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Abstract 
Breast cancer survivors with obesity are at a high risk of cancer 
recurrence, comorbidity, and mortality. This review aims to sys-
tematically evaluate the effects of combined aerobic and re-
sistance training (CART) on body composition, lipid homeosta-
sis, inflammation, adipokines, cancer-related fatigue, sleep, and 
quality of life in breast cancer patients and survivors with over-
weight/obesity. An electronic search was conducted in PubMed, 
Web of Science, Scopus, Science Direct, Cochrane, and Google 
Scholar databases from inception up to January 8, 2024. Random-
ized controlled trials (RCTs) meeting the inclusion criteria were 
selected for the analysis. The Cochrane risk of bias tool was used 
to assess eligible studies, and the GRADE method to evaluate the 
quality of evidence. A random-effects model was used, and data 
were analyzed using mean (MD) and standardized mean differ-
ences (SMD) for continuous variables with 95% confidence in-
tervals (CI). We assessed the data for risk of bias, heterogeneity, 
sensitivity, reporting bias, and quality of evidence. A total of 17 
randomized controlled trials were included in the systematic re-
view involving 1,148 female patients and survivors (mean age: 
54.0 ± 3.4 years). The primary outcomes showed significant im-
provements in body mass index (SMD -0.57 kg/m2, p = 0.04), 
body fat (SMD -0.50%, p = 0.02), fat mass (SMD -0.63 kg, p = 
0.04), hip circumference (MD -3.14 cm, p = 0.02), and fat-free 
mass (SMD 1.03 kg, p < 0.001). The secondary outcomes indi-
cated significant increases in high-density lipoprotein cholesterol 
(MD -0.05 mmol/L, p = 0.008), natural killer cells (SMD 0.42%, 
p = 0.04), reductions in triglycerides (MD -81.90 mg/dL, p < 
0.01), total cholesterol (SMD -0.95 mmol/L, p < 0.01), tumor ne-
crosis factor α (SMD -0.89 pg/mL, p = 0.03), and leptin (SMD -
0.63 ng/mL, p = 0.03). Also, beneficial alterations were found in 
cancer-related fatigue (SMD -0.98, p = 0.03), sleep (SMD -1.17, 
p < 0.001), and quality of life (SMD 2.94, p = 0.02) scores. There 
was very low to low confidence in the estimated effect of most of 
the outcomes. The present findings reveal that CART could be 
considered an adjunct therapy in supporting the conventional 

clinical approach observed following exercise. However, further 
high-quality research is needed to evaluate whether CART would 
be a valuable intervention to lower aggressive pharmacologic use 
in breast cancer patients with overweight/obesity. 
 
Key words: Oncology, muscle strengthening, cardiorespiratory 
exercise, cardiovascular disease, inflammation, adipokines, fa-
tigue, sleep, quality of life. 

 
 

Introduction 
 
Cancer is a critical global health concern since it is the 
world's most common non-communicable disease and the 
second major cause of death (Afolabi et al., 2022b; 
Meneses-Echávez et al., 2015). More specifically, breast 
cancer (BC) is the most frequent type of cancer in women, 
and  25% of BC cases are due to excessive weight and sed-
entary lifestyle risk factors (Siegel et al., 2020). Thus, obe-
sity affects one out of every three BC survivors (Greenlee 
et al., 2016), raising the chance of cancer recurrence, 
comorbidity, and mortality (Feliciano et al., 2019; 
Hwangbo et al., 2018; Lohmann et al., 2021; Petrelli et al., 
2021). Given that fat tissue is an endocrine organ that se-
cretes various inflammatory factors and adipokines 
(Afolabi et al., 2022a), a significant association between 
BC and numerous impaired cardiometabolic health-related 
indices has been documented in women (Chowdhury et al., 
2021; Guo et al., 2013; Wu et al., 2009). BC survivors are 
at a high risk of developing comorbidities, such as hyper-
lipidemia, sarcopenia, and osteoporosis (Ording et al., 
2013), which affect individuals' quality of life (QoL), car-
diorespiratory fitness, physical function, and bone health 
while increasing cancer-related pain and fatigue (Al-
Mhanna et al., 2022; Ganz, 2006; Stanton, 2006). Also,    
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excess adiposity is linked to early recurrence on breast can-
cer survivors after treatment, showing that the management 
of obesity may be a critical health factor for this cohort 
(Acevedo et al., 2022; Elreda et al., 2022). 

Regular exercise has been reported as a vital tool for 
reducing the most common and impairing symptoms in BC 
patients before, during, and after treatment (Mortimer et 
al., 2010; Mutalub et al., 2022). In BC patients and survi-
vors, exercise is considered an effective non-pharmaco-
logic method for lowering pro-inflammatory biomarkers 
and cardiovascular disease (CVD) risk factors as well as 
mental health, and physical function (Campbell et al., 
2019; Speck et al., 2010; Van Alsten et al., 2020). How-
ever, exercise oncology has not been yet established as an 
emerging trend among practitioners in the health and fit-
ness community (Newsome et al., 2024). In terms of the 
mechanism behind the positive role of exercise in BC, ex-
ercise-induced reductions in hyperlipidemia and chronic 
inflammation are believed to inhibit tumor growth by 
lowering serum cholesterol levels and reducing the 
exposure of tumor cells to cholesterol, increasing anti-
tumor immunity, and regulating tumor vasculature (Betof 
et al., 2013). In addition, exercise can reduce blood lipid 
levels by improving skeletal muscle's ability to use lipids 
instead of glycogen or increasing lecithin-cholesterol 
acyltransferase and lipoprotein lipase activity (Al-Mhanna 
et al., 2024a; Al-Mhanna et al., 2024b; Mann et al., 2014). 
Also, exercise may counteract the pro-tumor impact of 
hyperlipidemia by reducing chronic inflammation, 
lowering serum lipids, improving the immune system's 
ability to identify and destroy tumor cells, and stabilizing 
the tumor's vascular network (Gonzalo‐Encabo et al., 
2022). 

Although many trials show that exercise may im-
prove body composition in BC patients (Almstedt et al., 
2016; Dieli-Conwright and Orozco 2015), there is a lack of 
evidence synthesis and pooled outcomes via meta-analysis 
that evaluated the effectiveness of combined aerobic and 
resistance training (CART) among BC patients with over-
weight/obesity (Dieli-Conwright et al., 2022; Jones and 
Courneya, 2002; Milne et al., 2008a). Furthermore, the 
long-term implications of CART in women with BC re-
main unclear (de Paulo et al., 2018), indicating that more 
research is required, aiming to investigate the effects of 
CART on body composition and several cardiometabolic 
health aspects as previously reported (de Paulo et al., 
2018).. Thus, the present review aimed to assess the effects 
of CART on anthropometrics, body composition, lipid me-
tabolism, inflammation, adipokines, QoL, sleep quality, 
and fatigue among women with BC and overweight/obe-
sity. 

 
Methods 
 
Registration 
This systematic review and meta-analysis were conducted 
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses statement guidelines 
(Page et al., 2021). The study protocol was registered in the 
International Prospective Register of Systematic Reviews 
(ID: CRD42022308214). 

Literature search strategy 
Articles were retrieved from PubMed, Web of Science, 
Scopus, Science Direct, Cochrane Library, and Google 
Scholar after a systematic electronic search. Four authors 
(S.A., B.K., A.B., and H.A.) employed a combination of 
keywords and Boolean operators, specifically "OR" and 
"AND" in conducting an electronic search of literature up 
to January 8, 2024. The keywords utilized were ("Breast 
Cancer" OR "Breast Neoplasm") AND "(Overweight" OR 
"Obese") AND "(Exercise" OR "Training") to retrieve per-
tinent material (Table S1). The PICOS was used to formu-
late the research questions for systematic reviews and 
meta-analyses as follows: (P) Population: BC patients with 
overweight or obesity; (I) Intervention: CART; (C) Com-
parator: standard treatment (ST) (patients who did not per-
form any exercise); (O) Outcomes: [primary: body weight 
(BW), body mass index (BMI), waist circumference (WC), 
hip circumference (HC), waist-to-hip ratio (WHR), body 
fat (BF), fat mass (FM), fat-free mass (FFM); secondary: 
total cholesterol (TC), high-density lipoprotein cholesterol 
(HDL-C), low-density lipoprotein cholesterol (LDL-C), 
triglycerides (TG), C–reactive protein (CRP), Tumor ne-
crosis factor α (TNF-α), interleukin-6 (IL-6), interleukin-6 
(IL-8), natural killer (NK) cells, adiponectin (ADPN), lep-
tin (LEP), cancer-related fatigue (FA), sleep quality (SQ), 
and QoL]; and (S) Study type: randomized controlled trials 
(RCTs). The reference lists of included articles were 
searched for articles that met the inclusion criteria as well 
as the reference lists of all relevant systematic reviews. 
 
Eligibility criteria 
Studies were considered eligible for inclusion if the follow-
ing criteria were met: (i) participants were BC patients with 
overweight (BMI 25 - 29.9 kg/m2) or obesity (BMI 
≥30 kg/m2); (ii) no specified age limit for participants; (iii) 
the intervention used in the studies was CART; (iv) articles 
provided full-text accessibility and were published in a ref-
ereed journal from inception up to 8 January 2024; (v) no 
language restrictions; and (vi) studies were RCTs. The fol-
lowing were excluded: (i) studies involving a mixed sam-
ple of individuals (e.g., underweight or normoweight BC 
patients or overweight/obese people without BC); (ii) arti-
cles where the effects of CART cannot be isolated because 
exercise training was involved as part of a multicomponent 
intervention (e.g., diet and exercise intervention); (iii) stud-
ies where the control group performed exercise; (iv) arti-
cles that did not assess the outcome measures of interest; 
(v) studies that used an acute exercise intervention (e.g., 
single bout or duration ≤2 weeks); and (vi) review articles, 
case reports, studies lacking a control group, and ambigu-
ous or unclear data. 
 
Study selection 
The screening process was conducted collaboratively 
among four authors (S.B.A.L., B.K., A.B., and H.A.), who 
independently evaluated publications based on titles, ab-
stracts, and full texts (in instances of uncertainty). In cases 
of conflicts or uncertainties, a fifth author (A.A.I.) was in-
volved in the resolution. While the screening was not con-
ducted in duplicate, it involved thorough evaluation by 
Multiple  authors  to ensure robust inclusion and exclusion  
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criteria were applied consistently. Additionally, literature 
management software (EndNote X9, Clarivate Analytics, 
Philadelphia, PA, USA) was utilized to manage the records 
of the literature search. 
 
Data Extraction 
Two authors (S.B.A.L. and A.A.I.) independently sampled 
and extracted data from the relevant studies after reading 
the full text. The included investigations generated a sig-
nificant amount of data that was retrieved and published, 
consisting of the first author, population, publication year, 
gender, sample size, and exercise intervention details (fre-
quency, intensity, time, and type), study duration, and out-
come measures. 
 
Risk of bias assessment 
Two authors (S.B.A.L. and A.B.) independently assessed 
the risk of bias from individual studies according to the 
Cochrane Handbook for Systematic Reviews of Interven-
tions [35]. The overall risk of bias assessment for each eli-
gible study was judged considering the following factors: 
(i) random sequence generation; (ii) allocation conceal-
ment; (iii) blinding of participants and personnel; (iv) 
blinding of outcome assessors; (v) completeness of out-
come data; (vi) selectivity of outcome reporting; and (vii) 
other biases as outlined in the Cochrane Handbook for Sys-
tematic Reviews of Interventions (Table S2). Eligible stud-
ies were classified into three levels of risk of bias (e.g., 
high, some concerns, and low) by the number of factors for 
which high, unclear, or low risk of bias potentially existed. 
 
Data analysis 
We performed the meta-analyses using Review Manager 
5.4 software (Cochrane Collaboration, 
https://revman.cochrane.org/info) and reported the results 
of the random-effects model. Thresholds for the interpreta-
tion of the I2 statistic can be misleading since the im-
portance of inconsistency depends on several factors. We 
used the guide to the interpretation of heterogeneity as out-
lined: 0–40% might not be important; 30 - 60% may repre-
sent moderate heterogeneity; 50 - 90% may represent sub-
stantial heterogeneity; and 75 - 100% would be considera-
ble heterogeneity (Higgins and Green, 2008). Mean differ-
ences (MD) or standardized mean differences (SMD) and 
95% confidence intervals (CI) were applied to calculate the 
effect size. MD was used when the outcome measures were 
comparable across studies and were measured on the same 
scale, while SMD was used when the outcome measures 
were measured on different scales or were using different 
units across studies. The preference between MD and SMD 
was dependent on the nature of the outcome measure and 
the heterogeneity of the included studies. 

The choice between fixed effects and random ef-
fects models depends on the assumption about the homo-
geneity of the study populations and protocols. The fixed 
effects model assumes one study population and protocol, 
generalizable to them; while the random effects model as-
sumes various populations and protocols, generalizable to 
the entire universe of studies. In this study, we did not use 
the fixed effects model because it includes studies from 
various populations, making the results generalizable to the 

entire universe of studies. A two-sided p < 0.05 was con-
sidered to indicate statistical significance. 
 
Grading quality of evidence 
Two authors (S.B.A.L. and A.B.) independently assessed 
the quality of evidence for primary and secondary out-
comes according to GRADE methodology (GRADEpro, 
2014) for risk of bias, inconsistency, indirectness, impreci-
sion, and publication bias; classified as very low, low, 
moderate, or high. In cases of conflicts or uncertainties, a 
third author (N.H.A.) was involved in the resolution. Evi-
dence may be upgraded based on factors such as large ef-
fect size, dose-response gradient, or when all plausible con-
founding would reduce a demonstrated effect or suggest a 
spurious effect when results show no effect. Downgrading 
factors may include risk of bias, inconsistency of results, 
indirectness of evidence, imprecision, and publication bias 
(Table 2). 
 
Subgroup analysis 
We conducted a subgroup analysis when the I2 statistic was 
more than 50%. Subgroup analysis was done on the dura-
tion of the intervention on the studies investigated the ef-
fect of CART on BMI, whether the studies were conducted 
for ≤16 weeks or >16 weeks. 
 
Sensitivity analysis 
We performed a sensitivity analysis to investigate the im-
pact of the risk of bias for performance bias and detection 
bias.  
 
Results 
 
Literature search and selection 
From the specified databases, PubMed, Web of Science, 
Scopus, Science Direct, Cochrane Library, and Google 
Scholar (Figure 1), a total of 21,751 studies were obtained. 
After removing duplicate articles, the number of studies el-
igible for further evaluation was reduced to 20,684. 
Through a review of the titles and abstracts based on pre-
determined inclusion and exclusion criteria, 20,643 studies 
were excluded. Subsequently, the full text of the remaining 
41 articles was carefully examined, excluding 18 articles 
with reasons (Table S3). Therefore, 23 records were in-
cluded in this study. However, six records were subsequent 
studies of eligible trials included in this review (Table S4). 
Hence, 17 studies (RCTs) were finally included in this re-
view, and data were extracted from 1,148 patients who met 
the eligibility criteria. 
 
Literature characteristics 
Sixteen out of the 17 RCTs were from high-income coun-
tries (Battaglini et al., 2007; Brown et al., 2021; Dieli-
Conwright et al., 2018; Dieli-Conwright et al., 2022; Dieli‐
Conwright et al., 2019; Hutnick et al., 2005; Jones et al., 
2020; Lee et al., 2019; Ligibel et al., 2008; Ligibel et al., 
2019; Mutrie et al., 2007; Nieman et al., 1995; Rogers et 
al., 2013; Rogers et al., 2014; Saxton et al., 2014; Scott et 
al., 2013), and one trial from upper-middle income country 
(Ergun et al., 2013). Thirteen out of the 17 trials recruited 
their respondents from hospital settings (Battaglini et al., 



Al-Mhanna et al.                                                                                                                                                                                                              369

 
 

 

2007; Dieli-Conwright et al., 2018; Dieli-Conwright et al., 
2022; Dieli‐Conwright et al., 2019; Ergun et al., 2013; Lee 
et al., 2019; Ligibel et al., 2008; Ligibel et al., 2019; Mutrie 
et al., 2007; Rogers et al., 2013; Rogers et al., 2014; Saxton 
et al., 2014; Scott et al., 2013). Participants in one trial were 
recruited using a variety of active and passive outreach 
methods (Brown et al., 2021). In two trials, participants 
were recruited through advertisements placed in local 
newspapers (Hutnick et al., 2005; Jones et al., 2020). 
Meanwhile, in one trial, information regarding the recruit-
ment of participants was not provided (Nieman et al., 
1995). Eight out of the 17 trials performed the exercise      
intervention at health care sites (Battaglini et al., 2007; 
Dieli-Conwright et al., 2018; Dieli‐Conwright et al., 2019; 
Ergun et al., 2013; Jones et al., 2020; Lee et al., 2019; 
Saxton et al., 2014; Scott et al., 2013), while nine trials 
conducted the exercise intervention at both a healthcare site 
and participants' home (Brown et al., 2021; Dieli-
Conwright et al., 2022; Hutnick et al., 2005; Ligibel et al., 
2008; Ligibel et al., 2019; Mutrie et al., 2007; Nieman et 
al., 1995; Rogers et al., 2013; Rogers et al., 2014). The 
length of the exercise intervention ranged from 8 to 52 
weeks (8–12 weeks: 35%; 16–52 weeks: 65%). Table 1 
shows the characteristics of the included trials. 
 
Risk of bias assessments results 
The summary of the risk of bias assessment is shown in 
Figure 2. Details of the risk of bias judgment per domain 
for each study are provided in Figure S1. In the majority of 

the trials across most domains, the risk of bias was low or 
unclear. There was no indication of selective reporting 
bias. The lack of sufficient random sequence generation in 
the original study might cause treatment effect bias in both 
the original studies and the following review findings. The 
risk of performance bias was presented in seven trials, 
which was unclear in three trials owing to a lack of details 
concerning the blinding of the participants, while in four 
trials the participants were not blinded and hence 
considered as a high-performance bias. Table S2 details the 
risk of bias assessment. 

The certainty of findings for the outcomes ranged 
from very low to low, with the downgrading of evidence 
primarily due to several factors. These included small 
sample sizes in both control and intervention groups across 
the included studies, a high risk of bias, as well as 
moderate, considerable, and substantial heterogeneities. 
Table 2 details the summary of quality assessment 
findings. 
 
Primary outcomes 
Anthropometrics 
BW and BMI were reported in five and six trials involving 
455 and 429 participants, respectively. No difference        
was found in BW between CART and ST (Figure S2         
and Table 2), while CART reduced BMI (SMD -0.57 
kg/m2, 95% CI -1.12 to -0.02; I² = 84%; p = 0.04) compared 
to ST, showing very low certainty. A subgroup analysis 
showed  that  short- [≤16  weeks;  (four  studies,  n = 368); 

 
 

 
 

 
 

                          Figure 1. PRISMA flow diagram for the recruiting studies. 
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                 Figure 2. Summary of the risk of bias assessment. 
 
SMD -0.21 kg/m2, 95% CI -0.42 to -0.00; I² = 0%; p = 
0.04], but not long-term [>16 weeks; (two studies, n = 61)] 
interventions exhibited more favorable effects on BMI than 
ST (Figure S3 and Table 2). Subgroup analysis is done for 
BMI. The substantial heterogeneity could not be explained 
by subgroup analysis according to the duration of the 
intervention. WC and HC were reported in two trials 
involving 191 patients. CART induced a significant 
improvement in HC (Figure S4 and Table 2), 
demonstrating low certainty (MD -3.14 cm, 95% CI -4.77 
to -1.52; I² = 0%; p = 0.02), but not in WC (Figure S5). 
WHR was reported in (two studies, n = 122) with no 
meaningful changes between CART and ST (Figure S6). 
There were no significant changes in the effect estimate 
after the sensitivity analysis for Mutrie et al. (2007) was 
done on the BW, BMI, FA, and QoL parameters. There 
were no significant changes in the effect estimate after the 
sensitivity analysis for  Hutnick et al. (2005) was done on 
BW, BMI, BF, and IL-6. However, Sensitivity analysis 
for  WHR outcome in  Ligibel et al. (2008) shows changes 
in the effect estimate (MD - 1.10, 95% CI -0.16 to -0.04, I² 
statistics = 0%, p = 0.02). 
 
Body composition 
BF, FM, and FFM were assessed in (six studies, n=305), 
(four studies, n = 347), and (two studies, n = 111) trials, 
respectively. CART induced favorable reductions in BF 
(SMD -0.50%, 95% CI -0.93 to -0.07; I² = 68%; p = 0.02; 
very low certainty) (Figure S7 and Table 2) and FM (SMD 
-0.63 kg, 95% CI -1.23 to -0.04; I²=83%; p = 0.04; low 
certainty) compared to ST (Figure S8 and Table 2). In 
FFM, ST showed a greater increase (SMD 1.03 kg, 95% CI 
0.63 to 1.43; I² = 0%; p < 0.001; low certainty) than CART 
(Figure S9 and Table 2). There were no significant changes 
in the effect estimate after the sensitivity analysis for 
Battaglini et al. (2007) was done on FFM. 
 
Secondary outcomes 
Lipid metabolism 
TC, HDL-C, LDL-C, and TG were evaluated in (two 
studies, n = 170), (three studies, n = 261), (two studies, n = 
111), and (one study, n = 91) trials, respectively. CART 
exhibited significant improvements in TC (SMD -0.95 
mmol/L, 95% CI -1.37 to -0.52; I² = 43%; P < 0.01; 

moderate certainty), HDL-C (MD -0.05 mmol/L, 95% CI -
0.15 to 0.04; I² = 99%; p = 0.008; very low certainty) 
(Figure S10 and Table 2) and TG (MD -81.90 mg/dL, 95% 
CI -91.21 to -72.59; p < 0.01; very low certainty ) (Figure 
S11 and Table 2), but not in LDL-C (Figure S12 and Table 
2). 
 
Inflammation 
IL-6, IL-8, TNF-α, and CRP were investigated in (six 
studies, n = 340), (three studies, n = 171), (four, n = 256), 
and (three, n = 218) trials, respectively. No significant 
changes were found in IL-6, IL-8, and CRP between CART 
and ST, but CART showed a greater reduction in TNF-α 
(SMD -0.89 pg/mL, 95% CI -1.70 to -0.08; I² = 89%; p = 
0.03; low certainty) than ST (Figures S13-S16 and Table 
2). There were no significant changes in the effect estimate 
after the sensitivity analysis for  Ergun et al. (2013) was 
done on IL-6, IL-8, and TNF-α. There were no significant 
changes in the effect estimate after the sensitivity analysis 
for  Ligibel et al. (2008) was done on IL-6, IL-8, TNF-α, 
CRP, WC, BF,HC, BW and LEP. 
 
Adipokines 
ADPN and LEP were reported in (two studies, n = 120) and 
(four studies, n=236) trials, respectively. CART induced 
beneficial alterations in LEP (SMD -0.63 ng/mL, 95% CI -
1.20 to -0.06; I² = 74%; p = 0.03; low certainty), but not in 
ADPN compared to ST (Figures S17-S18 and Table 2). 
There were no significant changes in the effect estimate 
after the sensitivity analysis for  Dieli-Conwright et al. 
(2022) was done on LEP. 
 
Cancer-related indicators 
NK cells, FA, SQ, and QoL were assessed in (two studies, 
n = 97), (four studies, n = 348), (four studies, n = 348) and 
(four studies, n = 356), respectively. CART more favorable 
changes in NK cells (SMD 0.42%, 95% CI 0.01 to 0.82; I² 
= 0%; p = 0.04; moderate certainty). Also, beneficial 
alterations were found in FA (SMD -0.98, 95% CI -1.85 to 
-0.11; I² = 92%; p = 0.03; very low certainty), SQ (SMD -
1.40, 95% CI -2.50 to -0.30; I² = 87%; p = 0.01; low 
certainty), and QoL (SMD 2.94, 95% CI 0.46 to 5.41; I² = 
98%; p = 0.02; very low certainty) scores compared to ST 
(Figure S19-22 and Table 2). 
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Table 1. Characteristics of included studies. 

References 
Patients’ Status / 
Treatment Stage 

Sample Size
Age (yrs) / 
Country 

CART Intervention 
(training parameters) 

Length 
(wks) 

Setting / 
Cancer Stage 

BMI ± SD 
(kg/m2) 

 
Outcome Measures 

(Dieli-Conwright et al., 
2018) 

BC survivors 
After treatment   

N: 91 
EX: 46 
C: 45 

EX: 52.8 ± 10.6 
CO: 53.6 ± 10.1 

United States 

AE: 2–3 d/wk, 150 min,  
40%–50% HRR;  

RT: 3 d/wk, 40%–50% 1-RM 
16 

Supervised / 
Stage: I, II, III 

EX: 33.1 ± 5.7 
C: 33.4 ± 5.2 

HDL-C, TC, TG, CRP, TNF-
α, IL-6, LEP, BM, BF, FM, 
FFM, WC, HC, QoL, FA 

(Dieli-Conwright et al., 
2018)  Cont. 

BC survivors  
After treatment 
 

N: 20 
EX: 10 
C: 10 

EX: 53.0 ± 10.0 
CO: 55.0 ± 4.5 
United States 

  
Supervised / 
Stage: I, III 

EX: 33.5 ± 5.7 
C: 33.3 ± 8.7 

 
BF, ADPN, IL-8, LDL 

(Dieli-Conwright et al., 
2018)  Cont. 

BC survivors 
After treatment 

N: 100 
EX: 50 
C: 50 

Total: 52 ± 10.4 
United States 

AE: 2 d/wk, 80 min, 
 65%–80% HRmax;  

RT: 2–3 d/wk, 60% 1-RM 

16 
 

Supervised / 
stage: 0, III 

Total BMI: 
33.5 ± 5.5 

SQ 

(Dieli‐Conwright et al., 
2019) 

BC survivors  
After treatment  

N: 56 
EX: 29 
C: 27 

EX:  46.9 ± 10.2 
C:  46.7 ± 10.0 
United States 

AE: 2–3 d/wk, 150 min,  
40% –50% HRR; 

 RT: 2–3 d/wk, 80% 1-RM 
16 

Supervised / 
Stage: I, II, III 

EX: 35.1 ± 6.1 
C: 34.7 ± 6.4 

BM, WC, HC, BF, FM, FFM, 
SBP, DBP, FG, FI, TC, HDL-

C, LDL-C, TG, CRP, QoL 

(Dieli-Conwright et al., 
2022) 

BC survivors  
After treatment 

N: 25 
EX: 13 
C: 12 

EX: 59.5 ± 6.5 
C: 54.1 ± 10.6 
United States 

AE+RT, 150 m/wk  
plus home-based AE 970 

min/wk) 

24 
 

Supervised & 
home-based / 
Stage: I, III 

EX: 29.5 ± 3.6 
C: 36.4 ± 6.1 

BMI, LEP 

(Brown et al., 2021) 
BC survivors 
After treatment 

N: 177 
EX: 87 
C: 90 

EX: 59.1 ± 8.1 
C: 59.0 ± 8.5 
United States 

AE: 3–6 d/wk, 180 min/wk, 
50%–70% HRmax;  

RT: 2 d/wk, 2–3 sets x 10 reps.

52 
 

Supervised & 
home-based / 
Stage: I, III 

EX: 34.0 ± 6.2 
C: 34.0 ± 5.7 

 
BM, FM, BMD 

(Ergun et al., 2013) 
BC survivors 
After treatment 

N: 40  
EX: 20  
C: 20 

EX: 49.7 ± 8.35 
C: 50.3 ± 10.4 

Turkey 

AE + RT: for 45 min/D  
for 3d/wk and brisk walking  

for 30 min/D for 3 d/wk 
12 

Supervised / 
Stage: N/A 

EX: 26.6 ± 4.4 
C: 28.6 ± 5.2 

FA, IL-6, IL-8, TNF-α,  
QoL, DEP 

(Rogers et al., 2013)  
BC survivors 
After treatment  

N: 28 
EX: 15 
C: 13 

EX:  58.0 ± 6.1 
C:  53.7 ± 13.9 
United States 

AE: 150 min/wk; 
 RT: 2 d/wk, 60%–70% 1-RM 

 
12 

Supervised & 
home-based / 
Stage: I, II, III 

EX: 33.9 ± 7.4 
C: 30.3 ±7.11 

BMI, BF, FM, WHR, FA, 
IL-1β, IL-6, IL-8, IL-10,  

TNF-α, LEP 

(Rogers et al., 2014) 
BC survivors 
After treatment 

N: 42  
EX: 20  
C: 22 

EX: 57.2 ± 5.5 
C: 55.2 ± 9.1 
United States 

AE: 160 min/wk;  
RT: 2 d/wk, 60%–70% 1-RM 

12 
 

Supervised & 
home-based / 
Stage: I, III 

EX: 29.8 ± 4.8 
C: 32.6 ± 6.6 

FA, BMI, BF, IL-6, IL-8,  
IL-10, TNF-α, SQ 

(Hutnick et al., 2005) 
BC survivors 
After treatment 

N: 36  
EX: 21  
C: 15 

EX: 48.5 ± 10.6 
C: 52.3 ± 9.2 
United States 

AE+RT (40–90 min),  
3 d/wk, 60%–75% HRmax/1-

RM 
24 

Supervised & 
home-based / 
Stage: I, II, III 

EX: 26.7 ± 5.45
C: 26.7 ± 4.5 

 
BM, BMI, BF, CRF, IL-6 

(Battaglini et al., 2007) 
BC patients 
During treatment 

N: 20 
EX:10 
C: 10 

EX 57.5 ± 23.0 
C: 56.6 ± 16.0 
United States 

AE+RT (60 min), 2 d/wk,  
40%–60% HRR/1-RM 

21 
 

Supervised / 
Stage: N/A 

 

EX: 77.5 ± 27.3
C: 82.2 ± 25.0 

 
FFM, Muscular Strength 

ADPN: Adiponectin, AE: Aerobic Exercise, BC: Breast Cancer, BF: Body Fat, BM: Body Mass, BMI: Body Mass Index, BMD: Bone Mineral Density, C: Control Group, CART: Combined Aerobic and Resistance Training, 
CRF: Cardiorespiratory Fitness, CRP: C-Reactive Protein, DBP: Diastolic Blood Pressure, DEP: Depression, EX: Exercise Group, FA: Cancer-related Fatigue, FFM: Fat-Free Mass, FG: Fasting Glucose, FI: Fasting Insulin, FM: 
Fat Mass, HC: hip circumference, HDL-C: High-Density Lipoprotein Cholesterol, HRmax: Maximum Heart Rate, HRR: Heart Rate Reserve, IL: Interleukin, LEP: Leptin, LDL: Low-Density Lipoprotein Cholesterol, NK: Natural 
Killer, RT: Resistance Training, SBP: Systolic Blood Pressure, SQ: Sleep Quality, TC: Total Cholesterol, TG: Triglycerides, TNF-α: Tumor Necrosis Factor α, QoL: Quality of Life, WC: Waist circumference, WHR: Waist-to-
Hip Ratio, 1-RM: Repetition Maximum. 
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Table 1. Continue …. 

References 
Patients’ Status / 
Treatment Stage 

Sample Size
Age (yrs) / 
Country 

CART Intervention 
(training parameters) 

Length 
(wks) 

Setting / 
Cancer Stage 

BMI ± SD 
(kg/m2) 

 
Outcome Measures 

(Mutrie et al., 2007) 
BC patients. 
During treatment  

N: 181 
EX: 82 
C: 95 

EX:  51.3 ± 10.3 
C: 51.8 ± 8.7 

United Kingdom 

AE+RT (45 min), 2 d/wk,  
50%–75% HRR/1-RM 

12 
Supervised & 
home-based / 
Stage: 0, III 

EX: 27.3 ± 5.2 
C: 27.5 ± 6.0 

 

BMI, QoL, FA, DEP,  
Physical Function 

(Nieman et al., 1995)  
BC survivors 
After treatment 

N: 12 
EX: 6 
C: 6 

EX:  60.8 ± 4.0 
C: 51.2 ± 4.7 
United States 

AE+RT, (60 min), 3 d/wk,  
75% HRR/1-RM 

8 
Supervised / 
Stage: N/A 

EX: 67.6 ± 3.7 
C: 75.5 ± 9.8 

CRF 

(Ligibel et al., 2008) 
BC survivors 
After treatment 

N: 82 
EX: 40 
C: 42 

EX: 52.0 ± 9.0 
C: 53.0 ± 9.0 
United States 

AE: 90 min/wk, 2 d/wk;  
RT: 50 min/wk, 2 d/wk 

16 
Supervised & 
home-based / 
Stage: I, II, III 

EX: 30.3 ± 5.9 
C: 31.4 ± 6.8 

BM, BMI, WC, HC, WHR, 
BF, LEP, ADPN 

(Ligibel et al., 2019) 
BC patients 
Before treatment 

N: 48 
EX: 26 
C: 22 

EX: 52.3 ± 9.6 
C: 53.1 ± 7.9 
United States 

AE: 180 min/wk; 60%–70% 
HRmax; RT: 40 min/wk,  

60%–70% 1-RM 
16 

Supervised & 
home-based / 
Stage: I, II, III 

EX: 30.7 ± 6.1 
C: 29.1 ± 7.4 

LEP, CRP, IL-6 

(Jones et al., 2020) 
BC survivors  
After treatment 

N: 51 
EX: 26 
C: 25 

EX:  55.8 ± 7.2 
C:  55.9 ± 7.1 
New Zealand 

AE+RT (60 min), 2 d/wk 12 
Supervised / 

Stage: I, II, III 
EX: 27.8 ± 5.5 
C: 27.5 ± 4.8 

BM, BMI, FM, BF, SBP, 
DBP, CRF 

(Lee et al., 2019) 
BC survivors  
After treatment 

N: 91 
EX: 46 
C: 45 

Total: 53.5 ±10.4 
United States 

AE: ≥150 min, 2–3 d/wk,  
65%–80% HRmax;  

RT: 2–3 d/wk 
16 

Supervised / 
Stage: I, III 

BM1 ≥25.0 or 
BF ≥30% 

TC, LDL-C, HDL-C, TG 

(Saxton et al., 2014) 
BC survivors  
After treatment 

N:85 
EX: 44 
C: 41 

EX: 55.8 ± 10.0 
C:  55.3 ± 8.8 

United Kingdom 

AE: 30 min, 
 65%–85% HRmax, 3 d/wk;  
RT: 10–15 min, 2–3 d/wk 

24 
Supervised / 
Stage I, III 

EX: 29.7±3.5 
C: 31.1 ± 5.7 

 
IL-6, TNF-α, NK cell 

(Scott et al., 2013) 
BC survivors  
After treatment 

N: 83 
EX: 43 
C: 40 

EX: 55.6 ± 10.2 
C: 55.9 ± 8.9 

United Kingdom 

AE: 30 min,  
65%–85% HRmax, 3 d/wk;  
RT: 10–15 min, 2–3 d/wk 

24 
Supervised / 
Stage: I, III 

EX: 29.6 ± 3.5 
C: 31.1 ± 5.6 

CRF, SBP, DBP, FG,  
CRP, TC, HDL-C, 
 LDL-C, QoL, LEP 

ADPN: Adiponectin, AE: Aerobic Exercise, BC: Breast Cancer, BF: Body Fat, BM: Body Mass, BMI: Body Mass Index, BMD: Bone Mineral Density, C: Control Group, CART: Combined Aerobic and Resistance Training, 
CRF: Cardiorespiratory Fitness, CRP: C-Reactive Protein, DBP: Diastolic Blood Pressure, DEP: Depression, EX: Exercise Group, FA: Cancer-related Fatigue, FFM: Fat-Free Mass, FG: Fasting Glucose, FI: Fasting Insulin, FM: 
Fat Mass, HC: hip circumference, HDL-C: High-Density Lipoprotein Cholesterol, HRmax: Maximum Heart Rate, HRR: Heart Rate Reserve, IL: Interleukin, LEP: Leptin, LDL: Low-Density Lipoprotein Cholesterol, NK: Natural 
Killer, RT: Resistance Training, SBP: Systolic Blood Pressure, SQ: Sleep Quality, TC: Total Cholesterol, TG: Triglycerides, TNF-α: Tumor Necrosis Factor α, QoL: Quality of Life, WC: Waist circumference, WHR: Waist-to-
Hip Ratio, 1-RM: Repetition Maximum. 
 

Discussion 
 
In the present review, for the first time to the best of our knowledge, evidence about the 
efficacy of CART on cardiometabolic risk factors and cancer-related indicators is pro-
vided. The main findings reveal that CART induces beneficial alterations in anthropomet-
ric characteristics, body composition, lipid metabolism, inflammation, adipokines, and 
cancer-related outcomes, such as fatigue, sleep, and quality of life in BC patients with 
overweight/obesity. Given that aerobic and resistance training alone have been document- 

ed as effective exercise modalities for provoking positive results in cardiometabolic 
health-related outcomes among people with excessive weight (Batrakoulis et al., 2022) 
and/or cancer (Kudiarasu et al., 2023; Yang et al., 2023), our findings suggest that CART 
may be considered as an effective exercise solution for women with BC and concurrent 
overweight/obesity commonly present with impaired cardiometabolic health (Simon et al., 
2021). However, the present results should be taken into account with caution due to the 
small number of studies with small participant numbers and low-GRADE ratings included 
in the current meta-analysis. 
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Table 2. Summary of quality assessment findings (GRADE). 

Outcome 

Certainty assessment № of patients  Effect Certainty 

№ of 
studies 

Study de-
sign 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other consid-
erations 

CART ST 
 
p-value  

Absolute (95% CI)  

BW (kg) 5 RCT 
not seri-
ous 

not serious not serious seriousb none 231 224 0.95 
SMD 0.04 lower 
(1.23 lower to 1.15 higher) 

⨁⨁⨁◯ 
Moderate 

BMI (kg/m2) 6 RCT seriouse seriousc not serious seriousb none 213 216 0.04 
SMD 0.57 lower 
(1.12 lower to 0.02 lower) 

⨁◯◯◯ 
Very low 

BMI (≤16 wks) 4 RCT seriouse not serious not serious seriousb none 179 189 0.04 
SMD 0.21 lower 
(0.42 lower to 0) 

⨁⨁◯◯ 
Low 

BMI (>16 wks) 2 RCT seriouse very seriousa not serious seriousb none 34 27 0.27 
SMD 2.49 lower 
(6.91 lower to 1.93 higher) 

⨁◯◯◯ 
Very low 

HC (cm) 2 RCT seriousd not serious not serious seriousb none 97 94 0.02 
MD 3.14 lower 
(4.77 lower to 1.52 lower) 

⨁⨁◯◯ 
Low 

WC (cm) 2 RCT seriousd not serious not serious seriousb none 97 94 0.19 
MD 3.63 lower 
(9.02 lower to 1.77 higher) 

⨁⨁◯◯ 
Low 

WHR 2 RCT seriousd seriousc not serious seriousb none 60 62 0.34 
MD 0.05 lower 
(0.15 lower to 0.05 higher) 

⨁◯◯◯ 
Very low 

BF (%) 6 RCT seriousd seriousc not serious seriousb none 157 148 0.02 
SMD 0.5 lower 
(0.93 lower to 0.07 lower) 

⨁◯◯◯ 
Very low 

FM (kg) 4 RCT 
not seri-
ous 

seriousc not serious seriousb none 174 173 0.04 
SMD 0.76 lower 
(1.44 lower to 0.08 lower) 

⨁⨁◯◯ 
Low 

FFM (kg)  2 RCT seriousd not serious not serious seriousb none 56 55 <0.01 
SMD 1.03 higher 
(0.63 higher to 1.43 higher) 

⨁⨁◯◯ 
Low 

TC  (mmol/L) 2 RCT 
not seri-
ous 

not serious not serious seriousb none 87 83 <0.01 
SMD 0.95 lower 
(1.37 lower to 0.52 lower) 

⨁⨁⨁◯ 
Moderate 

HDL-C (mmol/L) 3 RCT 
not seri-
ous 

very seriousa not serious seriousb none 133 128 0.008 
MD 8 higher 
(2.05 higher to 13.94 higher) 

⨁◯◯◯ 
Very low 

LDL-C (mmol/L) 2 RCT 
not seri-
ous 

very seriousa not serious seriousb none 56 55 <0.01 
SMD 1.4 lower 
(5.22 lower to 2.41 higher) 

⨁◯◯◯ 
Very low 

TG  (mg/Dl) 1 RCT 
not seri-
ousa 

very seriousa not serious seriousb none 46 45 <0.01 
MD 81.9 lower 
(91.21 lower to 72.59 lower) 

⨁◯◯◯ 
Very low 

IL-6 (pg/mL) 6 RCT 
not seri-
ous 

not serious not serious seriousb none 177 163 0.33 
SMD 0.11 lower 
(0.32 lower to 0.11 higher) 

⨁⨁⨁◯ 
Moderate 

IL-8 (pg/mL) 3 RCT 
not seri-
ous 

very seriousa not serious seriousb none 86 85 0.20 
SMD 1.32 lower 
(3.33 lower to 0.7 higher) 

⨁◯◯◯ 
Very low 

ADPN: Adiponectin, AE: Aerobic Exercise, BC: Breast Cancer, BF: Body Fat, BM: Body Weight, BMI: Body Mass Index, BMD: Bone Mineral Density, C: Control Group, CART: Combined Aerobic and Resistance Training, 
CI: confidence intervals, CRF: Cardiorespiratory Fitness, CRP: C-Reactive Protein, DBP: Diastolic Blood Pressure, DEP: Depression, EX: Exercise Group, FA: Cancer-related Fatigue, FFM: Fat-Free Mass, FG: Fasting Glucose, 
FI: Fasting Insulin, FM: Fat Mass, HC: hip circumference, HDL-C: High-Density Lipoprotein Cholesterol, HRmax: Maximum Heart Rate, HRR: Heart Rate Reserve, IL: Interleukin, LEP: Leptin, LDL: Low-Density Lipoprotein 
Cholesterol, MD: mean difference, NK: Natural Killer, RCT: randomized control trial, RT: Resistance Training, SBP: Systolic Blood Pressure, SMD: standardized mean difference, ST: standard treatment, SQ: Sleep Quality, TC: 
Total Cholesterol, TG: Triglycerides, TNF-α: Tumor Necrosis Factor α, QoL: Quality of Life, WC: Waist circumference, WHR: Waist-to-Hip Ratio, 1-RM: Repetition Maximum, a: there is considerable heterogeneity in the 
study's outcome, b: the included studies recorded a small sample size for both the control and intervention group, c: there is substantial heterogeneity in the studies, d: The assessor was not blinding, e: participants were aware of 
all exercise procedures, f: there is moderate heterogeneity in the involved studies. 
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Table 2. Continue…  

Outcome 

Certainty assessment № of patients  Effect Certainty 

№ of 
studies 

Study de-
sign 

Risk of 
bias 

Inconsistency Indirectness Imprecision 
Other consid-
erations 

CART ST 
 
p-value  

Absolute (95% CI)  

TNF-α (pg/mL) 4 RCT 
not seri-
ous 

seriousc not serious seriousb none 130 126 0.03 
SMD 0.89 lower 
(1.7 lower to 0.08 lower) 

⨁⨁◯◯ 
Low 

CRP (mg/dL) 3 RCT 
not seri-
ous 

very seriousa not serious seriousb none 113 105 0.23 
SMD 1.69 lower 
(4.42 lower to 1.05 higher) 

⨁◯◯◯ 
Very low 

ADPN (ug/mL) 2 RCT seriousd very seriousa not serious seriousb none 61 59 0.36 
MD 5.06 higher 
(5.82 lower to 15.93 higher) 

⨁◯◯◯ 
Very low 

LEP (ng/mL) 4 RCT 
not seri-
ous 

seriousc not serious seriousb none 122 114 0.03 
SMD 0.63 lower 
(1.2 lower to 0.06 lower) 

⨁⨁◯◯ 
Low 

NK cells (%) 2 RCT 
not seri-
ous 

not serious not serious seriousb none 50 47 0.04 
SMD 0.42 higher 
(0.01 higher to 0.82 higher) 

⨁⨁⨁◯ 
Moderate 

FA (score) 4 RCT seriouse very seriousa not serious seriousb none 168 180 0.03 
SMD 0.98 lower 
(1.85 lower to 0.11 lower) 

⨁◯◯◯ 
Very low 

SQ (score) 2 RCT 
not seri-
ous 

seriousf not serious seriousb none 70 72 0.01 
SMD 1.17 lower 
(1.76 lower to 0.57 lower) 

⨁⨁◯◯ 
Low 

QoL (score) 4 RCT seriouse very seriousa not serious seriousb none 174 182 0.02 
SMD 2.94 higher 
(0.46 higher to 5.41 higher) 

⨁◯◯◯ 
Very low 

ADPN: Adiponectin, AE: Aerobic Exercise, BC: Breast Cancer, BF: Body Fat, BM: Body Weight, BMI: Body Mass Index, BMD: Bone Mineral Density, C: Control Group, CART: Combined Aerobic and Resistance Training, 
CI: confidence intervals, CRF: Cardiorespiratory Fitness, CRP: C-Reactive Protein, DBP: Diastolic Blood Pressure, DEP: Depression, EX: Exercise Group, FA: Cancer-related Fatigue, FFM: Fat-Free Mass, FG: Fasting Glucose, 
FI: Fasting Insulin, FM: Fat Mass, HC: hip circumference, HDL-C: High-Density Lipoprotein Cholesterol, HRmax: Maximum Heart Rate, HRR: Heart Rate Reserve, IL: Interleukin, LEP: Leptin, LDL: Low-Density Lipoprotein 
Cholesterol, MD: mean difference, NK: Natural Killer, RCT: randomized control trial, RT: Resistance Training, SBP: Systolic Blood Pressure, SMD: standardized mean difference, ST: standard treatment, SQ: Sleep Quality, TC: 
Total Cholesterol, TG: Triglycerides, TNF-α: Tumor Necrosis Factor α, QoL: Quality of Life, WC: Waist circumference, WHR: Waist-to-Hip Ratio, 1-RM: Repetition Maximum, a: there is considerable heterogeneity in the 
study's outcome, b: the included studies recorded a small sample size for both the control and intervention group, c: there is substantial heterogeneity in the studies, d: The assessor was not blinding, e: participants were aware of 
all exercise procedures, f: there is moderate heterogeneity in the involved studies. 
 
Anthropometrics and body composition 
The present meta-analysis provides insights into the positive role of CART on specific 
anthropometric characteristics, such as BMI and HC, but not BM, WC, and WHR in 
women with BC and concurrent overweight/obesity. However, visceral fat was not as-
sessed and this also is an important category of variables that should be examined further 
in the future, given that this type of fat adversely affects metabolic health and promotes 
comorbidity among BC patients and survivors with excessive weight (Anwar et al., 2021). 
Interestingly, CART as a component of a multimodal lifestyle intervention promotes 
weight loss in BC survivors (Lake et al., 2022), which is not aligned with our results, given 
that no meaningful change was reported in BM. However, since women with BC and con-
current excess weight prone to have abdominal obesity linked to glucose metabolism 
dysregulation (Moore and Shah, 2020), further investigation is needed in this area to de-
termine whether CART alone can induce a significant reduction in BM. 

Our results also show considerable improvements in critical body composition  

markers, such as BF, FM, and FFM, which are in line with CART-induced adaptations 
reported in people with obesity, but without cancer (Batrakoulis et al., 2022). This is a 
vital outcome, considering the key role of the obesity epidemic in BC recurrence among 
those who successfully completed treatment (Acevedo et al., 2022). Likewise, previous 
research showed similar effects of CART on various anthropometric and body composi-
tion indices among BC patients and survivors (Joaquim et al., 2022). Ultimately, exercise 
training is more beneficial than usual care for increasing FFM in women with BC, both 
during and after treatment (Fraser et al., 2022). Taking this into account, the present find-
ings corroborate the current evidence underlining the vital role of regular exercise training, 
with particular emphasis on muscle strengthening activities, regarding the physiological 
and functional importance of FFM in this cohort (Fraser et al., 2022). However, further 
high-quality trials are warranted to identify whether CART can elicit favorable changes in 
visceral adiposity that is associated with lower morbidity and mortality risks (Mulligan et 
al., 2019). 
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Lipid metabolism 
BC patients and survivors with concurrent overweight/obe-
sity tend to demonstrate lipid metabolism impairments, en-
hancing the risk of developing CVD (Raychaudhuri et al., 
2022). Thus, the relationship between lipid profile and obe-
sity among BC survivors has been widely investigated (de 
Jesus et al., 2022; Okekunle et al., 2022; Vasseur and 
Guillaumond, 2022). According to the American Cancer 
Society guidelines, it is vital for cancer prevention and 
treatment to maintain a normal lipid profile, aiming to 
lower the likelihood of comorbidities (Rock et al., 2020). 
Importantly, the key role of lipid metabolism in promoting 
BC growth and progression has been documented, showing 
the strong relationship between obesity and BC (Blucher 
and Stadler, 2017). In this meta-analysis, CART elicited 
significant improvements in TC, HDL-C, and TG, but not 
in LDL-C. The present results support the current findings 
regarding the beneficial role of CART in improving blood 
lipids in BC patients (Kong and Gao, 2022). Such a remark 
cannot be explained here; however, the occurrence of obe-
sity in conjunction with cancer may play some role in the 
simultaneous management of glucose and lipid homeosta-
sis due to the presence of systemic inflammation 
(Roxburgh and McMillan, 2014). Noticeably, CART 
seems to be the optimal exercise solution for inducing fa-
vorable effects in lipid metabolism among people with BC 
and obesity (Kong and Gao, 2022), or obesity alone 
(Batrakoulis et al., 2022). Also, various traditional and al-
ternative exercise modes appear effective for improving 
blood lipids in populations with impaired metabolic health 
and concurrent overweight/obesity (Al-Mhanna et al., 
2023; Batrakoulis, 2022a; Batrakoulis, 2022b; Batrakoulis 
et al., 2021); however, additional studies examining these 
outcome measures among BC patients and survivors with 
overweight/obesity are necessary. 
 
Inflammation 
Obesity is associated with BC due to chronic adipose tissue 
inflammation, and thus BC patients with excess weight are 
likely to demonstrate high inflammatory markers (Kolb 
and Zhang, 2020). Interestingly, CART has been reported 
as an effective exercise training modality for improving the 
inflammatory profile in BC survivors (de Jesus Leite et al., 
2018). In the present study, we detected significant CART-
induced improvements in TNF-α, but not in IL-6, IL-8, and 
CRP. Such a substantial reduction in TNF-α is important, 
given that BC patients and survivors with overweight/obe-
sity commonly present with several cardiometabolic health 
impairments linked to raised oxidative stress, diminished 
antioxidant capacity, and insulin dysregulation due to in-
flamed adipose tissue, altering the immune system 
(Roxburgh and McMillan, 2014; Simon et al., 2021). How-
ever, other inflammatory markers included in this meta-
analysis did not exhibit significant changes following 
CART among BC patients and survivors with over-
weight/obesity. Hence, our results cannot provide clear ev-
idence regarding the impact of CART on chronic inflam-
mation in this cohort, and therefore further research in this 
area would be beneficial. Collectively, exercise training 
appears as a powerful non-pharmacological intervention 

for lowering circulating cytokines and inhibiting cancer re-
currence in BC survivors (Zhou et al., 2022). 
 
Adipokines 
Considering that high circulating LEP levels increase the 
risk of tumor progression in cancer patients, while LEP re-
sistance is common among individuals with obesity, exer-
cise-induced reductions in LEP may be beneficial for BC 
patients and survivors with obesity (Perego et al., 2021). 
According to our results, CART showed a substantial re-
duction in LEP compared to ST. In general, data regarding 
the effects of CART on LEP among people with cancer and 
obesity are currently limited. However, a 6-month CART 
intervention improved various cardiometabolic health-re-
lated markers, including adipokines such as LEP and 
ADPN in middle-aged men with obesity (Brunelli et al., 
2015). As for other exercise modes and their impact on 
LEP, conflicting results are present in the current literature 
regarding the effectiveness of long-term aerobic exercise. 
More specifically, aerobic exercise suggests dose-response 
favorable effects on LEP in premenopausal women at risk 
for BC (Sturgeon et al., 2016), but a 6-month aerobic-based 
training protocol did not exhibit a meaningful reduction in 
LEP among postmenopausal women at risk for BC 
(Khosravi et al., 2018). In summary, LEP has been docu-
mented as a vital mediator for the linkage between obesity 
and BC, promoting tumor initiation, development growth, 
and metastasis. That being said, future research on the po-
tential role of CART interventions in circulating LEP lev-
els may be necessary, since LEP is considered a key player 
in the novel therapeutic strategies for BC treatment (Atoum 
et al., 2020). 

Given that ADPN is involved in glucose and energy 
homeostasis while being inversely associated with FM, in-
dividuals with obesity are commonly presented with low 
ADPN levels (Kadowaki and Yamauchi, 2005). Taking 
this into consideration, significant exercise-induced in-
creases in ADPN levels may be critical for BC patients and 
survivors with a high BMI, since such favorable changes 
may improve body composition, affecting the risk of de-
veloping metastases (Perego et al., 2021). In this meta-
analysis, CART did not suggest advantageous changes in 
ADPN relative to usual care. To date, relevant RCTs ex-
amining the role of ADPN in women with BC and obesity 
are scarce. However, a 4-week CART-like protocol 
showed positive alterations in ADPN among women with 
obesity, but without BC (Rejeki et al., 2023). Also, long-
term aerobic exercise alone evokes a favorable elevation in 
ADPN levels while reducing BF in premenopausal women 
at risk for BC. Noticeably, these beneficial aerobic exer-
cise-induced increases in ADPN were dependent on BF 
changes in this cohort (Sturgeon et al., 2016). Ultimately, 
ADPN is vital in both obesity and cancer, and thus exercise 
interventions suggesting significant increases in ADPN 
may considered as an important component of a multi-
modal treatment approach for BC patients and survivors 
with obesity (Perego et al., 2021). 
 
Cancer-related indicators 
Cancer-related  FA  has  been  reported as a very common  
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side effect of BC caused by treatment affecting hormones 
related to fatigue and pain. Therefore, BC patients and sur-
vivors demonstrate a likelihood of developing various ma-
jor mental health complications, such as anxiety, depres-
sion, and distress, resulting in reduced sleep and QoL (Cho 
and Hwang, 2021). Generally, there is a relationship 
among cancer-related FA, SQ, and QoL among BC patients 
and survivors. Interestingly, six in 10 of BC patients 
demonstrate major sleep problems linked to significant re-
ductions in QoL and mood (Fortner et al., 2002). On the 
other hand, regular involvement in physical activity and 
exercise may help individuals with obesity improve all 
these health-related indicators (Bardwell and Ancoli-
Israel, 2008; Mendelson et al., 2016). In the present review, 
CART exhibited significant improvements in cancer-re-
lated FA, SQ, and QoL relative to usual care, indicating 
that such a training modality may be a valuable adjunct 
therapy option in women with BC and excessive weight. 
Such beneficial alterations in critical cancer-related indices 
may also play an important role in adherence and behav-
ioral regulation to exercise during and after treatment, 
since supervised exercise delivered in a real-world clinical 
setting should be a priority for patients, clinicians, and 
practitioners (Kirkham et al., 2018). However, it has been 
well documented that people with obesity are very likely to 
show mental health impairments due to body dissatisfac-
tion (Gilyana et al., 2023) linked to sedentarism (Chekroud 
et al., 2018), resulting in high dropout rates when partici-
pating in regular structured exercise (Burgess et al., 2017). 
Collectively, exercise training seems to be a powerful 
weapon against poor QoL among BC patients and survi-
vors, and therefore exercise prescription to this particular 
cohort may be effective for lowering FA, improving SQ, 
and increasing QoL (Chen et al., 2023). Given that both 
cancer and obesity adversely affect SQ (Chang and Chang, 
2020) and QoL (Heidary et al., 2023; Taylor et al., 2013), 
the effectiveness of various exercise modes, including 
CART, is vital for women with BC and excess weight, 
since CART-induced adaptations and responses may miti-
gate potential depressive and anxiety symptoms, as well as 
sleep disturbances frequently present in this cohort before, 
during, and after treatment without reducing compliance 
rates compared to usual care. (Wang et al., 2023). 
 
Implications for future research 
Considering that the combination of aerobic-based and 
muscle-strengthening activities is highly recommended for 
cancer patients and survivors (Campbell et al., 2019) as 
well as individuals with overweight/obesity (American 
College of Sports Medicine et al., 2021), further studies are 
urgently needed to investigate the optimal amount and in-
tensity of CART for this cohort. Future trials should focus 
on the mechanisms behind the effectiveness of CART on 
cardiometabolic health and cancer-related indices as well 
as the association between CART and tumor growth. Also, 
studies examining the effects of CART on additional car-
diovascular disease risk factors (e.g., glucose metabolism, 
blood pressure, and functional aerobic capacity) and men-
tal health indicators (e.g., depression, anxiety, psychologi-
cal distress, and mood) would support the current evidence. 
Furthermore, CART-like protocols should be investigated 

not only through supervised interventions conducted in a 
lab-based environment but also under real-world condi-
tions, aiming to evaluate the practicability of CART among 
BC patients and survivors with overweight/obesity. Lastly, 
the potential role of CART in immunity among BC cancer 
patients and survivors also needs to be studied. Such a fu-
ture approach may comprehend the relationship between 
CART and immune function as well as the connection be-
tween these immunological indicators and clinical benefits 
in this cohort. 
 

Limitations 
The present review has several limitations and thus the 
findings should be taken into consideration with caution. 
Eligible studies exhibited inconsistency with regard to the 
training parameters implemented during the CART inter-
ventions, resulting in significant heterogeneity among the 
included trials. Our study demonstrates that beneficial 
CART-induced adaptations are existent principally among 
middle-aged (mean age: 54.0 ± 3.4 years) women. Hence, 
current outcomes cannot be generalized to men, other age 
and BMI groups among BC patients and survivors. Con-
sidering the outcome measures included in the present 
study, the role of CART in a wide spectrum of cardiomet-
abolic health still remains unclear due to the lack of data in 
terms of glucose homeostasis, resting cardiovascular func-
tion, oxidative stress, and physical function. Moreover, we 
discovered substantial heterogeneity in some outcomes in 
our analysis, but we were unable to explain this due to lim-
ited trials. Despite conducting a sensitivity analysis to ex-
plore the influence of performance bias and detection bias 
on the outcomes, in the majority of cases, there were no 
changes in the estimated effects. This may be attributed to 
inadequate sample size and biases associated with perfor-
mance and detection. 
 

Conclusion 
 
The present systematic review and meta-analysis delivers 
critical outcomes regarding the implementation of CART 
for BC patients and survivors with concurrent over-
weight/obesity as an adjunct component of a comprehen-
sive therapy plan. The findings reveal clear evidence that 
CART has a favorable effect on cardiometabolic health and 
cancer-related indicators, such as anthropometric charac-
teristics, body composition, lipid homeostasis, inflamma-
tion, adipokines, fatigue, sleep, and QoL in BC patients and 
survivors with concurrent overweight/obesity during and 
after treatment. More trials with robust methodological de-
sign are needed to investigate the dose-response relation-
ship, training parameters configuration, and mechanisms 
behind these beneficial alterations. This meta-analysis also 
highlights the rationale for further high-quality RCTs to ex-
amine additional outcome measures related to cardiometa-
bolic and mental health, aiming to support the present 
CART-induced effects for BC patients and survivors with 
concurrent overweight/obesity. 
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Key points 
 
 Combined aerobic and resistance training exert bene-

ficial changes in anthropometrics, body composition, 
and lipid metabolism. 

 Combined aerobic and resistance training reveals ad-
vantageous alterations in various cancer-related indi-
cators, such as fatigue, sleep, and quality of life. 

 Combined aerobic and resistance training may be con-
sidered a valuable piece of a multicomponent therapy 
puzzle in supporting women with breast cancer and 
concurrent overweight/obesity. 

 Further research is needed in this area through large-
scale randomized controlled trials and higher method-
ological quality.  
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SUPPLEMANTARY MATERIALS 

Table S1. Search strategy. 
# Database Algorithm 
1 PubMed (((“Breast cancer” [Title/Abstract]) OR (“Breast Neoplasm” [Title/Abstract])) AND ((“Overweight” [Title/Abstract]) OR (“Obese” [Title/Abstract]))) AND ((“Exercise” 

[Title/Abstract]) OR (“Training” [Title/Abstract]))
2 Scopus TITLE- ABS(“Breast cancer” OR “Breast Neoplasm”) AND TITLE- ABS(“Overweight” OR “Obese”) AND TITLE- ABS(“Exercise” OR “Training”)
3 Google Scholar allintitle(“Breast cancer” OR “Breast Neoplasm”) (“Overweight” OR “Obese”) (“Exercise” OR “Training”)
4 Cochrane Library (“Breast cancer” OR “Breast Neoplasm”) (“Overweight” OR “Obese”) (“Exercise” OR “Training”)
5 Web of Science 1. ((ALL=(“Breast cancer”))) OR ALL=(“Breast Neoplasm”) 

2. (ALL=(“Obese”)) OR ALL=(“Overweight” ) 
3. (ALL=(“Exercise”)) OR ALL=(“Training”) 

#1AND#2AND#3 
6 Science Direct (“Breast cancer” OR “Breast Neoplasm”) (“Overweight” OR “Obese”) (“Exercise” OR “Training”)

 
 

Tabel S2. Risk of bias assessment. 

Bias 
Random sequence  

generation 
(selection bias) 

Allocation concealment  
(selection bias) 

Blinding of  
participants and 

personnel 
 (performance bias) 

All outcomes 

Blinding of  
outcome assessment  

(detection bias) 
 All outcomes 

Incomplete outcome data  
(attrition bias) All outcomes 

Selective 
reporting 
(reporting 

bias) 

Other  
bias 

Study 

Authors’ judgment Unclear risk Low risk Unclear risk Unclear risk Low risk Low risk Low risk 

Dieli-     
Conwright 

2018a 
 

Support for  
judgment 

Two-arm randomized 
controlled trial  

compared a progressive  
combined-aerobic and  

resistance-exercise 
 intervention with usual 

care 

Participants were ran-
domly assigned (block 

size = 10  
patients) to exercise or 

usual care after baseline 
testing  

using concealed 
 randomization lists. 

Information  
concerning the  

blinding of  
participants was  

not provided 

Information  
concerning the  

blinding of  
the assessor was not 

provided 

Four patients in the intervention group  
did not complete the study post- 

intervention: two lost to follow-up and  
two patients were unreachable. Five  
patients in the control group did not  

complete the study post-intervention: Three 
lost to follow up and two patients were una-
ble to post-test as a result of a work conflict. 

Intention-to-treat analysis was applied 

Expected 
outcomes 

were  
reported 

Other  
 biases 

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk Unclear risk Unclear risk Low risk Low risk Low risk 

Dieli-     
Conwright 

2018a 
 

Support for  
judgment 

Two-arm randomized 
controlled trial  

compared a progressive  
combined-aerobic and  

resistance-exercise 
 intervention with usual 

care 

Participants were ran-
domly assigned (block 

size = 10 patients) to ex-
ercise or usual care after 

baseline testing using 
concealed randomization 

lists 

Information  
concerning the  

blinding of  
participants was  

not provided 

Information  
concerning the  

blinding of  
the assessor was not 

provided 

Four patients in the intervention group  
did not complete the study post- 

intervention: two lost to follow-up and  
two patients were unreachable. Five 
 patients in the control group did not  

complete the study post-intervention: Three 
lost to follow up and two patients were una-
ble to post-test as a result of work conflict. 

Intention-to-treat analysis  
was applied. 

Expected 
outcomes 

were 
 reported 

Other  
biases  

have not 
been  

identified 
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Tabel S2. Continue…  

Bias 
Random sequence  

generation 
(selection bias) 

Allocation concealment  
(selection bias) 

Blinding of  
participants and 

personnel 
 (performance bias) 

All outcomes 

Blinding of  
outcome assessment  

(detection bias) 
 All outcomes 

Incomplete outcome data  
(attrition bias) All outcomes 

Selective 
reporting 
(reporting 

bias) 

Other  
bias 

Study 

Authors’ judgment Unclear risk Low risk Low risk Low risk Low risk Low risk Low risk 

Dieli-     
Conwright 

2018a 
 

Support for  
judgment 

The participants were  
randomly assigned to  
either the exercise or  
control group, and  

scheduled for the baseline 
visit. Randomization was  
performed by the Clinical 
Investigation Support Of-
fice (CISO) at the USC 

NCCC 

To prevent possible bias, 
study personnel involved 
in the recruitment did not 

have access to the        
randomization lists; the 

biostatistician who        
developed the randomiza-
tion list did not have any 

patient contacts to  
influence the recruitment 
and allocation procedure 

The participants 
were blinding 

The assessor was 
blinding 

One patient in the intervention dropped  
out due to the group lost to follow-up.  
Intention-to-treat analysis was applied 

 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk Unclear risk Unclear risk Low risk Low risk Low risk 

Dieli-     
Conwright 

2018a 
 

Support for  
judgment 

This two-arm randomized 
controlled trial compared 
a progressive combined—
aerobic and resistance—

exercise intervention with 
usual care 

 

Participants were ran-
domly assigned (block 
size = 10 patients) to  
exercise or usual care  
after baseline testing  

using concealed  
randomization lists 

Information  
concerning  

the blinding of  
participants were 

 not provided 

Information  
concerning  

the blinding of  
the assessor was not 

provided 

four patients of the intervention group did 
not complete the study post-intervention: 

two lost to follow-up and two patients were 
unreachable. Five patients in the control 
group did not complete the study post-      

intervention: Three lost to follow up and  
two patients were unable to post-test  

as a result of work conflict. Intention-to- 
treat analysis was applied 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk Unclear risk Unclear risk Low risk Low risk Low risk 

Dieli‐    
Conwright 

2019 
 

Support for  
judgment 

This two-arm randomized 
controlled trial compared 
a progressive combined—
aerobic and resistance—

exercise intervention with 
usual care. 

Participants were  
randomly assigned (block 

size = 10 patients) to  
exercise or usual care  
after baseline testing  

using concealed  
randomization lists 

Information  
concerning  

the blinding of  
participants were 

 not provided 

Information  
concerning  
blinding of  

participants were 
 not provided 

All the participants completed the study 
 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk Unclear risk Unclear risk Low risk Low risk Low risk 

Dieli-     
Conwright 

2019 
 

Support for  
judgment 

Randomized control trial 
comparing a weight loss 

intervention to usual care. 

Participants were  
randomly assigned (block 

size = 10 patients) to  
exercise or usual care  

after baseline testing us-
ing concealed  

randomization lists 

Information  
concerning  

the blinding of  
participants were 

 not provided 

Information  
concerning  

the blinding of 
 the assessor was not 

provided 

All the participants completed the study 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 
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Tabel S2. Continue…  

Bias 
Random sequence  

generation 
(selection bias) 

Allocation conceal-
ment  

(selection bias) 

Blinding of  
participants and 

personnel 
 (performance bias) 

All outcomes 

Blinding of  
outcome assessment  

(detection bias) 
 All outcomes 

Incomplete outcome data  
(attrition bias) All outcomes 

Selective 
reporting 
(reporting 

bias) 

Other  
bias 

Study 

Authors’ judgment Unclear risk Low risk High risk Unclear risk Low risk Low risk Low risk 

Dieli-    
Conwright 

2022 
 

Support for  
judgment 

A randomized trial comparing 
a weight loss intervention to 

usual care. 

Twenty-five  
participants were  

randomly assigned to 
intervention and  

control groups after  
baseline testing using  
concealed randomiza-

tion lists 

Participants were  
not blinded  

to intervention 
 assignment 

Information concerning the 
blinding of the assessor was 

not provided 

All the participants completed the 
study 

 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk Low risk Low risk Low risk Low risk Low risk 

Brown 2021 
 Support for  

judgment 

Participants were randomly 
assigned in an equal ratio to 

intervention and control 
groups 

After baseline testing, 
participants were  
allocated into two 
groups and were  

randomized using a 
computerized  

covariate adaptive 
procedure 

Participants were 
blinding 

The assessor was blinding 
All the participants completed the 

study 
 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk High risk Low risk Low risk Low risk Low risk 

Ergun 2013 
 Support for  

judgment 

Participants were randomly 
assigned in an equal ratio to 

intervention and control 
groups. 

After baseline testing, 
participants were  
allocated into two 

groups and were ran-
domized using a com-

puterized covariate 
adaptive procedure 

Participants were  
not blinded  

to intervention  
assignment 

The assessor was blinding 
All the participants completed the 

study 
 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Rogers 
2013 

 
Support for  
judgment 

A randomized controlled trial 
compared an intervention 

with a control group.  
Randomization was based on 
computer-generated numbers, 
performed in blocks of 4, and 
revealed in the order in which 

participants completed  
baseline testing 

Allocation was con-
cealed by central ran-
domization and only 

revealed after baseline 
assessment 

Participants were 
blinded 

The assessor was blinding 

One patient in the intervention group 
lost to follow-up due to lack of time. 

One patient in the control group 
dropped out when asked to repeat a 

blood draw. Intention-to-treat analysis 
was applied. 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 
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Tabel S2. Continue…  

Bias 
Random sequence  

generation 
(selection bias) 

Allocation concealment  
(selection bias) 

Blinding of  
participants and 

personnel 
 (performance bias) 

All outcomes 

Blinding of  
outcome assessment  

(detection bias) 
 All outcomes 

Incomplete outcome data  
(attrition bias) All outcomes 

Selective 
reporting 
(reporting 

bias) 

Other  
bias 

Study 

Authors’ judgment Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Rogers 
2014 Support for  

judgment 

This two-arm randomized 
controlled trial compared 

an intervention with a 
control group using,  

randomization was done 
in blocks of four based on 

computer generated  
numbers. 

Randomization numbers 
were kept in sealed, 

opaque envelopes so that 
study staff and partici-
pants were unaware of 

group allocation until all 
baseline testing was com-

plete. 

Participants were 
blinded 

ALL measures were  
obtained by individuals  

who were blinded to 
 the participant's study  

group allocation 

Two participants developed cancer   
recurrence during the trial (both in  
the intervention group). These two   
participants were dropped from the 

analysis for scientific reasons. 
Two patients in the control group 

dropped out due to the lack of time. 
Intention-to-treat analysis was applied.

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Rogers 
2014 Support for  

judgment 

This two-arm randomized 
controlled trial compared 

an intervention with a 
control group, using  

randomization that was 
conducted in blocks of 
four based on computer 

generated numbers 

Randomization numbers 
were kept in sealed, 

opaque envelopes so that 
study staff and  

participants were unaware 
of group allocation until 
all baseline testing was 

complete. 

Participants were 
blinded 

ALL measures were  
obtained by individuals  

who were blinded to  
the participant's study  

group allocation 

Two participants developed cancer    
recurrence during the trial (both in the 

intervention group). These two       
participants were dropped from the 

analysis for scientific reasons. 
Two patients in the control group 

dropped out due to the lack of time. 
Intention-to-treat analysis was applied.

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Unclear risk High risk Unclear risk Unclear risk Low risk Low risk 

Hutnick 
2005 

 
Support for  
judgment 

patients with breast  
cancer were assigned to 
intervention and control 

groups. 

36 patients with breast 
cancer were enrolled in a 
6-month moderate exer-
cise program very soon 

after completing  
chemotherapy or radiation 
treatment to the interven-
tion and control group. 

Participants were  
not blinding 

Information concerning  
the blinding of the assessor 

was not provided. 

Seven patients in the intervention 
group dropped out. 

Six patients in the control group 
dropped out after the midpoint of the 
study. However, the reasons for this 

were not explained. 
Intention-to-treat analysis was applied.

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk Low risk High risk Low risk Low risk Low risk 

Battaglini 
2007 Support for  

judgment 

The participants were  
randomly assigned to  

exercise or control group 

The patients had to 
choose a number between 
1 and 20 for the allocation 
process. Even-numbered 

participants were assigned 
to the experimental group, 

whereas odd-numbered 
participants were assigned 

to the control group 

Participants were 
blinding 

The assessor was not  
blinding. 

All the participants completed the 
study. 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 
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Tabel S2. Continue…  

Bias 
Random sequence  

generation 
(selection bias) 

Allocation con-
cealment  

(selection bias) 

Blinding of  
participants and 

personnel 
 (performance 

bias) All outcomes

Blinding of  
outcome assessment 

(detection bias) 
 All outcomes 

Incomplete outcome data  
(attrition bias) All outcomes 

Selective 
reporting 
(reporting 

bias) 

Other  
bias 

Study 

Authors’ judgment Low risk Low risk High risk Low risk Low risk Low risk Low risk 

Mutrie 
2007 Support for  

judgment 

The study was a two-group  
(intervention and control) by three 

time points (baseline, 12 weeks, and 
six-month follow-up) randomized 
controlled trial. The randomization 

was stratified by hospital and  
treatment at baseline and used ran-
domized permuted blocks of length 
four and six (that is, for sequences 

of four or six women in each hospi-
tal-treatment combination, exactly 
half were allocated to each group). 

After written  
informed consent 

and baseline 
measures,  

participants were 
randomly allo-

cated women into 
one of two groups 

using  
randomization 

list. 

Blinding of  
the participants 
was not possible 

The assessors      
were blinding 

14 patients in the intervention group did not 
complete the study: Seven patients were lost to

follow-up, four patients did not return the 
questionnaire, one patient was too ill, and two 
patients were not contactable. Eight patients in 
the control group did not complete the study: 
Four patients were lost to follow-up, two pa-
tients did not return the questionnaire, one 

died, and one withdrew. Intention-to-treat anal-
ysis was applied. 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk Low risk Low risk Low risk Low risk Low risk 

Nieman  
1995 Support for  

judgment 

Sixteen female breast cancer pa-
tients between the ages of 35 and 72 

years were recruited for the study 

After written  
informed consent 

and baseline 
measures,  

Subjects were ran-
domly assigned to 
either an exercise 
or control group. 

The participants 
were blinding 

Information  
concerning  

the blinding of the 
assessor was not  

provided 

Two patients (one from each group did not 
complete the study, because of the recurrence 

of the disease. 
Intention-to-treat analysis was applied 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Unclear risk Low risk Low risk High risk Low risk Low risk Low risk 

Ligibel 
2008 Support for  

judgment 

101 sedentary, overweight breast 
cancer survivors were randomly  

assigned either to exercise  
intervention or to a usual care  

control group 

After enrolment, 
participants were 

randomly as-
signed 1:1 to an 

exercise interven-
tion group or con-

trol group 

The participants 
were blinding 

Participants  
underwent a series  
of anthropometric 

measurements at the 
time of study  

enrolment (baseline), 
and these were  

repeated after the  
16-week study  
period by study  

staff who were not 
blinded to group  

assignment 

11 patients in the intervention group did not 
complete the study for the following reasons: 

Two lost to follow-up, one had a family  
emergency, three had too much of a time  
commitment, one was too ill for final, one  
had a disease recurrence, one developed  
unrelated cancer, one withdrew consent,  

and one need for unrelated surgery. 
Seven patients in the control group did not 

complete the study for the following reasons: 
Three lost to follow-up, two had disease  

recurrence, one withdrew upon assignment  
to the control group, and one for family  
problems. However, intention-to-treat  

analysis was applied 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 



Al-Mhanna et al.                                                                                                                                                                                                                                                                                                                                         388 

 
 

 

Tabel S2. Continue…  

Bias 
Random sequence  

generation 
(selection bias) 

Allocation conceal-
ment  

(selection bias) 

Blinding of  
participants and 

personnel 
 (performance 

bias) All outcomes

Blinding of  
outcome assessment  

(detection bias) 
 All outcomes 

Incomplete outcome data  
(attrition bias) All outcomes 

Selective 
reporting 
(reporting 

bias) 

Other  
bias 

Study 

Authors’ judgment Unclear risk Low risk Low risk High risk Low risk Low risk Low risk 

Ligibel 
2008 Support for  

judgment 

101 sedentary, overweight 
breast cancer survivors were 
randomly assigned either to  
exercise intervention or to a 

usual care control group 

After enrolment,  
participants were  

randomly assigned 
1:1 to an exercise  
intervention group  
or control group 

The participants 
were blinding 

Participants underwent 
a series of  

anthropometric  
measurements  

at the time of study  
enrolment (baseline), 

 and these were  
repeated after the 16-
week study period by 
study staff who were  
not blinded to group  

assignment 

11 patients in the intervention group did not 
complete the study for the following reasons: 

Two lost to follow-up, one had a family  
emergency, three had too much of a time  
commitment, one was too ill for final, one  

disease recurrence, one developed unrelated 
cancer, one withdrew consent, and one need 
for unrelated surgery. Seven patients in the 

control group did not complete the study for 
the following reasons: Three lost to  

follow-up, two disease recurrence, one  
withdrew upon assignment to the control 

group, and one for family problems. 
However, intention-to-treat analysis  

was applied 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 

Authors’ judgment Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Ligibel 
2019 

 
Support for  
judgment 

Participants were randomized 
1:1 to an exercise and control 
group. All participants were 

randomized through the Quality 
Assurance for Clinical Trials 

(QACT) Core at Dana-Farber, 
which served as the  

coordinating center of the study. 

After baseline 
measures 48  

participants were  
randomly assigned to 

an exercise  
intervention group  
or control group 

The participants 
were blinding 

The assessor was  
blinding 

One patient in the intervention group  
was found to be ineligible after  

randomization and two patients in the  
control group withdrew consent after  

randomization. 
Intention-to-treat analysis was applied 

Expected 
outcomes 

were  
reported 

Other  
biases  

have not 
been  

identified 
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Tabel S2. Continue…  

Bias 
Random sequence  

generation 
(selection bias) 

Allocation concealment  
(selection bias) 

Blinding of  
participants and 

personnel 
 (performance bias) 

All outcomes 

Blinding of  
outcome assessment 

(detection bias) 
 All outcomes 

Incomplete outcome data  
(attrition bias) All outcomes 

Selective 
reporting 
(report-
ing bias) 

Other  
bias 

Study 

Authors’ judgment Unclear risk Low risk Low risk Low risk Low risk Low risk Low risk 

Jones 
2020 

 
Support for  
judgment 

A quasi-randomized design 
where each group com-

prised 
exercising or non-exercising 

breast cancer survivors of 
similar age and treatment 

characteristics 

A simple randomization procedure  
using the number on entry to allocate 
women as they entered the trial, on a 

1:1 basis, was undertaken. Breast can-
cer survivors with odd numbers began 

the 12-week exercise treatment protocol 
immediately, while even-numbered 
women acted as wait-listed, non- 

exercising controls. The control women 
could access the intervention protocol 
after their testing in week 13. None of 

the authors were involved in the  
recruitment of the participants. 

The participants 
were blinding 

The assessor was 
blinding 

Three control participants  
did not complete data collection, 

one incurred an ankle injury  
(not intervention-related),  

one moved to another town,  
and one chose to withdraw  

before any baseline measures. 
Intention-to-treat analysis was 

 applied 

Expected 
outcomes 

were  
reported 

Other  
biases 

have not 
been 

identified 

Authors’ judgment Unclear risk Low risk Unclear risk Unclear risk Low risk Low risk Low risk 

Lee 2019 
 Support for  

judgment 

This randomized clinical 
trial compared an aerobic 

and resistance exercise  
intervention with usual care. 

For each patient recruited into 
the study, written informed consent is 

obtained before performing randomiza-
tion or outcome measure testing. 
Upon written informed consent,  

the patient is randomly 
allocated to either the Exercise or Con-
trol groups. To prevent possible bias, 

study personnel involved in the  
recruitment and allocation did not have 

access to the randomization lists 

Information  
concerning the  
blinding of the  

participants was not 
provided. 

Information  
concerning the  
blinding of the  

assessor was not  
provided 

Three patients in the intervention 
group did not complete the study 
for the following reasons: Two 
 had Work conflicts, and one  

had disease progression. Three  
participants in the control group 

lost to follow-up post-intervention 
for the reasons: one family  

emergency, and two unreachable.
Intention-to-treat analysis was  

applied 

Expected 
outcomes 

were  
reported 

Other  
biases 

have not 
been 

identified 

Authors’ judgment Low risk Low risk Low risk Low risk Low risk Low risk Low risk 

Saxton 
2014 

 
Support for  
judgment 

A total of 85 women treated 
for breast cancer 3 to 18 

months were randomly allo-
cated to a 6-month to exer-

cise and control group.  
Randomization was  

performed by an  
independent researcher at 

the Clinical Trials Research 
Unit, University of Leeds 

A total of 85 women treated for breast 
cancer 3 to 18 months were randomly 
allocated to a 6-month to exercise and 

control group. Randomization was  
performed by an independent researcher 

at the Clinical Trials Research Unit, 
University of Leeds. The randomization 

sequence and allocation were not  
disclosed until patients had completed 

their baseline assessments 

The participants 
were blinding 

All the outcomes’ 
measurers were  

assessed by a trained 
technician who was 
blinded to the group 

allocation 

Three women were dropped out 
due to the lost to follow up in each 
group. Intention-to-treat analysis 
was used. However, intention-to-

treat analysis was applied 

Expected 
outcomes 

were  
reported 

Other  
biases 

have not 
been 

identified 
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Tabel S2. Continue…  

Bias 
Random sequence  

generation 
(selection bias) 

Allocation concealment  
(selection bias) 

Blinding of  
participants and 

personnel 
 (performance bias) 

All outcomes 

Blinding of  
outcome assessment 

(detection bias) 
 All outcomes 

Incomplete outcome data  
(attrition bias) All outcomes 

Selective 
reporting 
(reporting 

bias) 

Other  
bias 

Study 

Authors’ judgment Low risk Low risk Low risk Low risk Low risk Low risk  

Scott 
2013 Support for  

judgment 

Following the assessment of 
outcome variables at  

baseline, patients were ran-
domly allocated (1:1 ratio) 

to one of two groups: (1) in-
tervention or (2) control 

group. Randomization was 
performed by an independ-
ent researcher at the Clini-
cal Trials Research Unit,  
University of Leeds. The 
randomization sequence 

was not disclosed until pa-
tients had completed their 

baseline assessments. 

A total of 90 women were randomly  
allocated to intervention and control 
group. The randomization sequence 
was not disclosed until patients had 

completed their baseline assessments. 

The participants 
were blinding. 

The assessor was 
blinding 

Six patients in the intervention 
group did not participate in the 

follow-up for the following  
reasons: three patients changed 
their minds at the beginning,  
one patient due to a change in 

work conditions, one had a  
family situation, and one  

because of loss of contact. 
Five patients in the control  
group lost to follow-up for  
the following reasons: one  

withdrew at the beginning, two 
were excluded on medical 
grounds, and two could not  

contact with. 
Intention-to-treat analysis  

was applied. 

Expected 
outcomes 
were re-
ported 

Other  
biases 

have not 
been 

identified 
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                                             Table S3. Excluded full-text articles with reasons (n=18). 

# Study Reason
1 
2 
3 
4 
5 
6 

Milne et al., 2008a 
Fernandez-Lao et al., 2012 
Sweeney et al., 2012 
Bloomquist et al., 2019 
Schmitz et al., 2019 
May et al., 2008 

No related outcome measures 

7 Schwartz et al., 2007 No CART (AT or RT alone) 
8 
9 
10 
11 

Bloomquist et al., 2019 
Travier  et al., 2014 
de Jesus Leite et al., 2021 
Courneya et al., 2014a 

No control group 

12 
13 
14 
15 

Milne et al., 2008b 
Harvie 
Kim  
Gómez 

BMI < 25 kg/m2 

16 
17 
18 

De Paulo et al., 2018 
Paulo et al., 2019 
Courneya et al., 2014b 

The control group performed 
structured exercise 

BMI: body mass index, CART: combined aerobic and resistance training, AT: aero-
bic training, RT: resistance training. 

 
 
 
Table S4. The subsequent reports of original studies (n =6). 

# Original Studies Reports of original studies Reason for inclusion (reported parameters) 
1 
2 
3 

Dieli-Conwright et al., 2018c  
Dieli-Conwright et al., 2018a  
Dieli-Conwright et al., 2018b  
Dieli-Conwright et al., 2021  

Cancer-related fatigue 
Sleep quality 
Body fat, ADPN, IL-8, and LDL-C 

4 Dieli-Conwright et al., 2019  Dieli-Conwright et al., 2021  Quality of life 
5 Ligibel et al., 2008  Ligibel et al., 2009  Body fat, hip circumference, LEP, ADPN. 
6 Rogers et al., 2014  Rogers et al., 2015  Sleep quality 

ADPN: adiponectin, IL: interleukin, LEP, leptin, LDL: low-density lipoprotein cholesterol 
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                                                 Figure S1. Risk of bias assessment results. 
 
 
 

 

 
 

 
 

Figure S2. Effects of CART on BM. 
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Figure S3. Effects of CART on BMI. 
 
 
 

 

 
 
 

Figure S4. Effects of CART on HC. 
 
 
 

 

 
 
 

Figure S5. Effects of CART on WC. 
 
 
 

 

 

 
 

Figure S6. Effects of CART on WHR. 
 
 
 

 

 
 
 

Figure S7. Effects of CART on BF. 
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Figure S8. Effects of CART on FM. 

 
 

 

 
 
 

Figure S9. Effects of CART on FFM.  
 
 
 

 

 
 
 

Figure S10. Effects of CART on TC. 
 
 

 

 
 
 

Figure S11. Effects of CART on HDL-C. 
 
 

 

 
 
 

Figure S12. Effects of CART on LDL-C. 
 
 

 

 
 
 

Figure S13. Effects of CART on IL-6. 
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Figure S14. Effect of CART on IL-8. 
 
 

 

 
 
 

Figure S15. Effects of CART on TNF-α. 

 
 

 
 
 

Figure S16. Effects of CART on CRP. 
 

 

 
 
 

Figure S17. Effect of CART on ADPN. 
 
 

 

 
 
 

Figure S18. Effect of CART on LEP. 
 
 

 

 
 
 

Figure S19. Effect of CART on NK cells. 
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Figure S20. Effect of CART on cancer-related FA. 
 
 

 

 
 
 

Figure S21. Effects of CART on SQ. 
 
 

 

 
 
 

Figure S22. Effect of CART on QoL. 




