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Effectiveness of aerobic exercise intervention i«

on cardiovascular disease risk in female breast
cancer: a systematic review with meta-analyses
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Abstract

Background Cardiovascular disease (CVD) has become the leading cause of competitive mortality in female breast
cancer (BC). Regular aerobic exercise (AE) has been widely accepted as an effective intervention to reduce cardio-
vascular risk in a variety of different clinical conditions. This study is aimed at evaluating the efficacy and safety of AE
on cardiovascular risk factors in female BC and assessing the quality of the synthesized evidence.

Methods We searched five English databases (Cochrane Library, PubMed, Embase, Scopus, and Web of Science)
from inception to January 2023. Randomized controlled trials (RCTs) and cohort trials studying the effects of AE
intervention on cardiovascular disease risk in female breast cancer were included. We used Stata 16 for data syn-
thesis, Risk of Bias 2, and the Newcastle-Ottawa Scale for methodological quality evaluation and assessed the cer-
tainty of the synthesized evidence in the Grading of Recommendations, Assessment, Development and Evaluations
(GRADE) approach.

Results Forty RCTs and 6 cohort trials involving 44,877 BC patients showed AE reduced the incidence of CVD events
by 29.4% [risk ratio (RR)=0.706, 95% confidence interval (Cl) (0.659, 0.757), low certainty] and coronary artery dis-

ease events by 36% [RR=0.640, 95% Cl (0.561, 0.729), low certainty]. AE improved LVEF, and reduced weight and hip
circumference. The subgroup analysis results showed that nonlinear AE increased VO,max by 5.354 ml-kg:min~' [mean
difference (MD)=5.354, 95% Cl (2.645, 8.062), very low certainty] and reduced fat mass by 4.256 kg [MD=4.256, 95%
Cl(-3.839,-0.094), very low certainty]. While linear AE reduced low-density lipoprotein cholesterol (LDL-C) by 8.534
mg/dL [MD=-8.534,95% Cl (-15.511,-1.557), low certainty]. The sensitivity analysis results showed that each trial did
not affect the impact index of the highly heterogeneous outcomes.

Conclusions Our study indicates that AE has a positive effect in reducing cardiovascular risk factors. The individu-
alization principle of AE deserves more attention in the future. This will provide new ideas to reduce CVD events
and improve the quality of life in female BC patients. However, further research on AE in female BC should take
into account long-term and well-designed administration to draw definitive conclusions.
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Introduction

According to the latest global cancer statistics, female
breast cancer (BC) has become the most prevalent can-
cer, with an estimated 2.3 million new cases, accounting
for 11.7% of all cancer cases [1]. With the development
and advancement of medical technology, the use of
immune and endocrine therapy has increased the 5-year
survival rate of BC by 10%- 20% [2, 3]. However, it is
accompanied by a significantly higher risk of cardiovas-
cular disease (CVD) with approximately 9.4% [4] com-
pared with people who did not have BC [5, 6]. Deaths due
to CVD accounted for 16.3% of deaths in BC patients [7]
and all-cause mortality increased 3.8-fold in breast can-
cer patients who developed CVD compared to breast
cancer patients who did not develop CVD [8]. CVD has
become the leading cause of competitive mortality in BC
women [9], due to the cardiotoxic effects of BC treat-
ments (anthracycline chemotherapy, radiotherapy, and
biotherapy) and overlapping risk factors for breast cancer
and CVD (lack of exercise, obesity) [10]. Therefore, strat-
egies to reduce the risk of CVD should ideally target both
treatment- and patient-related factors [11].

Regular aerobic exercise (AE) has been widely accepted
as an effective intervention to reduce cardiovascular risk
in a variety of different clinical conditions [12]. It has
been shown in preclinical studies that AE exerts cardio-
protective effects in a model of chemotherapy-induced
cardiotoxicity by being able to attenuate chemothera-
peutic drug-induced oxidative stress and apoptosis [13,
14]. Lack of physical activity and poor cardiorespiratory
fitness in BC patients is well documented [15]. To date,
some systematic reviews and meta-analyses have been
published about this topic [16—19]. These studies have
mainly focused on chemotherapy-related cardiotoxic-
ity and used VO,max and LVEF as the tools of measure-
ment. In addition, one systematic review [16] suggested
that vigorous aerobic training performed with continu-
ous or interval training mode should be considered.
Furthermore, there are no reviews of body composi-
tion in previous literature. The linear aerobic exercise
approach utilizes standard intensity, frequency, and dura-
tion parameters after an initial lead in period, with static
increases in session duration [20]. The non-linear aero-
bic exercise approach considers the principles of exer-
cise training in order to optimize the adaptations to the
exercise stimulus. Sessions and weeks progress over the
course of the prescription and vary between low inten-
sity and moderate and high intensity training in order
to target various physiological systems involved in the
cardiopulmonary response to non-linear aerobic exer-
cise approach [20]. Therefore this study is aimed to seek
effective exercise strategies for reducing cardiovascular
risk factors in BC patients through a systematic review
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and meta-analysis of AE intervention on cardiovascu-
lar risk factors in female BC. We also aimed to identify
the appropriate exercise approach through analyzing the
linear or non-linear approach to provide information on
exercise prescriptions best suited for patients scheduled
to receive BC therapy.

Methods

We performed this study in accordance with the guidance
of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [21]. PRISMA
checklist and abstract checklist were attached to Sup-
plementary Materials 1 and 2. The systematic review was
registered with PROSPERO (CRD42022342396).

Search strategy

We systematically searched five databases including Pub-
Med, EMBASE, Cochrane Library, Scopus, and Web of
Science from their inception up to January 31st, 2023. We
referred to the retrieval method of "P+1" and searched
with "MeSH terms and Emtree terms+ Entry terms".
The search terms included "Breast Neoplasms", "Breast
Cancer", "Exercise", "Aerobic Exercise", "training exer-
cise", "endurance exercise" and so on. The search strategy
without limits to publication year, type, and status was
described in detail in Supplementary Material 3.

Inclusion and exclusion criteria of the study

Types of studies

To collect additional data to explore the relevance of AE
on cardiovascular events in BC patients, randomized
controlled trials (RCTs) and cohort studies (CSs) were
included. Trials that did not describe the randomization
method in detail were considered non-randomized stud-
ies of interventions and were excluded. Animal studies
were also excluded.

Types of participants

Studies that included participants of any age with histo-
logically confirmed non-metastatic breast cancer. We did
not restrict the type of treatment (chemotherapy, radio-
therapy, or surgery). Studies that evaluated different types
of cancer (breast, ovarian, rectal.) were only included if
data from a breast cancer-only group were provided.

Types of interventions and control

Patients in the intervention group were treated with AE
(continuous or interval; home-based or under profes-
sional supervision). Patients in the control group were
asked to only perform their daily activities and not to
begin any formal exercise training. Studies with the inter-
vention involving diet or acute exercise were excluded.
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Types of outcome measures
Primary outcomes

(1) Incidence of CVD events. CVD events were defined
as coronary artery disease (CAD), heart failure,
valve abnormality, arrhythmia, stroke, pericardial
complications, pulmonary hypertension, throm-
boembolic disease, or CVD death, occurring after
study enrollment.

(2) Changes in cardiopulmonary endurance. Cardio-
pulmonary endurance was measured by the maxi-
mum oxygen uptake (VO2 max). Training types
(linear aerobic exercise or nonlinear aerobic exer-
cise) were used as moderator variables.

Secondary outcomes

(1) Cardiovascular risk score.

(2) Lipid profile. Lipid profile includes low density lipo-
protein cholesterol (LDL-C), high density lipopro-
tein cholesterol (HDL-C), triglyceride (TG), and
total cholesterol (TC).

(3) Body Composition. Body composition includes
body mass index (BMI), body weight, waist circum-
ference (WC), hip circumference (HC), lean mass,
fat mass, body fat percentage (BF%), and waist-to-
hip ratio.

(4) Left ventricular ejection fraction (LVEF).

(5) C-Reactive Protein (CRP).

Study selection and data extraction

Search results were imported to EndNote X9. The eli-
gibility of retrieved studies was evaluated using the
established inclusion and exclusion criteria. The con-
tents of data extraction include first author, publication
year, sample size, treatment received for breast cancer,
basic characteristics (age, clinical type) of the included
patients, duration and frequency of aerobic exercise,
outcome measures. Studies without detailed informa-
tion on outcome measures were excluded. The screening
of studies and data extraction were performed indepen-
dently by two reviewers (QJ and CM), and any differences
were resolved by discussion or the decision of the third
reviewer (JL).

Quality assessment

The Cochrane Collaboration’s Risk of Bias 2 (RoB 2)
tool was used to assess the methodological quality of
the included RCT [22]. The following five domains were
assessed: bias in the randomization process; bias from
the intended intervention; missing outcome data; bias in
outcome measures; and selective reporting of outcomes.
Each domain was classified as low, some concern, and
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high risk of bias. The risk assessment for each entry using
this tool finally resulted in a study quality assessment.

The quality of CS was evaluated using the correspond-
ing Newcastle—Ottawa Scale (NOS, range 0-9) [23]. The
study was scored based on 8 items in three categories:
selection of participants, comparability between study
groups, and measurement of exposure factors or results.
Each entry is scored accordingly, with a total scale score
of 9. A study scoring 7-9 is considered a high-quality
study, 4—6 is a medium-quality study, and less than 4 is
considered a low-quality study.

The quality assessment of each included study was per-
formed independently by two reviewers (QJ and CM),
and any disagreements were resolved by discussion or the
decision of the third reviewer (BX).

Evidence synthesis

We used Stata 16 (Stata Corp LLC, College Station, TX,
USA) for all statistical analyses. Continuous variable’s
effect estimates were expressed as weighted mean differ-
ences (WMD) with a 95% confidence interval (CI). We
did I? testing to assess the magnitude of the heterogene-
ity between studies, a value of I*>50% was considered
substantial heterogeneity [24]. The random-effects model
was used when synthesizing data with high heterogeneity.

Additional analyses

Subgroup analysis

Subgroup analyses were performed, based on whether
patients received linear or nonlinear aerobic exercise
in the intervention group. Aerobic exercise was distin-
guished as a linear or non-linear exercise group based on
the intensity, frequency and duration parameters of the
exercise. If substantial heterogeneity existed, the source
of heterogeneity was explored.

Sensitivity analysis

According to the Cochrane Handbook for Systematic
Reviews of Interventions [24], I? values between 0 and
50% indicated that heterogeneity might not be impor-
tant. Therefore, we eliminated the included studies with
I>>50% one by one and performed sensitivity analysis
to identify possible highly influential studies. Studies
were considered influential if the removal significantly
changed the summary effect (i.e., change going from sig-
nificant to non-significant).

Publication bias

Publication bias of the cumulative evidence among indi-
vidual studies was evaluated using a graphical method
of funnel plot and Egger’s test if at least 10 trials were
included for the synthesized outcome [25]. If publication
bias existed, the meta-trim-fill method was employed
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using Stata 16 to assess the potential impacts of publica-
tion bias of cumulative evidence.

Certainty of evidence

We assessed the certainty of the cumulative evidence
using the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE) system [26],
where the certainty of the evidence was classified as high,
moderate, low, or very low. Risk of bias, inconsistency,
indirectness, imprecision, and publication bias were
assessed. We present our findings in a summary of find-
ings (SoF) table.

Results

Details of included trials

We obtained 12,678 records from the database search,
and after the selection process, a total of 40 RCTs
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involving 2,129 participants were enrolled and 6 cohort
trials involving 42,748 participants were enrolled. The
selection process was summarized in the flowchart
shown in Fig. 1.

General and intervention information of the cohort trials

The two reports included were a retrospective cohort
trial report [27] and a prospective cohort trial report
[28]. For the reporting of CVD events, the retrospective
cohort trials reported stroke events and the prospective
cohort trials reported heart failure events, and all tri-
als reported the occurrence of CAD events. In the two
cohort trial reports, the intervention groups were all set
up respectively with AE intervention of different intensi-
ties in the low, medium, and high groups, and the con-
trol groups were all asked to only perform their daily
activities and not to begin any formal exercise training.

[ Identification of studies via databases and registers J
N
Records identified from:
g PubMed (n = 5817) Records removed before
= EMBASE (n = 837) screening (n = 4833)
o The Cochrane library (n = 2952) R Duplicate records
= Scopus (n = 1996) Records marked as ineligible
E Web of Science (n = 1076) by automation tools (Endnote
= X9)
Registers (n = 12678)
) S—
A4
e
Records screened » | Records excluded after reading
(n=7845) titles and abstracts (n = 7773)
4
Reports sought for retrieval
(o)) =72
£ @ ) Reports excluded:
5 Data not available (n=10)
g v Unrelated to relevant predicative
N factors (n=7)
— Single group (n=4)
Reports ass(zs:e%c;)for eligibility — % N-RCT (n=6)
Full text not available (n=2)
The control group not available
(n=5)
—_J A
"\
° Trials included in review
3 (RCT n = 40)
3 (Cohort trial n =6)
{ =

Fig. 1 Flowchart of the selection process
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Therefore, we conducted a meta-analysis of 6 trials from
2 cohort reports based on exercise intensity to investigate
the relevance of AE intervention on the occurrence of
CVD and CAD events in BC patients. The characteristics
of the 6 cohort trials were summarized in Table 1.

General and intervention information of the RCTs

The three reports [39, 46, 50] contained 2 intervention
groups respectively. Although both intervention groups
were aerobic, the exercise protocols had slightly differ-
ent. One group was a continuous AE with a continuous
increase in exercise duration and intensity, which meets
the definition of linear AE. While the other group was
an intermittent AE with alternating intensity and dura-
tion, which meets the definition of nonlinear AE. So we
divided each of the three reports into 2 trials for inclu-
sion in the meta-analysis. The intervention group of one
report [55] had the same intervention protocol for AE
but was divided into Hispanic and non-Hispanic groups
based on the race of the BC patients, so we extracted 2
trials from this study for inclusion in the meta-analysis.
A total of 2,129 participants were randomized in the AE
intervention group (n=1,094) and the control group
(n=1,035). The characteristics of 40 RCTs were summa-
rized in Table 1.

The current exercise oncology prescription design fol-
lows the design principles of linear and nonlinear exer-
cise prescriptions [20]. The linear prescription design
approach utilizes standard intensity, frequency, and dura-
tion parameters with static increases in session duration
after an initial lead cycle. The nonlinear prescription
design approach considered the principles of exercise
training, tailored to the relative intensity of the indi-
vidual, varying between low, moderate, and high inten-
sity training. Fifteen RCTs of AE design followed linear
design principles, and the other 25 trials followed nonlin-
ear design principles.

Quality assessment of studies

Cohort studies

Since the 6 observational trials included were all cohort
studies, the NOS corresponding to the cohort study was
used to evaluate their quality. Three studies scored 9 and
the other scored 8. Overall, the 6 cohort trials were high
quality. Details of the NOS evaluation of the 6 cohort tri-
als were provided in Supplementary Material 4.

Risk of bias of RCTs

We assessed the risk of bias in 40 included trials with the
RoB 2 tool. Only one trial was assessed as ‘Low’ risk of
bias, and other 39 trials were assessed as ‘Some concerns.
Most concerns were caused by the measurement of the
outcomes, since the assessment of outcomes could be
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influenced by knowledge of interventions that patients
received. The summary of the risk of bias is shown in
Fig. 2.

Primary outcomes

Effect of AE on CVD

Six cohort trials reported the occurrence of CVD and
CAD events in BC patients. The meta-analysis showed
that compared to the control group, AE reduced the inci-
dence of CVD events by 29.4% [RR =0.706, 95% CI (0.659,
0.757), P<0.05] and CAD events by 36% [RR =0.640, 95%
CI (0.561, 0.729), P<0.05] in female BC. There was high
effect heterogeneity among the CVD trials (I*=81.2%,
p<0.05), as shown in Fig. 3. While there was low effect
heterogeneity among the CAD trials (I*=14.7%, p=0.32),
as shown in Fig. 4.

Effect of AE on cardiopulmonary endurance

Cardiopulmonary endurance is expressed as the
VO,max. Pooled data from 26 RCTs (1216 participants:
cases =625, controls =591) showed that compared to the
control group, AE elevated VO,max by 3.86 ml-kg-min™"
[95% CI (2.107, 5.613), p<0.05)] in BC patients. There
was high effect heterogeneity among the studies
(I*=90.9%, p=0.000), as shown in Fig. 5.

The heterogeneity between trials was large, and to elu-
cidate the sources of heterogeneity, subgroup analyses
were performed according to AE design principles: clas-
sification into linear AE and nonlinear AE. We used a
random effects model for subgroup analysis in Fig. 6. (1)
Linear AE group: eleven RCTs [29, 30, 35, 37, 39, 40, 46,
48, 50, 51, 58] were included, and the results showed that
linear AE treatment was significantly better than the con-
trol group in increasing VO,max, with no statistically sig-
nificant difference [WMD =1.884, 95% CI (-0.154, 4.283),
p=0.124]. (2) Nonlinear AE group: fifteen RCTs [32, 34,
36, 38, 39, 43, 44, 46, 50, 52, 55-57, 60] were included
and the results showed that nonlinear AE treatment was
significantly better than the control group, which could
significantly improve VO,max by 5.354 ml-kg-min~", with
a statistically significant difference [95% CI (2.645, 8.062),
p=0.000].

Secondary outcomes

Effect of AE on the cardiovascular risk score

Cardiovascular scores were used in 3 RCTs to measure
the effects of AE intervention: the Reynolds risk score
(RRS) [31], the metabolic syndrome z-score [33], and the
Framingham Risk Score (FRS) [35]. The results showed
that AE significantly reduced cardiovascular risk scores
compared with the control group. But the meta-analysis
could not be performed because each score involved only
one trial.
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As percentage (intention-to-treat)

Overall Bias

Selection of the reported result

Measurement of the outcome

Mising outcome data

Deviations from intended interventions

Randomization process

0 10 20
Low risk
Fig. 2 Risk of bias of included RCTs
Study
D
Jones et al.(a) (2016) ' —
Jones et al.(b) (2016) 3_’_
Jones et al.(c) (2016) +
Kim et al.(a) (2021) —_—
Kim et al.(b) (2021) —
Kim et al.(c) (2021) e

Overall (--squared = 81.2%, p = 0.000) <>

30 40 50 60 70 80 90 100

Some concerns

%

RR (95% Cl) Weight

— 0.94 (0.81, 1.09) 15.95

0.81(0.69, 0.95) 15.53

0.67 (0.57, 0.80) 15.21

0.68 (0.58,0.81)  18.04

0.62 (0.52, 0.74) 17.99

0.54 (0.45, 0.65) 17.28

0.71(0.66, 0.76) 100.00

445

225

Fig. 3 Forest plot of cardiovascular disease (CVD) events in breast cancer (BC)

Effect of AE on body composition

Twelve RCTs [33, 38, 40, 42, 45, 50, 54, 56, 58, 61, 62]
showed a consistent effect of AE on BMI, while the
fixed-effect analysis showed no statistically significance.
Eleven RCTs [33, 38, 42, 43, 45, 50, 56, 60—63] reported
the effect of AE intervention on body weight in women
with BC, and meta-analysis showed that AE significantly
reduced body weight by 1.966 kg [95% CI (-3.839, -0.094),
p=0.040] compared with the control group. Four RCTs
(33, 45, 61, 64] reported the effect of AE intervention on

the HC in women with BC, and meta-analysis showed
that AE reduced HC by 2.742 cm [95% CI (-4.278,
-1.206), p =0.000] compared with the control group. Four
RCTs [45, 49, 59, 64] reported WC, four RCTs [54, 56,
58, 61] reported waist-to-hip ratio, and we performed
a meta-analysis using a fixed-effects model, while the
results showed the effect of AE intervention on the WC
and waist-to-hip ratio was not statistically significant in
BC patients. Seven RCTs [33, 40, 49, 50, 60, 65] reported
the effect of AE intervention on fat mass, thirteen RCTs
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Sludy %

D RR (95% Cl) Weight
Jones et al (a) (2016) —_———— 0.82(0.58,1.15)  12.41
Jones etal(b) (2016) % 0.70 (0.48, 1.00) 12.29
Jones etal(c) (2016) : 0.52(0.35,0.78) 1222
Kim et al(a) (2021) —_—— 0.72(0.55,095) 2133
Kim et al.(b) (2021) —_—— 0.61(0.46,0.81)  21.29
Kim et al.(c) (2021) —— 0.52(0.38,0.70)  20.46
Overall (-squared =14.7%, p = 0.320) 0 0.64 (0.56,0.73)  100.00

1 I
349 2.87

Fig. 4 Forest plot of coronary artery disease (CAD) events in breast cancer (BC)

[30, 33, 43, 45, 49, 50, 54, 58, 60-63] reported BF%, and
seven RCTs [33, 43, 45, 49, 50, 63] reported lean mass.
Because of the high heterogeneity of the meta-analysis,
we performed subgroup analyses based on exercise train-
ing principles (linear exercise or nonlinear exercise).
The meta-analysis results showed that nonlinear AE sig-
nificantly reduced fat mass by 4.256 kg [95% CI (-3.839,
-0.094), p=0.04], while the remaining results were not
statistically significant. The results were shown in Sup-
plementary Material 5.

Effect of AE on lipid profile

Five RCTs [47, 49, 56, 59, 62] reported the effect of AE
intervention on triglyceride, and our meta-analysis
using the fixed effect model showed no statistically sig-
nificant results. Four RCTs [31, 47, 59, 62] reported the
effect of AE on TC, and six RCTs reported HDL-C [31,
47, 49, 56, 59, 62]. Because of the high heterogeneity of
their evidence, subgroup analyses based on principles of
exercise training showed no statistical significance. Five
RCTs reported LDL-C, two [49, 62] of which followed

the linear design, and three [35, 47, 59] of which followed
the nonlinear design. The results of the subgroup analysis
we performed showed no statistically significant effect of
nonlinear AE, while linear AE could reduce significantly
the LDL-C by 8.534 mg/dL [95% CI (-15.511, -1.557),
p=0.017]. The results were shown in Supplementary
Material 5.

Effect of AE on LVEF

Four RCTs [29, 32, 41, 51] reported the effect of AE
intervention on LVEF, three in the linear [29, 41, 51]
AE design, and one [32] in the nonlinear AE design.
The meta-analysis showed that compared to the control
group, AE significantly increased LVEF by 7.081, [95% CI
(1.891, 12.272), p=0.007]. The result was shown in Sup-
plementary Material 5.

Effect of AE on C-reactive protein
Five [31, 41, 44, 47, 49] RCTs reported the effect of AE
intervention on C-reactive protein, including two linear
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Study %
D WMD (95% CI) Weight
Chung et al. (2021) s 120(-044,284) 444
De Luca et al. (2016) Pa— 110(-745,965 220
Homsby et al (2013) — 610(1.10,11.10) 338
Diek-Conwnght et al. (2018) : —— 1580(1244,19.16) 395
Coumneya et al. (2003) —— 3.10 (0.99, 5.21) 433
Scottetal (a) (2020) - 040(-1.12,192) 447
Vincent et al (2020) —— 190 (005,385 437
Coumeya et al. (2007) —— 220 (0.08, 4.32) 433
Jonse et al (2013) —_— 610(1.10,11.10) 336
Northey et al (a) (2019) ~t—— 280(-163,723) 357
Inwin et al. (2015) —— 160(-059,379) 431
Al-Maijid et al. (2015) | —— 850 (562, 1138) 411
Moller et al (b) (2015) —_— - 530(-11.13,053) 306
Dies-Conwright et al (a) (2021) - —— 17.90(1456,2124) 396
Dies-Conwnght et al (b) (2021) :—0— 8.80 (424, 13.38) 352
Nuri ot al (2012) R 680(281,1079) 373
Lahart et al. (2018) —_—— 040 (-346,266) 405
Rogers et al (2013) B . 000 (443, 443) 357
Herrero et al. (2008) e fieeh: 020 (-384,424) an
Comette et al (2016) ——— 230(070,530) 407
Scott et al (b) (2020) - 130(-026,286) 446
Northey et al (b) (2019) [ E— 170(-194,534) 385
Lee et al. (2019) —_— 330(-121,781) 354
Ochi et al (2022) —— 180(-023,383) 435
Moller et al (a) (2015) —_—— 040(-696,616) 280
Ma et al (2018) \ - 880 (752, 1008) 451
Overall (I-squared = 90.9%, p = 0.000) <> 3.86 (2.11,561) 100.00
NOTE: Weights are from random effects analysis :

1 1
212 212

Fig.5 Forest plot of maximum oxygen uptake (VO,max) in breast cancer (BC)

exercise design trials and four nonlinear exercise design
trials. We performed subgroup analysis and found that
the effect of either linear AE design or nonlinear AE
design on c-reactive protein in women with BC was not
statistically significant. The result was shown in Supple-
mentary Material 5.

Publication bias

We assessed the publication bias with funnel plots and
Egger’s test. The asymmetry of the funnel plots and
Egger’s test suggest that VO,max (P=0.848) and weight
(P=0.14) had no significant risk of publication bias, while
the BMI (P=0.028) and BF% (P=0.032) may have mod-
erate publication bias. The funnel plots were shown in
Supplementary Material 6.

We performed the meta-trim-fill analysis of the out-
comes with publication bias. The combined effect value
of BMI before the meta-trim-fill was -0.09 [95% CI
(-0.249, 0.069)], and after the meta-trim-fill was -0.215
[95% CI (-0.36, -0.069)]. There was some difference in the
combined effect value before and after the meta-trim-fill,
suggesting that the BMI outcome may be subject to pub-
lication bias and that the result was less stable. The com-
bined effect value of BF% before the meta-trim-fill was
-0.146 [95% CI (-0.458, 0.166)], and after the meta-trim-
fill was -0.264 [95% CI (-0.554, 0.026)]. The difference
between the results before and after the meta-trim-fill
was small, suggesting that the effect of publication bias
on BF% was small. The two meta-trim-fill plots were
shown in Supplementary Material 6.
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Study %
ID WMD (95% Cl) Weight
linear aerobic exercise :
Chung et al. (2021) ! 1.20(-0.44,2.84) 4.44
De Luca et al. (2016) + : 1.10 (-7.45,9.65) 2.20
Scott et al (a) .(2020) - : 0.40 (-1.12,1.92) 4.47
Vincent et al. (2020) —— 1.90 (-0.05, 3.85) 4.37
Northey et al.(a) (2019) ——+:— 2.80(-1.63,7.23) 3.57
Irwin et al. (2015) =—— 1.60 (-0.59, 3.79) 4.31
Mgller et al.(b) (2015) —_—] : -5.30 (-11.13, 0.53) 3.06
Rogers et al. (2013) —_— 0.00 (-4.43, 4.43) 3.57
Lee et al. (2019) - 3.30(-1.21,7.81) 3.54
Ochi et al. (2022) e 1.80 (-0.23,3.83) 4.35
Ma et al. (2018) : - 8.80 (7.52,10.08) 4.51
Subtotal (I-squared = 90.8%, p = 0.000) > 1.88 (-0.51, 4.28) 42.39
1
nonlinear aerobic exercise :
Hornsby et al. (2013) —{—o— 6.10 (1.10, 11.10) 3.36
Dieli-Conwright et al. (2018) 1 —_—— 15.80 (12.44, 19.16)3.95
Courneya et al. (2003) —0:— 3.10(0.99,5.21) 4.33
Courneya et al. (2007) —— 2.20(0.08,4.32) 4.33
Jones et al (2013) —:o— 6.10 (1.10, 11.10) 3.36
Al-Majid et al. (2015) | ——— 8.50 (5.62, 11.38) 4.11
Dieli-Conwright et al.(a) (2021) : —— 17.90 (14.56, 21.24)3.96
Dieli-Conwright et al.(b) (2021) | —— 8.80 (4.24, 13.36) 3.52
Nuri et al. (2012) :—0— 6.80 (2.81, 10.79) 3.73
Lahart et al. (2018) —_— -0.40 (-3.46, 2.66) 4.05
Herrero et al. (2006) —0—: 0.20 (-3.84,4.24) 3.71
Cornette et al. (2016) —— 2.30 (-0.70, 5.30) 4.07
Scott et al.(b) (2020) —— : 1.30 (-0.26, 2.86) 4.46
Northey et al.(b) (2019) ——0—:— 1.70 (-1.94,5.34) 3.85
Mgller et al.(a) (2015) —_— -0.40 (-6.96, 6.16) 2.80
Subtotal (l-squared =91.3%, p = 0.000) I<> 5.35(2.65,8.06) 57.61
. 1
Overall (l-squared = 90.9%, p = 0.000) 3.86 (2.11,5.61)  100.00
NOTE: Weights are from random effects analysis :
I I
-21.2 21.2

Fig. 6 Forest plot of maximum oxygen uptake (VO,max) subgroup analysis in breast cancer (BC)

Sensitivity analysis

To determine the impact of each trial on the effect index
in highly heterogeneous outcomes, we used a sensitivity
analysis in our meta-analyses. Finally, we did not observe
the significant effects of any individual trial, as shown in
Supplementary Material 7.

Certainty of evidence

We assessed 24 synthesized pieces of evidence with
GRADE. A total of 10 of these outcomes were assessed
as low certainty, and fourteen were very low certainty.
The main reasons to downgrade the quality of evidence

are the unsatisfactory risk of bias, the limited sample size
of included trials, and high statistical heterogeneity. The
summary of findings is shown in Table 2.

Discussion

Meta-analysis of trial results

In this study, we retrieved as many RCTs as possible
and performed the meta-analyses to assess the effect
of AE on cardiovascular risk factors in female BC and
divided them into linear AE and nonlinear AE for sub-
group analyses based on exercise training principles.
AE reduced the risk of CAD events in female BC. In
terms of body composition, AE reduced body weight
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Table 2 Evidence profile

Outcome Relative effect Anticipated absolute effects (95% Cl) Certainty
No. of participants (95% CI) - - -

(studies) The control Aerobic Exercise Difference

The occurrence of CVD events RR 0.706 3.63% 1.6% fewer Low

No. of participants: 59,050 (6 (0.659t0 0.757) (1.9 fewer to 1.3 fewer)

cohort trials)

The occurrence of CAD events RR 0.640 2.0% 0.7% fewer Low

No. of participants: 59,050 (6 (0.561 t0 0.729) (0.9 fewer to 0.5 fewer)

cohort trials)

VO,max of linear exercise training - Mean: 22.706 ml-kg-min~' MD 1.884 ml-kg:min~' more Very low*
No. of participants: 517 (11 RCTs) (0.514 fewer to 4.283 more)

VO,max of nonlinear exercise - Mean: 27.047 mlkg-min~' MD 5.354 ml-kg:min™' more Very low*
training (2.645 more to 8.062 more)

No. of participants: 699 (15 RCTs)

BMI - Mean: 28.502 kg-min~ MD 0.603 kg-min~2 fewer Very low?¢
No. of participants: 650 (12 RCTs) (1.366 fewer to 0.160 more)

Weight - Mean: 72.872 kg MD 1.966 kg fewer Low®®

No. of participants: 733 (11 RCTs) (3.839 fewer to 0.094 fewer)

Fat mass of linear exercise training - Mean: 25.076 kg MD 1.043 kg fewer Low®®

No. of participants: 137 (3 RCTs) (4.808 fewer to 2.722 more)

Fat mass of nonlinear exercise - Mean: 25.426 kg MD 4.256 kg fewer Very low?0<
training (7.826 fewer to 0.685 fewer)

No. of participants: 272 (4 RCTs)

BF% of linear exercise training - Mean: 39.908 MD 0.380 more Low?P

No. of participants: 258 (6 RCTs) (1.274 fewer to 2.035 more)

BF% of nonlinear exercise training - Mean: 36.801 MD 1.748 fewer Very low?°<
No. of participants: 452 (7 RCTs) (4.751 fewer to 1.256 more)

Lean mass of linear exercise train- - Mean: 36.636 kg MD 1.774 kg fewer Very low??
ing (4.011 fewer to 0.464 more)

No. of participants: 56 (2 RCTs)

Lean mass of nonlinear exercise - Mean: 44.762 kg MD 0.901 kg more Very low?0<
training (2.293 fewer to 4.095 more) kg

No. of participants: 397 (5 RCTs)

Hip circumference - Mean: 85.386 cm MD 2.742 cm fewer (4.278 fewer Low?®P

No. of participants: 279 (4 RCTs) to 1.206 fewer)

Waist circumference - Mean: 89.783 cm MD 1.170 cm fewer Low®?

No. of participants: 212 (4 RCTs) (4.838 fewer to 2.498 more)

Waist-to-hip ratio - Mean: 0.827 MD 0.011 fewer Low?P

No. of participants: 170 (4 RCTs) (0.035 fewer to 0.013 more)

Triglyceride - Mean: 64.367 MD 0.315 mg/dL fewer Low®?

No. of participants: 223 (5 RCTs) mg/dL (3.909 fewer to 3.278 more)

Total Cholesterol of nonlinear - Mean: 131.384 MD 9.577 mg/dL fewer, (42.059 Very low?P<
exercise training mag/dL fewer to 22.906 more)

No. of participants: 171 (5 RCTs)

LDL-C of linear exercise training - Mean: 78.579 MD 8.534 mg/dL fewer Low?P

No. of participants: 116 (2 RCTs) mg/dL (15.511 fewer to 1.557 fewer)

LDL-C of nonlinear exercise train- - Mean: 92.744 MD 12.895 mg/dL fewer Very low?P<
ing mg/dL (59.432 fewer to 33.641 more)

No. of participants: 171 (3 RCTs)

HDL-C of linear exercise training - Mean: 35938 MD 0.156 mg/dL more Very low?P
No. of participants: 116 (2 RCTs) mg/dL (2.138 fewer to 2.449 more)

HDL-C of nonlinear exercise train- - Mean: 48.654 MD 6.997 mg/dL more Very low?P<
ing mg/dL (8.341 fewer to 22.335 more)

No. of participants: 200 (4 RCTs)

CRP of linear exercise training - Mean: 3.705 MD 0.502 mg/dL fewer Very low??
No. of participants: 83 (2 RCTs) mg/dL (2.651 fewer to 1.646 more)

CRP of nonlinear exercise training - Mean: 2.661 MD 0.879 mg/dL fewer Very low?b<

No. of participants: 212 (3 RCTs)

mg/dL

(2.388 fewer to 0.629 more)
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Table 2 (continued)

Page 17 of 20

Outcome Relative effect Anticipated absolute effects (95% Cl) Certainty
No. of participants (95% ClI)

(studies) The control Aerobic Exercise Difference

LVEF(%) - Mean: 63.697 - MD 7.081 more Very low?b<

No. of participants: 227 (4 RCTs)

(1.891 more to 12.272 more)

Cl confidence interval, MD mean difference, RCTs randomized controlled trials
@ All studies were assessed as having ‘Some concerns'risk of bias

® Small study sample size

© Statistical heterogeneity exists, I2>50%

d Publication bias

¢ Clinical heterogeneity exists

The bold was generated in the original form of the SoF table in the GRADE system

and HC, whereas nonlinear AE reduced fat mass,
but had no significant effect on other body compo-
nents (BMI, lean mass, BF%, waist-to-hip ratio, and
WC). The development or maintenance of lean mass
(through AE) is an important component of weight
management, can help prevent an age-associated
decline in metabolic rate and gains in fat mass [63].
The reason for non-significant differences in per-
cent body fat and could be attributed to factors such
as dietary intake. As participants progressed through
cancer treatment and during post treatment, the
exercise may have caused an increase in appetite and
subsequent increase in calorie intake. Therefore limit-
ing nutritional intake (i.e. total calories) during exer-
cise is essential for body composition management in
BC patients. Other reasons for the lack of significant
changes in body fat composition, waist circumference
and waist-to-hip ratio may be attributed to the fact
that weekly exercise time may not have been sufficient
in the intervention group. The total minutes of exer-
cise per week in the AE groups ranged from 90 to 180.
This falls short of the report guidelines published in
the America [66] of 180 to 300 min per week of benefi-
cial body composition changes.

AE can improve cardiorespiratory fitness by increas-
ing VO,max, especially for nonlinear AE. AE had no
significant effect on CRP and lipid profile (TC, TG, and
HDL-C), but linear AE reduced LDL-C. A study directly
comparing linear and nonlinear AE in cancer patients
found that nonlinear AE resulted in more significant
improvements in cardiorespiratory and physical func-
tion and a greater reduction than a linear exercise in nau-
sea, vomiting, pain, and severity of adverse effects such
as physical fatigue, which supports our findings [20]. We
found that AE training significantly increased LVEF com-
pared with controls, which is consistent with a previous
systematic review of exercise interventions [67]. The four
clinical trials involved included three linear AE training

(two for continuous AE and one for intermittent AE) and
only one clinical trial of nonlinear AE, and the effects of
different exercise types on LVEF still need to be studied
in large-scale clinical trials.

Strength and limitations

This is the first systematic evaluation and meta-analysis
exploring the effects of AE intervention, particularly
exercise design principles, on cardiovascular risk factors
in female BC. Previous studies [16, 18, 68] have dem-
onstrated the feasibility, safety, and overall effectiveness
of aerobic training for patients with BC; however, there
is no consensus regarding the most appropriate training
mode to optimize training-induced adaptations. Most
studies involving BC patients have prescribed aerobic
training based on guidelines from the Clinical Society of
Oncology of Australia (COSA) [69], the American Col-
lege of Sport Medicine (ACSM) [66], and the American
Cancer Society (ACS) [70]. Although it has been shown
that AE can significantly improve patients’ cardiores-
piratory endurance, there are more training modes
involving linear AE and fewer training modes involving
nonlinear AE.

The present meta-analysis has some limitations. There
is a high degree of heterogeneity in some results in this
article and we believe that the sources of heterogeneity
are as follows. According to our classification, one source
of bias in the analysis was the method of assessment of
cardiorespiratory fitness. Four studies [32, 34, 46, 51] indi-
rectly assessed VO,max, so there was a small probability
of bias regarding the prescribed training intensity and the
training-induced increase in VO,max. This is because
some of the trials included in some studies had small
sample sizes and there was some risk of bias in several tri-
als. Second, the number of long-term trials conducted is
very limited and larger, longer-duration trials are needed
to explore the effects of AE on long-term cardiovascular
disease risk management. In addition, the risk of bias in
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the included trials needs to be considered, which seems
to be mainly related to the difficulty of measuring the
outcomes. Therefore, it is important to note that the bias
assessment of these projects does not reflect the low qual-
ity of the study design, but rather expresses the unavoid-
able bias introduced by the lack of blinding of outcome
assessors. Therefore, larger and better-blinded controlled
trials should be conducted to properly address this issue.

Perspectives for future research

It is difficult to draw definitive conclusions because the
quality of the pooled studies was not high. Neverthe-
less, our study suggests that AE reduces the risk of CVD
and CAD events in female BC and has a positive effect in
reducing body weight and HC and improving cardiorespi-
ratory endurance. In terms of exercise design principles,
nonlinear AE had a positive effect in reducing fat mass
and improving cardiorespiratory endurance, but linear AE
showed a positive effect in reducing LDL-C. AE may be an
active strategy to effectively reduce cardiovascular risk fac-
tors in BC patients and provide options for the develop-
ment of exercise rehabilitation programs for BC patients.
In future, clinical trials (randomized, controlled, blank-
controlled), the design and implementation process should
take full account of the AE protocol design principles.

Conclusion

In summary, our findings indicated that AE increases the
VO,max in women with BC improving LVEF, and body
composition (weight, HC). But there may be no differ-
ence regarding the lipid profile (TG, TC, HDL-C), and
CRP. We also showed that nonlinear AE training is effec-
tive at increasing the VO,max and reducing the fat mass
in female BC. Therefore, high-quality and long-term
RCTs are needed to provide data on the persistence of
the effect and to strengthen the certainty of the evidence.

Abbreviations

BC Breast cancer

(&) Cohort studies

AE Aerobic exercise

us Usual care

RCTs Randomized controlled trials

CVD Cardiovascular disease

CRF Cardiopulmonary fitness

HC Hip circumference

WC Waist circumference

VO,max  Maximal oxygen consumption
LVEF Left ventricular ejection fraction
BMI Body mass index

BF% Body fat percentage

TC Total cholesterol

TG Triglyceride

HDL-C High density lipoprotein cholesterol
LDL-C Low density lipoprotein cholesterol
CRP C reactive protein

NOS Newcastle-Ottawa Scale

SoF Summary of findings
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