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Abstract
Background Evidence is mixed regarding the effect of exercise programs on improving musculoskeletal symptoms and quality
of life. Previous meta-analyses have not focused specifically on the musculoskeletal symptoms. Therefore, this meta-analysis
aimed to evaluate the effect of exercise on these outcomes in breast cancer survivors taking aromatase inhibitors.
Methods PubMed, CINAHL, EMBASE, Web of Science, Wan Fang, CNKI, VIP, and CBM were searched for randomized
control trials or quasi-experimental studies from the establishment of the database to May 2019. Studies comparing exercise
programswith usual care among breast cancer survivors taking aromatase inhibitors were included. The primary outcomewas the
degree of musculoskeletal symptoms, as assessed by scores of pain, stiffness, and grip strength. The secondary outcome was the
total quality of life score.
Results A total of 9 studies involving 743 participants were included. Exercise programs were more effective than usual care in
improving musculoskeletal symptoms among breast cancer patients taking AIs. The subgroup scores of pain (SMD = -0.46, 95%
CI -0.79 to -0.13, P = 0.006), stiffness (SMD = -0.40, 95% CI -0.71 to -0.08, P = 0.01), and grip strength (SMD = 0.43, 95% CI
0.16 to 0.71, P = 0.002) benefited from exercise interventions. Similar effects were found for the quality of life scores (SMD =
2.24, 95% CI 0.28 to 4.21, P = 0.03).
Conclusions Results indicate that exercise relieves musculoskeletal symptoms and improves quality of life, which can be used to
motivate patients to exercise actively under professional guidance. Due to a small sample size, further research is required to
ensure the effectiveness of exercise on musculoskeletal symptoms and quality of life.
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Abbreviations
AIs aromatase inhibitors
AIMSS aromatase inhibitor-associated musculoskeletal

symptoms
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Introduction

Breast cancer is the most prevalent cancer in women world-
wide [1]. Approximately 75% of breast cancer survivors are
diagnosed with hormone-receptor-positive breast cancer [2].
As a part of standard adjuvant therapy for postmenopausal
women diagnosed with hormone-receptor-positive breast can-
cer [3], aromatase inhibitors (AIs) have improved disease-free
survival by 40%; however, they also cause aromatase
inhibitor-associated musculoskeletal symptoms (AIMSS)
[4]. AIMSS occur in up to 54% of patients, presenting as mild
or moderate joint pain, muscle stiffness, decreased grip
strength, and so on [5]. AIMSS are the most common reason
for postmenopausal breast cancer survivors to discontinue AI
treatment [6, 7]. Self-discontinuation of AIs because of side
effects may attenuate the efficacy of AIs, thereby increasing
the likelihood of cancer recurrence [8].
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Currently, the management of AIMSS can be categorized
into pharmacological and nonpharmacological therapies.
Although duloxetine has a greater reduction in AIMSS, it
leads to frequent adverse events, such as dry mouth, nausea,
headache, and fatigue [9]. There is a lack of clinical trials that
prove the safety of pharmacological therapies, so drugs cannot
be widely used in clinical practice for a long period of time
[10]. Yoga significantly reduced muscle aches, general pain,
and physical discomfort among breast cancer survivors on
hormone therapy [11]. As one of the nonpharmacological
treatments, exercise programs have received much attention
in recent years. An exercise program [12] refers to the preven-
tion and improvement of AIMSS through aerobic exercise,
resistance exercise, or a combination of both, and it includes
activities such as yoga, walking, and swimming. Exercise in-
tensity should be guided by an exercise trainer at a safe and
comfortable pace or no more than 80% of heart rate reserve.
However, the effect of exercise on AIMSS remains inconclu-
sive. Many original studies have noted the effectiveness of
exercise on AIMSS and quality of life (QOL) among breast
cancer survivors taking AIs [13–15], while other researches
have not reached the same conclusion [12, 16–19]. It is nec-
essary to perform a systematic review and meta-analysis on
the effect of exercise on AIMSS and QOL.

Previous systematic reviews about the effect of exercise
among breast cancer survivors were conducted with searches
in PubMed, the Joanna Briggs Institute (JBI), the Cochrane
Library, and other electronic databases. Exercise programs
could significantly improve subjective sleep problems, de-
crease fatigue, and control sex hormones [20–22], but none
of the meta-analyses directly examined the effect of exercise
on AIMSS. Thus, the current study aimed to conduct a meta-
analysis on the effect of exercise on AIMSS and QOL in
breast cancer survivors with AIs.

Methods

Design

This systematic review was conducted according to the guide-
lines of the Cochrane Collaboration [23], and the report was
based on the principles of the PRISMA statement [24].

Data sources and searches

The following electronic databases were searched from their
inception to May 1st, 2019: PubMed, Web of Science,
EMBASE, CINAHL, Chinese Biomedical Service Platform
(CBM), Wan Fang, Chinese Scientific and Technological
Journal Database (VIP), and China National Knowledge
Infrastructure (CNKI). Searches were restricted to studies in
English and Chinese.

The main search terms used to search the databases includ-
ed “breast cancer/breast neoplasms/breast tumor/breast carci-
noma, exemestane/letrozole/aminoglutethimide/anastrozole/
formestane/aromatase inhibitors/aromatase inhibitor,
exercise/physical activity/aerobic exercise/yoga/tai chi/walk-
ing/jogging/dance, musculoskeletal/musculoskeletal/
pain/stiffness” and so on. Free terms and keywords from the
thesaurus of each database were combined. Two authors
screened the studies, and they resolved disagreements via dis-
cussion or by referring to another author if necessary.

The retrieval strategy consisted of the following four steps.
First, a related systematic review and meta-analysis from JBI
and the Cochrane Library were conducted. Second, related
original research was searched in the databases, reading the
title, and abstract after removing duplicate articles by
EndnoteX8 software. Third, the full text of articles that initial-
ly met the inclusion criteria was read. Last, the references of
the included research studies were searched.

Study selection

Studies were eligible for inclusion if they were randomized
control trials or quasi-experimental studies. Included studies
examined the effectiveness of any types of exercise onAIMSS
or QOL in breast cancer patients taking AIs. Two authors
independently screened the studies, and they resolved dis-
agreements via discussion or referring to the third author if
necessary.

Participants

Participants had a diagnosis of breast neoplasms in accordance
with diagnostic criteria [25] and were taking AIs. The severity
of AIMSS was not limited. Individuals with other malignant
tumors or metastatic breast cancer, and arthritis or joint pain
attributed to inflammatory arthritis (such as rheumatoid arthri-
tis, osteoarthritis, or gout) prior to hormone therapy were ex-
cluded. Those unable to exercise due to mobility issues were
excluded.

Intervention

The experimental group had to exercise as defined previously.
Exercise programs required specialists’guidance, although the
duration, frequency, and intensity, as well as whether they
were home-based or group exercise programs, were not
restricted.

Comparison

Individuals in the control group were told to continue their
usual activities, or they received convention care. They were
not given exercise instruction until the end of the study.
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Outcomes

The included studies had to measure at least one of the
outcomes: subgroup scores for AIMSS or the total QOL
score. Subgroup scores of AIMSS consisted of three
types of symptoms: pain, stiffness, and grip strength.
All the outcomes were measured with continuous data.
The score of AIMSS was measured using the BPI scale,
WOMAC scale, VAS scale, electronic algometer, and so
on. The QOL score was measured by self-reported mea-
surements, including the FACT scale and SF36 scale.

Quality assessment

The quality assessment was conducted by two authors
independently. The Cochrane Handbook for Systematic
Reviews of Interventions Version 5.3.0 of the Cochrane
Collaboration [26] was used to assess the risk of bias in
the included studies and included random sequence gen-
eration (selection bias), allocation concealment (selection
bias), blinding of participants and personnel (performance
bias), blinding of outcome assessment (detection bias),
incomplete outcome data (attrition bias), selective
reporting (reporting bias), and other bias. The results of
the assessment were classified as low risk, unclear risk, or

high risk. The authors resolved disagreements by discus-
sion and, if necessary, by referring to another author.

Data extraction

After reading the full text of the eligible studies, the
following characteristics and outcome data were extract-
ed by two authors: author, publication year, country/area
where the study was performed, study design, sample
size and mean age range, intervention of experimental
and control groups, intervention details, follow-up, and
the mean and standard deviation of outcomes (the score
of AIMSS, including pain, stiffness, and grip strength,
and the QOL score). If standard deviations were not
reported in the original studies, the confidence interval
(CI) and P value provided were converted into standard
deviation according to the method described in the
Cochrane Handbook.

Statistical analysis

Data were pooled for statistical meta-analysis via RevMan 5.3
provided by the Cochrane Collaboration. All the outcomes
were continuous data and expressed as a 95% confidence
interval (CI) with a significance level of α = 0.05. The mean

Records iden�fied through 
database searching

(n =4728)

Sc
re
en

in
g

In
clu

de
d

El
ig
ib
ili
ty

noitacifitnedI

Addi�onal records iden�fied 
through other sources

(n =1)

Records a�er duplicates removed
(n =2390)

Records screened
(n =28)

Records excluded
(n =2363)

Full-text ar�cles assessed 
for eligibility

(n =10)

necessary data was not
extracted (n =4);
not all pa�ents with 
hormone therapy (n =4);
not using AIMSS or quality 
of life as outcome (n =2); 
not RCT or quasi-
experimental studies
experiment(n=3);
the full text not
available(n=5)

Studies included in 
qualita�ve synthesis

(n =1)

Studies included in 
quan�ta�ve synthesis 

(meta-analysis)
(n =9)

Fig. 1 Flow chart diagram of trial
identification and selection

1589Support Care Cancer (2020) 28:1587–1596



Ta
bl
e
1

C
ha
ra
ct
er
is
tic
s
of

th
e
in
cl
ud
ed

st
ud
ie
s

St
ud
y

C
ou
nt
ry

D
es
ig
n

D
es
cr
ip
tio

n
of
br
ea
st
ca
nc
er
/

A
IM

S
S

P
ar
tic
ip
an
ts

In
te
rv
en
tio

n
In
te
rv
en
tio

n
de
ta
ils

C
om

pa
ri
so
n

F
ol
lo
w
-u
p

O
ut
co
m
es

B
ag
lia

et
al
.

[2
7]

20
19

U
SA

R
C
T

br
ea
st
ca
nc
er
(s
ta
ge

1-
3)

/a
tle
as
t

m
ild

ar
th
ra
lg
ia

N
=
12
1e
xp

=
61

ag
e

=
62
.0
±7

.0
co
n
=

60
ag
e
=
60
.5
±7

.0
co
m
bi
ne
de
xe
rc
is
-

e/
su
pe
rv
is
ed
,-

gr
ou
p-
ba
se
d
an
d

ho
m
e-
ba
se
d

(w
al
ki
ng
)

le
ng
th

=
12

m
D
ur
at
io
n
=
15
0

m
in
/w
ee
kF

re
qu
e-

nc
y
=
3
or

5
se
ss
io
ns
/w
ee
k

In
te
ns
ity

=
no
re
po
rt

co
nt
in
ue

us
ua
l

ac
tiv

iti
es

an
do
ff
er

ex
er
ci
se

in
st
ru
ct
io
na
ft
er
th
e

en
d
of

th
e
st
ud
y

ba
se
lin

e、
6
m
、
12

m
SF

36
、
FA

C
T-
E
-

S
、
FA

C
T-
B
、
F-

A
C
T-
G
、
in
te
rv
e-

nt
io
n
ad
he
re
nc
e

Ta
n
et
al
.

[3
1]

20
18

C
hi
na

R
C
T

br
ea
st
ca
nc
er
(s
ta
ge

1-
3)
/n
ot
re
po
rt

N
=
74
ex
p
=
37

ag
e
=

59
.5
±1

.4
co
n
=
37

ag
e
=
59
.4
±1

.5
co
m
bi
ne
de
xe
rc
is
-

e- /- su
pe
rv
is
ed
(p
ro
gr
-

es
si
ve

w
al
ki
ng
)

le
ng
th

=
15

w
D
ur
at
io
n
=
at
le
as
t

17
0

m
in
/w
ee
kF

re
qu
e-

nc
y
=
2

tim
es
/w
ee
k

In
te
ns
ity

=
45
-6
5%

no
to

ff
er

in
st
ru
ct
io
n

ba
se
lin

e、
15

w
V
A
S、

co
m
pr
eh
e-

ns
iv
e

as
se
ss
m
en
tq
ue
st
i-

on
na
ir
e、

th
e
le
ve
l

of
bl
oo
d
lip

id
an
d

bl
oo
d
pr
es
su
re

、
D
A
S
H
sc
al
e

N
yr
op et
al
.

[2
9]

20
17

U
SA

R
C
T

br
ea
st
ca
nc
er
(s
ta
ge

1-
4)
/m

od
er
at
eA

I-
M
SS

N
=
62

ag
e
=
63
.8

±8
.3
ex
p
=
31

ag
e

=
63
.3
±6

.9
co
n
=

31
ag
e
=
64
.4
±9

.7

ae
ro
bi
c
ex
er
ci
se
/

ho
m
e-
ba
se
d
or

gr
ou
p-
-

ba
se
d(
w
al
ki
ng

pr
og
ra
m
)

le
ng
th
=
6w

D
ur
at
io
n

=
15
0

m
in
/w
ee
kF

re
qu
e-

nc
y
=
da
ily

In
te
ns
ity

=
at
a

sa
fe

an
dc
om

fo
rt
ab
le

pa
ce

co
nt
in
ue

us
ua
l

ac
tiv

iti
es

an
do
ff
er

ex
er
ci
se

in
st
ru
ct
io
na
ft
er
th
e

en
d
of

th
e
st
ud
y

ba
se
lin

e、
6
w
、
6
m

V
A
S、

W
O
M
A
-

C
、
FA

C
T-
G
、
R
-

A
I、

O
E
E

T
ho
m
as

et
al
.

[2
8]

20
17

U
SA

R
C
T

br
ea
st
ca
nc
er
(s
ta
ge

1-
3)
/a
tle
as
t

m
ild

ar
th
ra
lg
ia

N
=
12
1e
xp

=
61

ag
e

=
62
.0
±7

.0
co
n
=

60
ag
e
=
60
.5
±7

.0
co
m
bi
ne
de
xe
rc
is
-

e/
su
pe
rv
is
ed
,

ho
m
e-
ba
se
d
(b
ri
sk

w
al
ki
ng
)

le
ng
th

=
12

m
D
ur
at
io
n
=
15
0

m
in
/w
ee
kF

re
qu
e-

nc
y
=

tw
ic
e-
w
ee
kl
y

In
te
ns
ity

=
60
%
-

-8
0%

of
pr
ed
ic
te
d

m
ax
im

al
he
ar
tr
at
e

co
nt
in
ue

w
ith

th
ei
r

us
ua
la
ct
iv
iti
es

ba
se
lin

e、
6
m
、
12

m
B
PI
、
bo
dy

co
m
po
si
tio

n

F
ie
ld
s

et
al
.

[3
4]

20
16

U
K

R
C
T

br
ea
st
ca
nc
er
w
ith

pa
in

N
=
40

ag
e
=
63

±8
ex
p
=
20

ag
e
=

60
±8

co
n
=
20

ag
e

=
66
±7

ae
ro
bi
c

ex
er
ci
se
/-

su
pe
rv
is
ed
gr
ou
p

(N
or
di
c

w
al
ki
ng
pr
og
ra
m
)

le
ng
th

=
12
w

D
ur
at
io
n
=
12
0

m
in
/w
ee
kF

re
qu
e-

nc
y
=
4

se
ss
io
ns
/w
ee
k

In
te
ns
ity

=
at
a

sa
fe

an
dc
om

fo
rt
ab
le

pa
ce

us
ua
lc
ar
e
an
d
of
fe
r

th
ec
ha
nc
e
to

pa
rt
ic
ip
at
e
in

aN
or
di
c
w
al
ki
ng

pr
og
ra
m

ba
se
lin

e、
6
w
、
12

w
B
PI
、
SF

36
、
PS

E
Q

Ir
w
in et
al
.

U
SA

R
C
T

br
ea
st
ca
nc
er
(s
ta
ge

1-
3)
/r
ec
er
vi
ng

le
ng
th

=
12

m
D
ur
at
io
n
=
15
0

en
co
ur
ag
e
to

co
nt
in
ue

ba
se
lin

e、
6
m
、
12

m

1590 Support Care Cancer (2020) 28:1587–1596



T
ab

le
1

(c
on
tin

ue
d)

St
ud
y

C
ou
nt
ry

D
es
ig
n

D
es
cr
ip
tio

n
of
br
ea
st
ca
nc
er
/

A
IM

S
S

P
ar
tic
ip
an
ts

In
te
rv
en
tio

n
In
te
rv
en
tio

n
de
ta
ils

C
om

pa
ri
so
n

F
ol
lo
w
-u
p

O
ut
co
m
es

[3
2]

20
15

an
A
I
at
le
as
t

6m
on
th
s

an
dr
ep
or
tj
oi
nt

pa
in

N
=
12
1e
xp

=
61

ag
e

=
62
.0
±7

.0
co
n
=

60
ag
e
=
60
.5
±7

.0

co
m
bi
ne
de
xe
rc
is
-

e/
su
pe
ri
se
d

(b
en
ch
pr
es
s,

la
tis
si
m
us

pu
ll

do
w
n,
se
at
ed

ro
w
,

le
g
pr
es
s,

le
ge
xt
en
si
on
,l
eg

cu
rl
)

m
in
/w
ee
kF

re
qu
e-

nc
y
=
tw
ic
e/
w
ee
k

In
te
ns
ity

=
60
-8
0%

of
he
ar
t

ra
te
re
se
rv
e

th
ei
ru
su
al

ac
tiv

iti
es

B
P
I、

W
O
M
A
-

C
、
gr
ip

st
re
ng
th
、
in
te
rv
e-

nt
io
n

ad
he
re
nc
e、

A
I

ad
he
re
nc
e

C
an
t-

ar
er
-

o-
V
il-

la
nu
e-

va et
al
.

[1
4]

20
13

Sp
ai
n

R
C
T

br
ea
st
ca
nc
er
(s
ta
ge

1-
3a
)-

/r
ep
or
ta
rt
hr
al
gi
a

N
=
40
ex
p
=
20

ag
e
=

48
.4
±1

0.
8c
on

=
20

ag
e
=
46
.2
±7

.4
co
m
bi
ne
de
xe
rc
is
-

e/
su
pe
rv
is
ed

gr
ou
p(
aq
ua
tic

ex
er
ci
se
)

le
ng
th

=
2
m

D
ur
at
io
n
=
3

da
ys
/w
ee
kF

re
qu
e-

nc
y
=
8

se
ss
io
ns
/w
ee
k

In
te
ns
ity

=
no

re
po
rt

en
co
ur
ag
e
to

m
ai
nt
ai
n

th
ei
ru
su
al

ac
tiv

iti
es

ba
se
lin

e、
8

w
ba
se
lin

e、
12

m
el
ec
tr
on
ic

al
go
m
et
er
、
Pi
pe
r

F
at
ig
ue
S
ca
le
、
b-

od
y
co
m
po
si
tio

n

N
ik
a-

nd
er

et
al
.

[3
3]

20
12

U
SA

R
C
T

br
ea
st
ca
nc
er
(s
ta
ge

1-
3)
/n
ot
re
po
rt

N
=
86
ex
p
=
40

ag
e
=

53
.7
±6

.8
co
n
=
37

ag
e
=
52
.6
±7

.1
ae
ro
bi
ce
xe
rc
is
e/
-

su
pe
rv
is
ed
/-

gr
ou
pe
xe
ri
se

an
d

ho
m
e

tr
ai
ni
ng
(d
um

be
ll

ex
er
ci
se
)

le
ng
th

=
12

m
D
ur
at
io
n
=

15
0m

in
/w
ee
kF

re
-

qu
en
cy

=
3

se
ss
io
ns
/w
ee
k

In
te
ns
ity

=
no

re
po
rt

en
co
ur
ag
e
to

m
ai
nt
ai
n

th
ei
ru
su
al

ac
tiv

iti
es

ba
se
lin

e、
15

w
is
om

et
ri
c
le
g

pr
es
s、

an
th
ro
po
-

m
et
ry
、
bo
dy

co
m
po
si
tio

n、
bo
-

ne
tr
ai
ts

W
u
et
al
.

[3
0]

20
11

C
hi
na

qu
as
i-
-

ex
pe
ri
m
en
t-

al
st
ud
y

br
ea
st

ca
nc
er
/n
ot
re
po
rt

N
=
78

ag
e
=
32
-6
5

ye
xp

=
39
co
n
=
39

ae
ro
bi
c

ex
er
ci
se
/h
om

e-
-

ba
se
d
(b
od
y

bu
ild

in
ge
xe
rc
is
e

le
ng
th

=
15

w
D
ur
at
io
n
=
60
-9
0

m
in
/w
ee
kF

re
qu
e-

nc
y
=
2-
3

tim
es
/w
ee
k

In
te
ns
ity

=
50
-7
0%

of
he
ar
tr
at
e
re
se
rv
e

ex
er
ci
se

w
as

no
t

re
st
ri
ct
ed
fo
r
15

w
ee
ks

an
d

re
ce
iv
ed
th
e
sa
m
e

ex
er
ci
se
in
st
ru
ct
io
n

af
te
r
15

w
ee
ks

Fo
llo

w
-u
p

F
L
IC

sc
al
e,
ra
ng
e
of

m
ot
io
n

A
bb

re
vi
at
io
ns
:
B
P
I,
B
ri
ef
P
ai
n
In
ve
nt
or
y;
W
O
M
A
C
,W

es
te
rn

O
nt
ar
io
an
d
M
cM

as
te
r
U
ni
ve
rs
ity

O
st
eo
ar
th
ri
tis

In
de
x;
D
A
SH

,D
is
ab
ili
tie
s
of

th
e
A
rm

,S
ho
ul
de
r
an
d
H
an
d;
FA

C
T-
G
,T

he
FA

C
T
G
en
er
al
;

FA
C
T-
B
,T

he
FA

C
T
fo
rp

at
ie
nt
s
w
ith

br
ea
st
ca
nc
er
;F
A
C
T-
E
S
,F
A
C
T
E
nd
oc
ri
ne

Su
bs
ca
le
;V

A
S,

V
is
ua
lA

na
lo
g
Sc
al
es
;A

S
E
,a
rt
hr
iti
s
se
lf
-e
ff
ic
ac
y
sc
al
e;
R
A
I,
R
he
um

at
ol
og
y
A
tti
tu
de
s
In
de
x;
SE

PA
,S

el
f-

ef
fi
ca
cy

fo
r
ph
ys
ic
al
ac
tiv

ity
;O

E
E
,o
ut
co
m
e
ex
pe
ct
at
io
ns
;P

E
SQ

,P
ai
n
Se
lf
-e
ff
ic
ac
y
Q
ue
st
io
nn
ai
re
;F

L
IC
,t
he

fu
nc
tio

na
lL

iv
in
gI
nd
ex

C
an
ce
r;
SF

-3
6,
36
-I
te
m

Sh
or
tF

or
m

Su
rv
ey
.

1591Support Care Cancer (2020) 28:1587–1596



difference (MD) was calculated as an effect measure when the
pooled studies used the same scale, and the standardizedmean
difference (SMD) was calculated when the pooled studies
used different rating scales to assess outcomes. Statistical het-
erogeneity was tested by chi-square and I2. Random-effects
models were used when P < 0.10 and I2 > 50%. Fixed-effects
models were used when P > 0.10 and I2 < 50%. If there was a
significant clinical heterogeneity between studies, descriptive

analysis was performed. Sensitivity analysis was used to test
the stability of the results.

Results

Literature search

There were nine studies included in the meta-analysis. A total
of 4728 studies were retrieved from databases, and 2390 stud-
ies remained after removing the duplications via EndnoteX8
software. After reading the title and abstract, 2263 studies
were excluded. After reviewing the full text of the remaining
27 articles, 8 publications were eligible for inclusion in this
study [14, 27–32, 34]. One further study [33] was found
through the references of the eligible publications. The retriev-
al process is shown in Fig. 1.

Characterization of the included studies

In the present analysis, 9 studies (8 RCTs and 1 quasi-
experimental study) with a total of 743 participants were in-
cluded. The studies were performed in the USA [27–29, 33],
Spain [14], England [34], and China [30, 31]. The number of
participants ranged from 40 to 121 and the mean age of the
participants varied between 32 and 72 years old. The types of
interventions included walking, aquatic exercise, strength
training, bench press, leg press, seated row, and so on.

Aerobic exercise was performed in all studies, five of
which included resistance exercise [14, 27, 28, 31, 32]. The
duration of the interventions ranged from six weeks to 12
months, with at least 120 mins/week of exercise prescribed.
Training intensity varied among studies ranging from 60 to
80% of predicted maximal heart rate. There were no major
adverse effects reported in the included studies. Nikander et al.
[33] reported joint and muscle pain as well as stiffness because
of overuse. All these symptoms were relieved after 1-2 weeks,
and participants finished the exercise program. Further details
about the included studies are shown in Table 1.Fig. 3 Risk of bias assessment by individual trials

Fig. 2 Overall risk of bias
assessment using the Cochrane
tool
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Quality of methodology of the included studies

Five studies provided specific information on how the random
sequence was generated [27, 28, 31, 33, 34]. Three provided
sufficient information on allocation concealment [27, 33, 34].
Because the nature of the intervention precluded blinding pa-
tients and personnel administering the intervention, all studies
were considered to be at high risk of bias. All included studies
reported the data on all outcomes measured, so the selective
outcome reporting bias was regarded as low risk of bias. The
results are shown in Fig. 2 and 3.

Effects of exercise on the total and subgroup scores
of AIMSS

Eight of the included studies measured the total score of AIMSS.
In view of the different scales used in the study, SMD was used
as the effect measure. The results showed that the effect of exer-
cise on the management of AIMSS was significant.

To reduce clinical heterogeneity, subgroup analysis was con-
ducted for different symptoms: subgroup 1 was the comparison
of pain, subgroup 2 was the comparison of stiffness, and

subgroup 3 was the comparison of grip strength. Six studies
[27–29, 31, 32, 34] evaluated the subgroup score for pain, two
studies [29, 32] measured the subgroup score for stiffness, and
three studies [14, 32, 33] measured the subgroup score for grip
strength. The results revealed a statistically significant effect in
favor of exercise on themanagement of pain [SMD= -0.46, 95%
CI -0.79 to -0.13, P = 0.006], stiffness [SMD = -0.40, 95% CI -
0.71 to -0.08, P = 0.01], and grip strength [SMD =0.43, 95% CI
0.16 to 0.17, P = 0.002], with statistical heterogeneity of 63, 0,
and 0%, respectively. Only when the study of Irwin et al.[32]was
omitted from the analysis in the subgroup of grip strength did the
results would not show a significant effect [SMD = 0.48,95% CI
(-0.02, 0.97), P = 0.06] (see Fig. 4 for further details).

Effects of exercise on the total QOL score

Four of the included studies [27, 29–31] measured the QOL
score. The results showed that exercise had a favorable effect
on QOL [SMD = 2.24, 95% CI 0.28 to 4.21, P = 0.03]. The
results changed when we omitted the study of Tan et al. [31]
[SMD = 1.12, 95% CI (-0.07, 2.32), P = 0.07], Baglia et al.
[27] [SMD = 2.74, 95% CI (-0.30, 5.77), P = 0.08], and Wu

Fig. 4 The effect of exercise on changes of AIMSS in breast cancer survivors

Fig. 5 The effect of exercise on quality of life in breast cancer survivors
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et al. [30] [SMD = 1.83, 95% CI (-0.39, 4.06), P = 0.11] in the
QOL analysis (see Fig. 5 for further details).

Discussion

The current meta-analysis aimed to evaluate the effect of
exercise on AIMSS and QOL. Regarding the blinding of
participants, all studies were considered to be at high risk
for performance bias because it is easy for participants to be
aware of exercise. Blinding of the assessments was not pos-
sible because the primary outcome questionnaire was self-
reported, except forgrip strength.All studies comparedbase-
line characteristics, such as age, education, and disease sta-
tus, between the experimental group and the control group,
and these characteristics were comparable. The outcomes
were AIMSS and QOL, and the measurement tools varied.

The results of the meta-analysis indicate that exercise is a
beneficial therapy that has a favorable effect on the manage-
ment of AIMSS, in the areas of pain, stiffness, and grip
strength, and on QOL in breast cancer patients taking AIs.
The results were consistent with the results of previously pub-
lished meta-analyses. Qiu et al. and Mishra et al. [35, 36]
found that exercise was an effective intervention to improve
quality of life in breast cancer survivors. Li et al. [37] con-
cluded that strength training exercises could improve muscle
strength. The current meta-analysis was comprehensive and
included different interventions, both single exercises and
combined exercises. Additionally, this study included partici-
pants who were postmenopausal women diagnosed with
hormone-receptor-positive breast cancer, a group with a high
incidence of AIMSS. To ensure patient safety, exercise was
recommended under professional guidance. In the subgroup
analysis, exercise was associated with a significant reduction
in pain and stiffness and an improvement in grip strength.
Similar results have been published. Strasser et al. [38] found
that resistance exercise had positive effects on muscular func-
tion and body composition in cancer patients.

Various theoretical models have been proposed to explain
the possible positive effects of exercise on breast cancer sur-
vivors taking aromatase inhibitors, although the variety of
exercise types and different outcome measurement tools have
lacked uniformity. Estrogen depletion has been suggested to
be related to AIMSS [39]. Estrogen has attenuated pain via
opioid neurons in the spinal cord; hence abruptly lowering the
level of the estrogen would render patients taking AIs more
sensitive to pain [40]. Exercise might play a role in increas-
ingly releasing anti-inflammatory cytokines, while inflamma-
tion triggers hyperalgesia [41]. Kida et al. [42] have found that
exercise program accelerates the circulation of body fluid to
tissues and increases both skeletal muscle volume, which ren-
ders activities of daily living easier to perform and therefore
less painful [43]. In addition to this, exercise may improve

pain threshold via gradually increasing the range of motion
and skeletal muscle strength in patients with musculoskeletal
symptoms [44, 45]. As a nonpharmacological treatment meth-
od, exercise is low intensity, convenient, and easy to accept
and maintain for a long time by patients [46].

Our study has several limitations. The meta-analysis only
searched studies published in Chinese and English, which
may have resulted in an incomplete literature review.
Additionally, statistical heterogeneity of results exists when
pooling data. Sensitivity analysis was applied to detect poten-
tial sources of heterogeneity, which may have attributed to the
variability in intervention models, duration, outcome mea-
surements, and results of the exacted time point. To achieve
strong consensus regarding the effect of exercise and avoid the
observed heterogeneity, further clinical trials should be con-
ducted in a more uniform manner. Lastly, it was quite difficult
to identify the best exercise program based on the data in this
meta-analysis. Therefore, the results of this review need to be
interpreted cautiously. Comparing the effect of different inter-
ventions deserves further research to support practitioners in
clinical decision-making. This is in accordance with a study
reported by Buffart et al. [47], who stated that more personal-
ized exercise programs geared toward specific health out-
comes are needed to ensure the efficacy and efficiency of
intervention.

Conclusion

Exercise is a safe and effective way to improve musculoskel-
etal symptoms and QOL in breast cancer survivors undergo-
ing treatment with AIs. In the future, it is necessary to deter-
mine whether one type of exercise is better than another for
maximum effect on AIMSS and quality of life in breast cancer
patients. In addition, there is a need for more research to un-
derstand how to maintain the positive effect of exercise after
the exercise intervention is completed.
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