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Abstract

Background: Obesity has been recognized as a risk factor in the development and
recurrence of breast cancer and is also associated with poor prognostic outcomes.
This systematic review and network meta-analysis aimed to identify the most
effective exercise, physical activity, and dietary interventions to reduce fat mass,
body fat percentage and body weight as well as potentially increase lean mass in
women diagnosed with or at high risk of breast cancer.

Methods: A systematic search of databases was performed up to May 2022. Eligible
randomized controlled trials examined the effects of exercise, physical activity and/
or dietary interventions on fat mass and lean mass in women diagnosed with or at
high risk of breast cancer. A random-effects network meta-analysis was conducted
to determine the effects of different interventions across outcomes when sufficient
studies were available.

Results: Eighty-four studies (n = 6428) were included in this review. Caloric re-
striction and combined exercise + caloric restriction significantly reduced fat mass
(range, -3.9 to -3.7 kg) and body weight (range, -5.3 to -4.7 kg), whereas physical
activity + caloric restriction significantly reduced body fat percentage (-2.4%; 95%
confidence interval [Cl], -3.4% to -13%) and body mass index (-2.2 kg x m~2; 95%
Cl, -30 to -1.4 kg x m~?) in breast cancer patients. Resistance exercise was the
most effective intervention to increase lean mass (0.7 kg; 95% Cl, 0.5-1.0 kg) in
breast cancer patients.

Conclusion: Multimodal exercise and diet programs were the most effective in-
terventions to reduce fat mass, body fat percentage, and body weight and increase

and/or preserve lean mass.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.
© 2023 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society.
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LIFESTYLE INTERVENTIONS IN BREAST CANCER
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INTRODUCTION

Female breast cancer is the most commonly diagnosed cancer
worldwide with ~2.3 million new cases and ~700,000 deaths in
2020.! Obesity has been recognized as a modifiable risk factor in the
development? and recurrence of breast cancer® and is associated

t4-8

with increased surgical complications during treatmen worse

adverse cancer-related outcomes,” and breast cancer-specific sur-

1.1° Specifically, women with breast cancer who are overweight or

Viva
obese during treatment experience ~20%-30% increased risk of
cancer-related and all-cause mortality.**? More recently, sarcope-
nia (i.e., loss of muscle mass) has been associated with poorer prog-
nosis in patients with cancer® including poorer quality of life,
physical function, and surgical outcomes, increased incidence of
hospitalization, and longer length of hospital stay.!* Studies in
women with breast cancer found that low lean mass is associated
with greater chemotherapy toxicities and shorter survival.*>~2* One
study demonstrated that women with low levels of lean mass may
have ~40% increased risk of mortality.>

Multicomponent allied health interventions, including nutrition
and structured exercise programs, are widely used to counteract
increases in body fat and fat mass and decreases in lean mass
experienced during and following active cancer treatment.?>~2? This
is crucial, because weight loss achieved through combined exercise
and dietary interventions is associated with reductions in fasting
insulin levels and improvements in inflammatory markers, potentially
enhancing treatment outcomes and reducing the risk of cancer
recurrence.®°~32 Current exercise guidelines recommend at least 20-
30 minutes of moderate-intensity aerobic exercise most days of the
week combined with two resistance training sessions per week for
cancer patients and survivors to help reduce treatment toxicities and
cancer-related fatigue, and improve physical function and quality of
life.3#3> Evidence shows that regular physical activity and a healthy
diet based on increased consumption of vegetables, fruits, and whole
grains is associated with reduced risk of breast cancer-specific and
all-cause mortality,®® although effects on fat mass, lean mass, and
body weight are variable.>>~2 These current recommendations lack
specificity on interventions to improve body composition compo-
nents (e.g., fat mass, lean mass) and body weight in women diagnosed
with breast cancer, whereas there is limited evidence for those at
high risk of breast cancer. Therefore, a more comprehensive
assessment of the literature is necessary to better target specific
components of body composition and weight and achieve meaningful
changes before, during, and following breast cancer diagnosis and
treatment.

The aim of this systematic review and network meta-analysis
was to identify the most effective physical activity (i.e., any bodily

movement produced by skeletal muscles that results in energy

expenditure),®” exercise (i.e., a subset of physical activity that is
planned, structured, and repetitive bodily movement),>” and/or di-
etary interventions (e.g., healthy diet, caloric restriction, and low-fat
diet), to reduce fat mass, body fat percentage, and body weight and
increase lean mass in women diagnosed with or at high risk of breast
cancer. In addition, we performed subgroup analyses to examine the
effects of these interventions based on age, body mass index (BMI),
and timing of treatment. The results of this review may be used to
assist clinicians to provide specific information on fat mass, body fat
percentage, body weight, and muscle mass management in-

terventions for breast cancer care and inform future research.

MATERIALS AND METHODS

All procedures undertaken in this study are reported in accordance
with the Cochrane Back Review Group,®® the Implementing Prisma in
Exercise, Rehabilitation, Sport Medicine and Sports Science,®’ and
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses for Network Meta-Analyses (PRISMA-NMA) statement®®
including registration with the international prospective register of
systematic reviewers (PROSPERO identifier: CRD42021250180).

Literature search strategy and study selection

A systematic search was conducted using CINAHL, Cochrane Library,
Embase, PubMed, SPORTDiscus, and Web of Science databases from
inception to May 21, 2021. An updated search was conducted on May
16,2022, to identify the most recent studies. The search terms for this
systematic review included a combination of keywords relating to
breast cancer, exercise, physical activity, diet, nutrition, and body
composition. The search strategy is described in Appendix S1.
Eligibility was assessed independently by three authors (C.K., L.
M., and B.F.), with discrepancies resolved by consensus. In case of any
disagreement, a fourth reviewer (P.L.) was consulted. Titles and ab-
stracts were independently evaluated following the eligibility criteria
assessment. Full-text articles that met the criteria were retrieved and
read independently by all reviewers and assessed for inclusion in the
study. A manual search of references in selected articles was per-
formed to detect studies that were potentially eligible for inclusion.

Inclusion and exclusion criteria
The inclusion criteria for this systematic review followed the Popu-

lation, Intervention, Comparator, Outcomes, Study design frame-

work.*° Studies were included if 1) participants were diagnosed with
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breast cancer or at high risk of developing breast cancer (i.e,, BRCA1/
BRCA2 genetic mutations); 2) the intervention included exercise,
physical activity and/or dietary information; 3) outcome measures
had one of the following variables: whole-body fat mass (kg), whole-
body lean mass (kg) or body fat percentage (%); and 4) the study
design was a randomized clinical trial (RCT).

The exclusion criteria were: 1) studies that included mixed can-
cers without specific results on breast cancer patients; 2) studies that
did not report specific outcomes of interest for this review; 3) in-
terventions less than 4 weeks; and 4) non-English publications.

Data extraction, risk of bias assessment, and certainty
of evidence

Three authors (C.K, P.L.,, and F.S.) extracted publication information
(authors, year of publication), demographic and clinical characteris-
tics (age, BMI, disease stage and treatment), experimental design and
sample size, prescription characteristics (delivery, modality, fre-
quency, volume, and intensity for exercise interventions), exercise,
physical activity, dietary recommendations (e.g., for low carbohydrate
diet, reduce carbohydrate intake by 30 g per day), adherence, and
retention rate and main outcomes from the studies using a stan-
dardized form. Information was extracted from baseline versus post-
intervention assessment. For studies that did not provide dispersion
values of change for the outcomes assessed such as standard devi-
ation (SD), standard errors or 95% confidence intervals (95% Cl), the
SD of the change was calculated assuming a correlation of zero be-
tween the baseline and post-intervention assessment measures by
the square root of (SDgase,,»ne + SDFZ,O“_,»,WWﬁon).41

Risk of bias assessment was conducted by two authors (C.K. and
P.L.) and evaluated according to the second version of the Cochrane
risk-of-bias tool for randomized trials (RoB 2) with each assessment
focused on the outcome level. The certainty of evidence for the
network intervention ranking was assessed using the Grading of
Recommendations Assessment, Development and Evaluation
approach for network meta-analysis.

Data synthesis and analysis

Continuous outcome data in both pairwise and network meta-
analyses (NMA) were summarized as mean difference (MD) and
95% CI. Pairwise comparisons between interventions and control
groups were conducted in R (R Development Core Team, Vienna,
Austria) using the package “meta.”*? The frequentist graph theoret-
ical was performed following current PRISMA guidelines for
NMA*3%* and conducted using the R package “netmeta”*® for studies
involving women diagnosed with breast cancer. A random-effects
model was undertaken as studies differed both clinically and meth-
odologically (i.e., between-study variability). The between-study
variability (i.e., heterogeneity) and variance of the intervention ef-

fects within each comparison was assessed by 12 and 12, respectively.

For each NMA, we assessed a priori for transitivity and consistency
assumptions using average age, BMI, and overall risk of bias as po-
tential intervention effect modifiers,*® with values reported for each
study. We evaluated each network for inconsistency using the
random-effects design-by-treatment interaction model*” and locally
by splitting the direct and indirect evidence.*® For studies involving
women at high risk of breast cancer, given the small number of
studies, pairwise meta-analyses were used to investigate the effect of
exercise, physical activity, and/or dietary interventions compared to
control groups on outcomes of interest.

Significant intervention effects were ranked according to p scores,
measuring the extent of certainty that an intervention was better than
the other.*’ Comparisons were made when more than one study was
included for each comparator and were considered statistically sig-
nificant when the 95% Cl did not include the value of zero. NMA with
subgroup analyses were conducted for the primary outcomes consid-
ering potential intervention effect modifiers such as age (below 50 and
equal to or over 50 years), BMI (overweight or obese), and timing of

treatment status (during vs. following treatment).

RESULTS

A total of 3218 records were screened after removing 2859 dupli-
cates. A total of 2106 records were excluded based on titles and
abstracts due to their irrelevance to the research question, and 1112
records were deemed eligible for full-text review. After including six
additional studies via other methods, a total of 84 randomized clinical

30-33,50-129

trials were included in this systematic review and network

meta-analysis (Figure 1).

Study, participant, and intervention characteristics

A total of 6428 women with a median age of 53.1 years (interquartile
range [IQR], 50.0-56.0 years) were included in this review. The me-
dian BMI was 28.5 kg x m™2 (IQR, 25.8-30.8 kg x m™2); most par-
ticipants were either overweight (k = 42, n = 3257, 50.7%) or obese
(k = 25, n = 1724, 26.8%). Most participants (66%) in the studies
completed active treatment, 25% were still undergoing active
treatment, 9% were at high risk of breast cancer with no treatment,
and 1% did not report any information regarding treatment status.
Eighty-four trials that included a total of 105 interventions were
analyzed. The definition of interventions is presented in Table 1. For
the purpose of this review, we elected to categorize activities as
resistance and aerobic exercise based on definitions from Newton
and Galvao®° because these were the most common forms of ex-
ercise modality used in patients with cancer. All other activities not
meeting these exercise-based definitions were categorized as phys-
ical activity (e.g., tai chi, yoga). The most common intervention mo-
dality was combined resistance and aerobic exercise (21.9%),
followed by resistance exercise (14.3%), physical activity (14.3%),

aerobic exercise (11.4%), physical activity + caloric restriction (6.7%),
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[ Identification of studies via databases and registers ] Identification of studies via other methods
—
Records identified from:
Reaords iflentified through databases Reference lists (n=4)
5 ancregisters - 6,077) Updated search in PubMed April 2022 (n= 96)
= CINAHL (n= 455)
o Cochrane Library (n=1,110) Records removed before screening:
3‘5 Embase (n=107) Duplicates records removed (n= 2,859)
< PubMed (n= 864)
° SPORTDiscus (n=112)
= Web of Science (n= 2,344)
— 2
Records screened Reports excluded
(n=3,218) (n=2,106)
:"\;e:pr ?15 zs)ought for retrieval E‘ip;)ns not retrieved Reports sought for retrieval Reports not retrieved
s (n=100) (n=0)
(= l -
c o Reports excluded (n= 1,032):
s Reports assessed for eligibility Studies shorter than 4 weeks (n= 2)
g (n=1,110) Preclinical studies (n= 17)
5 Abstracts/review/opinion/position Reports excluded (n=94)
n statement/meta-analysis (n= 145) Reports assessed for eligibility N Irrelevant to the research question (n=77)
Language other than English (n= 8) (n=100) Studies with different desvign.(n= 15)
Studies that did not examine or present Secondary reports of main trials (n=2)
specific information for women with or at
risk of breast cancer (n=23)
Studies that did not examine exercise/ — — -
physical activity and/or dietary interventions Studies identified via other
(n=104) methods
Studies that did not examine body (n=6)
composition outcomes (n=402)
Protocol of studies (n= 168)
Studies with different design (n= 161)
— Secondary reports of main trials (n= 2)
B Studies included in review
B || (=84
S Reports of included studies
£ || (=84
N

FIGURE 1 Flow chart of study selection process.

TABLE 1 List of interventions investigated.

Intervention

Definition

Physical activity

Resistance exercise (or anabolic exercise)

Aerobic exercise (or endurance exercise)

Combined resistance and aerobic exercise
(combined exercise training or concurrent training)

Healthy diet
Caloric restriction

Low-carbohydrate diet

Low-fat diet

High-protein diet

Mediterranean diet

Ketogenic diet

Nonplanned and nonstructured activities involving any bodily movement produced by
skeletal muscles that require energy expenditure

Activity based on performing sets of repeated movements against a resistance with
prominent effects observed on the musculoskeletal and neural systems

Activity involving large muscle groups and performed in a continuous or intermittent
fashion over an extended period of time, with prominent effects observed on
cardiorespiratory fitness and blood lipid profiles

Combination of structured resistance and aerobic exercise within the same exercise
program

Diet high in fruits, vegetables, and fibers
Diet with restricted daily calorie intake to meet a specified energy goal

Diet with restricted daily intake from carbohydrate foods (e.g., starchy vegetables, rice,
pasta)

Diet with restricted daily intake from high-fat food (e.g., oils, butter, greasy food)

Supplementation of protein (e.g., whey protein) or a diet with increased intake of protein
(e.g., fish, chicken, eggs, dairy) than normally required

Diet with the eating patterns observed in countries around the Mediterranean Sea, that are
low in saturated fats and high in vegetable oils (e.g., grains, legumes, beans, nuts)

Diet focusing on high fat, low carbohydrate, and adequate levels of protein foods
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caloric restriction (2.9%), combined resistance and aerobic exer-
cise + caloric restriction (2.9%), healthy diet (2.9%), and Mediterra-
nean diet (2.9%). The median duration of the exercise interventions
was 17 weeks (IQR, 12-26 weeks) at a frequency of two to three
sessions per week. Study characteristics and risk of bias assessment
results are presented in Table S1 and Tables S2-Sé, respectively.

Whole-body fat mass and lean mass

Forty-six intervention effects were included in the analyses for
whole-body fat mass (Table S7 and Figure 2). The network geometry
of studies examining whole-body fat mass and lean mass is presented
in Figure S1. The median whole-body fat mass at baseline was 29.7 kg
(IQR, 26.5-33.2 kg). Caloric restriction (p score = 85.3%) and com-
bined resistance and aerobic exercise + caloric restriction (p

score = 83.3%) were the most effective interventions to reduce fat

Experimental Control Mean Difference

mass with mean effects ranging from -3.9 to -3.7 kg (Table 2 and
Table S8). Subgroup analyses for whole-body fat mass are presented
in Figure 2. Aerobic exercise was only effective in participants below
50 years old (p score = 76.1%), whereas caloric restriction (p
score = 87.9%) and combined resistance and aerobic exer-
cise + caloric restriction (p score = 86.6%) were the most effective
interventions for participants equal to or over 50 years. Combined
resistance and aerobic exercise and combined resistance and aerobic
exercise + caloric restriction were the most effective interventions
for participants who were overweight (p score = 77.7%) or obese (p
score = 69.0%), respectively. Caloric restriction (p score = 86.2%) and
combined resistance and aerobic exercise + caloric restriction (p
score = 85.3%) were most effective following primary treatment. For
participants undergoing primary treatment, no significant in-
terventions were found to reduce fat mass. For whole-body fat mass,
the certainty of evidence was graded low (Table 2). For women at

high risk of breast cancer, studies including a healthy diet,

Mean Difference

Study or Subgroup Mean Difference  SE Total Total IV, Random, 95% ClI 1V, Random, 95% CI
2.1.1 Below 50

Physical activity + Low-fat diet -1.9 3.94 29 27 -1.90 [-9.62, 5.82] f

Aerobic exercise -0.91 0.46 78 82  -0.91[-1.81,-0.01] —
Resistance exercise -0.31 05 105 107 -0.31[-1.29, 0.67] —
Physical activity -0.07 0.95 59 43 -0.07 [-1.93, 1.79] I
2.1.2 50 and over

Caloric restriction -3.94 1.32 97 100 -3.94 [-6.53, -1.35] . —
Combined exercise + Caloric restriction -3.74 1.04 119 120 -3.74 [-5.78, -1.70] L —
Physical activity + Caloric restriction -2.91 1.09 156 128 -2.91[-5.05, -0.77] [ —
Combined exercise -1.93 0.6 785 997 -1.93 [-3.11, -0.75] —t
Aerobic exercise -1.11 0.95 250 146 -1.11[-2.97, 0.75] —T
Physical activity -0.74 0.81 150 122 -0.74 [-2.33, 0.85] —tT
Resistance exercise -0.32 0.83 248 249 -0.32[-1.95, 1.31] i
2.1.3 Overweight

Physical activity + Low-fat diet -2.16 3.9 29 27 -2.16 [-9.80, 5.48] t
Combined exercise -0.95 0.37 354 590 -0.95 [-1.68, -0.22] -+
Aerobic exercise -0.67 0.24 284 195 -0.67 [-1.14, -0.20] -+
Resistance exercise -0.66 0.09 298 302 -0.66 [-0.84, -0.48] t
Physical activity -049 04 200 155 -0.49 [-1.27, 0.29] —+T
Combined exercise + Healthy diet -0.05 0.67 33 30 -0.05[-1.36, 1.26] -
2.1.4 Obese

Combined exercise + Caloric restriction -4.44 222 119 117 -4.44 [-8.79, -0.09] —
Caloric restriction -4.38 2.82 97 100 -4.38 [-9.91, 1.15] T

Combined exercise -3.84 1.83 143 145 -3.84 [-7.43, -0.25] D —
Physical activity + Caloric restriction -3.02 212 156 128 -3.02[-7.18, 1.14] . E— —
2.1.5 During primary treatment

Physical activity + Low-fat diet -1.89 3.94 29 26 -1.89 [-9.61, 5.83] t
Combined exercise -0.91 0.58 185 279 -0.91 [-2.05, 0.23] —T
Aerobic exercise -0.71 0.48 273 185 -0.71 [-1.65, 0.23] —T
Resistance exercise -0.21 0.51 82 82 -0.21[-1.21, 0.79] —
Physical activity -0.05 0.98 92 91 -0.05 [-1.97, 1.87] - i
2.1.6 Following primary treatment

Caloric restriction -4.03 1.49 97 100 -4.03 [-6.95, -1.11] e E—
Combined exercise + Caloric restriction -3.83 1.16 119 120 -3.83 [-6.10, -1.56] . —
Physical activity + Caloric restriction -2.92 1.21 156 128 -2.92 [-5.29, -0.55] [ E—
Combined exercise -2.22 0.75 600 718 -2.22 [-3.69, -0.75] —t
Aerobic exercise -1.36 1.16 85 73 -1.36 [-3.63, 0.91] — 1
Physical activity -0.49 0.89 117 74 -0.49 [-2.23, 1.25] —
Resistance exercise -0.37 0.9 271 274 -0.37 [-2.13, 1.39] —

-10 5 0 5 10
Favours [experimental] Favours [control]

FIGURE 2 Estimated mean difference effects between exercise, physical activity, and/or dietary intervention modalities versus control
group on whole-body fat mass based on subgroup analyses for age, body mass index and treatment status in women diagnosed with breast cancer.
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TABLE 2 Network meta-analysis results for body composition outcomes in women diagnosed with breast cancer.

Comparison to control

groups
p score,
Intervention modality n k MD 95% CI p % Certainty
Whole-body fat mass, kg Caloric restriction 271 4 -3.9 -6.2to-17 <.001 85.3 000>
Combined resistance and aerobic 293 5 -3.7 -5.5to0 -2.0 <.001 83.3 Low
exercise + caloric restriction
Mediterranean diet 73 2 -3.1 -8.5t0 2.3 257 —
Physical activity + caloric restriction 156 3 -2.9 -4.8 to -1.0 .003 725
Physical activity + low-fat diet 58 2 -2.2 -10.1to 5.7 .584 -
Combined resistance and aerobic 872 11 -1.8 -2.8 to -0.8 <.001 56.3
exercise
Aerobic exercise 447 8 -1.2 -2.4 to 0.1 .060 —
Physical activity 235 8 -0.6 -1.8 to 0.7 351 —
Resistance exercise 445 11 -0.4 -1.5t0 0.8 .558 —
Combined resistance and aerobic 33 2 -0.2 -2.6to 2.3 .887 —

Whole-body lean mass, kg

Body fat percentage, %

exercise + healthy diet

12 = 1.25; 12 = 67.5%; design-by-treatment interaction random effects model, Q = 6.9, p = .650; publication bias,

Egger’s test, p = .098
Resistance exercise

Combined resistance and aerobic
exercise

Aerobic exercise
Physical activity

Combined resistance and aerobic
exercise + healthy diet

Physical activity + low-fat diet
Physical activity + caloric restriction
Caloric restriction

Combined resistance and aerobic
exercise + caloric restriction

476
965

504
217
100

58
240
271
293

13
14

10
8
3

4
5

0.7
0.5

04
0.1

-0.2

-0.4
-0.6
-0.7

-0.9

0.5t0 1.0
0.2t0 0.8

-0.0 to 0.7
-0.4 to 0.6

-0.7 to 0.4

-4.6 to 3.9
-1.1to -0.0
-1.3t0 0.0

-1.51t0 -03

<.001
<.001

058
.640
.533

.865
043
.060
.005

94.3
84.1

DHPO?
Moderate

12 = 0.04; 12 = 14.9%; design-by-treatment interaction random effects model, Q = 16.4, p = .126; publication bias,

Egger’s test, p = .120
Physical activity + caloric restriction
Caloric restriction
Physical activity + low-fat diet

Combined resistance and aerobic
exercise

Aerobic exercise
Healthy diet
Resistance exercise

Combined resistance and aerobic
exercise + caloric restriction

Physical activity

240
28
71

549

565
40
501
32

284

21

14

16

11

-24
-2.4
-21
-1.7

-15
-1.2
-11

-1.0

-0.7

-34to -13
-4.6 to -0.3
-6.4 10 2.2

-23t0-1.1

-2.3to0 -0.7
-39 to 1.5
-1.8 to -0.5
-2.7t0 0.7

-1.7t0 0.3

<.001
.028
.334
<.001

<.001
372
<.001
.235

157

84.5
79.0

68.4

57.9

43.9

e00o™”
Low
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TABLE 2 (Continued)
Comparison to control
groups p score,
Intervention modality k MD 95% ClI p % Certainty

Combined resistance and aerobic
exercise + healthy diet

126 4 -0.5

-1.6 to 0.6 .365 -

12 = 0.49; 12 = 38.6%; design-by-treatment interaction random effects model, Q = 7.2, p = .889; publication bias,

Egger’s test, p = .094

Abbreviations: n, number of participants; k, number of studies; MD, mean difference.

2Certainty of evidence downgraded due to study limitations, with most studies presenting with high risk in the risk of bias assessment.

bCertainty of evidence downgraded due to imprecision, with confidence intervals from interventions crossing null values or including values favoring
both interventions tested; certainty of evidence grading: @900 = very low, @®OO = low, ®HHO = moderate, BHH® = high.

Mediterranean diet and aerobic exercise resulted in a significant
reduction of -3.8 kg (95% Cl, -6.9 to -0.7 kg, p = 0.02) (Figure S5).

Fifty-two intervention effects were included in the analyses for
whole-body lean mass (Table S9 and Figure 3). The median whole-body
lean mass at baseline was 42.8 kg (IQR, 40.3-45.4 kg). Resistance
training alone was the most effective intervention to increase lean
mass (p score = 94.3%) with a mean effect of 0.7 kg (Table 2 and Ta-
ble 510). Results were consistent across subgroup analyses as pre-
sented in Figure 3. Resistance training such as resistance exercise and/
or combined resistance and aerobic exercise were the most effective
interventions to increase lean mass in participants below 50 years of
age (p score = 85.2%) and equal to or over 50 years (p score = 91.3%
and 91.5%), participants who were overweight (p score = 94.3%) or
obese (p score = 99.7%), and during (p score = 94.9%) or following
primary treatment (p score = 83.3% and 91.9%). The certainty of evi-
dence was graded moderate (Table 2). For women at high risk of breast
cancer, interventions including a healthy diet, Mediterranean diet and
aerobic exercise resulted in a significant reduction in whole body lean
mass of -1.4 kg (95% Cl, -2.3 to -0.6 kg, p < .001) (Figure S5).

Body fat percentage

The network geometry of studies examining body fat percentage is
presented in Figure S2. Seventy intervention effects were included in
the NMA body fat percentage (Table S11 and Figure 4). The median
body fat percentage at baseline was 38.7% (IQR, 34.8%-42.0%).
Physical activity + caloric restriction (p score = 84.5%) and caloric
restriction (p score = 79.0%) were the most effective interventions to
reduce body fat percentage with effects of -2.4% (Table 2 and Ta-
ble S12). Subgroup analyses are presented in Figure 4. Aerobic ex-
ercise was the most effective intervention to reduce body fat
percentage for participants below 50 years of age (p score = 73.6%),
whereas physical activity + caloric restriction (p score = 86.2%) and
combined resistance and aerobic exercise (p score = 81.7%) were
most effective for participants equal to or over 50 years. For par-
ticipants who were overweight or obese, combined resistance and
aerobic exercise was the most effective intervention (p

score = 72.1% and 77.7%, respectively). During primary treatment,

only combined resistance and aerobic exercise was found to be
effective (p score = 71.5%), whereas physical activity + caloric re-
striction (p score = 84.3%) and caloric restriction (p score = 74.4%)
were the most effective following primary treatment. The certainty
of evidence was graded low (Table 2). For women at high risk of
breast cancer, interventions including a healthy diet, Mediterranean
diet, fatty acids, low-fat diet, physical activity + healthy diet and
aerobic exercise resulted in a significant reduction of -2.2% (95% ClI,
-2.8% to -1.6%, p < .001) in body fat percentage (Figure S5).

Body weight and BMI

The network geometry of studies examining body weight and BMI are
presented in Figure S3. Seventy-four intervention effects were
included for analyses (Table S13 and Figure S4). The median body
weight value at baseline was 73.1 kg (IQR, 69.2-82.2). Caloric re-
striction (p score = 90.7%) and combined resistance and aerobic ex-
ercise + caloric restriction (p score = 84.6%) were the most effective
interventions to reduce body weight with effects of -5.3 and -4.7 kg,
respectively (Table S14 and Table S15). Fifty intervention effects were
included for BMI (Table S16 and Figure S4). The median BMI at baseline
was 28.4 kg x m™2(IQR, 26.3-30.8 kg x m™2). Physical activity + caloric
restriction (p score = 89.7%) was the most effective intervention to
reduce BMI with an effect of -2.2 kg x m™2 (Table S14 and Table $17).
Subgroup analyses for body weight and BMI are presented in Figure S4.
The certainty of evidence was graded very low for body weight and low
for BMI (Table S14). For women at high risk of breast cancer, re-
ductions in body weight (-4.0kg; 95% Cl,-7.0to -1.0 kg, p=0.009) and
BMI (-1.2 kg x m™2%; 95% ClI, -2.6 to 0.2, p = .090) were observed
(Figure S5).

DISCUSSION

The present systematic review and network meta-analysis identified
the most effective interventions to improve body composition and
body weight outcomes in women diagnosed with or at high risk of

breast cancer. The main findings were: 1) interventions based on
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Control Experimental
Total IV, Random, 95% ClI

Study or Subgroup Mean Difference  SE Total

Mean Difference
1V, Random, 95% ClI

Mean Difference

3.1.1 Below 50

Physical activity -1.13 2.76 27
Physical activity + Low-fat diet -0.98 2.56 27
Aerobic exercise 0.56 0.42 146
Resistance exercise 1.04 0.44 107

3.1.2 50 and over

Combined exercise + Caloric restriction -0.79 0.32 17
Caloric restriction -0.59 0.37 100
Physical activity + Caloric restriction -0.56 0.29 176
Combined exercise + Healthy diet -0.17 0.31 70
Physical activity 0.18 0.28 139
Aerobic exercise 0.37 0.24 166
Combined exercise 0.67 0.18 1071
Resistance exercise 0.67 0.19 279

3.1.3 Overweight

Physical activity + Low-fat diet -0.38 2.17 27
Combined exercise + Healthy diet -0.17 0.24 86
Physical activity 0.09 0.26 141
Aerobic exercise 0.29 0.17 292
Combined exercise 041 0.2 610
Resistance exercise 079 0.1 229
3.1.4 Obese

Physical activity + Caloric restriction -0.54 0.41 176
Combined exercise + Caloric restriction -0.52 0.48 120
Caloric restriction -0.31 0.58 100
Combined exercise 128 05 201

3.1.5 During primary treatment

Physical activity + Low-fat diet -0.58 2.18 27
Physical activity -0.31 0.41 108
Combined exercise + Healthy diet -0.17 0.23 70
Aerobic exercise 0.1 0.25 219
Combined exercise 0.19 0.25 335
Resistance exercise 0.87 0.32 82

3.1.6 Following primary treatment

Combined exercise + Caloric restriction -0.69 0.65 120
Physical activity + Caloric restriction -0.57 0.36 161
Caloric restriction -0.5 0.47 100
Physical activity 0.17 0.41 58
Aerobic exercise 043 0.36 93
Resistance exercise 0.65 0.26 294
Combined exercise 0.84 0.27 756

26 -1.13[-6.54,4.28] t
29 -0.98[6.00, 4.04] t

144 0.56[-0.26, 1.38] SR

105 1.04[0.18, 1.90] —

119 -0.79[-1.42,-0.16] —+
97 -0.59 [-1.32, 0.14] —1
240 -0.56 [-1.13, 0.01] -
84 -0.17 [-0.78, 0.44] —

165 0.18 [-0.37, 0.73] i
271 0.37 [-0.10, 0.84] L
859 0.67[0.32, 1.02] +
279 0.67 [0.30, 1.04] +
29  -0.38[-4.63,3.87] —H
100  -0.17 [-0.64, 0.30] 4
167 0.09 [-0.42, 0.60] T
396 0.29 [-0.04, 0.62] i+
373 0.41[0.02, 0.80] +
227 0.79[0.59, 0.99] t
240  -0.54[-1.34,0.26] —+
119 -0.52[-1.46, 0.42] —
97  -0.31[-1.45,0.83] ——
198 1.28[0.30, 2.26] ——
29  -0.58[-4.85, 3.69] —H
107 -0.31[-1.11, 0.49] —
84 -0.17 [-0.62, 0.28] 4
309 0.10 [-0.39, 0.59] +
241 0.19 [-0.30, 0.68] 1t
82 0.87[0.24, 1.50] —+

119 -0.69 [-1.96, 0.58] —
223 -0.57[-1.28,0.14] —+
97  -0.50[1.42,0.42] —tr
84 0.17 [0.63, 0.97] -t
106 0.43[-0.28, 1.14] L
292 0.65[0.14, 1.16] +
637 0.84[0.31, 1.37] -+

10 5 0 5 10
Favours [control] Favours [experimental]

FIGURE 3 Estimated mean difference effects between exercise, physical activity, and/or dietary intervention modalities versus control
group on whole-body lean mass based on subgroup analyses for age, body mass index, and treatment status in women diagnosed with breast

cancer.

caloric restriction, or combined resistance and aerobic exer-
cise + caloric restriction were the most effective interventions to
reduce whole-body fat mass; 2) resistance exercise was the most
effective intervention to increase whole-body lean mass; 3) physical
activity + caloric restriction or caloric restriction were the most
effective interventions to reduce body fat percentage; and 4) caloric
restriction and physical activity + caloric restriction were the most
effective interventions to reduce body weight and BMI, respec-
tively. Our findings demonstrate that multimodal exercise and di-
etary intervention programs were most effective to improve body
composition. Specifically, resistance training was beneficial for pre-
serving and improving lean mass whereas caloric restriction in
combination with resistance and aerobic exercise or physical ac-

tivity was required to reduce fat mass, body fat percentage, body

weight, and BMI during and following treatment in breast cancer
patients.

Previous research showed that interventions with both exercise
and dietary components were the most effective to achieve fat mass

reducti0n530,59,95,99,128

and weight loss in breast cancer survivors.?3!
In contrast, our findings showed that caloric restriction (-3.9 kg) was
as effective as combined resistance and aerobic exercise + caloric
restriction (-3.7 kg) to reduce fat mass. This result concurs with
another recent meta-analysis.2> Additionally, the observed reduction
of ~4.0 kg with 18 to 52 weeks of intervention could be considered
clinically meaningful as patients' gains in weight and fat mass usually
range from 2.0 to 6.0 kg during the first year following diag-
nosis.*®2133 Although we could not explore such features in women

at high risk of breast cancer, these findings are important because it
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean Difference  SE Total Total IV, Random, 95% ClI 1V, Random, 95% CI
4.1.1 Below 50
Physical activity + Low-fat diet -1.72 2.84 29 27 -1.72 [-7.29, 3.85] f
Aerobic exercise -1.34 042 239 234 -1.34 [-2.16, -0.52] -+
Resistance exercise -1.12 0.48 105 107 -1.12 [-2.06, -0.18] —
Physical activity -0.95 1.59 112 110 -0.95[-4.07, 2.17] I
Combined exercise 149 1.53 29 30 1.49 [-1.51, 4.49] B E—
4.1.2 50 and over
Physical activity + Caloric restriction -2.18 0.62 220 146 -2.18 [-3.40, -0.96] —
Combined exercise -1.9 0.38 477 559 -1.90 [-2.64, -1.16] -+
Aerobic exercise -1.54 0.61 327 213 -1.54 [-2.74, -0.34] —t
Healthy diet -1.22 1.42 21 29 -1.22 [-4.00, 1.56] [  —
Resistance exercise -1.13 0.42 314 315  -1.13[-1.95,-0.31] -+
Physical activity + Healthy diet -0.85 3.18 27 26 -0.85 [-7.08, 5.38] t
Physical activity -0.74 0.59 152 145 -0.74 [-1.90, 0.42] —T
Combined exercise + Caloric restriction -0.7 1.02 32 30 -0.70 [-2.70, 1.30] — T
Combined exercise + Healthy diet -0.45 0.69 110 97 -0.45[-1.80, 0.90] —
Caloric restriction 29 3.66 10 10 2.90 [-4.27, 10.07] T »
4.1.3 Overweight
Physical activity + Low-fat diet -2.18 212 42 44 -2.18 [-6.34, 1.98] -7
Combined exercise -1.35 0.3 239 327 -1.35[-1.94, -0.76] -+
Resistance exercise -1.32 0.09 317 313 -1.32 [-1.50, -1.14] t
Aerobic exercise -1.21 0.29 448 360 -1.21[-1.78, -0.64] -+
Physical activity -0.97 0.47 202 204 -0.97 [-1.89, -0.05] —t
Combined exercise + Healthy diet -0.48 0.31 126 113 -0.48 [-1.09, 0.13] —
4.1.4 Obese
Combined exercise -2.91 1.01 162 162 -2.91[-4.89, -0.93] I —
Physical activity + Caloric restriction -2.38 0.93 230 158 -2.38 [-4.20, -0.56] —t
Aerobic exercise -2.16 1.79 47 36 -2.16 [-5.67, 1.35] — 71
Caloric restriction -1.85 1.79 28 32 -1.85[-5.36, 1.66] — T
Combined exercise + Caloric restriction -1.67 1.8 32 30 -1.67 [-5.20, 1.86] — T
Physical activity 0.33 1.78 60 59 0.33[-3.16, 3.82]  L—
4.1.5 During primary treatment
Physical activity + Low-fat diet -1.73 2.36 42 44 -1.73 [-6.36, 2.90] T
Combined exercise -1.27 0.53 203 295  -1.27[-2.31,-0.23] —
Aerobic exercise -1.04 0.57 428 320 -1.04 [-2.16, 0.08] —t
Resistance exercise -0.97 0.72 82 82 -0.97 [-2.38, 0.44] —T
Combined exercise + Healthy diet -0.45 0.51 84 70 -0.45[-1.45, 0.55] 7
Physical activity 0.36 2.95 52 56 0.36 [-5.42, 6.14] t
4.1.6 Following primary treatment
Physical activity + Caloric restriction -2.45 0.61 213 143 -2.45[-3.65, -1.25] —
Caloric restriction -2.33 1.21 28 32 -2.33[-4.70, 0.04] —
Combined exercise -1.92 0.42 324 315 -1.92 [-2.74, -1.10] -+
Aerobic exercise -1.68 0.65 138 127 -1.68 [-2.95, -0.41] —t
Resistance exercise -1.16 0.44 318 319 -1.16 [-2.02, -0.30] -+
Combined exercise + Caloric restriction -1.14 1.03 32 30 -1.14 [-3.16, 0.88] ———
Physical activity -0.83 0.58 232 225 -0.83 [-1.97, 0.31] —tT
-10 5 0 5 10

Favours [experimental] Favours [control]

FIGURE 4 Estimated mean difference effects between exercise, physical activity and/or dietary intervention modalities versus control
group on body fat percentage based on subgroup analyses for age, body mass index, and treatment status in women diagnosed with breast

cancer.

is well established that changes in weight and fat could potentially
reduce the risk of breast cancer, improve treatment outcomes, and
decrease overall and cancer-related mortality.?” Interestingly, we
observed in the pairwise meta-analyses that diet and aerobic exer-
cise interventions resulted in a reduction of ~4.0 kg in fat mass and
body weight in women at high risk of breast cancer. Although we
could not explore the most effective modality, these results highlight
the importance of exercise and dietary interventions before a breast
cancer diagnosis.

In our subgroup analyses, we found that breast cancer patients

who are obese had significant reductions in whole-body fat mass

(~4.4 kg) following combined resistance and aerobic exercise + caloric
restriction. Women over the age of 50 and women who completed
treatment also appeared to respond well to caloric restriction or
combined resistance and aerobic exercise + caloric restriction,
decreasing whole-body fat mass by ~4.0 kg. Adding combined resis-
tance and aerobic exercise may be important to improve physical
function3* and cardiorespiratory fitness,*>° both critical for healthy

137 that may not be obtained

aging,*3¢ and cardiometabolic protection
through diet only interventions. Combined resistance and aerobic
exercise + caloric restriction and caloric restriction alone were also

associated with reductions between 4.7 to 5.3 kg in body weight.
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Considering that patients who are older and obese are at a higher risk
of treatment complications, our results are clinically meaningful, with
weight and fat loss associated with significant reductions in fasting

insulin levels and improvements in inflammatory markers30-33138

as
well as cardiovascular and metabolic risk factors.®”

Resistance exercise was the most effective intervention to
improve lean mass, with effects of ~0.7 kg regardless of age and/or
the timing of treatment. This effect, although modest, could be
considered important as breast cancer patients undergoing chemo-
therapy experience losses in lean mass ranging from 0.4 to 1.7 kg
even after therapy completion.??13 Additionally, increases in lean
mass were achieved with short-duration programs (i.e., 12 weeks). In
regard to patients who are overweight or obese, who may find aer-
obic exercise physically challenging, gradual progressive resistance
exercise programs can be undertaken safely while also preserving
and increasing lean mass.>3%4%%8% |n fact, low-volume resistance
training was sufficient to induce significant improvements in muscle
strength in breast cancer survivors; however, the specific dosage
effect on body composition is yet to be determined.'® There is ev-
idence that excess fat and low lean mass (i.e., sarcopenic obesity) are
common side-effects during and after breast cancer treatment?%14!
and are more prevalent in older cancer patients.**? In addition, sar-
copenic obesity is also strongly associated with increased treatment
toxicity*® and decreased survival rate.!®> The observed increases in
lean mass following resistance exercise have clinical implications
including counteracting treatment-related side-effects such as
reducing the incidence of lymphedema,®* preventing bone loss during

47495056 and improving chemotherapy completion

hormone therapy,
rate.>” Our findings are supported by previous meta-analyses that
stress the importance of including resistance exercise as part of
cancer treatment, not only to increase lean mass during and after
treatment to help combat sarcopenia'*® but also to improve muscle
strength, physical function and overall quality of life in this popula-
tion.**414¢ More recently, we reported that increased lean mass was
associated with increased levels of myokines (released at rest and in
response to exercise) post-exercise in men with advanced prostate
cancer.'*” This may have the potential to suppress tumor growth and
offer a protective effect against disease progression.'*® Further
studies are required to investigate the mechanistic effect and clinical
outcomes of resistance training on muscle mass and muscle function
in individuals with breast cancer.

To the best of our knowledge, this is the first study that provides
extensive and compelling evidence on the most effective in-
terventions to improve body composition in women diagnosed with
or at high risk of breast cancer. The strengths of this review include:
1) many randomized trials (n = 84) with up to 6428 patients; 2) a
network meta-analysis involving simultaneous comparisons of exer-
cise, physical activity, and dietary interventions; 3) investigation of
the most effective interventions to improve body composition and
body weight measures; and 4) subgroup analyses providing specific
information based on age, BMI, and timing of treatment. However,
there are limitations worthy of comment. First, we could not

recommend specific exercise and/or dietary programs for women at

high risk of breast cancer, given the limited number of studies in this
population. Nevertheless, our exploratory pairwise meta-analysis
indicates that aerobic exercise and/or dietary interventions could
be useful to significantly reduce fat mass and body weight; however,
this is accompanied by a reduction in lean mass in women at high risk
of breast cancer. Previous exercise and dietary recommendations for
adults who are overweight or obese may be useful to improve lean

mass and fat mass in this specific subgroup*?-1°2

and potentially
reduce the risk for future treatment/surgical complications. Second,
most studies had a high risk of bias, and this likely affected the
precision, magnitude, and certainty of the evidence. Third, most
studies included in the review targeted participants following active
treatment, whereas only ~25% included participants undergoing
active adjuvant or neoadjuvant chemotherapy, reducing the ability to
provide more specific information for these patient groups. Finally,
our results need to be carefully interpreted given the challenge of
comparing interventions with different structure and duration of
programs.

In conclusion, this systematic review and network meta-analysis
of 84 RCTs highlights the importance of multimodal exercise and
dietary interventions to improve body composition and assist with
weight management in women diagnosed with or at high risk of
breast cancer regardless of age, BMI, or timing of treatment. These
findings are important to assist health professionals to deliver best
practices in breast cancer care and help achieve better patient and
clinical outcomes. Clinicians should recommend and emphasize the
benefits of incorporating regular resistance and aerobic exercise and
caloric restriction to reduce fat mass and preserve or increase lean
mass during or following primary treatment not only to improve body
composition but to help reduce treatment-related side-effects, risk of
other comorbidities, cancer recurrence, and mortality.

AUTHOR CONTRIBUTIONS

Christine Kudiarasu: Conception and design, acquisition of data,
analysis and/or interpretation of data, writing-original draft, and
writing-review and editing. Pedro Lopez: Conception and design,
acquisition of data, analysis and/or interpretation of data, and
writing-review and editing. Daniel A. Galvao: Conception and design
and writing-review and editing. Robert U. Newton: Conception and
design and writing-review and editing. Dennis R. Taaffe: Conception
and design and writing-review and editing. Lorna Mansell: Acquisi-
tion of data and analysis and/or interpretation of data. Brianna Fleay:
Acquisition of data and analysis and/or interpretation of data.
Christobel Saunders: Conception and design and writing-review and
editing. Caitlin Fox-Harding: Conception and design and writing-
review and editing. Favil Singh: Conception and design, acquisition
of data, analysis and/or interpretation of data, and writing-review

and editing. All authors approved the final version of the article.

ACKNOWLEDGMENTS
Daniel Galvao and Robert Newton are funded by a National Health
and Medical Research Council Centres of Research Excellence in

Prostate Cancer Survivorship. The results of the study are presented

35US0| 7 SUOWIWOD) 3AIFER1D) 3qedljdde au Aq pausenob a8 S ie YO ‘88N JO S3|NJ 10} ARIqITBUIUO AS]IM UO (SUOIPUOD-PUR-SLUBHW0D"AB | 1M AR1q 1 BUIUO//SANY) SUORIPUOD pue SW.B 1 84} 895 *[£202/TT/92] Uo Ariqiauliuo Ao |Im ‘AISRAIUN Uemod Up3 Aq E70GE"10UD/Z00T OT/I0p/LL0d" AB 1M Aelq U1 |UO'S eUINO SJe//SANY LWO1j pApeojumMod ‘€2 ‘€202 ‘Z#T0L60T



KUDIARASU ET AL

3707

clearly, honestly, without fabrication, falsification, or inappropriate
data manipulation. Sponsors were not involved in the study design,
analysis or interpretation of data, manuscript writing and decision to
submit the manuscript for publication. No financial support was
received to conduct the present study, or for the preparation or
publication of this manuscript. This research received no specific
grant from any funding agency in the public, commercial, or not-for-
profit sectors.

Open access publishing facilitated by Edith Cowan University, as
part of the Wiley - Edith Cowan University agreement via the Council

of Australian University Librarians.

CONFLICT OF INTEREST STATEMENT
Pedro Lopez reports fees for professional activities from the Uni-
versity of Western Australia. The other authors declare no conflicts

of interest.

DATA AVAILABILITY STATEMENT
Data used in the present study such as data extraction templates,
forms, and analysis will be made available on reasonable request to

the corresponding author.

ORCID

Christine Kudiarasu "= https://orcid.org/0000-0002-4625-5979

https://orcid.org/0000-0002-3897-667X
https://orcid.org/0000-0002-8209-2281

https://orcid.org/0000-0003-0302-6129

https://orcid.org/0000-0001-6381-1597

https://orcid.org/0000-0003-1590-5892

Christobel Saunders "= https://orcid.org/0000-0003-2281-9829

Caitlin Fox-Harding "= https://orcid.org/0000-0001-7431-9872

https://orcid.org/0000-0002-4876-2990

Pedro Lopez
Daniel A. Galvédo
Robert U. Newton
Dennis R. Taaffe
Lorna Mansell

Favil Singh

REFERENCES

1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin; 2021. 71(3):209-249.
doi:10.3322/caac.21660

2. Bhardwaj P, lyengar NM, Zahid H, et al. Obesity promotes breast
epithelium DNA damage in women carrying a germline mutation in
BRCA1 or BRCA2. Sci Transl Med. 2023;15(684):eade1857. doi:10.
1126/scitranslmed.ade1857

3. Lee K, Kruper L, Dieli-Conwright CM, Mortimer JE. The impact of
obesity on breast cancer diagnosis and treatment. Curr Oncol Rep.
2019;21(5):41. doi:10.1007/s11912-019-0787-1

4. Chen CL, Shore AD, Johns R, Clark JM, Manahan M, Makary MA.
The impact of obesity on breast surgery complications. Plast
Reconstr Surg. 2011;128(5):395e-402e. doi:10.1097/PRS.0b013
€3182284c05

5. Demark-Wahnefried W, Campbell KL, Hayes SC. Weight manage-
ment and its role in breast cancer rehabilitation. Cancer.
2012;118(suppl 8):2277-2287. doi:10.1002/cncr.27466

6. Mrad MA, Al Qurashi AA, Shah Mardan QNM, et al. Predictors of
complications after breast reconstruction surgery: a systematic
review and meta-analysis. Plast Reconstr Surg Glob Open.
2022;10(12):e4693. doi:10.1097/gox.0000000000004693

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Panayi AC, Agha RA, Sieber BA, Orgill DP. Impact of obesity on
outcomes in breast reconstruction: a systematic review and meta-
analysis. J Reconstr Microsurg. 2018;34(5):363-375. doi:10.1055/s-
0038-1627449

Schaverien MV, McCulley SJ. Effect of obesity on outcomes of free
autologous breast reconstruction: a meta-analysis. Microsurgery.
2014;34(6):484-497. doi:10.1002/micr.22244

Argolo DF, Hudis CA, lyengar NM. The impact of obesity on breast
cancer. Curr Oncol Rep. 2018;20(6):47. doi:10.1007/s11912-018-
0688-8

Protani M, Coory M, Martin JH. Effect of obesity on survival of
women with breast cancer: systematic review and meta-analysis.
Breast Cancer Res Treat. 2010;123(3):627-635. doi:10.1007/
s10549-010-0990-0

Lohmann AE, Soldera SV, Pimentel |, et al. Association of obesity
with breast cancer outcome in relation to cancer subtypes: a meta-
analysis. J Natl Cancer Inst. 2021;113(11):1465-1475. doi:10.1093/
jnci/djab023

Playdon MC, Bracken MB, Sanft TB, Ligibel JA, Harrigan M, Irwin
ML. Weight gain after breast cancer diagnosis and all-cause mor-
tality: systematic review and meta-analysis. J Natl Cancer Inst.
2015;107(12):djv275. doi:10.1093/jnci/djv275

Williams GR, Dunne RF, Giri S, Shachar SS, Caan BJ. Sarcopenia in
the older adult with cancer. J Clin Oncol. 2021;39(19):2068-2078.
doi:10.1200/jc0.21.00102

Prado CM, Purcell SA, Alish C, et al. Implications of low
muscle mass across the continuum of care: a narrative review.
Ann Med. 2018;50(8):675-693. doi:10.1080/07853890.2018.15
11918

Caan BJ, Cespedes Feliciano EM, Prado CM, et al. Association of
muscle and adiposity measured by computed tomography with
survival in patients with nonmetastatic breast cancer. JAMA Oncol.
2018;4(6):798-804. doi:10.1001/jamaoncol.2018.0137

Del Fabbro E, Parsons H, Warneke CL, et al. The relationship be-
tween body composition and response to neoadjuvant chemo-
therapy in women with operable breast cancer. Oncologist.
2012;17(10):1240-1245. doi:10.1634/theoncologist.2012-0169
Iwase T, Sangai T, Nagashima T, et al. Impact of body fat distri-
bution on neoadjuvant chemotherapy outcomes in advanced
breast cancer patients. Cancer Med. 2016;5(1):41-48. doi:10.1002/
cam4.571

Prado CM, Baracos VE, McCargar LJ, et al. Body composition as an
independent determinant of 5-fluorouracil-based chemotherapy
toxicity. Clin Cancer Res. 2007;13(11):3264-3268. doi:10.1158/
1078-0432.Ccr-06-3067

Prado CM, Baracos VE, McCargar LJ, et al. Sarcopenia as a
determinant of chemotherapy toxicity and time to tumor pro-
gression in metastatic breast cancer patients receiving capecita-
bine treatment. Clin Cancer Res. 2009;15(8):2920-2926. doi:10.
1158/1078-0432.Ccr-08-2242

Rier HN, Jager A, Sleijfer S, van Rosmalen J, Kock M, Levin MD.
Low muscle attenuation is a prognostic factor for survival in met-
astatic breast cancer patients treated with first line palliative
chemotherapy. Breast. 2017;31:9-15. doi:10.1016/j.breast.2016.
10.014

Shachar SS, Deal AM, Weinberg M, et al. Skeletal muscle measures
as predictors of toxicity, hospitalization, and survival in patients
with metastatic breast cancer receiving taxane-based chemo-
therapy. Clin Cancer Res. 2017;23(3):658-665. doi:10.1158/1078-
0432.Ccr-16-0940

Sheean PM, Hoskins K, Stolley M. Body composition changes in
females treated for breast cancer: a review of the evidence. Breast
Cancer Res Treat. 2012;135(3):663-680. doi:10.1007/s10549-012-
2200-8

35US0| 7 SUOWIWOD) 3AIFER1D) 3qedljdde au Aq pausenob a8 S ie YO ‘88N JO S3|NJ 10} ARIqITBUIUO AS]IM UO (SUOIPUOD-PUR-SLUBHW0D"AB | 1M AR1q 1 BUIUO//SANY) SUORIPUOD pue SW.B 1 84} 895 *[£202/TT/92] Uo Ariqiauliuo Ao |Im ‘AISRAIUN Uemod Up3 Aq E70GE"10UD/Z00T OT/I0p/LL0d" AB 1M Aelq U1 |UO'S eUINO SJe//SANY LWO1j pApeojumMod ‘€2 ‘€202 ‘Z#T0L60T


https://orcid.org/0000-0002-4625-5979
https://orcid.org/0000-0002-4625-5979
https://orcid.org/0000-0002-3897-667X
https://orcid.org/0000-0002-3897-667X
https://orcid.org/0000-0002-8209-2281
https://orcid.org/0000-0002-8209-2281
https://orcid.org/0000-0003-0302-6129
https://orcid.org/0000-0003-0302-6129
https://orcid.org/0000-0001-6381-1597
https://orcid.org/0000-0001-6381-1597
https://orcid.org/0000-0003-1590-5892
https://orcid.org/0000-0003-1590-5892
https://orcid.org/0000-0003-2281-9829
https://orcid.org/0000-0003-2281-9829
https://orcid.org/0000-0001-7431-9872
https://orcid.org/0000-0001-7431-9872
https://orcid.org/0000-0002-4876-2990
https://orcid.org/0000-0002-4876-2990
https://doi.org/10.3322/caac.21660
https://doi.org/10.1126/scitranslmed.ade1857
https://doi.org/10.1126/scitranslmed.ade1857
https://doi.org/10.1007/s11912-019-0787-1
https://doi.org/10.1097/PRS.0b013e3182284c05
https://doi.org/10.1097/PRS.0b013e3182284c05
https://doi.org/10.1002/cncr.27466
https://doi.org/10.1097/gox.0000000000004693
https://doi.org/10.1055/s-0038-1627449
https://doi.org/10.1055/s-0038-1627449
https://doi.org/10.1002/micr.22244
https://doi.org/10.1007/s11912-018-0688-8
https://doi.org/10.1007/s11912-018-0688-8
https://doi.org/10.1007/s10549-010-0990-0
https://doi.org/10.1007/s10549-010-0990-0
https://doi.org/10.1093/jnci/djab023
https://doi.org/10.1093/jnci/djab023
https://doi.org/10.1093/jnci/djv275
https://doi.org/10.1200/jco.21.00102
https://doi.org/10.1080/07853890.2018.1511918
https://doi.org/10.1080/07853890.2018.1511918
https://doi.org/10.1001/jamaoncol.2018.0137
https://doi.org/10.1634/theoncologist.2012-0169
https://doi.org/10.1002/cam4.571
https://doi.org/10.1002/cam4.571
https://doi.org/10.1158/1078-0432.Ccr-06-3067
https://doi.org/10.1158/1078-0432.Ccr-06-3067
https://doi.org/10.1158/1078-0432.Ccr-08-2242
https://doi.org/10.1158/1078-0432.Ccr-08-2242
https://doi.org/10.1016/j.breast.2016.10.014
https://doi.org/10.1016/j.breast.2016.10.014
https://doi.org/10.1158/1078-0432.Ccr-16-0940
https://doi.org/10.1158/1078-0432.Ccr-16-0940
https://doi.org/10.1007/s10549-012-2200-8
https://doi.org/10.1007/s10549-012-2200-8
https://orcid.org/0000-0002-4625-5979
https://orcid.org/0000-0002-3897-667X
https://orcid.org/0000-0002-8209-2281
https://orcid.org/0000-0003-0302-6129
https://orcid.org/0000-0001-6381-1597
https://orcid.org/0000-0003-1590-5892
https://orcid.org/0000-0003-2281-9829
https://orcid.org/0000-0001-7431-9872
https://orcid.org/0000-0002-4876-2990

3708

LIFESTYLE INTERVENTIONS IN BREAST CANCER

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Villasenor A, Ballard-Barbash R, Baumgartner K, et al. Prevalence
and prognostic effect of sarcopenia in breast cancer survivors: the
HEAL Study. J Cancer Surviv. 2012;6(4):398-406. doi:10.1007/
s11764-012-0234-x

Wong AL, Seng KY, Ong EM, et al. Body fat composition impacts
the hematologic toxicities and pharmacokinetics of doxorubicin in
Asian breast cancer patients. Breast Cancer Res Treat.
2014;144(1):143-152. doi:10.1007/s10549-014-2843-8

Baguley BJ, Dalla Via J, Fraser SF, Daly RM, Kiss N. Effectiveness of
combined nutrition and exercise interventions on body weight,
lean mass, and fat mass in adults diagnosed with cancer: a sys-
tematic review and meta-analysis. Nutr Rev. 2022;81(6):625-646.
doi:10.1093/nutrit/nuac079

Barnes O, Wilson RL, Gonzalo-Encabo P, et al. The effect of ex-
ercise and nutritional interventions on body composition in pa-
tients with advanced or metastatic cancer: a systematic review.
Nutrients. 2022;14(10):2110. doi:10.3390/nu14102110

Lake B, Damery S, Jolly K. Effectiveness of weight loss in-
terventions in breast cancer survivors: a systematic review of re-
views. BMJ Open. 2022;12(10):e062288. doi:10.1136/bmjopen-20
22-062288

Li X, Wang J, Zhang J, et al. The effect of exercise on weight and
body composition of breast cancer patients undergoing chemo-
therapy: a systematic review. Cancer Nurs. 2023. doi:10.1097/ncc.
0000000000001196

Ligibel JA, Bohlke K, May AM, et al. Exercise, diet, and weight
management during cancer treatment: ASCO guideline. J Clin
Oncol. 2022;40(22):2491-2507. doi:10.1200/jc0.22.00687

Brown JC, Sarwer DB, Troxel AB, et al. A randomized trial of ex-
ercise and diet on body composition in survivors of breast cancer
with overweight or obesity. Breast Cancer Res Treat. 2021;189(1):
145-154. doi:10.1007/s10549-021-06284-7

Harrigan M, Cartmel B, Loftfield E, et al. Randomized trial
comparing telephone versus in-person weight loss counseling on
body composition and circulating biomarkers in women treated for
breast cancer: the Lifestyle, Exercise, and Nutrition (LEAN) study. J
Clin Oncol. 2016;34(7):669-676. doi:10.1200/jc0.2015.61.6375
Ong KR, Sims AH, Harvie M, et al. Biomarkers of dietary energy
restriction in women at increased risk of breast cancer. Cancer Prev
Res. 2009;2(8):720-731. doi:10.1158/1940-6207.Capr-09-0008
Pakiz B, Flatt SW, Bardwell WA, Rock CL, Mills PJ. Effects of a
weight loss intervention on body mass, fitness, and inflammatory
biomarkers in overweight or obese breast cancer survivors. Int J
Behav Med. 2011;18(4):333-341. doi:10.1007/s12529-010-9079-8
Campbell KL, Winters-Stone KM, Wiskemann J, et al. Exercise
guidelines for cancer survivors: consensus statement from Inter-
national Multidisciplinary Roundtable. Med Sci Sports Exerc.
2019;51(11):2375-2390. doi:10.1249/mss.0000000000002116
Hayes SC, Newton RU, Spence RR, Galvao DA. The Exercise and
Sports Science Australia position statement: exercise medicine in
cancer management. J Sci Med Sport. 2019;22(11):1175-1199.
doi:10.1016/j.jsams.2019.05.003

Rock CL, Thomson CA, Sullivan KR, et al. American Cancer Society
nutrition and physical activity guideline for cancer survivors. CA
Cancer J Clin. 2022;72(3):230-262 doi:10.3322/caac.21719
Caspersen CJ, Powell KE, Christenson GM. Physical activity, ex-
ercise, and physical fitness: definitions and distinctions for health-
related research. Publ Health Rep. 1985;100(2):126-131.

Furlan AD, Pennick V, Bombardier C, van Tulder M, Editorial Board
CBRG. 2009 updated method guidelines for systematic reviews in
the Cochrane Back Review Group. Spine. 2009;34(18):1929-1941.
doi:10.1097/BRS.0b013e3181b1c99f

Ardern CL, Buttner F, Andrade R, et al. Implementing the 27 PRISMA
2020 Statement items for systematic reviews in the sport and

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

exercise medicine, musculoskeletal rehabilitation and sports science
fields: the PERSIST (implementing Prisma in Exercise, Rehabilitation,
Sport Medicine and SporTs science) guidance. Br J Sports Med.
2022;56(4):175-195. doi:10.1136/bjsports-2021-103987

Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension
statement for reporting of systematic reviews incorporating
network meta-analyses of health care interventions: checklist and
explanations. Ann Intern Med. 2015;162(11):777-784. doi:10.7326/
m14-2385

Higgins JP, Thomas J, Chandler J, et al. Cochrane Handbook for
Systematic Reviews of Interventions. John Wiley & Sons; 2019.
Balduzzi S, Ricker G, Schwarzer G. How to perform a meta-
analysis with R: a practical tutorial. Evid Based Ment Health.
2019;22(4):153-160. doi:10.1136/ebmental-2019-300117

Rucker G. Network meta-analysis, electrical networks and graph
theory. Res Synth Methods. 2012;3(4):312-324. doi:10.1002/jrsm.
1058

Shim SR, Kim SJ, Lee J, Rucker G. Network meta-analysis: appli-
cation and practice using R software. Epidemiol Health. 2019;41:
€2019013. doi:10.4178/epih.e2019013

Riicker G, Krahn U, Konig J, et al. netmeta: Network Meta-Analysis
using Frequentist Methods. R package version 2.1-1; 2022.
Jansen JP, Naci H. Is network meta-analysis as valid as standard
pairwise meta-analysis? It all depends on the distribution of effect
modifiers. BMC Med. 2013;11(1):159. doi:10.1186/1741-7015-11-
159

Dias S, Welton NJ, Caldwell DM, Ades AE. Checking consistency in
mixed treatment comparison meta-analysis. Stat Med. 2010;29(7-
8):932-944. doi:10.1002/sim.3767

Konig J, Krahn U, Binder H. Visualizing the flow of evidence in
network meta-analysis and characterizing mixed treatment com-
parisons. Stat Med. 2013;32(30):5414-5429. doi:10.1002/sim.6001
Riicker G, Schwarzer G. Ranking treatments in frequentist network
meta-analysis works without resampling methods. BMC Med Res
Methodol. 2015;15(1):58. doi:10.1186/s12874-015-0060-8

Simon MS, Heilbrun LK, Boomer A, et al. A randomized trial of a low-
fat dietary intervention in women at high risk for breast cancer. Nutr
Cancer. 1997;27(2):136-142. doi:10.1080/01635589709514515
Jen KL, Djuric Z, DiLaura NM, et al. Improvement of metabolism
among obese breast cancer survivors in differing weight loss reg-
imens. Obes Res. 2004;12(2):306-312. doi:10.1038/0by.2004.38
Pinto BM, Frierson GM, Rabin C, Trunzo JJ, Marcus BH. Home-
based physical activity intervention for breast cancer patients. J
Clin Oncol. 2005;23(15):3577-3587. doi:10.1200/jc0.2005.03.080
Schmitz KH, Ahmed RL, Hannan PJ, Yee D. Safety and efficacy of
weight training in recent breast cancer survivors to alter body
composition, insulin, and insulin-like growth factor axis proteins.
Cancer Epidemiol Biomark Prev. 2005;14(7):1672-1680. doi:10.
1158/1055-9965.Epi-04-0736

Thomson CA, Rock CL, Giuliano AR, et al. Longitudinal changes in
body weight and body composition among women previously
treated for breast cancer consuming a high-vegetable, fruit and fiber,
low-fat diet. Eur J Nutr. 2005;44(1):18-25.doi:10.1007/s00394-004-
0487-x

Herrero F, San Juan AF, Fleck SJ, et al. Combined aerobic and
resistance training in breast cancer survivors: a randomized,
controlled pilot trial. Int J Sports Med. 2006;27(7):573-580. doi:10.
1055/s-2005-865848

Battaglini C, Bottaro M, Dennehy C, et al. The effects of an indi-
vidualized exercise intervention on body composition in breast
cancer patients undergoing treatment. Sao Paulo Med J. 2007,
125(1):22-28. doi:10.1590/s1516-31802007000100005
Courneya KS, Segal RJ, Mackey JR, et al. Effects of aerobic and
resistance exercise in breast cancer patients receiving adjuvant

35US0| 7 SUOWIWOD) 3AIFER1D) 3qedljdde au Aq pausenob a8 S ie YO ‘88N JO S3|NJ 10} ARIqITBUIUO AS]IM UO (SUOIPUOD-PUR-SLUBHW0D"AB | 1M AR1q 1 BUIUO//SANY) SUORIPUOD pue SW.B 1 84} 895 *[£202/TT/92] Uo Ariqiauliuo Ao |Im ‘AISRAIUN Uemod Up3 Aq E70GE"10UD/Z00T OT/I0p/LL0d" AB 1M Aelq U1 |UO'S eUINO SJe//SANY LWO1j pApeojumMod ‘€2 ‘€202 ‘Z#T0L60T


https://doi.org/10.1007/s11764-012-0234-x
https://doi.org/10.1007/s11764-012-0234-x
https://doi.org/10.1007/s10549-014-2843-8
https://doi.org/10.1093/nutrit/nuac079
https://doi.org/10.3390/nu14102110
https://doi.org/10.1136/bmjopen-2022-062288
https://doi.org/10.1136/bmjopen-2022-062288
https://doi.org/10.1097/ncc.0000000000001196
https://doi.org/10.1097/ncc.0000000000001196
https://doi.org/10.1200/jco.22.00687
https://doi.org/10.1007/s10549-021-06284-7
https://doi.org/10.1200/jco.2015.61.6375
https://doi.org/10.1158/1940-6207.Capr-09-0008
https://doi.org/10.1007/s12529-010-9079-8
https://doi.org/10.1249/mss.0000000000002116
https://doi.org/10.1016/j.jsams.2019.05.003
https://doi.org/10.3322/caac.21719
https://doi.org/10.1097/BRS.0b013e3181b1c99f
https://doi.org/10.1136/bjsports-2021-103987
https://doi.org/10.7326/m14-2385
https://doi.org/10.7326/m14-2385
https://doi.org/10.1136/ebmental-2019-300117
https://doi.org/10.1002/jrsm.1058
https://doi.org/10.1002/jrsm.1058
https://doi.org/10.4178/epih.e2019013
https://doi.org/10.1186/1741-7015-11-159
https://doi.org/10.1186/1741-7015-11-159
https://doi.org/10.1002/sim.3767
https://doi.org/10.1002/sim.6001
https://doi.org/10.1186/s12874-015-0060-8
https://doi.org/10.1080/01635589709514515
https://doi.org/10.1038/oby.2004.38
https://doi.org/10.1200/jco.2005.03.080
https://doi.org/10.1158/1055-9965.Epi-04-0736
https://doi.org/10.1158/1055-9965.Epi-04-0736
https://doi.org/10.1007/s00394-004-0487-x
https://doi.org/10.1007/s00394-004-0487-x
https://doi.org/10.1055/s-2005-865848
https://doi.org/10.1055/s-2005-865848
https://doi.org/10.1590/s1516-31802007000100005

KUDIARASU ET AL

3709

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

chemotherapy: a multicenter randomized controlled trial. J Clin
Oncol. 2007;25(28):4396-4404. doi:10.1200/jc0.2006.08.2024
Matthews CE, Wilcox S, Hanby CL, et al. Evaluation of a 12-week home-
based walking intervention for breast cancer survivors. Support Care
Cancer. 2007;15(2):203-211. doi:10.1007/s00520-006-0122-x
Mefferd K, Nichols JF, Pakiz B, Rock CL. A cognitive behavioral
therapy intervention to promote weight loss improves body
composition and blood lipid profiles among overweight breast
cancer survivors. Breast Cancer Res Treat. 2007;104(2):145-152.
doi:10.1007/s10549-006-9410-x

Demark-Wahnefried W, Case LD, Blackwell K, et al. Results of a
diet/exercise feasibility trial to prevent adverse body composition
change in breast cancer patients on adjuvant chemotherapy. Clin
Breast Cancer. 2008;8(1):70-79. doi:10.3816/CBC.2008.n.005
Ligibel JA, Campbell N, Partridge A, et al. Impact of a mixed
strength and endurance exercise intervention on insulin levels in
breast cancer survivors. J Clin Oncol. 2008;26(6):907-912. doi:10.
1200/jc0.2007.12.7357

Irwin ML, Alvarez-Reeves M, Cadmus L, et al. Exercise improves
body fat, lean mass, and bone mass in breast cancer survivors.
Obesity. 2009;17(8):1534-1541. doi:10.1038/0by.2009.18

Rogers LQ, Hopkins-Price P, Vicari S, et al. A randomized trial to
increase physical activity in breast cancer survivors. Med Sci Sports
Exerc. 2009;41(4):935-946. doi:10.1249/MSS.0b013e31818e0e1b
Schmitz KH, Ahmed RL, Troxel A, et al. Weight lifting in women
with  breast-cancer-related lymphedema. N Engl J Med.
2009;361(7):664-673. doi:10.1056/NEJM0a0810118

Haines TP, Sinnamon P, Wetzig NG, et al. Multimodal exercise
improves quality of life of women being treated for breast cancer,
but at what cost? Randomized trial with economic evaluation.
Breast Cancer Res Treat. 2010;124(1):163-175. doi:10.1007/
s10549-010-1126-2

Schmitz KH, Ahmed RL, Troxel AB, et al. Weight lifting for women
at risk for breast cancer-related lymphedema: a randomized trial.
JAMA. 2010;304(24):2699-2705. doi:10.1001/jama.2010.1837
Thomson CA, Stopeck AT, Bea JW, et al. Changes in body weight
and metabolic indexes in overweight breast cancer survivors
enrolled in a randomized trial of low-fat vs. reduced carbohydrate
diets. Nutr Cancer. 2010;62(8):1142-1152. doi:10.1080/01635581.
2010.513803

DeNysschen CA, Brown JK, Cho MH, Dodd MJ. Nutritional
symptom and body composition outcomes of aerobic exercise in
women with breast cancer. Clin Nurs Res. 2011;20(1):29-46. doi:10.
1177/1054773810379402

Djuric Z, Ellsworth JS, Weldon AL, et al. A diet and exercise
intervention during chemotherapy for breast cancer. Open Obes J.
2011;3(1):87-97. doi:10.2174/1876823701103010087

Janelsins MC, Davis PG, Wideman L, et al. Effects of Tai Chi Chuan
on insulin and cytokine levels in a randomized controlled pilot
study on breast cancer survivors. Clin Breast Cancer.
2011;11(3):161-170. doi:10.1016/j.cIbc.2011.03.013
Winters-Stone KM, Dobek J, Nail L, et al. Strength training stops
bone loss and builds muscle in postmenopausal breast cancer
survivors: a randomized, controlled trial. Breast Cancer Res Treat.
2011;127(2):447-456. doi:10.1007/s10549-011-1444-z

Musanti R. A study of exercise modality and physical self-esteem in
breast cancer survivors. Med Sci Sports Exerc. 2012;44(2):352-361.
doi:10.1249/MSS.0b013e31822cb5f2

Nikander R, Sievdnen H, Ojala K, et al. Effect of exercise on bone
structural traits, physical performance and body composition in
breast cancer patients--a 12-month RCT. J Musculoskelet Neuronal
Interact. 2012;12(3):127-135.

Saarto T, Sievanen H, Kellokumpu-Lehtinen P, et al. Effect of su-
pervised and home exercise training on bone mineral density among

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

breast cancer patients. A 12-month randomised controlled trial.
Osteoporos Int. 2012;23(5):1601-1612. doi:10.1007/s00198-011-
1761-4

Villarini A, Pasanisi P, Raimondi M, et al. Preventing weight gain
during adjuvant chemotherapy for breast cancer: a dietary inter-
vention study. Breast Cancer Res Treat. 2012;135(2):581-589.
doi:10.1007/s10549-012-2184-4

Courneya KS, McKenzie DC, Mackey JR, et al. Effects of exercise
dose and type during breast cancer chemotherapy: multicenter
randomized trial. J Natl Cancer Inst. 2013;105(23):1821-1832.
doi:10.1093/jnci/djt297

Greenlee HA, Crew KD, Mata JM, et al. A pilot randomized
controlled trial of a commercial diet and exercise weight loss
program in minority breast cancer survivors. Obesity. 2013;21(1):
65-76. doi:10.1002/0by.20245

Rogers LQ, Fogleman A, Trammell R, et al. Effects of a physical activity
behavior change intervention on inflammation and related health
outcomes in breast cancer survivors: pilot randomized trial. Integr
Cancer Ther. 2013;12(4):323-335. doi:10.1177/1534735412449687
Simonavice E, Liu PY, llich JZ, Kim JS, Arjmandi B, Panton LB. The
effects of a 6-month resistance training and dried plum consumption
intervention on strength, body composition, blood markers of bone
turnover, and inflammation in breast cancer survivors. Appl Physiol
Nutr Metab. 2014;39(6):730-739. doi:10.1139/apnm-2013-0281
Winters-Stone KM, Dobek J, Nail LM, et al. Impact + resistance
training improves bone health and body composition in prema-
turely menopausal breast cancer survivors: a randomized
controlled trial. Osteoporos Int. 2013;24(5):1637-1646. doi:10.
1007/s00198-012-2143-2

Cerulli C, Minganti C, De Santis C, Tranchita E, Quaranta F, Parisi
A. Therapeutic horseback riding in breast cancer survivors: a pilot
study. J Altern Compl Med. 2014;20(8):623-629. doi:10.1089/acm.
2014.0061

Casla S, Lopez-Tarruella S, Jerez VY, et al. Supervised physical ex-
ercise improves VO2max, quality of life, and health in early stage
breast cancer patients: a randomized controlled trial. Breast Cancer
Res Treat. 2015;153(2):371-382. doi:10.1007/5s10549-015-3541-x
Hughes DC, Darby N, Gonzalez K, Boggess T, Morris RM, Ramirez
AG. Effect of a six-month yoga exercise intervention on fitness
outcomes for breast cancer survivors. Physiother Theory Pract.
2015;31(7):451-460. doi:10.3109/09593985.2015.1037409
Schmitz KH, Williams NI, Kontos D, et al. Dose-response effects of
aerobic exercise on estrogen among women at high risk for breast
cancer: a randomized controlled trial. Breast Cancer Res Treat.
2015;154(2):309-318. doi:10.1007/s10549-015-3604-z

Swisher AK, Abraham J, Bonner D, et al. Exercise and dietary
advice intervention for survivors of triple-negative breast cancer:
effects on body fat, physical function, quality of life, and adipokine
profile. Support Care Cancer. 2015;23(10):2995-3003. doi:10.1007/
s00520-015-2667-z

Bruno E, Roveda E, Vitale J, et al. Effect of aerobic exercise inter-
vention on markers of insulin resistance in breast cancer women. Eur
J Cancer Care. 2018;27(2):e12617. doi:10.1111/ecc.12617

Buchan J, Janda M, Box R, Schmitz K, Hayes S. A randomized trial
on the effect of exercise mode on breast cancer-related lymphe-
dema. Med Sci Sports Exerc. 2016;48(10):1866-1874. doi:10.1249/
mss.0000000000000988

De Luca V, Minganti C, Borrione P, et al. Effects of concurrent
aerobic and strength training on breast cancer survivors: a pilot
study. Publ Health. 2016;136:126-132. doi:10.1016/j.puhe.2016.
03.028

Hagstrom AD, Marshall PW, Lonsdale C, et al. The effect of
resistance training on markers of immune function and inflamma-
tion in previously sedentary women recovering from breast cancer:

35US0| 7 SUOWIWOD) 3AIFER1D) 3qedljdde au Aq pausenob a8 S ie YO ‘88N JO S3|NJ 10} ARIqITBUIUO AS]IM UO (SUOIPUOD-PUR-SLUBHW0D"AB | 1M AR1q 1 BUIUO//SANY) SUORIPUOD pue SW.B 1 84} 895 *[£202/TT/92] Uo Ariqiauliuo Ao |Im ‘AISRAIUN Uemod Up3 Aq E70GE"10UD/Z00T OT/I0p/LL0d" AB 1M Aelq U1 |UO'S eUINO SJe//SANY LWO1j pApeojumMod ‘€2 ‘€202 ‘Z#T0L60T


https://doi.org/10.1200/jco.2006.08.2024
https://doi.org/10.1007/s00520-006-0122-x
https://doi.org/10.1007/s10549-006-9410-x
https://doi.org/10.3816/CBC.2008.n.005
https://doi.org/10.1200/jco.2007.12.7357
https://doi.org/10.1200/jco.2007.12.7357
https://doi.org/10.1038/oby.2009.18
https://doi.org/10.1249/MSS.0b013e31818e0e1b
https://doi.org/10.1056/NEJMoa0810118
https://doi.org/10.1007/s10549-010-1126-2
https://doi.org/10.1007/s10549-010-1126-2
https://doi.org/10.1001/jama.2010.1837
https://doi.org/10.1080/01635581.2010.513803
https://doi.org/10.1080/01635581.2010.513803
https://doi.org/10.1177/1054773810379402
https://doi.org/10.1177/1054773810379402
https://doi.org/10.2174/1876823701103010087
https://doi.org/10.1016/j.clbc.2011.03.013
https://doi.org/10.1007/s10549-011-1444-z
https://doi.org/10.1249/MSS.0b013e31822cb5f2
https://doi.org/10.1007/s00198-011-1761-4
https://doi.org/10.1007/s00198-011-1761-4
https://doi.org/10.1007/s10549-012-2184-4
https://doi.org/10.1093/jnci/djt297
https://doi.org/10.1002/oby.20245
https://doi.org/10.1177/1534735412449687
https://doi.org/10.1139/apnm-2013-0281
https://doi.org/10.1007/s00198-012-2143-2
https://doi.org/10.1007/s00198-012-2143-2
https://doi.org/10.1089/acm.2014.0061
https://doi.org/10.1089/acm.2014.0061
https://doi.org/10.1007/s10549-015-3541-x
https://doi.org/10.3109/09593985.2015.1037409
https://doi.org/10.1007/s10549-015-3604-z
https://doi.org/10.1007/s00520-015-2667-z
https://doi.org/10.1007/s00520-015-2667-z
https://doi.org/10.1111/ecc.12617
https://doi.org/10.1249/mss.0000000000000988
https://doi.org/10.1249/mss.0000000000000988
https://doi.org/10.1016/j.puhe.2016.03.028
https://doi.org/10.1016/j.puhe.2016.03.028

3710

LIFESTYLE INTERVENTIONS IN BREAST CANCER

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

a randomized controlled trial. Breast Cancer Res Treat.
2016;155(3):471-482. doi:10.1007/s10549-016-3688-0

Lahart IM, Metsios GS, Nevill AM, Kitas GD, Carmichael AR.
Randomised controlled trial of a home-based physical activity
intervention in breast cancer survivors. BMC Cancer.
2016;16(1):234. doi:10.1186/512885-016-2258-5

Tizdast N, Ghazalian F, Gholami M. The effect of exercise type on
inflammatory markers in obese survivors with breast cancer: ran-
domized control trial. Health Scope. 2016;5(4):e33421. doi:10.
17795/jhealthscope-33421

Artene DV, Bordea ClI, Blidaru A. Results of 1-year diet and exer-
cise interventions for ER+/PR+/HER2- breast cancer patients
correlated with treatment type. Chirurgia. 2017;112(4):457-468.
doi:10.21614/chirurgia.112.4.457

Kim TH, Chang JS, Park KS, et al. Effects of exercise training on
circulating levels of Dickkpof-1 and secreted frizzled-related
protein-1 in breast cancer survivors: a pilot single-blind random-
ized controlled trial. PLoS One. 2017;12(2):e0171771. doi:10.1371/
journal.pone.0171771

Madzima TA, Ormsbee MJ, Schleicher EA, Moffatt RJ, Panton LB.
Effects of resistance training and protein supplementation in breast
cancer survivors. Med Sci Sports Exerc. 2017;49(7):1283-1292.
doi:10.1249/mss.0000000000001250

Reeves M, Winkler E, McCarthy N, et al. The Living Well after
Breast Cancer™ Pilot Trial: a weight loss intervention for women
following treatment for breast cancer. Asia Pac J Clin Oncol.
2017;13(3):125-136. doi:10.1111/ajco.12629

Roveda E, Vitale JA, Bruno E, et al. Protective effect of aerobic
physical activity on sleep behavior in breast cancer survivors. Integr
Cancer Ther. 2017;16(1):21-31. doi:10.1177/1534735416651719
Sturgeon KM, Dean LT, Heroux M, et al. Commercially available
lifestyle modification program: randomized controlled trial
addressing heart and bone health in BRCA1/2+ breast cancer
survivors after risk-reducing salpingo-oophorectomy. J Cancer
Surviv. 2017;11(2):246-255. doi:10.1007/s11764-016-0582-z
Thomas GA, Cartmel B, Harrigan M, et al. The effect of exercise on
body composition and bone mineral density in breast cancer sur-
vivors taking aromatase inhibitors. Obesity. 2017;25(2):346-351.
doi:10.1002/0by.21729

Arikawa AY, Kaufman BC, Raatz SK, Kurzer MS. Effects of a
parallel-arm randomized controlled weight loss pilot study on
biological and psychosocial parameters of overweight and obese
breast cancer survivors. Pilot Feasibility Stud. 2018;4(1):17. doi:10.
1186/s40814-017-0160-9

Dieli-Conwright CM, Courneya KS, Demark-Wahnefried W, et al.
Effects of aerobic and resistance exercise on metabolic syndrome,
sarcopenic obesity, and circulating biomarkers in overweight or
obese survivors of breast cancer: a randomized controlled trial. J
Clin Oncol. 2018;36(9):875-883. doi:10.1200/jc0.2017.75.7526
Dieli-Conwright CM, Parmentier JH, Sami N, et al. Adipose tissue
inflammation in breast cancer survivors: effects of a 16-week
combined aerobic and resistance exercise training intervention.
Breast Cancer Res Treat. 2018;168(1):147-157. doi:10.1007/
s10549-017-4576-y

Han CJ, Korde LA, Reding S, et al. Investigation of a lifestyle
intervention in women at high risk of breast cancer. West J Nurs
Res. 2018;40(7):976-996. doi:10.1177/0193945917697227
Navarro-Sanz A, Espejo-Reina A, Cerezo-Guzman MV, et al. Syn-
chronized pedaling with martial arts improves quality of life of
women with breast cancer. Int J Sports Med. 2018;39(13):978-983.
doi:10.1055/a-0710-5260

Pasanisi P, Bruno E, Venturelli E, et al. A dietary intervention to
lower serum levels of IGF-I in BRCA mutation carriers. Cancers.
2018;10(9):309. doi:10.3390/cancers10090309

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Pope ZC, Zeng N, Zhang R, Lee HY, Gao Z. Effectiveness of com-
bined smartwatch and social media intervention on breast cancer
survivor health outcomes: a 10-week pilot randomized trial. J Clin
Med. 2018;7(6):140. doi:10.3390/jcm7060140

Skouroliakou M, Grosomanidis D, Massara P, et al. Serum antiox-
idant capacity, biochemical profile and body composition of breast
cancer survivors in a randomized Mediterranean dietary inter-
vention study. Eur J Nutr. 2018;57(6):2133-2145. doi:10.1007/
s00394-017-1489-9

Uludag AH, Ardahan F, Bozcuk HS. The effects of regular physical
exercise on the values of the physical properties and body com-
positions of breast cancer patients in remission. Pamukkale J Sport
Sci. 2018;9:31-39.

Ariza-Garcia A, Lozano-Lozano M, Galiano-Castillo N, Postigo-
Martin P, Arroyo-Morales M, Cantarero-Villanueva |. A web-
based exercise system (e-CuidateChemo) to counter the side ef-
fects of chemotherapy in patients with breast cancer: randomized
controlled trial. J Med Internet Res. 2019;21(7):e14418. doi:10.
2196/14418

Carayol M, Ninot G, Senesse P, et al. Short- and long-term impact
of adapted physical activity and diet counseling during adjuvant
breast cancer therapy: the "APAD1" randomized controlled trial.
BMC Cancer. 2019;19(1):737. doi:10.1186/s12885-019-5896-6

de Paulo TRS, Winters-Stone KM, Viezel J, et al. Effects of resis-
tance plus aerobic training on body composition and metabolic
markers in older breast cancer survivors undergoing aromatase
inhibitor therapy. Exp Gerontol. 2018;111:210-217. doi:10.1016/j.
exger.2018.07.022

Harvie M, Pegington M, McMullan D, et al. The effectiveness of home
versus community-based weight control programmes initiated soon
after breast cancer diagnosis: a randomised controlled trial. Br J
Cancer. 2019;121(6):443-454. doi:10.1038/541416-019-0522-6
McNeil J, Brenner DR, Stone CR, et al. Activity tracker to prescribe
various exercise intensities in breast cancer survivors. Med Sci Sports
Exerc. 2019;51(5):930-940. doi:10.1249/mss.0000000000001890
Santos W, Vieira A, de Lira CAB, et al. Once a week resistance
training improves muscular strength in breast cancer survivors: a
randomized controlled trial. Integr Cancer Ther. 2019;18:15347354
19879748. doi:10.1177/1534735419879748

Artese AL, Hunt RL, Ormsbee MJ, Kim JS, Arjmandi BH, Panton LB.
Effect of functional impact training on body composition, bone min-
eral density, and strength in breast cancer survivors. Med Sci Sports
Exerc. 2021;53(1):90-101. doi:10.1249/mss.0000000000002438
Chang JS, Kim TH, Kong ID. Exercise intervention lowers aberrant
serum WISP-1 levels with insulin resistance in breast cancer sur-
vivors: a randomized controlled trial. Sci Rep. 2020;10(1):10898.
doi:10.1038/s41598-020-67794-w

Demark-Wahnefried W, Rogers LQ, Gibson JT, et al. Randomized
trial of weight loss in primary breast cancer: Impact on body
composition, circulating biomarkers and tumor characteristics. Int J
Cancer. 2020;146(10):2784-2796. doi:10.1002/ijc.32637
Khodabakhshi A, Akbari ME, Mirzaei HR, Mehrad-Majd H, Kala-
mian M, Davoodi SH. Feasibility, safety, and beneficial effects of
MCT-based ketogenic diet for breast cancer treatment: a ran-
domized controlled trial study. Nutr Cancer. 2020;72(4):627-634.
doi:10.1080/01635581.2019.1650942

Mgller T, Andersen C, Lillelund C, et al. Physical deterioration and
adaptive recovery in physically inactive breast cancer patients
during adjuvant chemotherapy: a randomised controlled trial. Sci
Rep. 2020;10(1):9710. doi:10.1038/s41598-020-66513-9
Monazzami AA, Momenpour R, Alipoor E, Yari K, Payandeh M. The
effects of concurrent training on the body composition, quality of
life, and sleep quality of postmenopausalwomen with breast can-
cer. J Kerman Univ Med Sci. 2020;24(3). doi:10.5812/jkums.101186

35US0| 7 SUOWIWOD) 3AIFER1D) 3qedljdde au Aq pausenob a8 S ie YO ‘88N JO S3|NJ 10} ARIqITBUIUO AS]IM UO (SUOIPUOD-PUR-SLUBHW0D"AB | 1M AR1q 1 BUIUO//SANY) SUORIPUOD pue SW.B 1 84} 895 *[£202/TT/92] Uo Ariqiauliuo Ao |Im ‘AISRAIUN Uemod Up3 Aq E70GE"10UD/Z00T OT/I0p/LL0d" AB 1M Aelq U1 |UO'S eUINO SJe//SANY LWO1j pApeojumMod ‘€2 ‘€202 ‘Z#T0L60T


https://doi.org/10.1007/s10549-016-3688-0
https://doi.org/10.1186/s12885-016-2258-5
https://doi.org/10.17795/jhealthscope-33421
https://doi.org/10.17795/jhealthscope-33421
https://doi.org/10.21614/chirurgia.112.4.457
https://doi.org/10.1371/journal.pone.0171771
https://doi.org/10.1371/journal.pone.0171771
https://doi.org/10.1249/mss.0000000000001250
https://doi.org/10.1111/ajco.12629
https://doi.org/10.1177/1534735416651719
https://doi.org/10.1007/s11764-016-0582-z
https://doi.org/10.1002/oby.21729
https://doi.org/10.1186/s40814-017-0160-9
https://doi.org/10.1186/s40814-017-0160-9
https://doi.org/10.1200/jco.2017.75.7526
https://doi.org/10.1007/s10549-017-4576-y
https://doi.org/10.1007/s10549-017-4576-y
https://doi.org/10.1177/0193945917697227
https://doi.org/10.1055/a-0710-5260
https://doi.org/10.3390/cancers10090309
https://doi.org/10.3390/jcm7060140
https://doi.org/10.1007/s00394-017-1489-9
https://doi.org/10.1007/s00394-017-1489-9
https://doi.org/10.2196/14418
https://doi.org/10.2196/14418
https://doi.org/10.1186/s12885-019-5896-6
https://doi.org/10.1016/j.exger.2018.07.022
https://doi.org/10.1016/j.exger.2018.07.022
https://doi.org/10.1038/s41416-019-0522-6
https://doi.org/10.1249/mss.0000000000001890
https://doi.org/10.1177/1534735419879748
https://doi.org/10.1249/mss.0000000000002438
https://doi.org/10.1038/s41598-020-67794-w
https://doi.org/10.1002/ijc.32637
https://doi.org/10.1080/01635581.2019.1650942
https://doi.org/10.1038/s41598-020-66513-9
https://doi.org/10.5812/jkums.101186

KUDIARASU ET AL

3711

120.

121

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

Morato-Martinez M, Santurino C, Lépez-Plaza B, et al. A stan-
dardized, integral nutritional intervention and physical activity
program reduces body weight in women newly diagnosed with
breast cancer. Nutr Hosp. 2021;38(3):575-584. doi:10.20960/nh.
03409

Perrier L, Foucaut AM, Morelle M, et al. Cost-effectiveness of an
exercise and nutritional intervention versus usual nutritional care
during adjuvant treatment for localized breast cancer: the PASA-
PAS randomized controlled trial. Support Care Cancer.
2020;28(6):2829-2842. doi:10.1007/s00520-019-05078-4
Santagnello SB, Martins FM, de Oliveira Junior GN, et al. Im-
provements in muscle strength, power, and size and self-reported
fatigue as mediators of the effect of resistance exercise on phys-
ical performance breast cancer survivor women: a randomized
controlled trial. Support Care Cancer. 2020;28(12):6075-6084.
doi:10.1007/s00520-020-05429-6

Uth J, Fristrup B, Sgrensen V, et al. Exercise intensity and cardio-
vascular health outcomes after 12 months of football fitness
training in women treated for stage I-lll breast cancer: Results
from the football fitness After Breast Cancer (ABC) randomized
controlled trial. Prog Cardiovasc Dis. 2020;63(6):792-799. doi:10.
1016/j.pcad.2020.08.002

Samhan AF, Ahmed AS, Mahmoud WS, Abdelhalim NM. Effects of
high-intensity interval training on cardiorespiratory fitness, body
composition, and quality of life in overweight and obese survivors
of breast cancer. Rehabil Oncol. 2021;39(4):168-174. doi:10.1097/
01.Re0.0000000000000270

Hooshmand Moghadam B, Golestani F, Bagheri R, et al. The effects
of high-intensity interval training vs. moderate-intensity contin-
uous training on inflammatory markers, body composition, and
physical fitness in overweight/obese survivors of breast cancer: a
randomized controlled clinical trial. Cancers. 2021;13(17):4386.
doi:10.3390/cancers13174386

Sheean P, Matthews L, Visotcky A, et al. Every Day Counts: a
randomized pilot lifestyle intervention for women with metastatic
breast cancer. Breast Cancer Res Treat. 2021;187(3):729-741.
doi:10.1007/s10549-021-06163-1

Papandreou P, Gioxari A, Nimee F, Skouroliakou M. Application of
clinical decision support system to assist breast cancer patients
with lifestyle modifications during the COVID-19 pandemic: a
randomised controlled trial. Nutrients. 2021;13(6):2115. doi:10.
3390/nu13062115

Reeves MM, Terranova CO, Winkler EAH, et al. Effect of a
remotely delivered weight loss intervention in early-stage breast
cancer: randomized controlled trial. Nutrients. 2021;13(11):4091.
doi:10.3390/nu13114091

Pirouzpanah S, Montazeri V, Baradaran B, Taghizadeh M, Rezvani
N. Effects of conjugated fatty acid supplementation on central
obesity and blood pressure in women with benign breast disease: a
randomized controlled-clinical trial. Prog Nutr. 2018;20(2-
S):163-172. doi:10.23751/pn.v20i2-S.5708

Newton RU, Galvao DA. Exercise in prevention and management of
cancer. Curr Treat Options Oncol. 2008;9(2):135-146. doi:10.1007/
$11864-008-0065-1

Wang S, Yang T, Qiang W, Zhao Z, Shen A, Zhang F. Benefits of
weight loss programs for breast cancer survivors: a systematic
reviews and meta-analysis of randomized controlled trials. Support
Care Cancer. 2022;30(5):3745-3760. doi:10.1007/s00520-021-
06739-z

Demark-Wahnefried W, Peterson BL, Winer EP, et al. Changes in
weight, body composition, and factors influencing energy balance
among premenopausal breast cancer patients receiving adjuvant
chemotherapy. J Clin Oncol. 2001;19(9):2381-2389. doi:10.1200/
JC0O.2001.19.9.2381

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Rock CL, Flatt SW, Newman V, et al. Factors associated with
weight gain in women after diagnosis of breast cancer. Women's
Healthy Eating and Living Study Group. J Am Diet Assoc.
1999;99(10):1212-1221. doi:10.1016/s0002-8223(99)00298-9
Sweegers MG, Altenburg TM, Brug J, et al. Effects and moderators of
exercise on muscle strength, muscle function and aerobic fitness in
patients with cancer: a meta-analysis of individual patient data. Br J
Sports Med. 2019;53(13):812. doi:10.1136/bjsports-2018-099191
Scott JM, Zabor EC, Schwitzer E, et al. Efficacy of exercise therapy
on cardiorespiratory fitness in patients with cancer: a systematic
review and meta-analysis. J Clin Oncol. 2018;36(22):2297-2305.
doi:10.1200/jc0.2017.77.5809

Izquierdo M, Fiatarone Singh M. Promoting resilience in the face of
ageing and disease: The central role of exercise and physical activity.
Ageing Res Rev. 2023;88:101940. doi:10.1016/j.arr.2023.101940
Valenzuela PL, Ruilope LM, Santos-Lozano A, et al. Exercise ben-
efits in cardiovascular diseases: from mechanisms to clinical
implementation. Eur Heart J. 2023;44(21):1874-1889. doi:10.1093/
eurheartj/ehad170

Patterson RE, Rock CL, Kerr J, et al. Metabolism and breast cancer
risk: frontiers in research and practice. J Acad Nutr Diet.
2013;113(2):288-296. doi:10.1016/j.jand.2012.08.015

McDonald C, Bauer JD, Capra S. Body composition and breast
cancer-the role of lean body mass. Cancer Forum. 2011:35(2):
102-106.

Lopez P, Galvdo DA, Taaffe DR, et al. Resistance training in breast
cancer patients undergoing primary treatment: a systematic review
and meta-regression of exercise dosage. Breast Cancer.
2021;28(1):16-24. doi:10.1007/s12282-020-01147-3

Gadéa E, Thivat E, Planchat E, Morio B, Durando X. Importance of
metabolic changes induced by chemotherapy on prognosis of early-
stage breast cancer patients: a review of potential mechanisms. Obes
Rev. 2012;13(4):368-380. d0i:10.1111/j.1467-789X.2011.00957 .x
Ligibel JA, Schmitz KH, Berger NA. Sarcopenia in aging, obesity,
and cancer. Transl Cancer Res. 2020;9(9):5760-5771. doi:10.21037/
tcr-2019-eaoc-05

Fraser SF, Gardner JR, Dalla Via J, Daly RM. The effect of exercise
training on lean body mass in breast cancer patients: a systematic
review and meta-analysis. Med Sci Sports Exerc. 2022;54(2):
211-219. doi:10.1249/mss.0000000000002792

Montafo-Rojas LS, Romero-Pérez EM, Medina-Pérez C, Reguera-
Garcia MM, de Paz JA. Resistance training in breast cancer survi-
vors: a systematic review of exercise programs. Int J Environ Res
Publ Health. 2020;17(18):6511. doi:10.3390/ijerph17186511
Padilha CS, Marinello PC, Galvdo DA, et al. Evaluation of resistance
training to improve muscular strength and body composition in
cancer patients undergoing neoadjuvant and adjuvant therapy: a
meta-analysis. J Cancer Surviv. 2017;11(3):339-349. doi:10.1007/
s11764-016-0592-x

Strasser B, Steindorf K, Wiskemann J, Ulrich CM. Impact of resistance
training in cancer survivors: a meta-analysis. Med Sci Sports Exerc.
2013;45(11):2080-2090. doi:10.1249/MSS.0b013e31829a3b63

Kim JS, Galvdao DA, Newton RU, Gray E, Taaffe DR. Exercise-
induced myokines and their effect on prostate cancer. Nat Rev
Urol. 2021;18(9):519-542. doi:10.1038/s41585-021-00476-y
Davis AR, Goodenough CG, Westerlind KC, et al. Myokines derived
from contracting skeletal muscle suppress anabolism in MCF7
breast cancer cells by inhibiting mTOR. Front Physiol.
2022;13:1033585. doi:10.3389/fphys.2022.1033585

O'Donoghue G, Blake C, Cunningham C, Lennon O, Perrotta C.
What exercise prescription is optimal to improve body composition
and cardiorespiratory fitness in adults living with obesity? A
network meta-analysis. Obes Rev. 2021;22(2):e13137. doi:10.1111/
obr.13137

35US0| 7 SUOWIWOD) 3AIFER1D) 3qedljdde au Aq pausenob a8 S ie YO ‘88N JO S3|NJ 10} ARIqITBUIUO AS]IM UO (SUOIPUOD-PUR-SLUBHW0D"AB | 1M AR1q 1 BUIUO//SANY) SUORIPUOD pue SW.B 1 84} 895 *[£202/TT/92] Uo Ariqiauliuo Ao |Im ‘AISRAIUN Uemod Up3 Aq E70GE"10UD/Z00T OT/I0p/LL0d" AB 1M Aelq U1 |UO'S eUINO SJe//SANY LWO1j pApeojumMod ‘€2 ‘€202 ‘Z#T0L60T


https://doi.org/10.20960/nh.03409
https://doi.org/10.20960/nh.03409
https://doi.org/10.1007/s00520-019-05078-4
https://doi.org/10.1007/s00520-020-05429-6
https://doi.org/10.1016/j.pcad.2020.08.002
https://doi.org/10.1016/j.pcad.2020.08.002
https://doi.org/10.1097/01.Reo.0000000000000270
https://doi.org/10.1097/01.Reo.0000000000000270
https://doi.org/10.3390/cancers13174386
https://doi.org/10.1007/s10549-021-06163-1
https://doi.org/10.3390/nu13062115
https://doi.org/10.3390/nu13062115
https://doi.org/10.3390/nu13114091
https://doi.org/10.23751/pn.v20i2-S.5708
https://doi.org/10.1007/s11864-008-0065-1
https://doi.org/10.1007/s11864-008-0065-1
https://doi.org/10.1007/s00520-021-06739-z
https://doi.org/10.1007/s00520-021-06739-z
https://doi.org/10.1200/JCO.2001.19.9.2381
https://doi.org/10.1200/JCO.2001.19.9.2381
https://doi.org/10.1016/s0002-8223(99)00298-9
https://doi.org/10.1136/bjsports-2018-099191
https://doi.org/10.1200/jco.2017.77.5809
https://doi.org/10.1016/j.arr.2023.101940
https://doi.org/10.1093/eurheartj/ehad170
https://doi.org/10.1093/eurheartj/ehad170
https://doi.org/10.1016/j.jand.2012.08.015
https://doi.org/10.1007/s12282-020-01147-3
https://doi.org/10.1111/j.1467-789X.2011.00957.x
https://doi.org/10.21037/tcr-2019-eaoc-05
https://doi.org/10.21037/tcr-2019-eaoc-05
https://doi.org/10.1249/mss.0000000000002792
https://doi.org/10.3390/ijerph17186511
https://doi.org/10.1007/s11764-016-0592-x
https://doi.org/10.1007/s11764-016-0592-x
https://doi.org/10.1249/MSS.0b013e31829a3b63
https://doi.org/10.1038/s41585-021-00476-y
https://doi.org/10.3389/fphys.2022.1033585
https://doi.org/10.1111/obr.13137
https://doi.org/10.1111/obr.13137

3712

LIFESTYLE INTERVENTIONS IN BREAST CANCER

150.

151.

152.

Oppert JM, Bellicha A, van Baak MA, et al. Exercise training in
the management of overweight and obesity in adults: synthesis
of the evidence and recommendations from the European As-
sociation for the Study of Obesity Physical Activity Working
Group. Obes Rev. 2021;22(suppl 4):€13273. doi:10.1111/0br.
13273

Lopez P, Taaffe DR, Galvao DA, et al. Resistance training effective-
ness on body composition and body weight outcomes in individuals
with overweight and obesity across the lifespan: a systematic review
and meta-analysis. Obes Rev. 2022;23(5):e13428. doi:10.1111/0br.
13428

Lopez P, Radaelli R, Taaffe DR, et al. Moderators of resistance
training effects in overweight and obese adults: a systematic re-
view and meta-analysis. Med Sci Sports Exerc. 2022;54(11):
1804-1816. doi:10.1249/mss.0000000000002984

SUPPORTING INFORMATION
Additional supporting information can be found online in the Sup-
porting Information section at the end of this article.

How to cite this article: Kudiarasu C, Lopez P, Galvao DA,
et al. What are the most effective exercise, physical activity
and dietary interventions to improve body composition in
women diagnosed with or at high-risk of breast cancer? A
systematic review and network meta-analysis. Cancer.
2023;129(23):3697-3712. doi:10.1002/cncr.35043

35US0| 7 SUOWIWOD) 3AIFER1D) 3qedljdde au Aq pausenob a8 S ie YO ‘88N JO S3|NJ 10} ARIqITBUIUO AS]IM UO (SUOIPUOD-PUR-SLUBHW0D"AB | 1M AR1q 1 BUIUO//SANY) SUORIPUOD pue SW.B 1 84} 895 *[£202/TT/92] Uo Ariqiauliuo Ao |Im ‘AISRAIUN Uemod Up3 Aq E70GE"10UD/Z00T OT/I0p/LL0d" AB 1M Aelq U1 |UO'S eUINO SJe//SANY LWO1j pApeojumMod ‘€2 ‘€202 ‘Z#T0L60T


https://doi.org/10.1111/obr.13273
https://doi.org/10.1111/obr.13273
https://doi.org/10.1111/obr.13428
https://doi.org/10.1111/obr.13428
https://doi.org/10.1249/mss.0000000000002984
https://doi.org/10.1002/cncr.35043

	What are the most effective exercise, physical activity and dietary interventions to improve body composition in women diagnosed with or at high-risk of breast cancer? A systematic review and network meta-analysis
	Authors

	What are the most effective exercise, physical activity and dietary interventions to improve body composition in women diag ...
	INTRODUCTION
	MATERIALS AND METHODS
	Literature search strategy and study selection
	Inclusion and exclusion criteria
	Data extraction, risk of bias assessment, and certainty of evidence
	Data synthesis and analysis

	RESULTS
	Study, participant, and intervention characteristics
	Whole‐body fat mass and lean mass
	Body fat percentage
	Body weight and BMI

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT


