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Abstract: Background: Breast cancer treatments often cause serious side effects, but physi-
cal exercise has shown the potential to improve both the physical and psychological health
outcomes of survivors. This review and meta-analysis aimed to synthesize and analyze the
scientific evidence on the effectiveness of concurrent training on physical, psychological,
and biomarkers variables on breast cancer survivors.; Methods: A systematic review and
meta-analysis was registered in PROSPERO (CRD42024571851). The ISI Web of Science,
PubMed, and Scopus databases were searched. The methodological quality of all the
included studies was assessed using the Cochrane risk of bias tool. This review included
14 articles that met the inclusion criteria on the effect of concurrent training on breast
cancer survivors. Results: The results of the meta-analysis on body composition revealed a
significant overall effect on body mass (effect size [ES] = −2.23; 95% CI: −4.16, −0.29) and
body mass index (ES = −0.66; 95% CI: −1.32, 0.01). In contrast, no significant differences
were shown in the % fat mass (ES = −2.63; 95% CI: −5.58, 0.33). Strength significantly
improved after simultaneous training (ES = 4.93; 95% CI: 1.94, 7.92). In addition, cardiores-
piratory fitness (maximum oxygen consumption) showed significant improvements after
simultaneous training (ES = 3.03; 95% CI: 1.88, 4.19). Conclusions: The research shows
that concurrent training, including strength and aerobic exercises, promotes significant
improvements in body mass, body mass index, muscle strength, and cardiorespiratory
fitness. However, the effectiveness of the training depends on the intensity, duration and
frequency of the exercise, as well as the individualization of the programs.

Keywords: cancer; exercise; strength; cardiorespiratory fitness; concurrent training

1. Introduction
Breast cancer is the most common type of cancer in women globally and was respon-

sible for 2 million cases and 700,000 deaths by 2020 [1]. Approximately 78% of all cancer
diagnoses occur in adults aged 60 and older [2]. Factors, such as genetics, environment, and
lifestyle choices—including obesity, smoking, aging, and sedentary behavior—contribute
to cancer development and reduce treatment effectiveness [3–8].
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Treatment for breast cancer typically includes surgery, adjuvant chemotherapy, ra-
diotherapy, and endocrine therapies [9]. While these treatments improve survival rates,
they also lead to side effects [10–12]. These can include fatigue, sarcopenia, osteope-
nia, cardiovascular diseases, weight gain, immunosuppression, inflammation, and sleep
disturbances [13–16]. The evaluation of biomarkers is vital to understanding the protec-
tive effects of exercise, guiding personalized interventions and improving the diagnosis,
treatment, and quality of life of cancer patients [17,18]. Elevated levels of testosterone
and C-reactive protein (CRP) have been associated with an increased risk of breast cancer,
whereas higher levels of sex hormone-binding globulin (SHBG) correlate with a reduced
risk [17,18]. Conversely, obesity is linked to insulin resistance and hyperinsulinemia,
leading to increased insulin-like growth factor I production (IGF-I) [17]. These metabolic
changes stimulate ovarian androgen synthesis and inhibit SHBG production, resulting in
elevated testosterone levels and enhanced estradiol bioavailability, thereby increasing the
risk of breast cancer [18].

Consequently, the literature indicates a significant growth in oncological exercise,
with increasing evidence supporting its role in mitigating the adverse effects of cancer
treatments [5]. Studies show that physically active individuals have a 20% to 40% lower
risk of developing cancer and a 24% reduced risk of cancer recurrence [19,20]. Regular
physical exercise, particularly aerobic and/or resistance training among female breast
cancer survivors, has shown improvements in several health parameters [19,21–25]. These
include increased muscle strength and endurance, improved cardiopulmonary fitness,
reduced abdominal circumference, maintenance of bone mineral density, increased lean
body mass, and decreased levels of fatigue and anxiety [19,21–25]. Given the varied benefits
of both resistance and aerobic training, there has been scientific interest in combining these
two forms of exercise in the same session. This type of training, which combines strength
and aerobic exercises to simultaneously promote gains in strength and aerobic capacity, is
known as concurrent training [26]. However, there is currently no consensus regarding the
optimal strategy for concurrent training prescription [26]. Randomized controlled trials on
breast cancer survivors have suggested that concurrent training may significantly improve
quality of life, reduce depression and fatigue, positively impact body composition, and
enhance physical fitness [27–29].

Nevertheless, despite the growing number and quality of clinical trials examining
the impact of concurrent training on breast cancer survivors, research remains limited [30]
and somewhat inconclusive regarding the benefits of different configurations of the acute
training variables (e.g., relative intensity [29]) on health outcomes. Therefore, in this
review and meta-analysis, we aim to consolidate and evaluate scientific evidence on the
effectiveness of concurrent training on physical, psychological, and biomarker variables,
as well as its potential adverse effects in this population. This review aims to contribute
to theoretical discourse and provide recommendations for future research in this field.
The two main research questions arising from this review are as follows: (1) What are the
physiological effects of concurrent training in individuals with breast cancer? (2) What
are the psychological effects of concurrent training in individuals with breast cancer?
Additionally, the study will explore the effects of concurrent training in more common
biomarkers in individuals with breast cancer due to their crucial role in the diagnosis and
treatment of breast cancer.
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2. Materials and Methods
2.1. Review Registration

This systematic literature review was carried out following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was registered
on PROSPERO (registry number: CRD42024571851).

2.2. Search Strategy and Eligibility Criteria

The article search strategy included using the ISI Web of Knowledge, Scopus, and
PubMed databases to identify relevant scientific articles published between 2000 and July
2024. The search specifically targeted studies examining the effects of concurrent training
performed within the same session on individuals diagnosed with breast cancer. Keywords
employed in the search included those listed individually and/or in combination. The
keywords used were as follows: (“Simultaneous training” OR “Simultaneous exercise” OR
“Concurrent training” OR “combined exercise”) AND (“Breast cancer”). The eligibility
criteria were defined using the PICOS framework, which considers the population, inter-
vention, comparison, outcomes, and study design. The inclusion and exclusion criteria are
shown in Table 1.

Table 1. Eligibility criteria following the PICOS (population, intervention, comparison, outcomes,
and study design) approach.

Category Inclusion Criteria Exclusion Criteria

Population
Individuals diagnosed with breast cancer at any stage
of treatment (awaiting, in progress, or have completed
any form of cancer treatment).

Children and adolescents (<18 years).

Intervention Concurrent training during the same training session.
Online studies and articles where the
effect of concurrent training did not
occur within the same training session.

Comparison

Intra-group comparison (pre- and post-test of the
group undergoing concurrent training) and
inter-group comparison (post-tests between the group
undergoing the post-training period after intervention
and after placebo of the control group).

Lack of an intervention group
for comparison.

Outcomes

Changes from pre-test to post-test in cardiorespiratory
fitness (i.e., VO2max, VO2peak), or changes from
pre-test to post-test in strength (i.e., 1RM or × RM
tests), functional capacity (i.e., sit and stand tests),
flexibility, balance, psychological assessments (i.e.,
quality of life, fatigue), or biomarkers (i.e., insulin
resistance, inflammatory markers, estradiol levels).

No pre-test or post-test data.

Study design Randomized and non-randomized controlled trials. Systematic review and
meta-analysis articles.

Abbreviations: RM = repetition maximum; VO2max = maximal oxygen consumption; VO2peak = peak
oxygen uptake.

2.3. Data Collection Process

Data from the included studies were independently analyzed by two reviewers (H.P.N
and R.M.) and extracted into Microsoft Excel™ based on the effects of concurrent exercise
in patients with breast cancer. Any discrepancies between the reviewers were resolved
through discussion with a third author (D.E.).



Healthcare 2025, 13, 33 4 of 21

2.4. Study Risk of Bias Assessment

The methodological quality of all the included studies was assessed using the Cochrane
risk of bias tool [31]. The risk of bias assessment was conducted by two independent
reviewers using the Cochrane risk of bias tool (Supplementary Figures S1 and S2). In case
of disagreements, a third author was consulted. The terms used in classifying the studies
were low risk, high risk, or unclear risk. The Review Manager software (RevMan, The
Nordic Cochrane Centre, Copenhagen, Denmark) version 5.4 was used to build the risk of
bias graphs.

2.5. Synthesis Methods and Statistical Analysis

For each study, the results before and after the intervention were analyzed according to
the outcomes measured (physical, psychological, and biomarkers). The meta-analysis was
analyzed according to the outcome measures for the studies with control groups (and when
the data were available). In this manner, the results were synthesized using a combination
of narrative synthesis and, where applicable, a meta-analysis. The choice of method was
justified based on the heterogeneity of the studies included and the characteristics of their
results. The results of the individual studies and syntheses were tabulated and presented
visually in three main tables. Table 2 details the characteristics of the intervention (frequency,
exercise, duration, and intensity), while also summarizing the outcomes measured after
training and their effects. The outcomes presented in Table 3 show the percentage difference
between the mean pre- and post-intervention values. This value was calculated as follows:
[(mean post value ÷ mean pre-value) − 1] × 100. In Table 2, “increase” refers to a significant
increase, while “decrease” refers to a significant decrease. The expression “no effect” refers
to situations in which there were no significant differences in the variable. The visual
presentation was structured to make it easier to understand and compare the information
between the different studies included in the review. In addition, the supplementary
Table S1 presents the characteristics of the population for further analysis.

The meta-analysis to evaluate the effect of concurrent training in breast cancer sur-
vivors was conducted for body mass, BMI, % fat mass, muscle strength, and VO2max
using the Review Manager software (version 5.4; The Nordic Cochrane Centre, The
Cochrane Collaboration, Copenhagen, Denmark). The meta-analysis was restricted to
variables reported in more than four articles to ensure the robustness and reliability of
the presented data [32,33]. This methodological approach was adopted to enhance the
validity of the findings and to mitigate the impact of potential outliers or insufficiently
supported results [32,33]. To determine the overall effect sizes, the weighted mean dif-
ferences (WMD) and the standard deviations (SD) of the measures were extracted from
both intervention and control groups, utilizing a random-effects model as described in
the literature [34]. In cases where mean changes were not directly reported, they were
calculated using the following formula: mean change = final values − baseline values. The
standard deviation of the changes (SD change) was derived using the following formula:
SD change =

√
[(SD baseline) ˆ2 + (SD final) ˆ2 − (2R × SD baseline × SD final)], as refer-

enced in the literature [35]. Since most studies did not report the ∆SD, a correlation
coefficient (r) of 0.70 was applied [34]. The intervention effect was calculated using the
standardized mean difference (SMD) for each study, along with 95% confidence intervals
(95% CI). Results were deemed statistically significant at p ≤ 0.05. The magnitude of the
intervention effect was classified according to Cohen’s categories: d values between 0.2
and 0.5 indicate a small effect size, values between 0.5 and 0.8 denote a medium effect size,
and values greater than 0.8 signify a large effect size [34].
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3. Results
3.1. Study Selection

The study selection process is illustrated in Figure 1. The initial search yielded
1954 studies across the 3 databases. After the removal of duplicates, 1859 articles re-
mained. Following a review of titles and abstracts, 1817 articles were excluded. Ultimately,
42 articles were identified as meeting the inclusion criteria based on title and abstract. After
full reading, 28 articles were excluded as they did not meet the inclusion criteria. Therefore,
this systematic review included a total of 14 studies comprising 1253 participants. Of these,
267 were allocated to the control group, while 503 participated in the experimental group,
receiving both aerobic and resistance training (AT + RT).
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Figure 1. Flowchart diagram of screening studies included in this Review using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).

3.2. Study Characteristics

Table 2 summarizes all outcomes and changes observed post-intervention. The charac-
terization of the population included in the systematic reviews is shown in Supplementary
Table S1 (Supplementary Table S1 provides detailed information on study populations,
frequency, type, duration, and intensity).
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Table 2. Interventions included in each of the systematic reviews and meta-analyses.

Study Protocol
(Weeks)

Frequency
Aerobic Training Resistance Training

Exercise Duration
(min) Intensity Exercise Duration (min) Set × Repetitions Intensity

[27] 24 WKs
(AT + RT)

2× WK
90 min Cycle ergometer 20–30 min 70–80% HR LC, LE, LP, SP, and

vertical traction 40 min 2–4 × 6–10 40–60% 1RM

[29] 16 WKs
(AT + RT)

2× WK
75 min

Cycle ergometer,
aerobic games,

treadmill running,
or elliptical
ergometer

35 min 7–8 Borg RPE scale

Elastic bands, DB,
fit balls,

suspension
training, or body

mass that
involved the major

muscle groups

40 min

2–3 × 8–12
sets with 2 min

rest; exercise with
30 s rest.

1–4 WKs (2 × 12);
5–8 WKs (2 × 8);
9–12 WKs (2 × 8);
13–16 WKs (3 × 8).

6–7 RPE

[36] 12 WKs
(AT + RT)

3× WK
50–60 min

Cycle ergometer
treadmill,

elliptical, rowing
ergometer

25–30 min
55–60% VO2max;
6–12 WKs 70–75%

VO2max

LE, LC, LP, CR, CP,
SR, TE, and BC 30–35 min 2 × 10–12 60–75% 1RM

[37] 36 WKs
(AT + RT)

3× WK
1 h 40 min Treadmill 30 min 50–80% HR SR, BP, LE, LP, LC,

bridge, and plank 40–50 min 1–3 × 8–20
with 60–90 s rest 55–75% 1RM

[38] 16 WKs
(AT + RT)

3× WK
80 min

Treadmill
walking/running;
rowing machine;
stationary bicycle

20 min

65–80%
HRmax

(↑ every 4
WKs)

LP, CP, lunges, SR;
LE; TE; LF; BC 60 min

3 × 10 (↑
every 4
WKs)

without rest

80% 1RM lower body;
60% 1RM upper body

[39] 16 WKs
(AT + RT)

2× WK
80 min

Treadmill
walking/running,
rowing machine,

or cycle Ergometer

20 min 65–80% HRmax
LP, LE, LF, CP, SR,

TE, and BC 60 min
3 × 10 repetitions

(↑every 4
WKs)

80% 1RM lower body;
60% 1RM upper body

[40] 8 WKs
(AT + RT)

3× WK
90 min Cycle ergometer 20–30 min 70–80% HRpeak

CP, SP, LE, LC, LP,
CR, AC, BE, BC,

TE, and LPD
40–50 min 2–3 × 8–15 NS

[41] 12 WKs
(AT + RT)

2× WK
60 min

Row ergometer,
cycle ergometer,

treadmill, walking,
cross-trainer,

step-up stations

15 min Intensity was
self-selected

LP, LE, LHC, BP,
LPD, SR, DBSP,

BC, TE, V-sit, AC,
reverse AC, BPB,
CPR, lunges with

MB twists, WL,
band shoulder IR
and ER, BP, and SP

45 min 3 min per station
10–12 60% 1RM
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Table 2. Cont.

Study Protocol
(Weeks)

Frequency
Aerobic Training Resistance Training

Exercise Duration
(min) Intensity Exercise Duration (min) Set × Repetitions Intensity

[42] 12–18 WKs
(AT + RT)

3× WK
50–60 min NS 25–30 min ≥70% VO2max

LC, LE,
CR, CP,

SR, TE, and BC
30–35 min 3 × 10–12 60–75% 1RM

[43] 16 WKs
(RT-HIIT)

2× WK
60 min Cycle ergometer NS HIIT (3 × 3 min: 1 min

rest)

The exercises
targeted the main
muscles groups

NS 2–3 × 8–12 70–80% 1RM

[44] 4 WKs
(AT + RT)

3× WK
70 min Cycle ergometer 30 min 60% VO2max Squat, SP, HF,

BBOR, and FP 40 min 3 × 8–12 RPE

[45] 12 WKs
(AT + RT) 1× WK

Aerobic dance,
yoga, bricks

walking, cycling,
or walking in the

pool

NS NS CP, LPD, SR, LP,
LC, and LE NS 2–3 × 8–20

0–4 WKs
(7–12 RPE);
5–12 WKs

(10–15 RPE)

[46] 12 WKs
(AT + RT)

3× WK
60 min Cycle ergometer 30 min 50–90% HR

HF, HE, SP, Swiss
ball squatting, FP,

and curved
paddling

30 min 3 × 12
Sets 1 min rest

Body mass, 1 kg DB
and band (moderate

intensity)
5th WK ↑ 1 kg

[47] 12 WKs
(AT + RT + F)

3/5× WK
60 min Cycle ergometer 30 min 50–90% HR

HF, HE, SP,
squatting with

Swiss ball, FP, and
lifting exercises for
the dorsal muscles

30 min 3 × 12
Sets 1 min rest

Body mass, 1 kg DB
and band (moderate

intensity) setting;
5–8 WKs ↑ 1 kg and
band at high setting.

Abbreviations: ↑ = increase; AC = abdominal crunch; AT = aerobic training; BBOR = barbell bent over row; BC = bicep curl; BE = back extension; BMI = body mass index; BP = bench
press; BPB = band pulldown with bridge; CPR = Cuban press raise; CR = calf raise; DB = dumbbell; DBP = diastolic blood pressure; DBSP = dumbbells shoulder press; ER = external
rotation; F = flexibility; FP = French press; HF = hip flexion; HIIT = high-intensity interval training; HE = hip extension; HRpeak = peak heart rate; IR = internal rotation; kg = kilogram;
LC = leg curl; LE = leg extension; LF = leg flexion; LHC = lying hamstring curl; LP = leg press; LPD = Lat pulldown; MB = medicine ball; min = minute; NS = not specified; RPE = Borg’s
rating of perceived exertion; RT = resistance training; S = seconds; SP = shoulder press; SR = seated row; TE = tricep extension; VO2max = maximal oxygen consumption; WK = week;
WL = walking lunge.
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The included studies were conducted in various countries, including Canada [36,42],
Italy [27], Brazil [37,44,46,47], Japan [45], Spain [29,40], New Zealand [41], USA [38,39],
and Sweden [43]. The study population consisted of breast cancer survivors, with varying
age ranges specified in six studies (two aged 18 or older [36,42]; one aged 50 years and
over [37]; one aged between 40 and 60 years [40]; two aged between 30 and 59 years [44,46];
one aged between 20 and 75 years [45]; one aged between 18 and 65 years [29]; one aged
between 18 and 70 years [43]; and one aged between 40 and 70 years [41]). Seven articles
included patients in stages I–III [36–39,42–44], with one in stages I–II [40], while others did
not specify disease stages [27,29,41,45–47].

The intervention period also varied across the included studies: three were during
treatment [44,46,47], two were between 2 and 5 years post-treatment [29,40], three were
initiating chemotherapy [36,42,43], two had completed all treatments over six months
ago [38,39], one completed adjuvant treatment at least 8 weeks ago [41], and one involved
postmenopausal patients undergoing aromatase inhibitor therapy [37].

3.3. Risk of Bias in Studies

The generation of random sequences was identified at approximately 65%. Allocation
concealment was reported to be around 85%. Blinding of outcome assessment achieved
a rate of 75%. There was a low risk of bias (100%) for various issues, such as incomplete
outcome data, selective reporting, and other biases. However, blinding of participants and
personnel was the item with the lowest implementation, standing at about 60%. A risk of
bias graph and summary can be found in the Supplementary Files (Figures S1 and S2).

3.4. Intervention

The interventions for concurrent training in breast cancer survivors varied from
4 weeks to 36 weeks, with training frequencies ranging from 1 to 3 sessions per week. These
interventions were implemented at various stages of treatment or disease progression.
Upon reviewing the selected articles, there was substantial diversity in the types of aerobic
training equipment and methods used, including cycle ergometers, treadmills, ellipticals,
rowing ergometers, aerobic dance, yoga, brisk walking, walking, pool walking, and aerobic
games, with sessions typically lasting between 20 and 35 min.

The methods used to determine exercise intensities varied among the articles, with
some using 60% of maximal oxygen consumption (VO2max), and others using heart rate
(HR) targets ranging from 50% to 80%, VO2 peak targets (55–75%), and Borg’s rating of
perceived exertion (RPE) scale. Regarding resistance training, sessions typically included
1 to 4 sets of 6 to 20 repetitions, lasting between 30 and 60 min. The methods used to
calculate training intensity varied across studies, with two studies not specifying intensity,
three using the one-repetition maximum (1RM) method with intensities ranging from 40%
to 80%, and others relying on Borg’s RPE scale. All articles specified the types of resistance
exercises employed, which are detailed in Table 2 for further analysis.

3.5. Outcomes

The outcomes analyzed in the selected studies can be categorized into physical, psy-
chological, and biomarker variables. According to the reported results, all interventions
involving concurrent training demonstrated positive effects on cardiorespiratory fitness,
particularly VO2max [25,31,33,35,36,39]. Ten studies highlighted changes in physical pa-
rameters, including improvements in body composition [25,27,31–35,38–40], upper and
lower limb strength [25,27,31,32,36,39,40], and flexibility [36].

With respect to psychological outcomes, several studies noted positive changes, in-
cluding enhanced quality of life [40], reduced fatigue [40], and improved sleep quality [37].
In terms of biomarker outcomes, only four of the fourteen studies [27,34,38,39] reported
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positive changes, specifically in blood pressure [34,38], insulin resistance [38], proinflamma-
tory markers [38], estradiol levels [38], and neutrophil-to-lymphocyte ratio [27]. However,
it should be noted that while these improvements were observed, not all were statistically
significant, as shown in Table 3.

Table 3. Intervention group: outcomes measured after the training period.

Outcome Measure Studies
Effect Post-Training

Increase Decrease No Effect

Biomarkers

Hemoglobin (g·dL−1) [40] [40] (0.7%)

Hematocrit (%) [40] [40] (0.5%)

Erythrocyte count (×106·mm3) [40] [40] (2.2%)

Systolic blood pressure (mmHg) [39,41,44,45]
[39] (9.6%) [41] (2.4%)

[45] (4.7%) [44] (6.1%)

Diastolic blood pressure (mmHg) [39,41,44,45]
[39] (13.3%) [41] (2.5%)

[45] (1.7%) [44] (9.4%)

Pulse wave velocity [41] [41] (4.3%)

HDL-C (mg/dL) [39] [39] (40.1%)

Triglycerides (mg/dL) [39] [39] (48.2%)

Glucose (mg/dL) [39] [39] (16.4%)

Metabolic syndrome z-score [39] [39] (53.1%)

ATP III score [39] [39] (120%)

Insulin (µU/mL) [39] [39] (47.7%)

HOMA-IR [39] [39] (48.0%)

IGF-1 (ng/mL) [39] [39] (10.7%)

IGFBP-3 (ng/mL) [39] [39] (15.4%)

hs-CRP (ng/mL) [39] [39] (28.6%)

Leptin (ng/mL) [39] [39] (28.1%)

Adiponectin (µg/mg) [39] [39] (43.2%)

Total cholesterol (mg/dL) [39] [39] (22.0%)

IL-6 (pg/mL) [39] [39] (53.9%)

IL-8 (pg/mL) [39] [39] (39.1%)

TNF-α (pg/mg) [39] [39] (66.6%)

SHBG (nmol/L) [39] [39] (15.0%)

Estradiol (pg/mL) [39] [39] (26.1%)

Free testosterone (pg/mL) [39] [39] (24.6%)

Pulse wave velocity (m/s) [41] [41] (3.2%)

Augmentation pressure (mmHg) [41] [41] (9.4%)

Augmentation index (%) [41] [41] (7.0%)

Central systolic blood
pressure (mmHg) [41] [41] (2.6%)

Central pulse pressure (mmHg) [41] [41] (2.5%)

Heart rate (bpm) [41] [41] (1.3%)

Rate pressure product
(mmHg/bpm) [41] [41] (1.4%)

Peripheral pulse pressure (mmHg) [41] [41] (3.9%)

Mean arterial pressure (mmHg) [41] [41] (2.2%)

Neutrophil-to-lymphocyte ratio [29] [29] (22.2%)
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Table 3. Cont.

Outcome Measure Studies
Effect Post-Training

Increase Decrease No Effect

Cardiorespiratory fitness

VO2max (mL·kg−1·min−1) [27,37,41,44]
[46,47]

[27] (32.4%)

[37,41] (14.7%)

[44] (17.1%)

[46] (20.2%)

[47] (20.41%)

VO2peak (mL·kg−1·min−1) [40,43,45]

[40] (8.3%)

[43] (8.1%)

[45] (12.9%)

VO2peak (mL·min−1) [43] [43] (11%)

PPO: Body mass (w·kg−1) [40] [40] (23.53%)

HRpeak (b·min−1) [40] [40] (0.6%)

RERpeak [40] [40] (8.7%)

Ventilatory Threshold

VO2peak (mL·kg−1·min−1) at VT [40] [40] (4.4%)

PPO: body mass (w·kg−1) at VT [40] [40] (25%)

Heart rate (b·min−1) [40] [40] (1.7%)

Respiratory exchange ratio at VT [40] [40] (0%)

Distance (m) [41] [41] (22.2%)

Rating of perceived
exertion (OMNI) [41] [41] (12.0%)

Cardiorespiratory fitness (MET) [29] [29] (7.1%)

Moderate-vigorous physical
activity (min/week) [29] [29] (2.4%)

Muscle strength

Bench press (n◦Rep) [40] [40] (92.3%)

Leg press (n◦Rep) [40] [40] (68.2%)

Leg press (kg) [27,37]
[27] (28.8%)

[37]

Leg extension (kg) [27] [27] (18.5%)

Leg curl (kg) [27] [27] (12.5%)

Shoulder press (kg) [27] [27] (46.6%)

Vertical traction (kg) [27] [27] (18.6%)

Bench 1RM (kg) [37,41]
[37]

[41] (17.1%)

Knee extension (Nm) [41] [41] (3.3%)

Knee flexion (Nm) [41] [41] (18.4%)

Static strength (kgf)—right arm [46,47]
[46] (23.9%)

[47] (23.2%)

Static strength (kgf)—left arm [46,47] [47] (15.6%) [46] (14.7%)

Isometric mig-thigh pull (kg) [43] [43] (13.9%)

Handgrip surgery side (kg) [43] [43] (3.6%)

Handgrip non-surgery side (kg) [43] [43] (2.4%)

Handgrip (kg) [29] [29] (0%)

Lower limb functionality

Sit and stand test (s) [29,40] [40] (9.0%) [29] (27.0%)

Flexibility (cm) [47] [47] (37.46%)
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Table 3. Cont.

Outcome Measure Studies
Effect Post-Training

Increase Decrease No Effect

Body Composition

Body mass (kg) [29,37,39–
41,43–46] [40] (0.6%) [39] (4.8%)

[45] (9.6%)

[29] (0.9%)
[37] (2.3%)
[41] (0%)

[43] (1.2%)
[44] (9.5%)
[45] (0%)

[46] (1.2%)

Free fat mass (kg) [27,29,37,39–
41,46]

[37] (1.8%)
[29] (1.8%)
[46] (2.6%)
[41] (0.4%)

[40] (4.7%)

[39] (5.2%)

Body cell mass (%) [27] [27] (5.7%)

Fat mass (kg) [37,39–41] [40] (9.6%)
[39] (18.6%)

[37] (6.6%)
[41] (0.7%)

Fat mass (%) [27,29,37,39–
41,46]

[27] (6.4%)
[29] (2.4%)
[39] (10.5%)
[40] (9.6%)
[46] (3.9%)

[37] (4.9%)
[41] (1.4%)

Trunk fat mass (kg) [37,39] [39] (17.9%) [37] (5.4%)

Waist circumference (cm) [29,39,46] [29] (2.1%)
[39] (7.6%) [46] (1.9%)

Hip circumference (cm) [39,46] [39] (7.4%) [46] (0.6%)

Abdominal circumference (cm) [45,46] [45] (7.9%) [46] (1.3%)

Circumference of the right
thigh (cm) [46] [46] (4.55%)

Circumference of the left thigh (cm) [46] [46] (3.2%)

BMI (kg/m2)
[29,39,41,43–

47]
[39] (4.9%)
[45] (9.0%)

[29] (2.8%)
[41] (0.4%)
[43] (1.2%)
[44] (3.9%)
[46] (0%)

[47] (0.5%)

Appendicular skeletal muscle
index (kg/m2) [39] [39] (27.6%)

Waist–hip ratio (cm/cm) [46] [46] (0%)

Conicity index (m/kg/m) [46] [46] (0%)

Reciprocal ponderal index (cm/kg) [46] [46] (0%)

Bone mineral density (g.cm−2) [29] [29] (0%)

FACIT-F

ACIT-F trial outcome [27] [27] (12.0%)

FACT-G [27] [27] (16.4%)

FACIT-F [27] [27] (13.7%)

Body Image

Body Stigma [46] [46] (1.8%)

Limitations [46] [46] (37.4%)

Concerns about the arm [46] [46] (11.9%)

Body concerns [46] [46] (33.9%)

Transparency [46] [46] (19.4%)

Vulnerability [46] [46] (22.0%)

PFS Questionnaire

Behavior/daily life CRF [43] [43] (2.9%)
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Table 3. Cont.

Outcome Measure Studies
Effect Post-Training

Increase Decrease No Effect

Emotional/affective CRF [43] [43] (5.1%)

Cognitive CRF [43] [43] (1.1%)

Sensory/physical [43] [43] (0.9%)

Total CRF [43] [43] (9.9%)

EORTC-QLQ_C30 questionnaire

Global/quality of life [43] [43] (0.5%)

Physical functioning [43] [43] (3.9%)

Emotional functioning [43] [43] (6.4%)

Role functioning [43] [43] (16.7%)

Cognitive functioning [43] [43] (1.4%)

Social functioning [43] [43] (5.1%)

Fatigue [43] [43] (5.6%)

Nausea and vomiting [43] [43] (43.5%)

Pain [43] [43] (1.4%)

Dyspnea [43] [43] (33.7%)

Insomnia [43] [43] (16.6%)

Appetite loss [43] [43] (36.1%)

Constipation [43] [43] (66.9%)

Diarrhea [43] [43] (48.9%)

Financial difficulties [43] [43] (13.9%)

Fatigue (PERFORM
questionnaire score) [27] [27] (46.9%)

Revised Piper fatigue scale (PFS-R) [47] [47] (36.1%)

Pittsburgh Sleep Quality
Index (PSQI)

Global sleep quality [37] [37] (40.9%)

Subjective sleep quality [37] [37] (64.8%)

Sleep latency [37] [37] (53.5%)

Sleep duration [37] [37] (25.1%)

Sleep disturbance [37] [37] (42.1%)

Sleep medication [37] [37] (49.3%)

Daytime dysfunction [37] [37] (38.1%)

Poor sleepers (%) [37] [37] (67.3%)

MSAS questionnaire

Symptom burden [43] [43] (16.7%)

Physical symptoms [43] [43] (8.5%)

Psychological symptoms [43] [43] (5.0%)

Total symptoms [43] [43] (24.2%)
Abbreviations: BMI = body mass index, CRF = Cancer-related fatigue, FACIT-F = functional assessment of chronic
illness therapy—fatigue, FACT-G = functional assessment of cancer therapy—general, HDL-C = high-density
lipoprotein-cholesterol, HOMA-IR = homeostasis model assessment of insulin resistance, HRpeak = peak heart
rate, hs-CRP = high-sensitivity C-reactive protein, IGF-1 = insulin-like growth factor-1, IGFBP-3 = insulin-like
growth factor-binding protein-3, IL = interleukin, RERpeak = peak respiratory exchange ratio, RM = repetition
maximum, SHBG = sex hormone-binding globulin, TNF-α = tumor necrosis factor-α, VO2max = maximal volume
of oxygen consumed per minute, VT = ventilatory threshold.
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3.6. Meta-Analysis

The meta-analysis results for body composition and muscle strength are shown in
Figure 2. There were significant differences in the overall effect size for body mass (p = 0.02)
and strength (p < 0.001), while for BMI (p = 0.05) and % fat mass (p = 0.08), no differences
were observed. For muscular strength, assessments of all muscular regions were included
(e.g., 1RM leg press/bench press/handgrip and isometric mig-thigh pull).
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differences were found (p ≤ 0.01). It is interesting to note that, contrary to what was
mentioned in the body composition parameter, only one of the articles presented does not
show significant differences, even though it is right at the limit.

4. Discussion
This systematic review and meta-analysis aimed to synthesize the scientific evidence

on the impact of concurrent training on physiological, psychological, and social outcomes,
as well as potential adverse effects in breast cancer survivors. Specifically, it sought
to identify the physiological and psychological effects, as well as major biomarkers, of
concurrent training in this population. The main findings of this review were as follows:
(i) a decrease in body mass; (ii) a decrease in BMI; (iii) an increase in muscle strength; (iv) an
increase in VO2max. The review encompasses 14 articles that exclusively studied breast
cancer patients, involving adult populations with varying age ranges (18–75 years). The
included studies covered patients from stage I to III of the disease. The outcomes analyzed
were categorized into three main parameters: physical, psychological, and biomarkers.

4.1. Effect of Concurrent Training on Body Composition

During breast cancer treatment, patients often experience significant changes in body
composition. Numerous scientific studies have examined these changes, primarily focusing
on weight gain, alterations in muscle mass, and fat distribution [48]. These changes in
body composition can have several negative consequences, including decreased quality of
life and self-esteem, as well as an increased risk of associated diseases, such as diabetes,
cardiovascular diseases, and cancer recurrence [48,49]. Excess fat, particularly visceral
fat, is known to adversely affect the hormonal and metabolic systems, increasing insulin
levels and insulin resistance, which are associated with poorer outcomes in the diagnosis
and treatment of breast cancer [24]. Regarding body composition, our meta-analyses
revealed significant differences, specifically in body mass. In contrast, there were no
significant differences in BMI, free fat mass, and % fat mass. The response of free fat mass
appears to vary based on the intensity of training across studies [29,37,39,41,46]. Studies
prescribing intensities between 55% and 80% of 1RM showed significant increases in free fat
mass (kg) [37,39], suggesting that moderate to high intensities effectively promote muscle
hypertrophy [50].

Conversely, studies where training intensity was either unspecified [46] or determined
using the Borg scale [29] reported no significant effects on fat-free mass, emphasizing the
critical need for precise quantification of strength training intensity [51,52]. Notably, in
one study where %1RM was quantified [41], no significant changes in fat-free mass were
observed. Regarding fat mass, no significant differences were detected, potentially due to
the circuit nature of concurrent training, which often includes shorter rest periods and may
not provide a sufficient progressive overload to effectively increase fat-free mass or reduce
fat mass [53].

4.2. Effect of Concurrent Training on Muscle Strength

Additionally, muscle dysfunction and sarcopenia are prevalent among breast cancer
patients, contributing to poor performance status, increased mortality risk, and heightened
side effects from cancer treatments [54]. Engaging in exercise, particularly resistance
training, has been shown to mitigate these issues by improving muscle strength and
function [54]. Enhanced muscle mass and strength help counteract the adverse effects of
chemotherapy and other treatments, ultimately improving survival rates and quality of life
for breast cancer survivors [54]. Therefore, incorporating resistance training during and
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after cancer treatment is essential for maintaining and improving musculoskeletal health,
which is closely linked to better treatment outcomes and recovery [54].

Meta-analyses revealed significant improvements in muscle strength across most
assessed variables. However, knee flexion (Nm) [41], handgrip strength (kg) [29], and
static strength (kgf) of the left arm [46] did not show significant improvements within the
experimental group, although they did improve compared to the control group. These
results suggest that, while the training was effective relative to no training, it may not have
been sufficiently intense or specific to elicit significant enhancements in these particular
strength measures within the experimental group. Additionally, the sit and stand test [29]
demonstrated discrepancies, likely due to variations in the specification of intensity (%1RM)
across different studies [29,46].

The use of the Borg scale to determine exercise intensity in some studies [29,44]
may not be optimal for this population. Perceived exertion can vary widely among in-
dividuals, leading to inconsistent training intensities and potentially lower effort than
intended [51,55,56]. In untrained women, self-selected or perceived exertion often results
in lower intensities, possibly due to concerns about injury or excessive muscle gain [56].

4.3. Effect of Concurrent Training on Cardiorespiratory Fitness

Regarding cardiorespiratory fitness, VO2max demonstrated significant improvements
across studies, regardless of training duration, frequency, or intensity [27,37,40,41,43–47].
These results are consistent with the findings of the meta-analysis and align with existing
research, which indicates that concurrent training enhances the cardiorespiratory capacity
of breast cancer survivors, with some studies reporting increases of up to 16% [41,57].

Improving cardiorespiratory fitness in cancer survivors is essential for combating
fatigue and mitigating the adverse side effects of chemotherapy [58]. Chemotherapy,
while effective for cancer treatment, often induces debilitating symptoms, such as fatigue,
weakness, and cardiovascular decline [10–12]. By improving cardiorespiratory fitness
through concurrent training, survivors can enhance their physical capacity, endurance,
and oxygen utilization efficiency. This improved fitness directly supports the body’s
ability to cope with chemotherapy-induced fatigue [59], helping to maintain energy levels,
reduce feelings of exhaustion, and optimize physiological functioning during and after
treatment [60]. Furthermore, enhanced cardiovascular health may contribute to better
tolerance of chemotherapy sessions, potentially reducing treatment interruptions and
improving overall treatment adherence [59].

4.4. Effect of Concurrent Training on Psychological Outcomes

In terms of quality of life, no significant differences were found when comparing
concurrent training with the control group [43]. However, aerobic training alone did show
differences in specific quality of life parameters, such as emotional functioning, role func-
tioning, fatigue, appetite loss, and constipation [43]. These findings align with the literature
suggesting that aerobic exercise can enhance self-efficacy and certain psychological aspects,
contributing to improved emotional and social quality of life outcomes [61].

Variations were observed in physical and total symptoms as assessed by the Memo-
rial Symptom Assessment Scale [43]. Aerobic training also demonstrated improvements
in symptom burden and psychological variables compared to concurrent training [43],
possibly due to the psychological benefits and enhanced self-efficacy associated with
aerobic exercise.

The findings related to the Physical Functioning Scale questionnaire showed signif-
icant differences across nearly all variables, except for sensory/physical and cognitive
aspects [43]. This indicates that AT-HIIT training may have a more direct impact on quality
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of life and fatigue, potentially through enhanced cerebral oxygenation [43]. Moreover, con-
current training led to decreased Pittsburgh Sleep Quality Index (PSQI) scores, suggesting
an improvement in sleep quality [38], consistent with findings in other studies [62,63].

4.5. Effect of Concurrent Training on Biomarkers

The analysis of biomarkers plays a crucial role in both diagnosing and treating breast
cancer. For instance, elevated levels of testosterone and CRP (C-reactive protein) are linked
to increased breast cancer risk, whereas higher levels of SHBG (sex hormone-binding
globulin) are associated with reduced risk [17]. Integrating measurements of testosterone,
SHBG, and CRP into diagnostic models could enhance breast cancer detection, particularly
among individuals of normal weight [17]. Conversely, obesity is linked to insulin resistance
and dysmetabolism, including hyperinsulinemia and increased production of IGF-I [18].
Hyperinsulinemia stimulates ovarian androgen synthesis while inhibiting SHBG produc-
tion, thereby elevating testosterone levels [18]. This enhances estradiol bioavailability and
promotes insulin resistance, thereby increasing breast cancer risk [18].

Our findings indicate significant increases in HDL-C (mg/dL), IGFBP-3 (mg/mL),
adiponectin (µg/mg), and SHBG (nmol/L) after 12 weeks of competitive training. These
improvements in lipid profile and metabolic markers are beneficial for cardiovascular
and metabolic health, potentially preventing breast cancer onset or progression [18,19,64].
Additionally, other metabolic and inflammatory variables (e.g., IGF-1, IL-6, IL-8, TNF-α,
HOMA-IR, estradiol, and hs-CRP) decreased with concurrent training, suggesting an anti-
inflammatory effect and improved insulin sensitivity. These results are consistent with
randomized clinical trials that investigated changes in insulin, IGF axis, adiponectin, IL-6,
TNF-α, and CRP following exercise interventions in breast cancer patients [65,66].

However, our study found that free testosterone (pg/mL) did not change with concur-
rent training [39]. Systematic reviews have shown that higher testosterone levels correlate
with breast cancer recurrence, whereas lower levels are associated with better disease-free
survival [18,56]. These results suggest that competitive training might be a beneficial strat-
egy for modulating hormone levels and maintaining a healthy weight, crucial for reducing
breast cancer risk and improving prognosis [17,18,64].

Furthermore, physical exercise’s effect on tumor-infiltrating immune cells and media-
tors relevant to the tumor microenvironment, such as cytokines, represents an important
mechanism for enhancing cancer prognosis [66]. Nevertheless, it is essential to acknowl-
edge that while our findings align with the existing literature, these biomarkers were only
assessed in the context of concurrent training.

Regarding blood pressure, the results across studies [39,41,44,45] demonstrated in-
consistencies. Specifically, two studies reported no significant changes: one that utilized
self-selected intensity for aerobic exercise [41] and another with a brief 4-week training
duration [44]. Additionally, for blood pressure-related variables, such as pulse wave veloc-
ity (m/s), augmentation pressure (mmHg), augmentation index (%), central systolic blood
pressure (mmHg), central pulse pressure (mmHg), heart rate (bpm), rate pressure product
(mmHg/bpm), peripheral pulse pressure (mmHg), and mean arterial pressure (mmHg),
the study that employed self-selected intensity [44] also did not observe significant changes.

Self-selected intensity may result in insufficient cardiovascular stress [56], thereby
limiting the capacity to induce significant cardiovascular adaptations. Similarly, the short
duration of the intervention in one study [44] may not have been long enough to elicit
substantial alterations in blood pressure metrics [67,68].
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4.6. Recommendations and Future Directions

This systematic review and meta-analysis present several limitations. Firstly, not all
articles provided detailed information on the intensities, volumes, and specific exercises
performed during the interventions. Secondly, there was variability in intervention duration
and the stage of disease among participants. Thirdly, our study acknowledged that the
differences between pre- and post-exercise moments, regardless of the treatment phase,
represent a limitation. Future studies should consider the following recommendations
to enhance the reliability and applicability of findings: conduct long-term studies to
evaluate the sustained effects of concurrent training in breast cancer survivors; investigate
the underlying mechanisms of physiological adaptations to concurrent training in this
population; and explore how exercise impacts tumor immune cells and inflammatory
mediators, offering valuable insights. Additionally, future research should encompass
diverse populations, taking into account multiple variables, such as age and cancer stage.

5. Conclusions
This systematic review and meta-analysis demonstrated that concurrent training, in-

corporating both strength and aerobic exercises, can yield substantial enhancements in
decreasing body mass, increasing muscle strength, cardiorespiratory fitness, and improving
various metabolic and inflammatory markers. Moreover, concurrent training seems to
positively impact quality of life, sleep quality, and fatigue levels in breast cancer survivors.
However, the effectiveness of such training hinges on various factors, like exercise intensity,
duration, frequency, and the tailored nature of training protocols. Specifically, accurately
defining exercise intensity (e.g., using %1RM rather than the Borg scale) appears pivotal in
achieving meaningful improvements across health parameters. Programs with a shorter
duration or self-selected intensities may not suffice to produce significant changes, particu-
larly in cardiovascular and metabolic health metrics. In conclusion, this review underscores
the importance of the precise prescription of exercise intensity and duration to maximize
the benefits of concurrent training for breast cancer survivors. Tailoring training programs
focusing on clearly defined intensity levels is essential for substantially improving diverse
health outcomes.
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