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Abstract

Background: Physical activity (PA) is associated with improved health-related quality of life (HRQoL) among women with
breast cancer; however, uncertainty remains regarding PA types and dose (frequency, duration, intensity) and various HRQoL
measures. A systematic review and meta-analysis of randomized controlled trials was conducted to clarify whether specific
types and doses of physical activity was related to global and specific domains of HRQOL, as part of the Global Cancer Update
Programme, formerly known as the World Cancer Research Fund-American Institute for Cancer Research Continuous Update
Project. Methods: PubMed and CENTRAL databases were searched up to August 31, 2019. Weighted mean differences (WMDs)
in HRQoL scores were estimated using random effects models. An independent expert panel graded the evidence. Results: A
total of 79 randomized controlled trials (14 554 breast cancer patients) were included. PA interventions resulted in higher
global HRQoL as measured by the Functional Assessment of Cancer Therapy-Breast (WMD = 5.94, 95% confidence intervals
[CI] =2.64 to 9.24; > = 59%, n = 12), Functional Assessment of Cancer Therapy-General (WMD = 4.53, 95% CI = 1.94 to 7.13;
?=72%, n =18), and European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-C30 (WMD =
6.78, 95% CI = 2.61 to 10.95; I*=76.3%, n = 17). The likelihood of causality was considered probable that PA improves HRQoL in
breast cancer survivors. Effects were weaker for physical function and mental and emotional health. Evidence regarding dose
and type of PA remains insufficient for firm conclusions. Conclusion: PA results in improved global HRQoL in breast cancer
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survivors with weaker effects observed for physical function and mental and emotional health. Additional research is needed
to define the impact of types and doses of activity on various domains of HRQoL.

Since 1949, the World Health Organization has noted that health is
“a state of complete physical, mental, and social well-being and not
merely the absence of disease” (1). In ensuing years, health-related
quality of life (HRQoL) emerged as a relevant outcome, and among
populations with cancer, it is a powerful predictor of mortality and
morbidity (2,3). Thus, integrating the assessment of HRQoL into
cancer clinical trials is critical and may provide greater insight into
relevant outcomes beyond tumor response and survival (4).
Lifestyle factors, such as physical activity, are hypothesized
to influence HRQoL in breast cancer patients. Several randomized
controlled trials (RCTs) have reported beneficial effects of physi-
cal activity during or after adjuvant therapy on HRQoL after
breast cancer (5-8) and other cancers (9,10) with little evidence of
adverse effects. The benefits include improvement in specific
symptoms such as fatigue (5,6), secondary lymphedema (11),
physical function (12,13), emotional function and mental health
(14,15), and global HRQoL (13,15,16). However, the available trials
have often had small sample sizes and have in some cases failed
to show clinically meaningful effects. In addition, different
instruments that measure various aspects of HRQoL have been
employed to measure quality of life (QoL) components, which
could contribute toward heterogeneity in results between stud-
ies. For instance, the Functional Assessment of Cancer Therapy-
General (FACT-G) and European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-
C30) have greater emphasis on cancer-related symptoms and
less on physical functioning compared with the Short Form
Health Survey (SF-36) (17). Clarifying whether the impact of phys-
ical activity varies by the instrument used to measure HRQoL
could be important. In addition, various types of physical activity
interventions have been tested across different studies including
aerobic exercise, resistance exercise, aerobic and resistance exer-
cise combined, walking, yoga, stretching, Tai chi, and Qigong.
Additional research clarifying whether physical activity overall
or specific types and combinations of physical activity are partic-
ularly beneficial for improving HRQoL in breast cancer patients is
necessary to develop better physical activity recommendations
for this patient group. Therefore, we conducted a systematic lit-
erature review and meta-analysis of physical activity and HRQoL
as part of the Global Cancer Update Programme (CUP Global), pre-
viously known as the World Cancer Research Fund-American
Institute for Cancer Research (WCRF-AICR) Continuous Update
Project  (https:/www.wcrf.org/int/continuous-update-project).
The aims of this review and meta-analysis were to assess the
existing evidence on whether physical activity improves global
as well as physical, emotional, and mental domains of HRQoL
measured by several common instruments; whether specific
types of physical activity are particularly effective; and whether
other aspects of interventions, such as the timing of the inter-
vention (during or after primary treatment) or mode of interven-
tion (group-based, individual-based, mixed), affected the results.

Methods

Search Strategy

PubMed and CENTRAL databases were searched up to August
31, 2019, for RCTs of physical activity and HRQoL among female

breast cancer survivors. The search strategy is described in
detail in the Supplementary Materials (Supplementary Text 1
and 2, available online) and included search terms for diet and
body fatness as part of a larger ongoing project in the CUP
Global. The database searches were supplemented by hand
searches of the reference lists of the included studies and pre-
vious systematic reviews and meta-analyses on the topic. A
peer-reviewed protocol was prepared before the review was
conducted and is available online (18). The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guideline for
the reporting of systematic reviews and meta-analyses was fol-
lowed (19).

Study Selection

We included peer-reviewed RCTs of physical activity and exer-
cise before, during, or after primary treatment (defined as any
surgical treatment and/or [neo]adjuvant therapy, including che-
motherapy, radiotherapy, and/or hormonal therapy, in the
acute phase of cancer diagnosis and treatment, but excluding
extended use of hormonal therapy that may last years after
diagnosis) and HRQoL overall and its main functional domains
(physical, emotional, or mental) measured using validated tools
to assess HRQoL, among women who had been diagnosed with
breast cancer as first cancer during adulthood, at any stage of
diagnosis. For the current analysis, exclusion criteria were 1)
nonrandomized clinical trials, quasi-randomized trials, 1-arm
pre-posttest design studies, population-level studies, cohort
studies, cross-sectional studies, case-control studies, retrospec-
tive studies; 2) studies in which the comparison group is not
from the same study population; 3) studies of exposures other
than physical activity; 4) multimodal or combined interventions
where the effect of the physical activity intervention could not
be separated from other interventions; 5) HRQoL outcomes not
reported; 6) comments, reviews, news, and conference
abstracts; 7) studies with mixed cancer sites where breast can-
cer was not evaluated separately; and 8) studies with less than
20 participants.

Data Extraction

The following information was extracted: author; publication
year; title; study design and type (parallel, factorial, crossover,
other); study name; number of study centers; study period,;
country; study participant characteristics (age, race and ethnic-
ity); menopausal status at cancer diagnosis; body mass index;
smoking status; comorbidities (eg, hypertension, cardiovascular
disease, and diabetes mellitus); other specific characteristics
(BRCA1 and BRCA2 mutation carriers); disease characteristics
(ductal carcinoma in situ, invasive, local, regional, distant, or
metastatic breast cancer; tumor, node, and metastases classifi-
cation; grade; other stage; molecular characteristics); year of
breast cancer diagnosis; time since breast cancer diagnosis;
breast cancer treatment (surgery, radiation, chemotherapy, hor-
mone therapy) and modality (neoadjuvant, adjuvant, palliative);
interventions (modality, frequency, intensity, duration of inter-
vention); number of participants allocated to each arm; ran-
domization method; allocation method; method for assessment
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of HRQoL; means (per arm) or mean differences (between arms);
standard deviations or standard errors; confidence intervals
(CIs); P values; and analysis (intention to treat or per protocol).

Risk of Bias Assessment

Risk of bias was assessed using the Revised Cochrane Risk-of-
Bias tool for Randomized trials (20). The tool assesses the risk of
bias of RCTs based on several signaling questions on 1) bias aris-
ing from the random assignment process, 2) bias because of
deviations from intended interventions, 3) bias because of miss-
ing outcome data, 4) bias in measurement of the outcome, and
5) bias in selection of the reported result. The HRQOL assess-
ment was considered unlikely to be influenced by knowledge of
intervention received when the patient-reported HRQoL meas-
ures showed an effect in the same direction (or null effect) as
the objective physical or cognitive performance measures in the
studies. For each domain, risk of bias was graded as 1) low, 2)
with some concerns, or 3) high, and an overall assessment
across items was made as well.

Evidence Grading

An independent WCRF-AICR expert panel graded the evidence
by its strength and likelihood of causality into strong (subgrades
evaluating likelihood of causality: convincing or probable) or
limited (subgrades evaluating likelihood of causality: limited
suggestive or limited no conclusion) level. Predefined grading
criteria were used to assess study design; risk of bias; the quan-
tity, consistency, magnitude, and precision of the effect esti-
mates; existence of a dose response; and the generalizability
and mechanistic plausibility of the results (Supplementary
Table 2, available online).

Statistical Methods

Inverse variance DerSimonian-Laird random effects models
were used to calculate summary weighted mean differences
(WMDs), weighted mean change differences (WMCDs), and
standardized mean differences (SMDs) (95% Cls) for participants
who were randomly assigned to physical activity interventions
compared with those randomly assigned to a control group (21).
We were interested in the effect of assignment to intervention
(the intention-to-treat effect) but used the results from the per-
protocol analysis if this was the only analysis conducted in the
studies. Final HRQoL and change from baseline measures were
analyzed separately because the baseline values may be differ-
ent in the intervention and control groups. Separate analyses
were conducted for each HRQoL instrument, including the
cancer-specific measures EORTC QLQ-C30, FACT-G, with its
breast cancer-specific subscale (FACT-B) or fatigue subscale
(Functional Assessment of Chronic Illness Therapy-Fatigue
[FACIT-F]), because of different constructs in their scales and
subscales. A list of items included in the instruments is shown
in Table 1, and effect sizes of minimum clinical importance by
HRQoL scale are shown in Supplementary Table 1 (available
online). Exceptions were made when the instruments were sim-
ilar and could be combined (eg, the generic measures Medical
Outcomes Study-36-item short-form [MOS SF-36] and RAND SF-
36 for the analysis of general health perceptions). The meta-
analysis included analyses of global HRQoL scores (FACT-B,
FACT-G, EORTC QLQ-C30), general health perceptions (MOS SF-
36, RAND SF-36), physical well-being (FACIT-F, FACT-B, FACT-
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G), physical functioning (EORTC QLQ C30, MOS SF-36, RAND SF-
36), physical component summary score (MOS SF-36), emotional
well-being functioning (FACIT-F, FACT-B, FACT-G), emotional
functioning (EORTC QLQ-C30), mental health score (MOS SF-36,
RAND SF-36), and mental component summary score (MOS SF-
36). Across all instruments, WMDs, WMCDs, and SMDs statisti-
cally significant results above 0 indicate beneficial effects of the
physical activity intervention, whereas statistically significant
results below 0 indicate adverse effects. The main analysis was
performed on the HRQoL measures from the final assessment
(maximal follow-up). These values and their measures of varia-
bility such as standard deviations, confidence intervals, and
number of participants per group were required to calculate the
effect estimates. Missing data were imputed when possible fol-
lowing standard approaches (22). We did not use an external
estimate of standard deviation or a correlation coefficient to
impute missing standard deviations for the mean changes, to
avoid making unjustifiable assumptions. When there was more
than 1 exercise group in the RCT and when the raw data per
group (eg, means, standard deviations, and number of partici-
pants) were available, we pooled the means from each arm
using standardized formulas (22). If only the effect sizes were
available, we pooled those using a fixed effects model before
including the study in the overall analysis. For studies with a
crossover design, we used the data from the start of the inter-
vention until the time point where the second (delayed inter-
vention) group started the crossover, so the second (delayed
intervention) group served as a control group as they had not
yet received the intervention (equivalent to a parallel design
trial). Heterogeneity between studies was evaluated using Q and
12 statistics (23). Subgroup and meta-regression analyses were
conducted to investigate potential sources of heterogeneity and
were stratified by type of exercise (aerobic and resistance exer-
cise, aerobic exercise, resistance exercise, yoga, others), fre-
quency (1-3 or >3days per week), duration per session (<60 or
>60 minutes per session), and total duration (<120, 120-180, or
>180 minutes per week), as well as timing (during or after pri-
mary adjuvant treatment), mode of intervention (group based,
individual based, mixed), and type of control group (attention
control, others such as usual care, waiting list controls). Other
subgroups by study or patient characteristics were generally
small in numbers and not analyzed. Sensitivity analyses were
conducted by estimating mean differences at postintervention
or follow-up immediately after intervention (minimum follow-
up) and by calculating SMDs as the same HRQoL assessment
tools may differ slightly between the versions. Small study
effects, such as publication bias, were assessed using Egger
regression asymmetry test (24) and by visual inspection of the
funnel plots, when there were 10 or more studies in the analy-
sis. All statistical tests were 2-sided. The statistical analyses
were conducted using the software package Stata, version 13.0
(StataCorp, TX, USA).

Results

Study Selection and Study Characteristics

From a total of 6101 records that were identified by the search
(PubMed, CENTRAL, and handsearching), a total of 79 RCTs (92
publications) (12-16,25-111) were included in the systematic
review (Figure 1; Supplementary Table 3, available online). Of
these, 59 publications were included in the meta-analyses (12-
16,25,27,31,33-38,43-47,49-52,54,56,58-60,64-67,69,74,75,79,81,83-


https://academic.oup.com/jncics/article-lookup/doi/10.1093/jncics/pkac072#supplementary-data
https://academic.oup.com/jncics/article-lookup/doi/10.1093/jncics/pkac072#supplementary-data
https://academic.oup.com/jncics/article-lookup/doi/10.1093/jncics/pkac072#supplementary-data
https://academic.oup.com/jncics/article-lookup/doi/10.1093/jncics/pkac072#supplementary-data

| JNCI Cancer Spectrum, 2022, Vol. 6, No. 6

40f14

“19pUR] 10 US[[OMS S18/ST [SSIUIFNS dARY (qUUNU S[33] ‘sjuawaaout 100d aaey ‘[nyured ST JUSWSAOUL ((SWS) ) 3[edsqns wire snd s[edsqns 19dued Isealq H-4-1OVd,

*Apoq ur ured sousIadxa ‘UBUIOM B 9] [99] 01 J[qe ‘d8ueyd 1ydom £q paI9y10q ‘SSAUJ[I UO SSIIIS JO 109]J9 93 INoqe AL1oMm ‘19dUued Isealq 198 Jysrw
sIaquaw A[Turey 19130 1el) ALiom {Ssof Irey Aq paIsay3oq 9AMDeIIE A[[ENXas [99] {(S)WLIe I9pUa)] 10 US[[OMS dABY ‘SSIP [ Aem 33} INOQE SNOWSU0D-J[3S ‘YIedlq JO UI0YS :(0F-0 93ULI 2100S ‘SIS OT) S[ISqNS ISdUERD Iseald :g- 1OV,
*9J1] X3S 3IM paysnes aulred 01 3sod
[29] {SSAU[[I INOQE UOHEIIUNWIWOD A[TUR) Y3m paysnes ‘ssauf[t paadedde Arure; ‘spusty woy 1oddns 398 !Aqiuuey woy 1oddns [euonows 18 ‘spusLy 0} 250 [995 :(8¢-0 98Uel 21038 ‘swe)l /) Sutaq-[[am A[Turej pue [BDOS :D-1DVd,
(ANVY/Apnas sawodInQ [eIpajN) 9¢-ULio] Hoys = (ANVY/SON) 9¢-1S 9J1 Jo L1enb = 0D {[e1susn—-Aderat], 190ueD JO JUSWSSISSY
[euonoung = H-1DV] ¥ + I9due) iseaig 10y Adersy], I9dDUeD JO JUSWISSISSY [euondunj = H+g-1JV4 190Ued Isealg pue [esusd-Adersay], 190ue) Jo JUSUWISSISSY [euonduny = g-10v4 {0gD-2Ireuuonsany 911 jo Aqend JsdueD Jo JUSwieal],
pue yo1easay 1oj uonestuedip ueadomg = 0gD-OTO DLYOT 3J1 Jo Aiendb yam jusuod ‘Jem dass ‘ssaupn paydedoe ‘uny 10§ s3uny Lofus pue aj11 Lofus Buryny st pue szom 03 S[qe :(8z-0 3Buer 2100s ‘SwR) /) SUIRG-[[PM [BUONIUN] :D-1DV,

Suruonouny [e1>0g

Lrenn

SUOT}E}TWI] S[01 [BUOTIOWT

a[eaY [BIUSN

(001-0 @3ue1 2100s ‘SWAAI HT ‘SI[LIS ¥)

o[eos quEOQEOU Telu=sN

U3[eay [e1auaD
ureq

SUOI}B)TWI] S[01 [BJISAYJ
Zuruonouny [ed1sAyd

(00T-0 93ue1 31005 ‘SWIANI T ‘S[EDS )
areos yuauodwod [ed1sAyd

U3[eay JUS[a0XT
as10m 338 03 yyeay 1adx3
s1ay30 se Ayyesy

SI9Y30 uey} OIS 193 A[ISes aI0N
[e19ua3d ul yj[esay paAredIad-Jas
:(001-0 98Uk 2100S ‘SUIAII §)
Yi[eay [eI12USD

Addey usag
9N[q PUE PIMEBIYUMOD }[3]
[nyooead pue wied 324
sdwinp ay3 ur umop 32
SNOAISU U33g
(001-0 @8ueI1 2100s ‘SWAI §)
oreds
3uraq-[[om [BUOROWS PUE Y3[eay [BIUSIN

Zurssaip 10 3uryreg

320[q T Sunifem

S30[q [B19A3S SUr[EM

SIW T Uey} a10w SU[eM
3urdooss 10 ‘Burpeauy ‘Surpusg

SITels Jo JyS1y T SurquirD

s1rels Jo sy3Ij [e19As SuIquIID
s91192013 3urhired 10 Sunjry
SONIATIOR 91BISPON

S9NIATIOR SNOIOSIA

(00T-0 8uer 51095 ‘swal1 OT)
3uruonouny [edI1sAyd

0D 19139q—S3102S 19Y3IH

00T-0 Urewop Yok 10j a3Uel 91005
oreos uner eI 3utod-g pue ‘-G ‘-¢
SUTeWOp g ‘SWIIT 9¢

OO [[BI2A0 pa3eI-J[3S
U3[eaY [[BISAO0 PIIeI-J[3S
(001-0 98ue1 2100s ‘SWAII 7)
100 [Bq01D

passaxdap 1193

S[qeiLul (3]

A110 M0\

9sud) 24

(001-0 28ue1 2100s ‘SWAAI )

3uruonounj feuonoury

19103 3ursn
10 ‘JiasinoA 3urysem ‘urssaip ‘Sunes yyum disH
Kep a3 SuLmp 1reyd 10 paq ur £eis
jrem 3uog
J[em 1oys
SSIMAIIOR SNONUSIIS
(00T-0 98uer 51095 ‘SWAT §)
Suruonouny [ed1sAyd

00 191399—S3100S 1YSTH

00T-0 UTRWOP DB 10] 93URI 91005
aeos Sunjer 11T Jutod-/ pue -
SWS)T S[3UIS 9 ‘SUTBWIOP 6 ‘SWSII OF
0°€ UOISI9A

(8%1-0 a3uer
31025 ‘SW3M 1) p¥-4 PUB H-LOV4
ur SW9 [[ JO WnS H-g-1DVJ [EI0L
(8%1-0 @3uer
91008 ‘SWdII /€) .- PUe D-LOVI
Ul SWa)I [[é JO wns :g- 1DV [e10L
(801-0 @3ue1 21005 ‘swalt
£T) (Buraq-[am 4ATruue) pue [eDOS
pue ,‘[euonounj ‘[eUOTIOWS ‘Ted
-1sAyd) swa1l [[e Jo WIS :D- 1DV [BI0L

9s10Mm 333 [[IM UOTIIPUOD 38y} ALIOM
3urhp 1noqe A11om

SNOAISU [93]

ssaupq 3surede 3y3y ay3 ut adoy 3uiso]
ssaufqt yam Surdon

pes (924

(¥z-0 28ue1 2100s ‘swa1 9)

3uraq-[[om [euonIOW

paq ut swin puads

reed

£3135Us jo yoeT

Aqtuiej jo spasu a3 3unesW [qnoi],
noedug

JusWIESI} JO S3093J9 ApIs Aq paIaylog
ured aneq

easneu aAeHq

:swoydwiAg

(82-0 @8ue1 2100s ‘sWIAL /)
3uraq-[am [ed1sAyd

00 191399—S9100S 19Y3TH
80T-0 93Ue.I 9100S [e10],
oeds 3uner-1ayry yutod-g
SUTRWIOP ¥ ‘SWAI /T

0'% UOISI9A

uiresy
[e1ausd pue
‘9102s [e10] ‘[BqO[D

U3[eay [eIusW pue
uonounj ‘3utaq
-[[om [eUOTIOWT

uondUNy pue
3uraq-[om [ed1shyd

urewoq

(QNVa/SON) 9¢-1S

0£2-0TO DI¥OT

D-1OVd

jusWINIISUJ

SJUSWINIISUL 1] JO A317enb paje[a1-yi[esay a3 Jo SUrewIop [euonours pue ‘[edisAyd ‘Teqo[3 ay3 Ul SWal JO ISIT ‘T d[qe.L



D. Aune et al.

6101 records identified in total for which title
and abstract were reviewed
5992 records identified through PubMed
100 records identified through CENTRAL
9 records identified through handsearching

4485 records excluded based on
title and abstract

1616 full-text publications assessed
for eligibility

\4

A 4

292 potentially relevant
publications on diet, body fatness,
physical activity and HRQoL in
women with breast cancer

1324 publications excluded:
539 not relevant topic
184 reviews
153 study protocols
150 cross-sectional studies
88 non-RCTs/quasi-RCTs/one-arm
pre-posttest design
57 studies of mixed cancer patients
49 meta-analyses
29 commentary/news
28 studies of not relevant outcomes
18 studies with <20 cancer survivors
13 case-control studies
8 case reports
8 foreign language articles

201 publications excluded:
95 Other outcomes
73 Other exposures or interventions
17 Diet and physical activity RCTs
13 Observational cohort studies
3 Multimodal RCTs

A 4

91 publications from 78 RCTs on physical
activity and HRQoL included in the
svstematic review

Figure 1. Flow chart of study selection. HRQoL = health-related quality of life; RCT = randomized controlled trial.
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Overall bias

Selection of the reported result

Measurement of the outcome

Missing outcome data

Deviations from intended interventions

Randomization process

0% 10% 20% 30%

Low risk

Figure 2. Summary of the risk of bias assessment across studies.

86,88,91-97,99-102,104-107,109,110). The number of participants
in the RCTs ranged from 20 to 573, with a median of 64 partici-
pants. Two of the included trials had a crossover design that
compared immediate with delayed exercise after completing
adjuvant therapy (12,49), whereas the remaining studies were of
a parallel design, comparing the effects of physical activity or
exercise with a control group.

Ten studies conducted per-protocol analyses
(27,48,49,66,73,81,91,97,102,108), and the remaining studies con-
ducted intention-to-treat analyses. A total of 20 publications
were from a pilot or feasibility study (28,32,35,44-
50,53,57,62,74,84,89,93,94,98,103). Three pilot studies (4 publica-
tions) (32,35,93,94) were followed by a separate complete trial
that published results later (13,34,82,83,90,92), and the pilot
studies and the trials were included as populations were not
overlapping. A total of 35 publications (13-15,26-29,31,34,35,38-
42,44,45,48,62,65,73,74,80,85,88-94,99,102,103,110) were from
North America, 33 were from Europe (16,25,32,33,37,43,46,47,52,
57,58,63,66,68-70,76-79,81-83,86,87,95-98,101,104,105,107), 9 were
from Australia or New Zealand (12,30,36,53,59-61,71,72,84), 8 were
from East Asia or Southeast Asia (49-51,64,67,75,109,111), 1 was
from India (106), 1 from Iran (100), and 4 from Turkey (54-56,108).

Risk of Bias of the Studies

Figures 2 and 3 and Supplementary Table 4 (available online) show
the summary of the risk of bias assessment across studies and for
each RCT investigating the effects of physical activity on HRQoOL.
Half of the studies were of high risk of bias because the perceived
HRQoL outcomes were self-reported by the participants and there
were no objective measures to corroborate these patients’ reported
outcomes, which could have been influenced by their knowledge
of being in the physical activity intervention or not. Because physi-
cal activity is generally recognized as beneficial for health, this
would likely result in more favorable responses to the outcome

40% 50% 60% 70% 80% 90% 100%

Some concerns M High risk

assessment and make physical activity appear more beneficial. For
the other risk-of-bias domains, approximately 50%-70% were
assessed as low risk: 57.7% in randomization process (selection
bias); 48.7% in deviations from intended interventions; 70.5% in
missing outcome data; and 48.7% in selection of the reported
result. The other studies were primarily of some concern (20.5%-
50%) or at high risk (3.8%-10.3%) of bias.

Global HRQoL

Physical activity interventions vs control resulted in higher
global HRQoL as measured by FACT-B [WMD =5.50, 95% CI =
242 to 859; P=58%, Pheterogeneity=-004, n=13] studies
(12,13,15,16,27,38,43,45,64,65,69,75,88) and WMCD =6.40, 95% CI
=4.12 10 8.67; I* = 0%, Pheterogeneity = -49, 1 =7 (13,16,38,44,69,81,
84)], FACT-G [WMD=453, 95% CI = 1.94 to 7.13; ?=72%,
Pheterogeneity < -001, n =18 (12-15,31,38,43,46,47,59,65,69,74,83,85,
91,109) and WMCD=3.10, 95% CI = 164 to 4.55; [*=0%,
Pheterogeneity = -58, n =38 (31,38,69,81,83,85,93)], and EORTC QLQ-
C30 [WMD=6.78, 95% CI = 261 to 1095; [*>=76.3%,
Pheterogeneity < -001, n=17 (25,33,37,49,50,54,56,58,60,66,79,86,96,
97,100,101,104) and WMCD=3.64, 95% CI = 0.19 to 7.10;
2=54.7%, Pheterogeneity=-03, n=8 (37,50,60,79,95,96,105)]
(Figure 4; Supplementry Figures 1-6).

General Health Perceptions

Physical activity interventions vs control resulted in higher gen-
eral health perception scores as measured by the MOS SF-36
and RAND SF-36 on WMDs [WMD =3.72, 95% CI = 0.74 to 6.70;
?=71%, Pheterogeneity=-001, n=9 (15,31,34,36,51,67,86,92)] but
not for WMCDs [WMCD =0.14, 95% CI = -1.57 to 1.85; ?=0%,
Pheterogeneity =-93, n=4 (31,99,105)] (Figure 4; Supplementary
Figures 7 and 8, available online).
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Figure 3. Summary of the risk of bias assessment for the individual studies. Aer = aerobic; Ca-rich diet = calcium-rich diet; CBT = cognitive behavioral therapy; CDT =
complex decongestive therapy; Coun = counseling; Edu = education; EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer Quality of Life
Questionnaire-C30; face = face-to-face intervention; FACT-An = Functional Assessment of Cancer Therapy-Anemia; FACT-B = Functional Assessment of Cancer
Therapy-General and Breast cancer; FACT-B+4 = Functional Assessment of Cancer Therapy for Breast Cancer B + 4; FACT-Cog = Functional Assessment of Cancer
Therapy-Cognitive; FACT-ES = Functional Assessment of Cancer Therapy-Endocrine Symptoms; FACT-F = Functional Assessment of Cancer Therapy-Fatigue; FACT-G
= Functional Assessment of Cancer Therapy-General; FACIT-F = Functional Assessment of Chronic Illness Therapy-Fatigue; HIIT = high-intensity interval training;
HRQoL = health-related quality of life; PA = physical activity; Rehab = rehabilitation; Relax = relaxation; Res = resistance; SF-12 = Short Form 12; SF-36 = Short Form-
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HRQoL Effect Clinically 12
instrument Measure  No size (95% Cl) significant (%)
Global HRQoL
FACT-B WMD 13 g 5.50 (2.42, 8.59) 58
FACT-B WMCD 7 —_—— 6.40 (4.12, 8.67) 0
FACT-G WMD 18 —_—— 4.53(1.94,7.13) * 72
FACT-G WMCD 8 —_—— 3.10 (1.64, 4.55) * 0
EORTC QLQ-C30 WMD 17 g P> 6.78(2.61,10.95) * 76
EORTC QLQ-C30 WMCD 7 g 3.64 (0.19, 7.10) 56
General health perceptions
MOS/RAND SF-36 WMD 9 g 3.72(0.74,6.70) * 7
MOS/RAND SF-36 WMCD 4 —— 0.14 (-1.57, 1.85) 0
Physical functioning
FACT-G, FACT-B, FACIT-F  WMD 18 —_— 1.17 (0.58, 1.75) 45
FACT-G, FACT-B, FACIT-F  WMCD 10 —_—— 1.04 (0.39, 1.70) * 28
EORTC QLQ-C30 WMD 15 —_—— 5.48 (3.27, 7.68) * 51
EORTC QLQ-C30 WMCD 6 —_— 1.92(-0.87, 4.72) 55
MOS/RAND SF-36 WMD 12 —_— 3.40 (1.16, 5.65) * 72
MOS/RAND SF-36 WMCD 6 2.16 (-1.42, 5.75) 78
Physical component summary score
MOS SF-36 WMD 6 — 1.92 (-0.18, 4.03) 68
Emotional functioning
FACT-G, FACT-B, FACIT-F  WMD 18 - 0.74 (0.40, 1.08) 0
FACT-G, FACT-B, FACIT-F  WMCD 10 —— 0.74 (0.31, 1.17) 0
EORTC QLQ-C30 WMD 14 * > 6.17(0.99, 11.35) * 78
EORTC QLQ-C30 WMCD 5 +- 1.21(-2.33, 4.75) 51
Mental health
MOS/RAND SF-36 WMD " —— 4.42 (2.87,5.97) * 0
MOS/RAND SF-36 WMCD 5 g -1.05 (-3.96, 1.85) 53
Mental component summary score
MOS SF-36 WMD 7 —_—— 1.70 (0.31, 3.09) 11
I L I I I I
5 3 2 1 0 1 3 5 10

PA reduces HRQoL measure

PA increases HRQoL measure

Figure 4. Summary weighted mean differences and weighted mean change differences (95% confidence intervals) for physical activity and different domains of health-related
quality of life. Effects that were considered clinically significant are marked with * CI = confidence interval; EORTC QLQ-C30 = European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire-C30; ES = effect size; FACT-B = Functional Assessment of Cancer Therapy-General and breast cancer; FACT-G = Functional
Assessment of Cancer Therapy-General; FACIT-F = Functional Assessment of Chronic Illness Therapy-Fatigue; HRQoL = health-related quality of life; MOS/RAND SF-36 =
Medical Outcomes Study and RAND Short Form-36; PA = physical activity; WMCD = weighted mean change difference; WMD = weighted mean difference.

Physical Functioning

Physical activity interventions vs control resulted in higher physi-
cal functioning as measured by FACIT-F, FACT-B, or FACT-G
[WMD=1.17, 95% CI = 0.58 to 1.75; I>=44.7%, Pheterogencity = 02,
n=18 (12-16,31,38,43,45,59,65,69,74,75,83,85,91) and WMCD = 1.04,
95% Cl = 039 to 170; P=28%, Pheterogencity=-18, n=10
(16,31,38,69,81,83-85,93)], EORTC QLQ-C30 [WMD = 5.48, 95% CI =
327 to 768  PP=504%,  Pheterogeneity=-001, n=16
(25,33,49,50,58,60,66,79,86,96,97,100,104,106,107) although not for
WMCD, which was 192, 95% CI = -0.87 to 4.72; [°=55%,
Pheterogeneity = -05, n=6 (50,60,79,95,96,105)], and MOS SF-36 and
RAND SF-36 [WMD=340, 95% CI = 1.16 to 5.65; 2=72%,
Pheterogeneity < 001, n=12 (15,31,34,36,51,52,67,86,88,92,110) but not
for WMCD, which was 2.16, 95% CI = —142 to 5.75; *=78%,
Pheterogeneity < -001, n=6 (31,52,99,105,110)] (Figure 4;
Supplementary Figure 9-14, available online).

Physical Component Summary Score

Physical activity intervention vs control resulted in no differ-
ence in physical component summary score as measured by
MOS SF-36 [WMD=1.92, 95% CI = -0.18 to 4.03; >=68%,

Pheterogeneity=-01, n=6  (15,34,36,88,92,102)]
Supplementary Figure 15, available online).

(Figure  4;

Emotional Functioning

Physical activity intervention vs control resulted in higher emotional
functioning as measured by FACIT-F, FACT-B, or FACT-G
[WMD =0.74, 95% CI = 0.40 to 1.08; I=0%, Pheterogencity = 47, n=18
(12-16,31,38,43,45,59,65,69,74,75,83,85,91) and WMCD = 0.74, 95% CI =
0.31to 1.17; I = 0%, Pheterogeneity = -81, n =10 (16,31,38,69,81,83-85,94)]
and EORTC QLQ-C30 (WMD = 6.17, 95% CI = 0.99 to 11.35; I* = 77.8%,
Pheterogeneity < 001, n = 14 (25,33,49,50,58,60,66,79,86,96,97,100,104,106)
although not for WMCD, which showed 1.21, 95% CI = —2.33 to 4.75;
P=51%, Pheterogenciy=-09, n=5 (60,79,9596,105)] (Figure 4;
Supplementary Figure 16-19, available online).

Mental Health Score

Physical activity intervention vs control resulted in higher men-
tal health score as measured by MOS and RAND SF-36
[WMD =4.42, 95% CI = 2.87 to 5.97; I> = 0%, Pheterogeneity =75,
n=11 (15,31,35,36,51,52,67,86,88,92) but no effect was observed
for WMCDs with -1.05, 95% CI = -3.96 to 1.85; I>=52.8%,
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HRQoL Effect Clinically 12
instrument Measure No size (95% Cl) significant (%)
Global HRQoL
FACT-B SMD 11 g 0.32(0.09, 0.56) * 64
FACT-G SMD 17 < 0.35 (0.12, 0.57) 72
EORTC QLQ-C30 SMD 16 < 0.41 (0.15, 0.67) * 76
General health perceptions
MOS/RAND SF-36 SMD 9 4 0.34 (0.06, 0.61) * 69
Physical functioning
FACT-G, FACT-B, FACIT-F SMD 16 —_— 0.31(0.14, 0.48) 48
EORTC QLQ-C30 SMD 14 _—_—— 0.42 (0.23, 0.61) 62
MOS/RAND SF-36 SMD 11 L g 0.35(0.11, 0.58) * 67
Physical component summary score
MOS SF-36 SMD 6 g 0.22 (-0.02, 0.45) * 62
Emotional functioning
FACT-G, FACT-B, FACIT-F SMD 16 —_—— 0.22(0.10, 0.34) 7
EORTC QLQ-C30 SMD 13 g 0.33 (0.05, 0.61) * 79
Mental health
MOS/RAND SF-36 SMD 11 —_—— 0.34 (0.19, 0.49) * 14
Mental component summary score
MOS SF-36 SMD 7 —— 0.15(0.02, 0.28) 0
I I I I I I I I
-6 -4 -2 -1 0 1 2 4 6 8

PA reduces HRQoL measure

PA increases HRQoL measure

Figure 5. Summary standardized mean differences (95% confidence intervals) for physical activity and different domains of health-related quality of life. Effects that
were considered clinically significant are marked with *. CI = confidence interval, EORTC QLQ-C30 = European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire-C30; ES = effect size; FACT-B = Functional Assessment of Cancer Therapy-General and breast cancer; FACT-G = Functional Assessment
of Cancer Therapy-General; FACIT-F = Functional Assessment of Chronic Illness Therapy-Fatigue; HRQoL = health-related quality of life; MOS/RAND SF-36 = Medical
Outcomes Study and RAND Short Form-36; PA = physical activity; SMD = standardized mean difference.

Pheterogeneity = -07, n=5 (31,52,99,105)] (Figure 4; Supplementary
Figures 20 and 21, available online).

Mental Component Summary Score

Physical activity intervention vs control resulted in higher men-
tal component summary score as measured by MOS SF-36
[WMD =1.70, 95% CI = 0.31 to 3.09; I=11%, Pheterogeneity = -35,
n=7 (15,34,36,52,88,92,102)] (Figure 4; Supplementary Figure 22,
available online).

Sensitivity Analyses, Subgroup Analyses, and
Publication Bias

Additional analyses were conducted using SMDs, and results
were largely consistent with the overall analysis for WMDs
(Figure 5). Subgroup and sensitivity analyses were conducted
stratified by minimum duration of follow-up, type of physical
activity, frequency, duration per session, total duration, inter-
vention time frame, mode of intervention, and type of control
(Supplementary Tables 9-20 and Supplementary Figures 23-110,

available online). In general, analyses using minimum duration
of follow-up showed relatively stronger effects than the main
analysis that used the maximum follow-up. Stronger effects
were observed for combined aerobic and resistance exercise,
and intermediate effects were observed for aerobic exercise and
resistance exercise separately, however, some exceptions to
this pattern were observed. When using meta-regression analy-
ses, there was a suggestion of between-subgroup heterogeneity
(P=.05) with a slightly stronger effect observed between aerobic
and resistance exercise combined vs aerobic only and WMDs in
physical functioning (FACT-G, FACT-B, FACIT-F)
(Supplementary Table 12, available online) and statistically sig-
nificant between-subgroup heterogeneity (P=.006) with stron-
ger effects for aerobic and resistance exercise combined vs
aerobic exercise only for general health perceptions (MOS and
RAND SF-36) (Supplementary Table 11, available online).
Subgroup analyses stratified by frequency, duration per session,
and total duration showed little evidence of heterogeneity
between  subgroups  with  meta-regression  analyses
(Supplementary Tables 9-20, available online). Some indication
of stronger point estimates was also observed for group-based
interventions compared with individual-based interventions,
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and for interventions after vs during primary adjuvant treat-
ment in several, although not all, analyses, however, the tests
for heterogeneity between subgroups were not statistically
significant.

There was no indication of publication bias across analyses,
except for the analysis on physical functioning as measured by
the MOS SF-36 and RAND SF-36, where there was indication of
publication bias with Egger test (P =.09) (Supplementary Figures
111-121, available online).

Adverse Events

Of the 59 studies that provided information on adverse events, 2
(13,27) reported serious intervention-related adverse events
(pelvic stress fracture and foot stress fracture); 20 studies
(28,29,38,41,48,53,60,65,66,68-72,81,88,96,103,107,109)  reported
minor adverse events such as musculoskeletal injuries, chest or
muscle pain, dizziness, and treatment-related side effects; and
37 studies (15,30-33,36,37,39,45-47,50,51,54,55,57,59,62,64,67,73-
75,78,80,82,84,85,91,99,100,104-106,110,111) reported no adverse
events in the intervention and/or control groups
(Supplementary Table 21, available online).

Grading of Evidence

Evidence was graded according to the predefined CUP Global
grading criteria shown in Supplementary Table 2 (available
online). There was evidence from multiple RCTs, some observed
heterogeneity (but studies were generally consistent regarding
the direction of effect), and no indication of publication bias
(except for 1 analysis). The strength of the effects was, in gen-
eral, small to trivial (1 exception was Global HRQoL EORTC QLQ-
C30 for which the effect was of medium strength in the analysis
of SMDs), but the results were considered clinically significant
(small to medium effect or reached minimum important differ-
ence) in half of the 34 analyses conducted (Figures 4 and 5;
Supplementary Tables 5 and 6, available online), and results
were similar in sensitivity analyses using minimum follow-up
(Supplementary Tables 7 and 8, available online). Details of the
cutoff values that were considered clinically significant for the
different tools can be found in Supplementary Table 1 (available
online). There was limited evidence for a dose-response effect
(Supplementary Tables 9-20, available online). Plausible mecha-
nistic pathways through which physical activity may improve
HRQoL include physical activity being associated with improved
self-efficacy, which in turn is associated with improvements in
health status indicators that are associated with better global
QoL (112). Overall, the expert panel judged that there was strong
evidence (ie, probable causality) that interventions for increas-
ing physical activity result in improved HRQoL in breast cancer
survivors. There was insufficient evidence to draw conclusions
on specific domains of QoL or the types and doses of activity for

QoL.

Discussion

The current systematic review and meta-analysis of 79 RCTs
including 14 554 women diagnosed with breast cancer found
small, but statistically significant positive effects of physical
activity intervention on global HRQoL and physical functioning
as measured by FACT-B, FACT-G, EORTC QLQ-C30, and the SF-
36 and on the general health perceptions scale of SF-36. Effects
were weaker for mental and emotional health. Although the

effect sizes were, in general, small, in half of the analyses the
results were nevertheless considered clinically significant.
There was little evidence of serious adverse events across stud-
ies, although some studies reported minor adverse events.
There was strong evidence that interventions for increasing
physical activity improved QoL in breast cancer survivors with a
level of causality that was judged as probable. There was insuf-
ficient evidence to draw conclusions regarding specific domains
of QoL or the types and doses of activity for QoL.

Our review suggests that the positive effect of physical activ-
ity on QoL is more likely to be observed when the intervention
is initiated after primary adjuvant treatment rather than during
treatment when measured by the FACT (but not by the EORTC
QLQ-C30), but more research is needed regarding this question.
A possible explanation is that women undergoing cancer treat-
ment may be affected by side effects related to breast cancer
treatment including fatigue, pain, and peripheral neuropathy
(113), which could interfere with the adherence to physical
activity interventions during treatment and attenuate any
impact on QoL. Also, the EORTC QLQ-C30 is designed to assess
QoL related to chronic treatment side effects (114), thus it may
be less suitable for capturing short-term QoL leading to an
underestimation and increased variability of the underlying
effect when considered after treatment. Our results are sup-
ported by 2 Cochrane Systematic Reviews focusing on exercise
interventions during (115) and after treatment (7).

We also observed somewhat greater effects in group-based
interventions compared with individual-based or mixed inter-
ventions, however, the evidence base was limited by the low
number of studies and limited number of participants.
Although the current review was structured to capture the dis-
tinct effect of physical activity disentangled from other types of
interventions such as those that were multimodal, we cannot
exclude the possibility that other aspects of social support may
interplay with the effect of physical activity in group-based
interventions. This hypothesis—that group-based interventions
may have additional postulated benefits via indirect effects
involving social support and group dynamics like comradeship
of breast cancer survivors—has been previously examined
(116,117) and showed no difference in results when compared
with individual-based interventions. However, the possibility
that the design of the group-based interventions may not have
involved sufficient social interaction to show a difference in
results could not be excluded.

With respect to specific types of physical activity, a com-
bined aerobic and resistance intervention seemed to result in
higher QoL improvement compared with other types of activity,
although the number of RCTs in each subgroup was low. The
effects of resistance-only and aerobic-only interventions were
generally lower in magnitude. Including walking interventions
in the aerobic exercise group as a sensitivity analysis did not
materially change the results. The effects of yoga in all QoL
scales and subscales were either statistically nonsignificant or
not clinically meaningful. A previous Cochrane review for yoga
also showed only small, short-term benefits compared with no
exercise on overall QoL (6). Few studies were published on other
types of physical activity, such as dancing, stretching, Nia, Tai
chi or Qigong. Although some of the included studies focused
primarily on activities that may be more pertinent to specific
treatment goals and outcomes that were not considered in the
current review (eg, resistance training for lymphedema or walk-
ing for aromatase  inhibitor-associated  arthralgia)
(30,36,50,57,67,85), these studies were few and are unlikely to
have had a major impact on the overall findings. Further studies
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are needed to clarify to what extent specific types of activity are
particularly beneficial for various QoL outcomes. Future work
within the CUP Global will include reviewing the impact of other
exposures, such as diet, nutrition, and body weight, on QoL out-
comes. This will enable WCRF International and the national
entities (AICR, WCRF UK, Wereld Kancer Onderzoek Fonds) to
expand their recommendations for improving QoL outcomes in
this group.

In this comprehensive systematic review, we summarized
the available evidence from RCTs regarding the impact of physi-
cal activity on QoL in women with breast cancer. The structure
of the research question allowed for identifying and disentan-
gling the effect of physical activity on QoL. We specifically
focused on the independent effect of physical activity regimens;
evidence from multimodal interventions that included physical
activity were not evaluated as the component-specific effects
could not be estimated. Furthermore, the considerable number
of included studies allowed for a comprehensive evaluation of
several validated tools of QoL measurement and their subscales.
Although different tools for QoL assessment emphasize differ-
ent aspects of QoL [eg, FACT-G and EORTC QLQ-C30 place more
emphasis on symptoms and less on physical functioning com-
pared with SF-36 (17)], results were similar when different tools
for QoL assessment were considered. This might suggest that
physical activity could have a beneficial impact across a range
of QoL components. Other published reviews further support
the beneficial effects of any type of exercise (118) or of specific
types of exercise (119) on QoL in women with breast cancer, and
an individual-participant meta-analysis of 34 RCTs (70% of par-
ticipants were breast cancer survivors) also found a small but
significant effect of exercise on QoL and physical function (z
score = 0.15, 95% CI = 0.10 to 0.20, and z score = 0.18, 95% CI =
0.13 to 0.23, respectively) (120).

Despite the large evidence base, most of the identified stud-
ies were relatively small (the majority of the RCTs had less than
100 participants), and several studies may therefore individually
have had insufficient power to detect significant effects. When
change scores between recruitment and end of follow-up were
considered, less pronounced effects were observed at more dis-
tal time points. One potential explanation could be that baseline
values were accounted for in the mean change scores.
Furthermore, the weighted mean change score may be a more
appropriate measure of effect compared with the mean differ-
ence of final scores, because more than 70% of the included tri-
als had less than 100 participants and the baseline values were
not always balanced between groups. Other explanations for
this discrepancy could be that the analysis of WMCDs only
included about half or less the number of studies that were
included in the analysis of WMDs, providing less statistical
power to detect relations, or it could be because of response
shift, which involves changes in internal standards, values, and
the conceptualization of QoL related to a breast cancer diagno-
sis (121).

The accumulated evidence from RCTs had a high risk of bias
overall, based on the Cochrane Revised Cochrane Risk-of-Bias
tool for Randomized trials, but this can be mostly attributed to
potential biases in measurement of the outcome as only
patient-reported outcomes were assessed and the participants
could not be blinded to the intervention. The other bias
domains showed substantially lower risk of bias. Despite being
self-reported, the tools assessed in this review have been vali-
dated and were also relevant to the population of interest, with
some, such as the FACT-B, being specifically tailored to breast
cancer survivors (122). A varying degree of heterogeneity across

D.Auneetal. | 110f14

the analyses was observed, which could potentially limit the
generalizability of the results from some of the analyses.
Although we did perform subgroup and sensitivity analyses
based on several prespecified factors, such as type of physical
activity, frequency, duration, mode of intervention, time frame
of intervention, type of control, and on the studies’ minimum
follow-up, other potentially relevant modifiers such as tumor
stage at diagnosis, age, or comorbidities could not be evaluated.
However, across the numerous analyses that were conducted,
the majority of the studies showed either a beneficial effect or
no significant relation, and there were few studies that showed
estimates in the direction of an adverse effect. Some studies
may have been missed from our review, however, the literature
search was comprehensive and supplemented by hand
searches of relevant reviews and should have identified the
majority of the relevant studies. In general, we did not find evi-
dence of publication bias by visually inspecting the funnel plots
or based on Egger regression test, but the number of studies
included in some of the meta-analyses was relatively small.
The only exception was for SF-36 physical function score where
there was evidence of an inflated summary estimate because of
small study effects.

There is strong evidence that interventions for increasing
physical activity result in improved QoL in breast cancer survi-
vors with a level of causality that was judged as probable. There
was insufficient evidence to draw conclusions regarding differ-
ent domains of QoL (eg, physical, global, emotional functioning)
or for specific types, combinations, or doses of activity. It is
therefore recommended that breast cancer survivors should be
encouraged to be physically active. In the absence of strong evi-
dence for more specific recommendations unique to breast can-
cer survivors, they should follow the general population
national guidelines for physical activity, under the guidance of
their health-care team. Additional research should focus on
larger, well-conducted studies on the relationship between dose
of physical activity (including frequency, duration, and inten-
sity) and type of physical activity and QoL.
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