CI −1.13 to 0.67). We performed a separate analysis using
the results from the VAS scale in Nyrop 2017, which showed similar

results (SMD −0.25, CI −0.80 to 0.30; I2 = 79%; Analysis 1.2; fixed-
eCect model: SMD −0.31, 95% CI −0.56 to −0.06).

 

Figure 3.   Forest plot of comparison 1. Primary outcomes, outcome 1.1: overall change in worst pain, using WOMAC
pain subscale for Nyrop 2017

 
Irwin 2015 only reported BPI worst pain using change-from-
baseline SD, rather than the SD of final values. Due to the potential
risk of a change-from-baseline SD giving greater weight to the
study, as discussed in our Measures of treatment eCect, we also
performed an analysis using SD from final values, obtained via
study author correspondence. Of note, these data did not use
a mixed-eCect model with covariate adjustment as used in the
published study results. The results of this analysis were also

similar (SMD −0.18, CI −0.63 to 0.26; I2 = 68%; Analysis 1.3).

Only limited results were available for the studies that we did
not include in the meta-analysis. Lohrisch 2011 reported that the
exercise intervention did not have a measurable improvement in
AIMSS using the post-intervention, 12-week SF-36 pain scores, but

did not report actual pain scores. Varadarajan 2016 reported that
the intervention group showed a slight improvement in the pain
scale, but did not report numerical values.

We were unable to determine the eCect of exercise on worst pain
scores, because we rated the evidence as very uncertain due to
serious concerns with the risk of bias, such as lack of blinding, lack
of allocation concealment, one study having inadequate random
sequence allocation, and concerns about participation adherence
to the exercise programme and contamination of the control group.
The sample size in the meta-analysis was small, and therefore
there were serious concerns regarding imprecision. There was also
statistical heterogeneity between studies, and multiple studies that
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did not publish their results in full. See the funnel plot in Figure 4
and Summary of findings for the main comparison.
 

Figure 4.   Funnel plot of comparison 1. Primary outcomes, outcome 1.1: overall change in worst pain, using Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) pain subscale for Nyrop 2017

 
Sti�ness

Two studies investigated stiCness as an outcome (Irwin 2015;
Nyrop 2017). Irwin 2015 used the WOMAC index, which incorporates
three domains of pain, stiCness and physical function. However,
the study authors did not report the stiCness subscale of the
WOMAC index, and we were unable to obtain this result via study
author correspondence. Nyrop 2017 reported stiCness using a VAS,
and also the stiCness subscale of the WOMAC. For both scoring
tools, higher scores indicate greater symptom severity. In the
study by Nyrop 2017, involving 53 people, the WOMAC stiCness
subscale reported a decrease in mean scores in the intervention
arm (unsupervised walking programme) of −0.94 (95% CI −1.78 to
−0.11) versus a decrease in mean scores of −0.18 (95% CI −0.94
to 0.57) in the waiting list control arm at the end of the six-week
programme. Our own calculations showed the eCect of exercise on
stiCness as a mean diCerence (MD −0.76, 95% CI −1.67 to 0.15; 1
study, 53 people; low-certainty evidence; Analysis 1.4), using the
WOMAC stiCness scale. The VAS stiCness scale reported a change in
mean scores of −0.24 (95% CI −1.53 to 1.05) from baseline until the
end of the six-week programme in the intervention arm, versus a
change in mean scores of 0.18 (95% CI −1.02 to 1.38) in the control
arm. Our own calculations showed the overall change in stiCness
scores using the VAS tool as MD −0.42 (95% CI −2.10 to 1.26; 1 study,
53 people; low-certainty evidence; Analysis 1.4).

We rated the evidence for this outcome as low certainty due
to concerns with the risk of bias, including inadequate random
sequence generation and allocation concealment, plus lack of
blinding and attrition bias. The small sample size, with only one
study publishing results on this outcome has raised concerns about
imprecision. See Characteristics of included studies and Summary
of findings for the main comparison.

Grip strength

Two studies investigated grip strength (Irwin 2015; Varadarajan
2016). Irwin 2015 reported no statistical diCerence in grip strength
between the intervention and control groups at the end of the 12-
month intervention period, with mean change from baseline 0.1
(95% CI −0.5 to 0.7) and 0.4 (95% CI −0.2 to 0.9) respectively, P =
0.47. Our calculations showed a MD of 0.30 (95% CI −0.55 to 1.15;
1 study, 83 people; Analysis 1.5). Varadarajan 2016 reported an
improvement in both leK and right grip strength in the intervention
group as compared to the control group, but did not report any
numerical values.

We rated the certainty of the evidence for this outcome as very low,
due to concerns with the risk of bias, including risk of performance
bias, detection bias, and contamination in the control arm. One
study had not been published in full, and results were not available,
so we were unable to incorporate the results for this study in this
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analysis. The sample size for this analysis was small, and therefore
we downgraded the evidence further for imprecision. See Summary
of findings for the main comparison.

Safety of the intervention

Four studies involving 331 women addressed safety (Fields 2016;
Irwin 2015; Nyrop 2017; Tamaki 2018). All four studies examined
exercise for treating AIMSS. Three studies (Irwin 2015; Nyrop
2017; Tamaki 2018), reported no adverse events related to the
intervention. Fields 2016 reported two participants dropping out
aKer the first six weeks of supervised exercise in the intervention
arm due to longstanding musculoskeletal issues, which were
felt to be unrelated to the study intervention. Fields 2016 also
reported new pain in two participants, but one of these had newly
identified metastases. There was no new lymphoedema in any of
the participants in the same study (Fields 2016). The other three
studies (Lohrisch 2011; Sanmugarajah 2017; Varadarajan 2016), did
not report safety of the intervention. We rated the certainty of
evidence for this outcome as low, due to concerns with the small
sample size of this analysis, and the risk of bias for each study.
In particular, none of the studies were blinded to participants or
personnel, which we believe may have led to risk of bias for this
outcome. See Summary of findings for the main comparison.

Incidence of AIMSS

None of the studies reported this outcome.

Persistence and compliance of women continuing to take their AI
medication due to the intervention

Two studies assessing exercise for treating AIMSS reported on AI
adherence (Irwin 2015; Tamaki 2018). For the two studies that
assessed AI adherence secondary to exercise, the random-eCects
analysis of the two studies resulted in an odds ratio (OR) of 2.43

(95% CI 0.41 to 14.63; I2 = 55%; 2 studies, 224 women; very low-
certainty evidence; Analysis 2.1). The event rate of discontinuation
was 10 participants in the exercise arm and 12 participants in the
control arm. The OR in the fixed-eCect model was 1.78 (95% CI
0.71 to 4.45); and the OR in the HKSJ random-eCects model was
2.43 (95% CI 0 to 271558). Using the HKSJ random-eCects model,
the upper confidence interval changed dramatically from 14.63
to 271558. This is due to the fact that we have only two studies
for this outcome. The adjustment is done as a function of the
exponentiated T value, which in this case is 12.7 and thus it led to a
huge change. We note as well that the eCects estimate from the two
studies is very diCerent (1.24 and 8.42). The interpretation in both
cases remains the same: the upper confidence interval is high and
there is a big diCerence in the eCect estimated by the two studies.
We graded the certainty of evidence for this outcome as very low,
due to serious concerns with imprecision as a result of the small
sample size and event rate. There were also concerns regarding the
risk of bias in each study, and we downgraded the evidence further
as multiple studies have not been published in full, leading to a
suspicion of publication bias. See Summary of findings for the main
comparison.

Health-related quality of life

Overall change in health-related quality of life

Two studies (Fields 2016; Irwin 2015), reported general health-
related quality of life, in the form of the SF-36 (Rand Health Care).
An additional study (Lohrisch 2011), collected data from SF-36,
but did not report them. Irwin 2015 published quality-of-life data
in a separate publication (Baglia 2019). There is not a total score
for the SF-36 tool, instead, the subscales can be grouped into
a Physical Component Score and a Mental Health Component
Score. One study did not give the Physical Component score (Fields
2016). Therefore, we analysed the eight subscales within the SF-36
separately, as these data were available. Using the SF-36, a higher
score indicated better health status.

The results using a random-eCects model from the eight subscales
included:

• role physical (MD 6.15, 95% CI 2.03, 10.26);

• physical functioning (MD 9.70, 95% CI 1.67 to 17.73; fixed-eCect
model MD 7.78, 95% CI 5.02 to 10.54; HKSJ random-eCects
model MD 9.7, 95% CI −42.32 to 61.72);

• bodily pain (MD 7.60, 95% CI 4.51 to 10.70);

• general health (MD 3.62, 95% CI 0.92 to 6.33)

• vitality (MD 4.96, 95% CI 2.52 to 7.40);

• social functioning (MD 4.45, 95% CI 1.33 to 7.58);

• role emotional (MD 1.88, 95% CI −2.69 to 6.45);

• and mental health (MD 3.15, 95% 0.57 to 5.73).

All subscale analyses included two studies involving 123 women
and very low-certainty evidence (see Figure 5). Our analysis does
not include the single-item Change in Health questionnaire, as
this was not available from one study (Irwin 2015 (see quality-
of-life data in Baglia 2019)). Fields 2016 used median values
and interquartile ranges for reporting data, and stated that their
reasoning for doing this was skewed data. Irwin 2015, as reported
in Baglia 2019, provided mean values and change score confidence
intervals, which we combined with the median scores and final
value SDs calculated from Fields 2016. Ideally, the combination of
change score and final value confidence intervals should not be
done, as discussed in the Measures of treatment eCect section.
The greatest improvements were seen in the physical component
scores, with the eCect of exercise resulting in improvements in
physical functioning and bodily pain, and which may correspond
with clinically significant benefits (minimal clinically important
improvement (MCII) of 7.1 and 4.9, respectively; Ward 2014). We
graded the overall certainty of this evidence as very low, due to
concerns with risk of bias for both studies (including concerns
with performance bias, detection bias, poor adherence to the
intervention in one study, and contamination of the control arm in
both studies), a suspicion of publication bias as at least one study
investigating this outcome has not been published in full, and also a
considerable degree of imprecision with wide confidence intervals
and a small sample size for the analysis. See Summary of findings
for the main comparison.
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Figure 5.   Forest plot of comparison 2. Secondary outcomes, outcome 2.2: health-related quality of life

 
We did not assess other aspects of general quality of life,
such as fatigue and depression, as part of this review. A
number of studies investigated other aspects of quality of life
using various participant-reported outcomes, such as the Centre
for Epidemiological Studies Depression Scale (Irwin 2015), the
Functional Assessment of Chronic Illness Therapy - Fatigue (FACIT-
F; Irwin 2015), and the Patient Health Questionnaire-4 (PHQ-4;
Varadarajan 2016).

Overall change in cancer-specific quality of life

We added overall change in cancer-specific quality of life as an
additional outcome, aKer our protocol was published. Our rationale
was to try and report health-related quality of life in a more useful
way for the reader, rather than one overall global health-related
quality of life, which we felt would have been an incomplete
assessment. Two studies assessed cancer-specific quality of life
with the Functional Assessment of Cancer Therapy - General (FACT-
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G) score (Irwin 2015; Nyrop 2017). Irwin 2015 published its quality-
of-life data in a separate publication (Baglia 2019). In the FACT-G
assessment tool, higher scores indicated better quality of life.

Our meta-analysis included quality-of-life assessments performed
at the end of the exercise intervention in each study, which was aKer
six weeks in Nyrop 2017, and 12 months in Irwin 2015, comprising
a total of 136 participants. The eCect of exercise resulted in a MD
of 4.58 (95% CI −0.61 to 9.78; 2 studies; 136 participants; very low-
certainty evidence; Figure 6; fixed-eCect model: MD 5.06, 95% CI
1.56 to 8.56; HKSJ random-eCects model: MD 4.58, 95% CI −29.12

to 38.28). The minimal clinically important change (MCID) score
for FACT-G is 5 to 6 points (Eton 2004). We graded the certainty
of this evidence as very low, due to the small sample size used
in this analysis, leading to serious concerns with imprecision, and
also concerns with risk of bias for both studies (including one study
with high selection bias, and both studies having lack of blinding
for the intervention and outcome assessments) and a suspicion
of publication bias due to our knowledge of multiple studies not
being published in full. See Summary of findings for the main
comparison.

 

Figure 6.   Forest plot of comparison 2. Secondary outcomes, outcome 2.3: cancer-specific quality of life

 
Breast cancer-specific survival

None of the studies reported on breast cancer-specific survival.

Overall survival

None of the studies reported on overall survival.

D I S C U S S I O N

Summary of main results

The primary aim of this Cochrane Review was to investigate
exercise therapies for the prevention or treatment of AIMSS in early
breast cancer. We included data from seven RCTs with a total of 400
enrolled participants: one study assessed exercise for preventing
AIMSS while six studies examined treating AIMSS. The comparator
arm of studies was either usual care/information or walking, or the
comparator was not reported. There was not enough evidence to
determine the eCect of exercise on the prevention of AIMSS based
on a single study. Overall, the certainty of evidence was very low
for multiple outcomes from the studies assessing prevention and
treatment of AIMSS, and therefore it is unclear whether exercise has
a positive or negative eCect on pain, hand strength (grip strength),
the number of women continuing to take AI medication, or the
quality of life of women on AI medications. The evidence suggests
that exercise results in little to no change in stiCness in women
suCering from AIMSS, although the certainty of the evidence for
this outcome was also low. Importantly, exercise is probably safe,
with no harms reported, although this was not reported in four
of the seven studies, and the follow-up interval was short. There
were no data available to assess the eCect of exercise on survival in
this specific setting of postmenopausal women with breast cancer
on adjuvant AI with AIMSS. Limited evidence from four studies
suggests that exercise therapy resulted in little to no increase
in adverse events compared to the comparator arm. No serious
adverse events were reported. However safety data should be
interpreted with caution given the low-certainty evidence in this
review. There was insuCicient evidence to determine the impact of
exercise on the incidence of AIMSS due to scarcity of data.

Overall completeness and applicability of evidence

The review included studies with considerable clinical and
methodological heterogeneity. The exercise interventions varied
considerably. There was variability in the type of exercise
intervention and in the frequency and intensity of the exercise
therapy (e.g. Nordic walking; resistance and aerobic training; home-
based, self-directed walking; three grades of exercise chosen by
participant preference including a “weak” exercise arm); in the
supervision and incorporation of behavioural support (home-
based versus supervised); the duration of the intervention; and the
nature of the control arm (usual care; written information; walking).
Similar variability in exercise interventions has been noted in
other Cochrane Reviews of exercise, including 'Exercise training for
advanced lung cancer' (Peddle-McIntyre 2019), and 'Exercise for
women receiving adjuvant therapy for breast cancer' (Furmaniak
2016). Limited information about the details of the interventions,
and particularly the comparator arms, were available from some
of the studies. Due the limitations of the available data, it was
not possible to make any definitive conclusions about whether
all relevant exercise interventions have been investigated. Due
to the paucity of studies available, this review was unable to
undertake further subgroup analyses to determine the eCect
of variations in exercise intensity, the eCect of the setting or
supervision of the exercise (supervised versus home-based) or the
eCect of diCering types of exercise (such as aerobic/resistance/
combination) on AIMSS. There are undoubtedly other exercise
therapies, or variations of these, that could be trialled for AIMSS,
but we are unable to determine whether these would aCect the
body of evidence.

Interventions were conducted in a variety of diCerent settings,
such as home-based, outpatient clinic etc. For applicability of
the exercise interventions, consideration of the diCerences in
the standard of care of women with early breast cancer would
need to be considered in diCerent populations and varying
healthcare environments or systems, as these context factors
may influence the eCect of exercise interventions (Hawe 2004b;
Schünemann 2017). Similar to the comments in the Cochrane
Review, 'Exercise for women receiving adjuvant treatment for
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breast cancer' (Furmaniak 2016), the exercise interventions being
investigated for the treatment of AIMSS can be considered a
complex intervention (Hawe 2004a). The Medical Research Council
document 'A Framework for the Development and Evaluation of
Randomised Controlled Trials for Complex Interventions' argues
that “the greater the diCiculty in defining precisely what exactly
are the ‘active ingredients’ of an intervention and how they relate
to each other, the greater the likelihood that you are dealing with
a complex intervention" (Medical Research Council 2000). Hawe
2004b propose that for a complex intervention, such as exercise
for AIMSS, which requires behavioural change, “the function and
process of the intervention should be standardised, not the
components themselves" allowing the intervention to be tailored
to the local conditions.

Women with early breast cancer included in this review did have
racial diversity (predominantly white/Asian) however certain racial
groups were not adequately represented. Lack of racial diversity
was noted in the Cochrane Review of 'Exercise for women receiving
adjuvant treatment for breast cancer' (Furmaniak 2016), who noted
the preponderance of white women included in the reviewed trials.
The median age of participants diagnosed in the USA with breast
cancer is 62 years (SEER database, Howlader 2019). The median age
range of participants in the included studies is similar to this, and
representative of post-menopausal breast cancer in high-income
countries. However there were no reported participants included in
the reviewed trials who were older than 75 years of age, although
reporting of age ranges was poor. In addition, improvements in
disease-free survival outcomes were observed in pre-menopausal
women in the SOFT and TEXT studies, which were two landmark
trials that showed the benefit of aromatase inhibitor use in pre-
menopausal women with breast cancer in the adjuvant setting,
in combination with ovarian function suppression (Francis 2015;
Francis 2018). In these two trials, 88.7% of women who received
ovarian suppression plus exemestane reported musculoskeletal
symptoms compared to 69.0% of the women who received
tamoxifen alone. Few young post-menopausal women with AIMSS
were included in the studies of our Cochrane Review, likely due
to time frames when results from the SOFT and TEXT studies
became available (Francis 2015; Francis 2018). Women are being
increasingly treated with ovarian suppression with AI and into the
future, will represent an increasing group of women with AIMSS.
These women may potentially have diCerent baseline symptom
levels, or responses to exercise interventions that have not yet
been assessed. Mao 2009 reported AIMSS appeared to be inversely
correlated with time since menopause, raising the possibility that
young women with abrupt oestrogen withdrawal may be most at
risk of symptoms.

The included studies have recruited in highly resourced health
economies, which may have resources allowing interventions such
as supervised exercise programmes. Hence the studied exercise
interventions may not be applicable in all health systems. Rates of
adherence or acceptability may not be the same or even feasible
in diCerent settings or populations. Post-menopausal breast cancer
interventions should preferably be broadly applicable to older
women. Kilari 2016 recommend that when designing exercise
clinical trials for older adults with cancer, the exercise interventions
should ideally be cost eCective and “not burdensome to the
patient/payer/society”.

Many debilitating symptoms that are characteristic of AIMSS have
not been adequately investigated, such as joint stiCness, which
only has findings reported from one study; and other outcomes
have uncertain evidence. Problematically, there is inconsistent
definition of AIMSS, lack of objective outcome measures, and
multiple participant-reported outcomes in the trials to date
(Hershman 2015; Niravath 2013), and this lack of consensus limits
the interpretation of the degree of completeness of the outcome
measures in our review. Multiple outcomes were assessed and it
was diCicult to combine several of the outcome measures in meta-
analysis. Data reporting was of low quality for some of the included
studies, and some important outcome measures were missing and
we were unable to obtain them. Similarly, there was considerable
heterogeneity in the timing of the outcome measures (6 weeks to
12 months) due to the variation in exercise protocols, and in the
length of follow-up. DiCerences in the timing of outcome measures
between studies may limit comparability and determination of
eCect size. Duration of follow-up considerations may be important
in determining longer-term benefits or harms of the exercise
intervention.

Very few studies investigated the eCect of exercise on quality of life
in women with AIMSS. Due to the wide range of symptomatology
of AIMSS, and the potential severity of symptoms, AIMSS can
aCect multiple facets of health and well-being for women. Safety
data were not available for many of the studies, although
reported adverse event rates do appear minor and of low
incidence in the remaining studies. As only limited safety data are
available, a degree of caution needs to be observed. Adherence
rates to exercise were reported in two studies, and this is
important also in investigating the tolerability of a particular
exercise intervention, and also potential diCerences between the
interventions. Adherence rates to aromatase inhibitors were only
reported in two studies. Continuing adherence to AI treatment
would seem to be an important outcome for improvement due to
an exercise intervention, so it does appear the evidence body is not
complete. Many of the above factors do limit conclusions about the
benefits or harms of exercise in women with AIMSS. In addition,
as studies included were generally of small size and at risk of bias,
caution should be advised in interpretation of this review.

Quality of the evidence

There were only a small number of studies available, and only a
small number of participants in most of the studies. The number
of participants in the intervention arm ranged from 11 to 80 across
all studies. The overall number of participants in each of our
outcome assessments was low, which led to downgrading the
certainty of evidence for all outcomes due to serious concerns
about imprecision. Furthermore, a number of outcomes produced
results with wide confidence intervals, where the 95% confidence
interval included both no eCect and appreciable benefit or harm.
One study (Fields 2016), included in the analysis, reported results
with medians and interquartile ranges rather than means and
confidence intervals/standard deviations, due to skewed data. The
quality-of-life data, in particular, reported very imprecise results
with wide confidence intervals. All outcome assessments using
results from this study should be viewed with caution, due to the
skewed data in their study.

Due to the nature of the intervention, blinding of participants
and personnel was not possible. The extent to which absence
of blinding may have aCected the results of each outcome is
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unclear, but this contributes a high risk of performance bias
for each of the included studies. In addition, there was a high
risk of detection bias for each of the studies, as the majority of
the outcomes were self-reported, and the remaining outcomes
were not blinded to outcome assessors. Multiple studies were at
risk of selection bias, with one study reporting mistakes in their
random sequence generation, and multiple studies had inadequate
allocation concealment. A number of studies had inadequate
outcome data and selective reporting of outcomes. We judged that
particularly the problems with allocation concealment and random
sequence generation could potentially impact the results of these
studies to a considerable degree, and therefore we downgraded by
at least one point the grading of evidence for all of our outcomes
due to serious concerns with the risk of bias of all studies. In
addition as studies included were generally of small size and at risk
of bias, caution should be advised in interpretation of this review.

Because of the heterogeneous nature of the various exercise
regimens amongst the studies, we downgraded the certainty of
evidence for the worst pain outcome by one point due to moderate
statistical heterogeneity. For the remaining outcomes where there
was only mild to moderate statistical heterogeneity, we did not
downgrade the certainty of the evidence.

Four of the seven studies had only been reported in abstract form,
and not published in full. Three of these studies reported non-
significant diCerences in pain between the intervention and control
groups, and therefore it is likely that they were not published in full
because they were deemed to be negative studies. It is therefore
possible that some of our outcomes may have over-emphasised the
benefit of exercise, due to publication bias amongst studies on this
topic. A number of other outcomes of interest to this review were
assessed by the studies that had not been published in full, and we
were unable to obtain the results. The publication of these results
may have improved the certainty of evidence in our review across
multiple outcomes.

Potential biases in the review process

A strength of this review is the extensive search methods strategy
employed, with no language limitation, which we expected
would have identified the main studies. However, it should be
acknowledged that the searches identified only English language
studies, raising the possibility that we missed studies in other
languages, with possible publication bias for studies included in
our review. Inconsistency in the definitions of AIMSS or exercise
therapy may have potentially led to bias in the search strategy for
studies. We attempted to account for this by making the search
strategy broad. We designed a search strategy with terms for all the
generally accepted exercise therapies that have been investigated
in the literature, and for all aromatase inhibitors in clinical practice.
Two review authors independently reviewed each of the searched
studies to assess the risk of bias.

We attempted to contact all study authors for further information.
Three study authors provided additional information (Fields 2016;
Irwin 2015; Sanmugarajah 2017). We were either unable to contact
four study authors or they could not provide additional information
at the time of our data collection (Lohrisch 2011; Nyrop 2017;
Tamaki 2018; Varadarajan 2016). A language barrier may have
played a role in our inability to make contact with the authors of the
Japanese study (Tamaki 2018). Three authors providing additional
data increased the available data for analysis. A limitation of

our analysis of exercise for prevention or treatment of AIMSS are
unavailable data, and this introduces selection bias into our review;
we had to exclude certain outcomes from the meta-analysis due to
our inability to obtain further requested data.

Due to resource constraints, we did not systematically evaluate
the strengths and weaknesses of the measurement instruments.
However as per comments in the above section, there are
enormous discrepancies in subjective and objective outcome
measures used to assess AIMSS (Hershman 2015; Niravath 2013),
and this is hence a limitation of our review, as outcome results
will need to be interpreted in the context of heterogeneity of
measurement of outcomes.

Agreements and disagreements with other studies or
reviews

This is the first Cochrane Review of exercise for prevention
or management of AIMSS. Other review evidence (systematic
reviews and meta-analyses) were systematically reviewed. Our
search strategy was broad to catch all potentially relevant papers.
In agreement, although at an earlier search date than ours, a
systematic review of systematic reviews (Kim 2018), identified the
same three systematic reviews that included exercise (Nahm 2018;
Roberts 2017; Yang 2017). However, in this Cochrane Review, we
excluded systematic reviews of acupuncture alone for AIMSS.

Several of the authors involved in this review were also previously
involved in a review entitled 'Management of aromatase inhibitor
induced musculoskeletal symptoms in postmenopausal early
breast cancer: a systematic review and meta-analysis' (Roberts
2017). This review considered all clinical trials, both prospective
and retrospective, including RCTs, cohort and case-control studies
and preventative trials of interventions for AIMSS; included all
pharmacological, non-pharmacological (including exercise) and
complementary and alternative medicine (CAM) interventions.
Roberts 2017 considered only English language publications,
identified three RCTs (Fields 2015; Irwin 2015; Lohrisch 2011),
and grouped physical therapies narratively. They performed meta-
analysis on two RCTs of exercise (Irwin 2015; Fields 2015), and the
overall mean diCerence in the worst BPI using a random-eCects
model was −0.29 (95% CI −3.32 to 2.75), with significant between-
study heterogeneity. Roberts 2017 is not directly comparable to
this Cochrane Review, as due to paucity of data, they included
non-randomised data and the scope of interventions was broader.
They determined evidence quality to be poor overall, but it was not
graded. Roberts 2017 did not undertake any reporting or analysis
of stiCness, health-related quality of life or adherence outcomes.
No adverse events were reported in agreement with this Cochrane
Review.

Yang and colleagues conducted a review entitled 'Interventions for
the treatment of aromatase inhibitor associated arthralgia in breast
cancer survivors. A systematic review and meta-analysis' (Yang
2017). They included all studies that were RCTs and “quasi-
experimental design”. The primary outcome was pain, described
as a mean score, and assessed by BPI at the end time point of the
intervention. They included a subgroup analysis of three studies
of exercise in the meta-analysis: two were RCTs (Fields 2015; Irwin
2015), and one was a pre-test post-test study (DeNysschen 2014).
Physical exercise was reported to show “no significant eCect on
pain, although they had a trend to decreasing joint pain” (SMD
−0.562, 95% CI −1.499 to 0.375). This subgroup meta-analysis was
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consistent with our review. However they undertook no reporting
or analysis of stiCness or health-related quality-of-life outcomes,
and did not report any adverse events, in contrast to this Cochrane
Review.

Nahm and colleagues performed a systematic review entitled
'ECicacy of management strategies for aromatase inhibitor-
induced arthralgia in breast cancer patients: a systematic
review' (Nahm 2018). They identified one RCT of exercise (Fields
2015), and did not perform a meta-analysis. As this systematic
review included all management interventions for AIMSS and
included non-randomised studies, it is not directly comparable.

The most recent review, Kim 2018, was entitled 'Therapeutic
options for aromatase inhibitor-associated arthralgia in breast
cancer survivors: a systematic review of systematic reviews,
evidence mapping, and network meta-analysis'. This was a
systematic review of eligible systematic reviews, which were
subjected to evidence mapping, and the RCTs included in the
reviews were handsearched for network meta-analysis. The search
strategy therefore diCers, as does the statistical methodology,
and the included studies to our Cochrane Review. Kim 2018's
eCectiveness outcome was mean and standard deviation of BPI.
Two of the six RCTs included in the network meta-analysis were
exercise studies (Fields 2015; Irwin 2015). In contrast to our review,
Kim 2018 did not combine these but compared them separately
to waiting list control, with the review stating, “aerobic exercise…
significantly improved pain severity scores” for the study by Irwin
2015 (MD −0.80, 95% CI −1.33 to −0.016) in the abstract of the article.
There was no combined meta-analysis of the data from Irwin 2015
with Fields 2015 of Nordic walking. The MD of BPI for Nordic walking
versus control was −1.58 (95% CI −3.21 to 0.05). In agreement with
our review, Kim 2018 concluded adverse event reporting to be
poor, and as a result of this, they did not undertake network meta-
analysis of adverse events.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Overall, this review highlighted that across multiple outcomes,
there was very low-certainty evidence. This means that we were
uncertain of the overall eCect of exercise on pain, grip strength,
health-related quality of life, cancer-specific quality of life or
adherence to aromatase inhibitors in the treatment of aromatase
inhibitor-induced musculoskeletal symptoms (AIMSS). There was
insuCicient evidence to assess the use of exercise in the prevention
of AIMSS.

Despite these inconclusive findings, exercise still needs to be part
of routine care for women with breast cancer. Current guidelines
recommend exercise be embedded as part of routine care for
women with breast cancer and in fact in all people with cancer
(COSA 2018; European Society for Medical Oncology 2014; Rock
2012). Exercise has been shown to be beneficial in relieving cancer
fatigue (Cramp 2012), and depressive symptoms (Patsou 2017), and
improving cancer-related outcomes (Cormie 2017), and quality of
life (Gerritsen 2016). Given that a supervised exercise programme
has a low risk of harm, it is reasonable to incorporate aerobic and
resistance exercise into the treatment of all people aCected by
cancer.

The updated guidelines for physical activity in cancer survivors,
led by the Amercian College of Sports Medicine, recommends
aerobic and resistance training for approximately 30 minutes, for
three sessions per week (Campbell 2019). Despite longstanding
guidelines recommending exercise in people with cancer, a review
by Irwin (Irwin 2009), estimated that approximately 70% of
cancer survivors were not performing the recommended exercise
targets. Lack of adherence constitutes an important barrier
to implementation of recommended exercise targets. Similarly,
resource constraints may limit the implementation of certain types
of exercise interventions studied in AIMSS, and their adoption
into practice in certain healthcare systems. In keeping with the
previously mentioned guidelines, exercise should continue to be
recommended for women with breast cancer undergoing adjuvant
AI treatment, although patient preference, lifestyle and health
factors, and resource constraints may need to be considered for
individual women.

Implications for research

Research in AIMSS has been hampered by a poor understanding
of the aetiology of the syndrome (Niravath 2013), making it
challenging to design and implement trials that address the
problem. To suCiciently answer the question of whether exercise
can prevent or treat AIMSS, further high-quality, adequately
powered, randomised, phase three controlled trials of targeted
exercise interventions on key outcomes would be required. With
current guidelines recommending exercise be embedded as part of
routine care for women with breast cancer (COSA 2018; European
Society for Medical Oncology 2014; Rock 2012), any further exercise
trials versus a waiting list control would need to incorporate
guideline recommendations appropriate for the local population
into the control arm. The control arm should be adequately
described in any future or ongoing trials.

To improve precision of results, all studies, even if deemed
'negative trials', should endeavour to publish their results, to
enable inclusion in future meta-analyses.

Research has been limited also by heterogeneous patient
populations (Hershman 2015). Better understanding of the risk
factors for AIMSS may help stratify women who are most at risk
of AIMSS (Hershman 2015). Prior chemotherapy, prior hormone
replacement therapy and increased body weight have been
identified as increasing the risk of AIMSS (Hershman 2015).
These women may also have the most to benefit from exercise
intervention strategies, and research into subgroups who have a
higher baseline incidence of AI arthralgia may potentially be a focus
for future research.

Research in AIMSS has also been hampered by lack of objective
outcome measures, the use of multiple diCerent patient-reported
outcomes (Hershman 2015), and by lack of consensus on the
constellation of clinical symptoms and signs that constitute
or define the syndrome (Hershman 2015; Niravath 2013). This
variability was reflected in the included exercise studies in our
review. To reduce clinical and methodological heterogeneity,
consensus on definitions and outcome measures in AIMSS needs
to be developed as a research priority. Such consensus would
improve the ability to answer the relevant research questions.
Better definition of AIMSS may lead to more rigorous entry criteria,
as it is possible that some of the included studies included
participants with pre-existing musculoskeletal or neuropathic
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pain syndromes. Patient-reported outcomes should certainly be
the primary focus of AIMSS research, as the most reliable
measures of quality of life include patient-reported outcomes
(Deshpande 2011). ECorts are being made to develop more
reliable tools. A recent study developed and validated a reliable
arthralgia severity measurement instrument, the Patient-Reported
Arthralgia Inventory (PRAI), in postmenopausal breast cancer
patients with AIMSS (Castel 2015). Other newly developed tools
including electronic/web-based patient-reported outcomes may
also improve research capability. Better standardisation may
improve the quality of the evidence generated, and allow for
relevant outcomes to be compared in future meta-analysis.
Patient-reported outcome monitoring may potentially improve
care delivery and patient outcomes (Nipp 2017), and incorporation
of these newer tools should be a priority for further research. It
is also important for future AIMSS trials to incorporate quality-of-
life patient-reported outcomes in their outcome assessments, as
we become increasingly aware of the impact of AIMSS on aspects
of quality of life other than pain. The optimal timing of outcome
measures remains to be established, as AIMSS fluctuates with time
(Hershman 2015). Future trials should endeavour to include longer-
term follow-up assessments to establish if any positive eCects of
exercise continue beyond the intervention period.

The next phase of ongoing research may examine comparison
between diCerent types, frequencies and intensities of exercise

in AIMSS. Goal setting, setting of graded tasks and behavioural
instructions are the common features of exercise interventions in
people with cancer that meet the recommendation targets with
high adherence rates (Turner 2018). These diCerences between
the studies in AIMSS are yet to be examined. Similarly, patient
preference between diCerent exercise interventions trialled in
AIMSS also remains unknown, and this should be examined. If the
benefit of exercise was firmly established in other AIMSS outcomes,
such research questions may be of greater merit. However, this
research would need to be conducted in the complex environment
of current recommended exercise guidelines for women with breast
cancer that reports low compliance rates, and be appropriate for
diCerent populations and healthcare settings.
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Characteristics of included studies [ordered by study ID]

 

Methods RCT; duration: 12 weeks

Participants Inclusion

• Women on AI reporting joint symptoms over preceding 12 months

Exclusion

• Metastatic disease

• Already Nordic walking

• Unable to exercise due to mobility. Safety to exercise determined by PARQ

Recruited from clinic during routine follow-up, clinical team used checklist to identify potential partici-
pants. January-December 2011

n = 40 (20 in each group)

Median age 63 years (55-71)

More employed in intervention arm (13 vs 5). Intervention group had more chemotherapy (13 vs 7).
30% had pre-existing musculoskeletal disease

Interventions Intervention

• Weeks 1-6: supervised Nordic walking once a week for 30 min x 6 sessions; participants encouraged
to have extra independent sessions of Nordic walking

• Weeks 7-12: independent Nordic walking 4 x 30-min sessions a week for 6 weeks

• Received written information about exercise after cancer

Fields 2016 
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• Macmillan exercise diary

• Phone call every 2 weeks

Comparator

• Enhanced usual care (phone call every 2 weeks)

• Received written information about exercise after cancer

• Macmillan exercise diary

Outcomes Primary

• Brief Pain Inventory- Short Form (BPI-SF): worst pain and pain interference, measured at baseline,
week 6 and week 12

Secondary outcomes

• PSEQ

• Adherence

• Depression (Center for Epidemiological Studies Depression Scale)

• QoL (Medical Outcomes SF-36)

Safety and exercise adherence data available

Notes The study was funded by the Wessex Cancer Trust, Barbers' Institute RCN

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Women were randomised by an independent data manager using a
random permuted blocks method, with a block size of 20 to ensure an even
distribution of group size"

Allocation concealment
(selection bias)

High risk Quote: "Following randomisation, the data manager informed the researcher
of the randomisation outcome, and then participants were contacted by
phone by the researcher to inform them of their allocated study group. Alloca-
tion concealment was not fully implemented in view of the limited resources
and staC in this feasibility study". From Fields' thesis (Fields 2015)

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unable to blind this intervention. Both participants and personnel were aware
of intervention allocation

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Quote: "It is recommended in a future study that collection of outcome mea-
sures and data analysis be carried by out those blind to group allocation to
avoid any potential bias"

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants concisely accounted for. 10% attrition rate for walking inter-
vention, however 40/40 participants completed both questionnaires therefore
outcome is ITT population.

Selective reporting (re-
porting bias)

Low risk Outcomes listed on p. 550-551 of the publication, and also Table 1 showing
feasibility outcomes all accounted for in results. The original published proto-
col, registered with South Central Ethics had also proposed to include an anal-
gesia diary, and 24-month outcomes for the waiting list control arm, both of
which were not reported, but were not primary or secondary outcomes in our
review. We have therefore classified this as low risk.

Fields 2016  (Continued)
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Adherence High risk Patients attended an average of 5 (out of 6) supervised sessions. Only 8% of
participants managed 4 x independent sessions in weeks 7-12. The majority
managed 1-2 independent sessions weekly (68%-85%).

Contamination High risk The intervention group had a 39% increase in vigorous activity, and no change
in walking activity. In the control arm, there was a 15% increase in vigorous ac-
tivity, and a 45% increase in walking activity.

Quote: "The exercise contamination observed in the enhanced usual care
group could have led to a treatment effect".

Other bias Low risk No other sources of bias identified

Fields 2016  (Continued)

 
 

Methods RCT; duration: 12 months

Participants Inclusion

• Postmenopausal women, HR-positive, stage I-III BC diagnosed 0.5-4 years prior to enrolment

• On AI for at least 6 months

• Arthralgias for ≥ 2 months, with BPI-SF score ≥ 3/10

• Pre-existing joint pain allowed if worsened after AI

• Physically inactive: baseline < 90 min exercise/week, no strength training

Recruited from 5 hospitals in Connecticut, USA from June 2010-December 2012

n = 121 (61 in exercise and 60 in usual care group).

Lost funding during the study, so not all participants able to complete entire 12-month programme.
(45 participants completed programme in exercise arm vs 38 in control arm completed 12-month pro-
gramme)

Mean age: exercise group: 62 ± 7 years; usual care 60.5 ± 7 years

No significant differences between groups: 85% vs 84% non-Hispanic white; 1.9 vs 1.8 years since start-
ing AI; 52% vs 42% on pain medication; 32 vs 49% had pre-existing arthritis

Interventions Intervention

• Supervised resistance training twice a week at local health club, plus 150 min/week home-based aer-
obic exercise (brisk walking, cycling) for 12 months

• Participants wore heart rate monitors during each workout

• Physical activity log book

Comparator

• Usual care

• Given written information regarding cancer topics

• Monthly phone calls (attendance to monthly phone calls was 53%)

Outcomes Primary outcome

(Questionnaires done baseline, 3, 6, 9, 12 months)

• Modified BPI assessed worst pain, pain severity and pain interference. Altered 'pain' phrase to 'joint
pain/stiffness.'

• WOMAC index

Irwin 2015 
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• DASH questionnaire

• Grip strength

• Adherence to exercise intervention (Arem 2016)

Secondary outcome

• Pain medications at 6 and 12 months

• AI adherence

• Change in weight and physical activity at 6 and 12 months

Safety data available

Collected QoL data using SF-36, FACT-G, FACT-B and FACIT-Fatigue

Preplanned subgroup analysis of those with pre-existing joint pain

Notes Study funding from National Cancer Institute, Breast Cancer Research Foundation, Yale Cancer Centre,
and National Center for Advancing Translational Science.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Permuted block randomization (at 1:1 ratio) with random block size
was performed, stratified by joint pain before AI therapy and current bisphos-
phonate use"

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not described in article/protocol.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants and personnel unable to be blinded due to nature of the interven-
tion.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk PROs completed by unblinded participants. Grip strength may be influenced
by motivational encouragement by assessors who are unblinded.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Incomplete outcome data.

Quote: "Given funding cuts, the last 25 of the 121 patients recruited were en-
rolled into a 6 month rather than a 12 month trial. Thus their study compliance
was based on the 6 month data".

Dropout imbalanced between arms: 95% completed 6 months in intervention
arm, vs only 82% in usual care group. 94% vs 80% at 12 months. Dropout rea-
son not stated.

Selective reporting (re-
porting bias)

Unclear risk Protocol published prospectively with many outcomes. Most are published in
the primary publication and a variety of secondary publications. Eg, QoL re-
ported in Baglia 2019. Some primary psychological outcomes are not reported,
and stiffness subscale not reported from WOMAC. Stiffness was one of the out-
comes of our review.

Adherence Low risk Intervention arm averaged 119 min/week of aerobic exercise, with average
70% of strength training sessions completed.

Irwin 2015  (Continued)

Exercise therapies for preventing or treating aromatase inhibitor-induced musculoskeletal symptoms in early breast cancer (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

33



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Contamination High risk Increase in physical activity levels in the control arm. Women randomly as-
signed to exercise increased their physical activity an average of 159 min/
week, compared with 49 min/week in the usual care group (P = 0.001)

Other bias Low risk No other sources of bias identified

Irwin 2015  (Continued)

 
 

Methods Phase III RCT; duration: 48 weeks

Participants Post-menopausal early BC, with arthralgias/myalgias related to anastrozole

Interventions Intervention

• Aerobic and resistance programme, 3 times/week for 48 weeks

• Weeks 1-12 fully supervised

• Weeks 13-24 supervised once weekly (2 x independent sessions/week)

• Weeks 25-48 not supervised

Comparator

• Not described

Outcomes Primary outcomes

• Change in SF-36 bodily pain at week 12

Secondary outcomes

• Change in BMD

• Change in BMI

• Change in hot flash index

• Global QoL (SF-36 and VAS)

• Change in musculoskeletal symptoms (VAS and NCIC-CTC toxicity)

Notes Study closed early due to poor accrual, with only 22 of the proposed 72 participants enrolled.

Only abstract available. Unable to get further information from the study authors.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Randomized".

No further information given about the randomisation method.

Allocation concealment
(selection bias)

Unclear risk No information given

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unable to blind this type of intervention

Lohrisch 2011 

Exercise therapies for preventing or treating aromatase inhibitor-induced musculoskeletal symptoms in early breast cancer (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

34



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk PROs completed by unblinded participants. Strength testing may have been
influenced by motivation from unblinded assessors. Weight measurements
unlikely to be affected by unblinding

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Not described. No details given for attrition

Selective reporting (re-
porting bias)

Unclear risk No study protocol published. Registered trial (NCT00519883). Different sec-
ondary endpoints mentioned (e.g. difference in musculoskeletal symptoms -
VAS, global QoL) and not reported, but only abstract available

Adherence Unclear risk Only abstract available. Not reported

Contamination Unclear risk Only abstract available. Not reported

Other bias Unclear risk Only abstract available

Lohrisch 2011  (Continued)

 
 

Methods RCT, duration: 6-week intervention, plus 6-month follow-up

Participants Inclusion

• Stage 0-III BC, age > 21 years (although 16%, n = 10, had stage IV disease at baseline)

• Compliant on AI ≥ 4 weeks

• ≥ 3/5 score on PROMIS pain intensity-short form

• Exercising ≤ 150 min/week

Exclusion

• Concurrent chemotherapy or radiation therapy

Identified through review of appointment schedule at BC clinic in tertiary care hospital. Recruited be-
tween February 2014-August 2015

n = 62 (31 in exercise, 31 in waiting list group)

Median age: 63.8 ± 8.3 years

Intervention group had more prior use of tamoxifen (11 vs 5) and vitamin D supplement (28 vs 19);
more AI non-compliance in control group (forgets once a week = 2 vs 9). Baseline joint symptoms bal-
anced

Interventions Intervention

• Home-based, self-directed walking, 6 weeks (Walk with Ease-Breast Cancer programme)

• Given written information, workbook encouraging at least 150 min exercise/week, walking as com-
fortable pace

• Physical activity log

• No contact with investigators during the 6-week intervention period

Comparator

• Waiting list control- no intervention. Asked to await further contact from the research team at 6 weeks
after study baseline

• After 6 weeks given same materials and instructions as intervention group

Nyrop 2017 
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Outcomes (Assessed at baseline, 6 weeks and 6 months after intervention. Waiting list control group had an extra
questionnaire 6 weeks after completing intervention)

• Physical activity levels (min/week)

• VAS for pain, stiffness, fatigue

• WOMAC index

• FACT-G

• RAI

• Adherence to AI

• ASE scale

• Outcome expectations from exercise

• Self-efficacy for physical activity

• Feasibility, tolerability, adverse events

Notes Study funding from National Cancer Institute

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: "Randomized", however statements indicating serious problems -
"misrandomised", "inadvertent randomisation errors". Unclear what the er-
rors were however. Imbalances in baseline demographics, which may be a re-
flection of selection bias.

Allocation concealment
(selection bias)

High risk No information provided regarding allocation concealment. 5/62 participants
were "mis-randomised". It is unclear whether this was a result of the ran-
domisation process, or allocation process. To be identified as being "mis-ran-
domised", it indicates that the allocations were not concealed from investiga-
tors.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unable to blind this intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk All outcomes were PROs, completed by unblinded participants.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk ITT analysis prospectively planned. However 23% of intervention arm did not
complete 6-week data, vs 6% control arm. Only 77% completed 6-month data,
but no mention about dropout between arms. No description of reason for not
completing 6-week or 6-month questionnaires

Selective reporting (re-
porting bias)

Low risk All outcomes reported

Adherence Low risk Mean walking time in min/week at end of 6 weeks intervention: 108.7 for inter-
vention arm (aim was 150 min/week)

Contamination Low risk Mean increase in activity time in min/week between baseline and 6 weeks was
76.21 in intervention arm, and 10.52 in the waiting list control arm. The study
authors did not collect information on the type or intensity of exercise that
these women engaged in, only the number of min/week.

Other bias Low risk No other sources of bias identified

Nyrop 2017  (Continued)
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Methods RCT; duration: 12-week intervention, plus 9-month follow-up

Participants Included

• ≥ 18 years old

• Resected, stage I-III, HR-positive BC

• Post-menopausal (or on LHRH agonist)

• Completed adjuvant chemotherapy and radiation

• ECOG 0-2

• Not on HRT

• Started AI ≤ 12 weeks prior

• Able to safely exercise as per PARQ Plus

Exclusion

• Previous AI or tamoxifen treatment

• Locally advanced or metastatic BC

• Significant medical conditions

• Other study involvement not compatible with this one

• Legal incapacity

Interventions Intervention

• Supervised programme twice weekly (consisting of moderate intensity aerobic exercise and graded
resistance exercise programme) plus home walking, for total 150 min/week

• 12-week programme

Comparator

• Information regarding importance of lifestyle management in cancer survivorship

• Advice and written information about benefits of regular exercise

Outcomes Primary outcomes

• Change in BPI scores on serial assessments at 3, 6 and 12 months

Secondary outcomes

• Rate of AI discontinuation at 3, 6, 12 months

• Compliance with exercise intervention at 3, 6, 12 months

• Hand grip strength at 3, 6, 12 months

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "Randomization will be either computer generated, by a randomization
programme, or by sealed envelopes"

Allocation concealment
(selection bias)

High risk Confirmed by study author correspondence that allocation concealment was
not performed

Sanmugarajah 2017 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unable to blind participants and personnel to this intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk PROs, completed by unblinded participants. Grip strength may be influenced
by motivational encouragement by assessors who are unblinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk ITT analysis not described in the statistical plan in the protocol. The study has
only been published in abstract form. Incomplete data available.

Selective reporting (re-
porting bias)

Unclear risk Study only published in abstract form. Protocol made available by study au-
thor correspondence. Incomplete data available

Adherence Unclear risk Abstract only. Not reported

Contamination Unclear risk Abstract only. Not reported

Other bias Unclear risk Abstract only

Sanmugarajah 2017  (Continued)

 
 

Methods RCT; duration: 12 months

Participants On an AI for 0-4 years, with no metastases. Participants could have any arthralgia level. < 75 years of
age

Interventions Intervention

• 3 grades of exercise. Participants' choice:
◦ strong: 120/150 min/week of walking or running

◦ intermediate: daily gentle callisthenics

◦ weak: going up stairs

• 12 months of exercise

Comparator

• No details provided

Outcomes Primary outcomes

• BPI after 12 months' exercise

Secondary outcomes

• BPI according to exercise strengths

• Change in BPI

• Adherence

• Safety

Notes Unclear how many participants in the study had AIMSS upon enrolment

Only abstract and poster available. Unable to contact study authors

Tamaki 2018 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Only "randomization" mentioned. No description of method in abstract or
poster

Allocation concealment
(selection bias)

Unclear risk Not described in abstract or poster

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Participants unable to be blinded for this intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk PROs, completed by unblinded participants. Uncertain risk of bias in adher-
ence to AIs. Unsure if physicians in clinic were blinded to intervention

Incomplete outcome data
(attrition bias) 
All outcomes

High risk As per poster: 22/102 (22%) of participants dropped out of the exercise inter-
vention group, and 9/37 (24%) dropped out of the usual care group.

Selective reporting (re-
porting bias)

Unclear risk Unsure if protocol published prospectively. Only published as abstract and
poster. Incomplete data available

Adherence Unclear risk Abstract/posters only. Not reported

Contamination Unclear risk Abstract/posters only. Not reported

Other bias High risk Study design: participants in exercise arm then able to choose between 1/3 ex-
ercise regimes, with wide variations in exercise intensity

Tamaki 2018  (Continued)

 
 

Methods Pilot RCT; duration: 8 weeks

Participants Inclusion

• Post-menopausal women with HR-positive BC

• Currently on AI

• Experiencing joint discomfort/stiffness when attempting ADLs

Exclusion

• Pre-existing rheumatoid arthritis or fibromyalgia

• Systemic metastatic disease

• ≥ ECOG 2

Interventions Intervention

• Exercise programme, supervised by physical therapist

• 8-week intervention

• No further information provided

Comparator

Varadarajan 2016 
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• Walking. No further details provided

Outcomes Outcomes not provided

Notes Only abstract available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "Randomly assigned"

No other description of method for randomisation

Allocation concealment
(selection bias)

Unclear risk Not described

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unable to blind this intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded participants completed PROs

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk ITT analysis not described. Attrition not mentioned

Selective reporting (re-
porting bias)

Unclear risk Protocol not published. Abstract only. Not enough information provided on
the outcomes

Adherence Unclear risk Abstract only. Not reported

Contamination Unclear risk Abstract only. Not reported

Other bias Unclear risk Abstract only

Varadarajan 2016  (Continued)

ADLs: activities of daily living; AI: aromatase inhibitor(s); AIMSS: aromatase inhibitor-induced musculoskeletal symptoms; ASE: Arthritis
self-eCicacy; BC: breast cancer; BMD: bone mineral density; BMI: body mass index; BPI: Brief Pain Inventory; BPI-SF: Brief Pain Inventory -
Short Form; DASH: Disabilities of the Arm, Shoulder and Hand; ECOG: Eastern Cooperative Oncology Group; FACIT: Functional Assessment
of Chronic Illness Therapy; FACT-B: Functional Assessment of Cancer Therapies for breast cancer; FACT-G: Functional Assessment of
Cancer Therapies - General; HR: hormone receptor; HRT: hormone replacement therapy; ITT: intention-to-treat; LHRH: luteinising
hormone-releasing hormone; NCIC-CTC: National Cancer Institute of Canada common toxicity criteria; PARQ: Physical Activity Readiness
Questionnaire; PRO: patient/participant reported outcome; PROMIS: Patient Reported Outcomes Measurement Information System;
PSEQ: Pain self-eCicacy questionnaire; QoL: quality of life; RAI: Rheumatology attitudes index; RCN: Royal College of Nursing; RCT:
randomised controlled trial; SF-36: Short-Form 36; VAS: visual analogue scale; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bower 2012 Wrong outcomes. Did not investigate AIMSS
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Study Reason for exclusion

Brown 2015 Wrong patient population. No AI subgroup

Cantarero-Villanueva 2013a Wrong study design. Not an RCT

Cantarero-Villanueva 2013b Wrong outcomes. Did not investigate AIMSS. No AI subgroup

DeNysschen 2014 Wrong study design. Not an RCT

Desbiens 2017 Wrong outcome. Did not investigate AIMSS

Djuric 2011 Wrong patient population. No AI subgroup

Galantino 2013 Wrong study design. Not an RCT

Galiano-Castillo 2017 Wrong patient population. No AI subgroup

Goodwin 2014 Wrong outcomes. Did not investigate AIMSS. Unable to determine if population had AIMSS at base-
line

Harrigan 2016 Wrong outcomes. Did not investigate AIMSS

Kiecolt-Glaser 2014 Wrong outcomes. Did not investigate AIMSS

Knobf 2017 Wrong patient population. Not specific to BC population

Lash 2011 Wrong study design. Not an RCT

Ligibel 2008 Wrong patient population. Majority received tamoxifen

Ligibel 2011 Wrong outcomes. Did not investigate AIMSS. Substudy of Goodwin 2014

Nikander 2012 Wrong patient population. No AI subgroup

Nyrop 2016 Wrong study design. No intervention

Pakiz 2016 Wrong study design. No intervention

Paulo 2019 Wrong outcomes. Did not investigate AIMSS.

Payne 2008 Wrong outcomes. Did not investigate AIMSS.

Penttinen 2009 Wrong outcomes. Did not investigate AIMSS.

Peppone 2012 Wrong patient population. Included women on tamoxifen

Peppone 2015 Wrong patient population. Included women on tamoxifen

Pruthi 2012 Wrong patient population. No AI subgroup

Reeves 2017 Wrong outcomes. Did not investigate AIMSS

Rogers 2009 Wrong patient population. No AI subgroup data available

Rogers 2009a Wrong outcomes. Baseline AIMSS not investigated
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Study Reason for exclusion

Segal 2011 Wrong outcomes. Did not investigate AIMSS

Winkels 2017 Wrong patient population. No AI subgroup

Winters-Stone 2012 Wrong patient population. No pre-defined AIMSS subgroup

AI: aromatase inhibitor; AIMSS: aromatase inhibitor-induced musculoskeletal symptoms; BC: breast cancer; RCT: randomised controlled
trial
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Evaluating the impact of Baduanjin exercise intervention on quality of life in breast cancer sur-
vivors receiving aromatase inhibitor

Methods RCT

Participants 86 participants, early BC, on an AI for at least 6 months

Interventions Baduanjin exercise classes vs waiting list control

Outcomes Primary outcome

• QoL via EORTC QLQ-C30

Secondary outcomes

• Change in fatigue via Piper fatigue questionnaire

• Change in sleep quality via Pittsburgh sleep quality index

• Change in AIMSS via BPI-SF

• Change in climacteric syndrome via Kupperman Index

• Change in BMD

• Change in BMI

• Change in 6-min walk test

• Change in grip strength

• Change in flexibility via test of scratching back and sit in the chair and reach

• Change in balance via stand on one foot

• Change in interleukin-6, tumour necrosis factor-α, interleukin-1 beta and C-reactive protein

Starting date 10 November 2016

Contact information Kun Wang: 00862083827812 ext 50910; gzwangkun@126.com

Notes China

NCT03162133 

 
 

Trial name or title Activity progam during aromatase inhibitor therapy

Methods RCT

NCT03786198 
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Participants 350 participants, early breast cancer, on adjuvant AI

Interventions Home-based walking intervention vs physical activity according to standard recommendations

Outcomes Primary outcome

• Incidence of muscle/joint symptoms by BPI-SF

Secondary outcomes

• Fatigue, EORTC QLQ-C30

• Nausea/vomiting, EORTC QLQ - Breast Cancer Module (BR-23)

• Severity of muscle/joint symptoms via BPI-SF

• Walking activity

• Treatment adherence

Starting date 28 March 2019

Contact information Daniele Oberti: +41313899191; trials@sakk.ch

Notes Switzerland

NCT03786198  (Continued)

 
 

Trial name or title Dietary and exercise interventions in reducing side effects in patients with stage I-IIIa breast cancer
receiving aromatase inhibitors

Methods RCT

Participants 20 participants, on an AI for at least 6 months, with mild/moderate arthralgia for at least 2 months
as determined by BPI

Interventions Anti-inflammatory diet vs exercise programme

Outcomes Primary outcomes

• BMD

• Joint and muscle pain via BPI and VAS

• Grip strength

• Inflammatory markers

Starting date 1 August 2019

Contact information Catherine L Carpenter: 3108258499; ccarpenter@sonnet.ucla.edu

Notes USA

NCT03953157 

 
 

Trial name or title Yoga for aromatase inhibitor-related knee pain relief in breast cancer patients

Methods RCT (cross-over)

NCT03956875 
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Participants 60

Interventions Yoga vs massage

Outcomes Primary outcome

• WOMAC questionnaire

Secondary outcome

• Meridian Energy Analysis Device (M.E.A.D)

Starting date 10 March 2019

Contact information Ching-Liang Hsieh: 0975682012; clhsieh@mail.cmuh.org.tw

Notes Taiwan

NCT03956875  (Continued)

AI: aromatase inhibitor; AIMSS: aromatase inhibitor-induced musculoskeletal symptoms; BC: breast cancer; BMD: bone mineral density;
BMI: body mass index; BPI-SF: Brief Pain Inventory-Short Form; EORTC QLQ: European Organisation for Research and Treatment of Cancer
Quality of Life questionnaire; QoL: quality of life; RCT: randomised controlled trial; VAS: visual analogue scale; WOMAC: Western Ontario
and McMasters Universities Osteoarthritis
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Primary outcomes

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Overall change in worst pain, us-
ing WOMAC pain subscale for Nyrop
2017

4 284 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.23 [-0.78, 0.32]

2 Overall change in worst pain with
VAS scale for Nyrop 2017

4 284 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.25 [-0.80, 0.30]

3 Overall change in worst pain using
final values standard deviations for
Irwin 2015

4 284 Std. Mean Difference (IV, Ran-
dom, 95% CI)

-0.18 [-0.63, 0.26]

4 Overall change in stiffness scores 1   Mean Difference (IV, Fixed, 95%
CI)

Subtotals only

4.1 Stiffness as per WOMAC 1 53 Mean Difference (IV, Fixed, 95%
CI)

-0.76 [-1.67, 0.15]

4.2 Stiffness as per VAS 1 53 Mean Difference (IV, Fixed, 95%
CI)

-0.42 [-2.10, 1.26]

5 Overall change in grip strength 1 83 Mean Difference (IV, Fixed, 95%
CI)

0.30 [-0.55, 1.15]
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Analysis 1.1.   Comparison 1 Primary outcomes, Outcome 1 Overall
change in worst pain, using WOMAC pain subscale for Nyrop 2017.

Study or subgroup Exercise arm Control arm Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Irwin 2015 45 -1.6 (1.7) 38 0.2 (2) 26.18% -0.99[-1.44,-0.53]

Nyrop 2017 24 -0.4 (3.4) 29 0.1 (3.3) 24.42% -0.14[-0.68,0.4]

Tamaki 2018 80 0 (2.4) 28 0.2 (1.8) 26.75% -0.08[-0.51,0.35]

Fields 2016 20 -1.5 (2.2) 20 -2.5 (3.2) 22.64% 0.36[-0.27,0.98]

   

Total *** 169   115   100% -0.23[-0.78,0.32]

Heterogeneity: Tau2=0.25; Chi2=14.15, df=3(P=0); I2=78.79%  

Test for overall effect: Z=0.83(P=0.41)  

Favours exercise 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.2.   Comparison 1 Primary outcomes, Outcome 2
Overall change in worst pain with VAS scale for Nyrop 2017.

Study or subgroup Exercise arm Control arm Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Fields 2016 20 -1.5 (2.2) 20 -2.5 (3.2) 22.65% 0.36[-0.27,0.98]

Irwin 2015 45 -1.6 (1.7) 38 0.2 (2) 26.19% -0.99[-1.44,-0.53]

Nyrop 2017 24 -0.7 (2.4) 29 -0.1 (2.4) 24.4% -0.25[-0.8,0.29]

Tamaki 2018 80 0.1 (2.4) 28 0.2 (1.8) 26.77% -0.05[-0.48,0.38]

   

Total *** 169   115   100% -0.25[-0.8,0.3]

Heterogeneity: Tau2=0.25; Chi2=14.13, df=3(P=0); I2=78.77%  

Test for overall effect: Z=0.91(P=0.37)  

Favours exercise 42-4 -2 0 Favours control

 
 

Analysis 1.3.   Comparison 1 Primary outcomes, Outcome 3 Overall change
in worst pain using final values standard deviations for Irwin 2015.

Study or subgroup Exercise arm Control arm Std. Mean Difference Weight Std. Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Fields 2016 20 -1.5 (2.2) 20 -2.5 (3.2) 21.43% 0.36[-0.27,0.98]

Irwin 2015 45 -2 (2.3) 38 -0.2 (2.4) 27.01% -0.76[-1.21,-0.31]

Nyrop 2017 24 -0.4 (3.4) 29 0.1 (3.3) 23.97% -0.14[-0.68,0.4]

Tamaki 2018 80 0 (2.4) 28 0.2 (1.8) 27.59% -0.08[-0.51,0.35]

   

Total *** 169   115   100% -0.18[-0.63,0.26]

Heterogeneity: Tau2=0.14; Chi2=9.33, df=3(P=0.03); I2=67.85%  

Test for overall effect: Z=0.82(P=0.41)  

Favours exercise 52.5-5 -2.5 0 Favours control
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Analysis 1.4.   Comparison 1 Primary outcomes, Outcome 4 Overall change in sti<ness scores.

Study or subgroup Exercise arm Control arm Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

1.4.1 Stiffness as per WOMAC  

Nyrop 2017 24 -0.9 (1.7) 29 -0.2 (1.7) 100% -0.76[-1.67,0.15]

Subtotal *** 24   29   100% -0.76[-1.67,0.15]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.63(P=0.1)  

   

1.4.2 Stiffness as per VAS  

Nyrop 2017 24 -0.2 (3.1) 29 0.2 (3.2) 100% -0.42[-2.1,1.26]

Subtotal *** 24   29   100% -0.42[-2.1,1.26]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.49(P=0.62)  

Favours exercise 105-10 -5 0 Favours control

 
 

Analysis 1.5.   Comparison 1 Primary outcomes, Outcome 5 Overall change in grip strength.

Study or subgroup Exercise arm Control arm Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Irwin 2015 45 0.4 (2) 38 0.1 (1.9) 100% 0.3[-0.55,1.15]

   

Total *** 45   38   100% 0.3[-0.55,1.15]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.69(P=0.49)  

Favours control 52.5-5 -2.5 0 Favours exercise

 
 

Comparison 2.   Secondary outcomes

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Persistence and compli-
ance with aromatase in-
hibitors

2 224 Odds Ratio (M-H, Random, 95% CI) 2.43 [0.41, 14.63]

2 Health-related quality of
life

2   Mean Difference (IV, Random, 95%
CI)

Subtotals only

2.1 Role physical 2 123 Mean Difference (IV, Random, 95%
CI)

6.15 [2.03, 10.26]

2.2 Physical functioning 2 123 Mean Difference (IV, Random, 95%
CI)

9.70 [1.67, 17.73]

2.3 Bodily pain 2 123 Mean Difference (IV, Random, 95%
CI)

7.60 [4.51, 10.70]

2.4 General health 2 123 Mean Difference (IV, Random, 95%
CI)

3.62 [0.92, 6.33]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.5 Vitality 2 123 Mean Difference (IV, Random, 95%
CI)

4.96 [2.52, 7.40]

2.6 Social functioning 2 123 Mean Difference (IV, Random, 95%
CI)

4.45 [1.33, 7.58]

2.7 Role emotional 2 123 Mean Difference (IV, Random, 95%
CI)

1.88 [-2.69, 6.45]

2.8 Mental health 2 123 Mean Difference (IV, Random, 95%
CI)

3.15 [0.57, 5.73]

3 Cancer-specific quality of
life

2 136 Mean Difference (IV, Random, 95%
CI)

4.58 [-0.61, 9.78]

 
 

Analysis 2.1.   Comparison 2 Secondary outcomes, Outcome 1 Persistence and compliance with aromatase inhibitors.

Study or subgroup Exercise arm Control arm Odds Ratio Weight Odds Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Irwin 2015 36/45 29/38 64.8% 1.24[0.44,3.53]

Tamaki 2018 101/102 36/39 35.2% 8.42[0.85,83.52]

   

Total (95% CI) 147 77 100% 2.43[0.41,14.63]

Total events: 137 (Exercise arm), 65 (Control arm)  

Heterogeneity: Tau2=1.01; Chi2=2.22, df=1(P=0.14); I2=54.9%  

Test for overall effect: Z=0.97(P=0.33)  

Favours control 2000.005 100.1 1 Favours exercise

 
 

Analysis 2.2.   Comparison 2 Secondary outcomes, Outcome 2 Health-related quality of life.

Study or subgroup Exercise arm Control arm Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.2.1 Role physical  

Fields 2016 20 75 (153.9) 20 100 (163.1) 0.18% -25[-123.26,73.26]

Irwin 2015 45 7.7 (9.7) 38 1.5 (9.4) 99.82% 6.2[2.08,10.32]

Subtotal *** 65   58   100% 6.15[2.03,10.26]

Heterogeneity: Tau2=0; Chi2=0.39, df=1(P=0.53); I2=0%  

Test for overall effect: Z=2.93(P=0)  

   

2.2.2 Physical functioning  

Fields 2016 20 12 (13.9) 20 -5 (28.5) 23.94% 17[3.13,30.87]

Irwin 2015 45 6.3 (6.7) 38 -1.1 (6.4) 76.06% 7.4[4.59,10.21]

Subtotal *** 65   58   100% 9.7[1.67,17.73]

Heterogeneity: Tau2=20.01; Chi2=1.77, df=1(P=0.18); I2=43.42%  

Test for overall effect: Z=2.37(P=0.02)  

   

2.2.3 Bodily pain  

Favours control 10050-100 -50 0 Favours exercise
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Study or subgroup Exercise arm Control arm Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Fields 2016 20 11 (25.4) 20 11 (26.2) 3.76% 0[-15.97,15.97]

Irwin 2015 45 8.1 (7.3) 38 0.2 (7.3) 96.24% 7.9[4.74,11.06]

Subtotal *** 65   58   100% 7.6[4.51,10.7]

Heterogeneity: Tau2=0; Chi2=0.9, df=1(P=0.34); I2=0%  

Test for overall effect: Z=4.81(P<0.0001)  

   

2.2.4 General health  

Fields 2016 20 5 (29.2) 20 -3 (23.1) 2.75% 8[-8.32,24.32]

Irwin 2015 45 3 (6.7) 38 -0.5 (6.1) 97.25% 3.5[0.76,6.24]

Subtotal *** 65   58   100% 3.62[0.92,6.33]

Heterogeneity: Tau2=0; Chi2=0.28, df=1(P=0.59); I2=0%  

Test for overall effect: Z=2.63(P=0.01)  

   

2.2.5 Vitality  

Fields 2016 20 12 (24.6) 20 12 (23.1) 2.72% 0[-14.79,14.79]

Irwin 2015 45 6 (5.7) 38 0.9 (5.8) 97.28% 5.1[2.63,7.57]

Subtotal *** 65   58   100% 4.96[2.52,7.4]

Heterogeneity: Tau2=0; Chi2=0.44, df=1(P=0.51); I2=0%  

Test for overall effect: Z=3.99(P<0.0001)  

   

2.2.6 Social functioning  

Fields 2016 20 5 (23.9) 20 6 (16.9) 5.95% -1[-13.82,11.82]

Irwin 2015 45 6.2 (7.7) 38 1.4 (7.3) 94.05% 4.8[1.58,8.02]

Subtotal *** 65   58   100% 4.45[1.33,7.58]

Heterogeneity: Tau2=0; Chi2=0.74, df=1(P=0.39); I2=0%  

Test for overall effect: Z=2.79(P=0.01)  

   

2.2.7 Role emotional  

Fields 2016 20 0 (57.7) 20 0 (76.9) 1.18% 0[-42.14,42.14]

Irwin 2015 45 5.1 (10.7) 38 3.2 (10.6) 98.82% 1.9[-2.7,6.5]

Subtotal *** 65   58   100% 1.88[-2.69,6.45]

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.93); I2=0%  

Test for overall effect: Z=0.81(P=0.42)  

   

2.2.8 Mental health  

Fields 2016 20 4 (12.3) 20 2 (12.3) 11.47% 2[-5.63,9.63]

Irwin 2015 45 4 (6.3) 38 0.7 (6.4) 88.53% 3.3[0.55,6.05]

Subtotal *** 65   58   100% 3.15[0.57,5.73]

Heterogeneity: Tau2=0; Chi2=0.1, df=1(P=0.75); I2=0%  

Test for overall effect: Z=2.39(P=0.02)  

Test for subgroup differences: Chi2=8.85, df=1 (P=0.26), I2=20.94%  

Favours control 10050-100 -50 0 Favours exercise

 
 

Analysis 2.3.   Comparison 2 Secondary outcomes, Outcome 3 Cancer-specific quality of life.

Study or subgroup Exercise arm Control arm Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Irwin 2015 45 8 (10) 38 1.2 (9.7) 58.88% 6.8[2.55,11.05]

Nyrop 2017 24 1.5 (11.3) 29 0.1 (11.4) 41.12% 1.41[-4.75,7.57]

Favours control arm 5025-50 -25 0 Favours exercise
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Study or subgroup Exercise arm Control arm Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

   

Total *** 69   67   100% 4.58[-0.61,9.78]

Heterogeneity: Tau2=7.24; Chi2=1.99, df=1(P=0.16); I2=49.81%  

Test for overall effect: Z=1.73(P=0.08)  

Favours control arm 5025-50 -25 0 Favours exercise

 

 

A P P E N D I C E S

Appendix 1. CENTRAL

#1 MeSH descriptor: [Aromatase Inhibitors] explode all trees

#2 aromatase inhibit* (Word variations have been searched)

#3 anastrozole or exemestane or letrozole or aminoglutethimide* or atamestane or fadrozole or formestane or vorozole or arimidex or
aromasin or femara or fadrozole or lentaron or rivizor or cytadren (Word variations have been searched)

#4 #1 or #2 or #3

#5 MeSH descriptor: [Breast Neoplasms] explode all trees

#6 breast near cancer*

#7 breast near (tumour* or tumor*)

#8 breast near malignan*

#9 breast near (carcinoma* or adenocarcinoma*)

#10 #5 or #6 or #7 or #8 or #9

#11 (physical or strength* or resistance or isometric*)

#12 (exercise* or activit* or therap* or program* or training)

#13 #11 near #12

#14 exercise near (therap* or program* or training*)

#15 MeSH descriptor: [Exercise Therapy] explode all trees

#16 MeSH descriptor: [Exercise] explode all trees

#17 sport or sports* or walk* or swim* or aquatic or danc* or running or jogging or aerobic* or pilates or qigong or "qi gong" or "chi kung"
or "chi gung" or exercis* or gym* or isometric*

#18 tai chi or t'ai chi or taijiquan or yoga or yogi* or dhyan or pranayam or asana or bikram or vinyasa or hatha or ashtanga or iyengar
or kundalini

#19 #13 or #14 or #15 or #16 or #17 or #18

#20 #4 and #10 and #19 [in trials]

Appendix 2. MEDLINE

1. "exemestane"[Supplementary Concept])

2. "Aromatase Inhibitors"[Mesh])

3. “Aromatase Inhibitors"[Pharmacological Action]
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4. "letrozole"[Supplementary Concept]

5. "Aminoglutethimide"[Mesh]

6. "anastrozole"[Supplementary Concept]

7. "atamestane"[Supplementary Concept]

8. "Fadrozole"[Mesh]

9. "formestane"[Supplementary Concept]

10."vorozole"[Supplementary Concept]

11.aromatase inhibitor*

12.anastrozole

13.arimidex

14.exemestane

15.letrozole

16.aromasin

17.femara

18.fadrozole

19.formestane

20.rivizor

21.cytadren

22.aminoglutethimide

23. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 OR 12 OR 13 OR 14 OR 15 OR 16 OR 17 OR 18 OR 19 OR 20 OR 21 OR 22

24. (breast* OR mammary) AND (cancer OR cancers OR cancerous OR carcinoma OR malignant* OR tumor OR tumors OR tumour OR
tumours OR adenocarcinoma*)

25. ("Breast"[Mesh] OR Breast Diseases"[Mesh]) AND "Neoplasms"[Mesh]

26."Breast Neoplasms"[Mesh]

27. 24 OR 25 OR 26

28."Exercise Therapy"[Mesh]

29. "Exercise Movement Techniques"[Mesh]

30. "Sports"[Mesh]

31. "Dancing"[Mesh]

32. "Exercise"[Mesh]

33. "Resistance training"[MeSH Terms]

34. dhyan*[Text Word] OR pranayam*[Text Word] OR asana [Text Word] OR bikram [Text Word] OR vinyasa [Text Word] OR hatha [Text Word]
OR ashtanga [Text Word] OR iyengar [Text Word] OR kundalini [Text Word] OR yoga OR yogi*

35. (sport OR sports* OR walk* OR swim* OR aquatic OR danc* OR running OR jogging OR aerobic* OR pilates OR qigong OR "qi gong" OR
"chi kung" OR "chi gung" OR exercis* OR gym* OR isometric* OR "tai chi" OR "t'ai chi" OR taijiquan)

36. (exercise* AND (therap* OR program* OR training*))
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37. (physical OR strength* OR resistance OR isometric) AND (exercis* OR activit* OR therapy OR therapies OR therapeutic OR program* OR
training)

38. 28 OR 29 OR 30 OR 31 OR 32 OR 33 OR 34 OR 35 OR 36 OR 37

39. randomized controlled trial[Publication Type]

40. controlled clinical trial[Publication Type]

41. randomized[Title/Abstract]

42.randomised[Title/Abstract]

43.randomly[Title/Abstract]

44. placebo[Title/Abstract]

45.trial[Title/Abstract])

46.groups[Title/Abstract]

47. 39 OR 40 OR 41 OR 42 OR 43 OR 44 OR 45 OR 46

48. 23 AND 27 AND 38 AND 47

49. "Animals"[Mesh] NOT "Humans"[Mesh]

50. 48 NOT 49

Appendix 3. Embase

(((aromatase NEAR/2 inhibit* OR 'aromatase inhibitor'/exp OR anastrozole OR exemestane OR 'letrozole' OR aminoglutethimide* OR
atamestane OR fadrozole OR formestane OR vorozole OR arimidex OR aromasin OR femara OR fadrozole OR lentaron OR rivizor OR
cytadren)

AND

('breast cancer'/exp OR (breast OR mammary) NEAR/3 (cancer* OR carcinoma* OR malignan* OR tumo*r* OR adenocarcinoma*) OR
('neoplasm'/exp AND ('breast'/exp OR 'breast disease'/exp)))

AND

('sport'/exp OR 'dancing'/exp OR 'exercise'/exp OR 'walking'/exp OR 'physical activity'/exp ‘resistance training’/exp) OR (sport* OR walk*
OR swim* OR aquatic OR danc* OR running OR jogging OR aerobic* OR pilates OR exercis* OR gym* OR isometric*) OR (sport*:ti,ab
OR walk*:ti,ab OR swim*:ti,ab OR aquatic:ti,ab OR danc*:ti,ab OR running:ti,ab OR jogging:ti,ab OR aerobic*:ti,ab OR pilates:ti,ab OR
exercis*:ti,ab OR gym*:ti,ab OR isometric*:ti,ab) OR (exercise* NEAR/3 (therap* OR program* OR training*)):ti,ab OR ((physical OR strength
OR resistance OR isometric) NEAR/3 (exercis* OR activity* OR therap* OR program* OR training)):ti,ab OR (qigong:ti,ab OR 'qi gong':ti,ab OR
'chi kung':ti,ab OR 'chi gung':ti,ab) OR ('tai chi' OR 't?ai chi' OR taijiquan) OR (yoga:ti,ab OR yogi*:ti,ab) OR (dhyan:ti,ab OR pranayam:ti,ab
OR asana:ti,ab OR bikram:ti,ab OR vinyasa:ti,ab OR hatha:ti,ab OR ashtanga:ti,ab OR iyengar:ti,ab OR kundalini:ti,ab)))

AND

random* OR factorial* OR crossover* OR cross NEXT/1 over* OR placebo* OR (doubl* AND blind*) OR (singl* AND blind*) OR assign* OR
allocat* OR volunteer* OR 'crossover procedure'/exp OR 'double blind procedure'/exp OR 'randomized controlled trial'/exp OR 'single blind
procedure'/exp

Appendix 4. CINAHL

S1 (MH "Aromatase Inhibitors+")

S2 TX (aromatase N3 inhibit*)

S3 TX exemestane

S4 TX letrozole

S5 TX Aminoglutethimide*
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S6 TX atamestane

S7 TX fadrozole

S8 TX formestane

S9 TX vorozole

S10 TX arimidex

S11 TX aromasin

S12 TX femara

S13 TX fadrozole or TX anastrozole or TX rivizor or TX cytadren or TX lentaron

S14 TX hormon* W1 therapy*

S15 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14

S16 (MH "Breast Neoplasms+")

S17 (MH "Breast+")

S18 (MH "Neoplasms+")

S19 S18 AND S19

S20 TX ((breast* OR mammary) N3 (cancer* OR carcinoma* OR adenocarcinoma* OR malignan* OR tumo#r*))

S21 S16 or S19 or S20

S22 (MH "Therapeutic Exercise+")

S23 (MH "Exercise+")

S24 (MH "Resistance Training")

S25 (MH "Physical Activity")

S26 (MH "Physical Fitness") OR (MH "Physical Performance") OR (MH "Sports+")

S27 (MH "Walking+") or (MH "Swimming")

S28 (MH "Dance Therapy") OR (MH "Dancing+")

S29 (MH "Yoga+") OR (MH "Tai Chi")

S30 (MH "Qigong")

S31 TX sport OR sports* OR walk* OR swim* OR aquatic OR danc* OR running OR jogging OR aerobic* OR pilates OR qigong OR "qi gong"
OR "chi kung" OR "chi gung" OR exercis* OR gym* OR isometric*

S32 TX ((physical OR strength* OR resistance or isometric*) N3 (exercis* OR activit* OR therap* OR program* OR training)) or TX (exercise
W6 therap*)

S33 TX dhyan* OR pranayam* OR asana OR bikram OR vinyasa OR hatha OR ashtanga OR iyengar OR kundalini OR yoga OR yogi*

S34 TX "tai chi"

S35 TX "t'ai chi" or or TX (tai ji) or TX (taijiquan)

S36 S22 or S23 or S24 or S25 or S26 or S27 or S28 or S29 or S30 or S31 or S32 or S33 or S34 or S35

S37 (MH "Clinical Trials+")

S38 PT Clinical trial

S39 TX clinic* n1 trial*
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S40 TX ( (singl* n1 blind*) or (singl* n1 mask*) ) or TX ( (doubl* n1 blind*) or (doubl* n1 mask*) ) or TX ( (tripl* n1 blind*) or (tripl* n1 mask*) )
or TX ( (trebl* n1 blind*) or (trebl* n1 mask*) )

S41 TX randomi* control* trial*

S42 (MH "Random Assignment")

S43 TX random* allocat*

S44 TX placebo*

S45 (MH "Placebos")

S46 (MH "Quantitative Studies")

S47 TX allocat* random*

S48 S37 or S38 or S39 or S40 or S41 or S42 or S43 or S44 or S45 or S46 or S47

S49 S15 and S21 and S36 and S48

Appendix 5. WHO ICTRP

breast cancer AND aromatase AND exercise

breast cancer AND aromatase AND yoga

breast cancer AND aromatase AND training

breast cancer AND aromatase AND physical activity

Appendix 6. ClinicalTrials.gov

breast cancer AND aromatase | exercise OR physical OR yoga OR activity OR training OR walking | Studies with Female Participants
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Internal sources

• Not applicable, Other.
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External sources

• Not applicable, Other.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

In the protocol one of our secondary outcomes was 'overall change in quality of life'. Due to the diversity of quality-of-life scoring tools used
amongst the studies, we felt that it was not appropriate to merge the findings of the quality-of-life tools into one overall meta-analysis.
Instead, we divided this outcome into two subgroups, which included overall change in health-related quality of life, and overall change in
cancer-specific quality of life. This enabled us to analyse diCerent quality-of-life scoring tools and present the findings in a more appropriate
way.

In our protocol, we had planned to only do random-eCects meta-analysis as we had expected clinical heterogeneity between studies. In
our revised method, we have also reported the results of the fixed-eCect model for each assessment. Due to the small number of studies,
and small number of participants in some studies, we also performed a random-eCects meta-analysis using the Hartung, Knapp, Sidik and
Jonkman (HKSJ) approach (IntHout 2014).

Due to the limited studies available, and limited reporting of results, we were unable to undertake further subgroup analysis. In our
protocol, we had planned to undertake further subgroup analysis based on:

• type of exercise (i.e. aerobic/resistance/combination/other);

• supervised versus home-based; and

• intensity of treatment (i.e. mild/moderate/vigorous)

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Exercise Therapy  [methods];  Aromatase Inhibitors  [*adverse eCects]  [therapeutic use];  Breast Neoplasms  [drug therapy]; 
Musculoskeletal Pain  [*chemically induced]  [*prevention & control];  Neoplasm Staging;  Randomized Controlled Trials as Topic

MeSH check words

Female; Humans
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