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Abstract 

Background Breast cancer is a chronic disease with a large growth in its treatments, prognosis, improvements, side 
effects and rehabilitation therapies research. These advances have also highlighted the need to use physical exercise 
as a countermeasure to reduce the cardiotoxicity of pharmacological treatments, increase patients’ strength and qual‑
ity of life and improve body composition, physical condition and mental health. However, new investigations show 
the need for a closed exercise individualisation to produce higher physiological, physical and psychological benefits in 
remote exercise programs. To this end, the present study will use, in a novel way in this population, heart rate variabil‑
ity (HRV) as a measure for prescribing high‑intensity training. Thus, the primary objective of this randomised clinical 
trial is to analyse the effects of a high‑intensity exercise program daily guided by HRV, a preplanned moderate to high‑
intensity exercise intervention and a usual care group, in breast cancer patients after chemotherapy and radiotherapy 
treatments.

Methods For this purpose, a 16‑week intervention will be carried out with 90 breast cancer patients distributed in 3 
groups (a control group, a moderate to high‑intensity preplanned exercise group and a high‑intensity exercise group 
guided by HRV). Both physical exercise interventions will be developed remotely and supervised including strength 
and cardiovascular exercises. Physiological variables, such as cardiotoxicity, biomarkers, lipid profile, glucose, heart rate 
and blood pressure; physical measures like cardiorespiratory capacity, strength, flexibility, agility, balance and body 
composition; and psychosocial variables, as health‑related quality of life, fatigue, functionality, self‑esteem, movement 
fear, physical exercise level, anxiety and depression will be measure before, after the intervention and 3 and 6 months 
follow up.

Discussion Personalized high‑intensity exercise could be a promising exercise intervention in contrast to moderate‑
intensity or usual care in breast cancer patients to reach higher clinical, physical and mental effects. In addition, the 
novelty of controlling HRV measures daily may reflect exercise effects and patients’ adaptation in the preplanned exer‑
cise group and a new opportunity to adjust intensity. Moreover, findings may support the effectiveness and security 
of physical exercise remotely supervised, although with high‑intensity exercise, to reach cardiotoxicity improvements 
and increase physical and psychosocial variables after breast cancer treatments.
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Trial registration ClinicalTrials.gov nº NCT05040867 (https:// clini caltr ials. gov/ ct2/ show/ record/ NCT05 040867).
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Background
Worldwide cancer incidence is growing each year reach-
ing 19.3 million new cancer cases in 2020. Whereas it 
is expected to worsen to 28.4 million cases in 2040, an 
increase of 47%. Concretely, female breast cancer has 
surpassed lung cancer as the most diagnosed type, with 
an estimated 2.3 million new cases every year (11.7%), 
accounting for 1 in 4 cancer cases and being the fifth 
leading cause of cancer mortality worldwide, with 
685,000 yearly deaths. However, although new advances 
and treatments are increasing cancer-related survivor-
ship, estimated to be 29.1% higher in 2029 [1], breast can-
cer survivors had an almost twofold higher risk of dying 
compared with cancer-free women [2]. An aspect to con-
sider given that by 2040 it is expected that 73% of survi-
vors will be over 65 years of age [1].

One of the principal causes of these differences leads to 
cancer and treatments side-effects in breast cancer sur-
vivors increasing their comorbidity rates and decreasing 
patients’ health-related quality of life (HRQoL) and sur-
vivorship [3]. Regarding long-term side effects, breast 
cancer patients may suffer, even several years after the 
diagnosis, cardiotoxicity [4], autonomic dysfunction[5], 
sarcopenia [6, 7], joint pain and cancer-related fatigue 
[8], among others, are quite common and severe. These 
interrelated consequences, caused among other aspects 
by pharmacological toxicity [6, 9] and physical inactivity, 
are associated with mortality [10–12], worse prognosis 
and cancer evolution [13, 14] and morbidity [15]. Car-
diotoxicity, the toxic effect produced in patients’ cardio-
vascular system by some anticancer drugs, could cause 
the appearance of several cardiovascular abnormalities 
such as hypotension or hypertension, cardiorespiratory 
capacity decline, arrhythmias, myocardial infarction, 
thromboembolism, myocarditis, greater arterial rigid-
ity, over-activation of the sympathetic nervous system 
and a parasympathetic decline -measured by heart rate 
variability (HRV)-[16–18]. Such is its gravity, that breast 
cancer survivors are at high risk of heart failure [19], 
autonomic dysfunction [20] and cardiovascular disease 
[19] up to the point of being the second most common 
cause of death among breast cancer survivors [21].

However, physical exercise programs, as recent lit-
erature is showing, could be an effective tool to reduce 
these severe side effects [22]. Although the investiga-
tions performed in breast cancer patients, not murine 
models, are limited it seems that exercise may increase 

left ventricular ejection fraction and cardiorespiratory 
capacity [23], decrease biomarkers such as Brain Natriu-
retic Peptide (BNP), high-sensitivity cardiac troponin 
and c-reactive protein [22, 24, 25] and blood pressure, 
and improve the sympathovagal imbalance increasing 
baroreflex sensibility and reducing resting heart rate 
[26, 27]. These physiological changes have been proved 
to be produced specially by endurance training due to 
DOX-induced increases in oxidative stress and apoptosis, 
decreases chronic inflammation, angiotensin II, renin and 
atherosclerosis and increases the patient’s vasodilatation 
[25]. To reach the mentioned effects it seems that exer-
cise programs focused on cardiotoxicity need to involve 
at least 36 sessions [24]. The exercise intensity carried 
out in the interventions is quite heterogeneous involv-
ing most of them from moderate to high intensity [22, 24, 
25]. Whereas, more current research, but not focused on 
cardiotoxicity, has found also positive psychosocial, phys-
ical and physiological effects with high-intensity exercise 
interventions [23, 26] and it seems to be a potential tool 
to provide a higher glycolytic metabolism [28], induce 
a decrease of intratumorally lactate concentration [29] 
and moderate the overexpression of reactive oxygen spe-
cies limiting the tumor growth or cancer recurrence and 
inflammation [30].

Nevertheless, most of the interventions focused their 
exercise programs only on aerobic training forgetting the 
role of muscle mass and function to reduce the toxicity 
produced by treatments and tumor prognosis [6], even 
though sarcopenia is associated with an increased risk of 
overall mortality in breast cancer survivors and breast-
cancer-specific mortality [11, 31, 32]. In this regard, 
resistance training interventions have been stated to be 
crucial to recovering the loss of muscle mass and mus-
cle function caused by chemotherapy [33, 34], reducing 
myomatosis and chronic inflammation [35], reducing 
oxidative free radicals and oxidative stress [35], improv-
ing body composition [36], reducing pain join and can-
cer rated fatigue [37], increasing cardiorespiratory fitness 
[23, 38] and HRQoL [37], reducing mortality from car-
diovascular disease [39] and all causes of death [40]. 
Commonly, resistance programs, performed alone or like 
concurrent training, lasted at least 12  weeks, utilized a 
moderate intensity, between 50 and 80% of 1 repetition 
maximum (RM) or high intensity < 85% of 1 RM [36, 37].

The debate and the controversial results about optimal 
exercise intensity and type for breast cancer survivors 

https://clinicaltrials.gov/ct2/show/record/NCT05040867
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could be produced due to cancer investigation and clini-
cal practice, especially in group-based programs, all the 
participants from the same group train at the same cor-
responding intensity. In this regard, programs are not 
daily personalized without considering participants’ daily 
physiological and psychological requirements. So that, 
those participants who do not respond correctly to high-
intensity programs could be because they do not tolerate 
the pre-planned intensity equally every day. Innovative 
investigations in sports sciences are starting to prescribe 
daily training intensity by utilizing participants’ matutine 
heart rate variability [39] a new useful tool not employed 
before, as far as we are concerned, in breast cancer sur-
vivors. HRV provides a multidimensional registration of 
autonomic modulation [40] presenting the physiologi-
cal stress and the sympathovagal imbalance, so common 
in breast cancer survivors [5]. Besides, some investiga-
tions have stated the relation between pain perception, 
so common in breast cancer patients, and HRV scorings, 
showing that people with high pain have lower parasym-
pathetic parameters [41]. For these reasons, the current 
study will aim to prescribe high-intensity exercise involv-
ing cardiovascular and resistance training, guided daily 
by HRV trying to individualize exercise to patients’ physi-
ological stress.

Moreover, concerning the new habits and the cur-
rent risk due to the coronavirus pandemic (COVID-19) 
there is a need for novel intervention in a supervised and 
remote-controlled context. In this sense, it could be also 
one of the first exercise programs where the physical spe-
cialist control and monitor each exercise session in real-
time in contrast to most remote interventions based on 
self-delivery exercise, physical exercise recommendations 
or mobile apps [42].

Aim and research questions
Therefore, given the potential benefits of physical exercise 
and the possibilities of optimizing how it is prescribed 
for cancer patients, the current randomized controlled 
trial aims to analyze the effectiveness of a high-intensity 
remote exercise program guided daily by HRV compared 
to a pre-planned remote moderate to high-intensity exer-
cise program in breast cancer survivors. For this purpose, 
the effects of both physical exercise programs on physi-
ological (cardiotoxicity, inflammatory factors, cardiovas-
cular variables, body composition and anthropometric 
parameters), physical (low and upper body strength, 
cardiorespiratory fitness, low and upper body flexibility, 
agility and balance) and psychological health (HRQoL, 
fatigue, life satisfaction, self-esteem, anxiety and depres-
sion, shoulder disability perception, physical activity, 
kinesophobia and exercise motivation) measurements of 

breast cancer patients will be assessed and compared an 
inactive control group.

Methods/design
Study design
The research will be conducted following the Helsinki 
declaration [43] and the American Society of Clinical 
Oncology policy statement [44]. Patients will be ran-
domly assigned to three groups where two of them will 
participate in a physical exercise intervention and the 
left group will continue with usual care for 16 weeks (see 
Fig.  1). Moreover, the study methods described below 
follow the Standard Protocol Items Recommendations 
for Interventional Trials (SPIRIT) of 2013 [45] (SPIRT 
schedule and checklist are shown in the Additional file 1). 
After the positive response from the ethics committees, 
the trial was registered at ClinicalTrials.gov, recognized 
by the World Health Organization and the International 
Committee of Medical Journal Editors, under the identi-
fication number of NCT05040867.

Participants
Recruitment and eligibility
A total of 90 patients are being recruited from the Oncol-
ogy Service of Cantabria, concretely, they are being 
enrolled in the University Hospital of Marqués de Val-
decilla. The enrolment consists of two phases. First, an 
oncologist and a radiologist select patients who fulfill the 
following inclusion criteria: (a) women aged between 18 
and 65 years, (b) having luminal or triple-negative breast 
cancer, (c) having received and finished chemotherapy 
and radiotherapy treatment. In addition, patients are 
excluded if: (a) they have been scheduled for surgery dur-
ing the study (b) they have HER2 + breast cancer, (c) they 
have severe heart disease before chemotherapy, (d) they 
have finished the cancer treatment more than 5 months 
ago, (e) they have metastatic cancer, (f ) they have any 
injury which prevents them to perform the intervention 
or the evaluation correctly, (g) they have severe psychiat-
ric illnesses.

In the second phase, patients are called to the hospital 
by the oncologist and the physical exercise professional 
to explain in detail the study and each intervention group 
requirement. After answering patients’ questions and 
asking for some technical needs for mobile phone appli-
cation licenses, a complete description of the study is 
given to the participants.

Randomization and allocation
The study is a blinded, randomized, controlled trial. 
Before baseline assessments, participants are randomly 
assigned to one of the three groups: a group that per-
forms the planned physical exercise program based on 
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daily heart rate variability (HRVG), a group that performs 
the conventional pre-planned physical exercise program 
(PEG) and a control group (CG).

Ethical approval and registration
The design of this study complies with the Helsinki 
Declaration of 2014. Moreover, the ethical standards of 
the study have been approved by the ethical commit-
tee of the Rey Juan Carlos University (approval number: 
1901202103121) and the ethical committee of the Univer-
sity Hospital of Marqués de Valdecilla, named Valdecilla 
Health Research Institute (IDIVAL) (register identifica-
tion number: 42//2021). Both, the study registration and 

the positive ethics committee approval were carried out 
before the recruitment. Besides, all the participants are 
informed about the relevant aspects of this study before 
starting their program including the potential benefits 
and risks of practicing exercise. Any change in the proto-
col will be expressed on the clinical registration website 
of ClinicalTrials.gov.

Sample size
Given that, to our knowledge, no previous studies have 
examined the effects of an exercise program guided by 
daily HRV in breast cancer patients and its comparison to 
a moderate to high-intensity exercise group and a control 

Fig. 1 Study protocol timeline
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group, the sample size was calculated by considering the 
exercise intensity differences between groups. In this 
regard, we have taken as reference values interventions 
carried out with three groups, a high-intensity group, a 
moderate-intensity group and a control group. Moreo-
ver, the oxygen consumption peak  (VO2peak) has been 
selected to make the calculations due to its importance 
in cardiovascular and physical health. The chosen tool 
to analyze sample size has been using G-Power 3.1 and 
the calculation were done basing us on the data from the 
investigations carried out by Martin, Battaglini [46] and 
Northey, Pumpa [47] two different studies. In both cases, 
between-group significant differences were reported.

A total of 18 patients, (11 allocated to the experimental 
and 11 allocated to the control group) would be needed 
in the worst of the cases to achieve a 99% statistical 
power for  VO2peak. Moreover, regarding the low number 
of participants obtain, the calculations concerning the 
effects of exercise in Global Longitudinal Strain (GLS) 
compared to a control group were also done. In this case, 
the data employed for the calculation was from Costello, 
Roberts [48] where significant differences within and 
between groups were achieved. So, in the prior calcula-
tions performed, we would need a total of 50 patients [25 
in each group] to achieve a 99% statistical power (two 
tails). Therefore, assuming 20% of dropouts, 90 patients 
will be recruited and allocated to one group or the other. 
Due to the large number of patients that are estimable to 
be enrolled in the study, the recruitment and intervention 
will be carried out progressively over 24 months depend-
ing on the number of patients to be recruited.

Interventions
Physical exercise programs
First, the common aspects between the two exercise 
groups are going to be mentioned, to explain afterwards 
the peculiarities of each physical exercise program. The 
programs of both experimental groups, PEG and HRVG, 
will last 14 weeks, and patients will train three times per 
week. All sessions will be supervised and remote. So that, 
each patient will connect with the physical exercise pro-
fessional and with the other 4 participants by videocall. 
Moreover, the practitioner will monitor their heart rate 
in real-time because each patient will be given a MyZone 
heart rate (HR) control and platform access to MZ-
Remote. In this way the professional will be able to adjust 
their workout intensity according to their HR, in the car-
diovascular exercises and the weightlifting load in the 
resistance exercises; and to control and correct, partici-
pants’ posture and technique. Moreover, these measures 
will be determinant to asses participants’ exercise adher-
ence. During the sessions, participants will be able to see 
their HR and HR of the rest of their training group. In 

addition, to promote social interaction an extra link will 
be given to those patients which want to see each other 
while practicing exercise. The necessary material to per-
form the exercise programs will be given to each partici-
pant in the before-intervention evaluation. This training 
kit will include a barbell of 2 kg, 2 weight discs of 5 kg, 
2 weight discs of 2.5 kg, 2 weight discs of 1.25 kg and a 
Myzone’s MZ-3 Belt chest strap.

Each session will last approximately 60  min and will 
include a warm-up, a main part composed of cardiovas-
cular resistance exercises and a cooldown. The warm-
up, lasting from 5 to 10  min, will include upper, lower 
body and truck mobility, and core muscular activation. 
The cooldown part will last about 5  min and will com-
bine stretching of the muscles involved during the cor-
responding session. Moreover, during the stretches, 
breathing feedback will be given to fully relax and 
enhance elongation during the exhalation phase.

As for the main part of the sessions, lasting from 45 
to 50  min approximately, the training schedule will be 
divided into three mesocycles. The first, with a duration 
of 4 weeks, will be focused on neuromuscular adaptation, 
learning exercise techniques and improving participants’ 
aerobic capacity and HR self-control. In this regard, the 
exercises proposed in the period will be of low complex-
ity and will be performed with the lowest program inten-
sity. In the 5th week will begin the second mesocycle until 
week 10th when the intensity will increase progressively 
including exercises with greater technical complexity. 
In the last mesocycle from weeks 11th to 16th partici-
pants will experiment with the highest level of technical 
complexity and intensity archiving the highest weight 
load and cardiovascular intensity. In this way, the ses-
sions, and their progression, will be designed according 
to the principles of training to achieve the greatest pos-
sible adaptations [49]. Concretely, during the first meso-
cycle, the participants will alternate two training circuits 
and during the second and third mesocycle patients will 
combine 3 different circuits, one each training day of the 
week. Part of the exercises has a cardiovascular compo-
nent through intervallic training. These exercises will be 
combined with resistance training by performing them 
either at the beginning of the circuit, or between the 
strength exercises, or at the end of the strength circuit.

The cardiovascular component of the exercise pro-
gram will be performed with different exercises such 
as: walking with knees up, jogging in place, skipping, 
sideways running by changing direction, jumping 
jacks, etc. The duration of the cardiovascular and its 
intervallic duration will vary in each mesocycle. In the 
first one, participants will perform 2 sets composed of 
4 repetitions of 1 min with 45 s of rest between inter-
vals and 2  min between sets. In the second and third 
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mesocycles, the cardiovascular sets will be conducted 
between each resistance exercise. In this way, each cir-
cuit repetition will include 5 sets composed of 3 inter-
vals of 30  s with 10  s of resting between repetitions 
in circuits 3, 4, 6 and 7. Whereas in circuits 5 and 8, 
which will be carried out on the third day of the train-
ing week of the second and third mesocycle, the inter-
vals will be developed at the end of all the resistance 
exercises. Furthermore, every 6  weeks, on the third 
training day, the cardiovascular interval part will be 
done with dancing choreographies with the songs cho-
sen by participants. Furthermore, every 5  weeks, on 
the third training day, the cardiovascular interval part 
will be done inside dancing choreographies with songs 
chosen by participants.

Regarding the resistance exercise of the training pro-
gram, exercises will combine lower body strength with 
a predominance of both knees (e.g. squat or stride) and 
hip (e.g. deadlift or hip thrust) and upper body strength 
exercises of pushing (e.g. chest press, shoulder press 
or arm-triceps extension) and gripping (e.g. rowing or 
biceps curl). As mentioned, participants will progress 
in the complexity of the exercises, for example, from a 
squat starting from a chair to a barbell squat, or from a 
gluteal bridge to hip thrust. Table 1 shows a program-
ming example that can serve as a reference for a better 
understanding of what the intervention will entail.

Pre‑planned remote moderate to  high‑intensity physical 
exercise program The current exercise group will per-
form exercise following the recommendations of several 
and important literature such as the American College 
of Sports Medicine guidelines carrying the exercise with 
an intensity going from moderate to high intensity. Con-
cretely in the cardiovascular exercise, the participant will 
start with an intensity of 65% of their reserve HR, in the 
first mesocycle; and will end with an intensity of 80% of 
their reserve HR. In the resistance exercise, they will com-
mence lifting weights corresponding to their 55% RM and 
finish in the last mesocycle lifting loads matching their 
70% RM.

High‑intensity remote physical exercise program guided 
daily by HRV Although all participants will daily meas-
ure their HRV, only in this intervention group each day’s 
results will influence their exercise intensity. From the 
outcomes reported with smartphone photoplethysmogra-
phy, explained the measurement process in the outcomes 
part, the root means squared differences of successive RR 
intervals (rMSSD) will be chosen as a reflection of vagal 
activity to prescribe the workout intensity [50]. In this 
regard, the natural logarithm of rMSSD will be calculated 
to make parametric statistical comparisons assuming a 
normal distribution. For establishing the training inten-
sity and load, a 7-day rolling average measure (LrRMSS-

Table 1 Example of the main part of the physical exercise program

1st to 4 th week of exercise

Circuit 1 Circuit 2

Walking rising knees (4 × 1 min) (2 sets)
1. Chair squat
2. Biceps curl
3. Lunge in place
4. Incline raw

Jog in place (4 × 1 min) (2 sets)
1. Hip trust
2. Triceps elbow extension
3. Chair squat
4. Chest press

Participants will repeat each circuit 4 times.
Resistance exercise: 12 to 14 repetitions (HRVG) and 10 to 12 repetitions (PEG) in each circuit set.
Rest: 20 s rest between exercises and 2 min between each of the laps of the circuit.

5th to 10 th week of exercise 11th to 16th week of exercise

Circuit 3 Circuit 4 Circuit 5 Circuit 6 Circuit 6 Circuit 7

1. Skipping
2. Biceps curl
3. Skipping
4. Triceps elbow extension
5. Skipping
6. Chest press
7. Skipping
8. Shoulder press

1. Jogging
2. Squat
3. Jogging
4. Dead lift
5. Jogging 6. Lunge
7. Jogging
8. Hip trust

1. Squat
2. Chest press
3. Hip trust
4. Incline raw
5. Lunge
6. Shoulder press
Cardiovascular exercise*

1. Sideways running
2. Chest press
3. Sideways running
4. Shoulder press
5. Sideways
6. Biceps curl
7. Sideways running
8. Incline raw

1. Jumping jacks
2. Lunge
3. Jumping jacks
4. Dead lift
5. Jumping jacks
6. Squat
7. Jumping jacks
8. Hip trust

1. Squat
2. Shoulder press
3. Dead lift
4. Incline raw
5. Lunge
6. Chest press 
Cardiovascular exercise*

Participants will repeat each circuit 2 times 
Resistance exercises: 2 sets of 10–12 repetitions (HRVG) and 8–10 repetitions 
(PEG)
Rest: 1 min rest between sets and 2 min between circuit repetition

Cardiovascular exercise: 
3 sets os 30 s‑interval + 10 s rest (circuits 3, 4, 6 and 7).
2 sets of 6 × 30 s‑intervals repetitions + 10 s rest (circuits 5 and 8) * 
Dance activities once every 4 weeks
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D7day-roll-avg) will be utilized. Subsequently, the scoring 
obtained will be contrasted in the smallest worthwhile 
change (SWC) to analyze if the daily result is inside SWC 
upper and lower limits, calculated as LnrMSSD reference 
week mean ± 0.5 × SD [51, 52]. The reference week of the 
first 4 training weeks will take the limits created in the 
baseline week, and in the rest of the program, an updated 
measure will be carried out every 4 weeks with the SWC 
for the past 4 weeks, because of the influence of exercise 
in participants cardiac autonomic modulation [53].

In this regard, when the daily LnrMSSD fell inside the 
limits created by the SWC patients will perform high-
intensity training characterized by a cardiovascular 
intensity from 80 to 95% of their reserve HR (increasing 
a 5% every four weeks) and a weighting load from 70 to 
85% of their RM (increasing the load 5% ever mesocycle, 
four weeks). Whereas if any day patients’ scoring fell out 
of the SWC, they will train at the same intensity as the 
PEG (Fig. 2).

Usual care control group
Participants who will be allocated to the CG will partici-
pate in the before and after intervention assessments will 
measure daily their HRV. They will be advised to con-
tinue with their regular activities of daily living without 
any exercise restrictions.

Outcomes
The following outcomes will be assessed in person by the 
oncology group at the hospital (Marqués de Valdecilla 
Hospital) or by a physical exercise professional at the 
sports center (GOfit) when it corresponds. The evalu-
ations will be carried out before, after the intervention 
and 3 and 6 months after the end of the intervention to 
all the participants (HRVG, PEG and CG). To ensure CG 

measurements and follow up evaluations the principal 
investigator will call or write participants each month.

Physiological outcomes
Cardiotoxicity measurements Cardiotoxicity will be 
assessed at the hospital to have a more exhaustive control 
and safety of the participants and at the end of the pro-
gram. On the one hand, ç hemograms will be carried out 
to assess of High-Sensitivity Cardiac Troponin, Troponin 
I, N-terminal portion of B-type natriuretic pro-peptide 
(NT-proBNP), Troponin T due to their predictive values 
of cardiac damage in patients under the effects of chemo-
therapy [54, 55]. Although these variables were primarily 
planned in the trial registration, the hospital will be only 
able to assess High-Sensitive Cardiac Troponin and NT-
proBNP.

In addition, an echocardiogram will be performed to 
measure the left ventricular ejection fraction and GLS 
due to its modification caused by cardiotoxicity [56–58] 
together with mean and maximum aortic valve gradient, 
ventricles’ diameters and thicknesses and valve velocities 
because their possible aortic stenosis risk [59]. Moreover, 
a resting electrocardiogram will also be performed on 
each patient to obtain values for heart rate, heart rhythm, 
heart rate variability, I-axis and aVF, Q-T interval, QRS 
complex, S-T segment and T-wave [60].

Measurement of biomarkers On the one hand, the meas-
urement of the following biomarkers will be included: 
Tumor Necrosis Factor, interleukins IL-6, IL-8 and IL-1b, 
C-reactive protein, creatine kinase, global lactate dehy-
drogenase, alkaline phosphatase, bilirubin  levels, mono-
cyte chemotactic protein and vitamin D. On the other 
hand, the anti-inflammatory cytokines IL-1ra and IL-10 
[61]. As occurred in the cardiotoxicity variables, the inter-
leukins will not be able to be measured at the hospital.

Fig. 2 Intensity progression and intensity decision making process for the high‑intensity exercise guide by HRV group
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Lipid profile and glucose measurement Apart from the 
mentioned outcomes, other variables from the patients’ 
blood tests related to cancer prognosis and cardiovascu-
lar risk will be taken. Triglycerides, low-density lipopro-
teins and high-density lipoproteins will be collected due 
to their association with cancer prognosis and mortality 
[62]. Relatedly, fasting glucose will be analyzed because of 
its relation to metabolic syndrome in breast cancer survi-
vors [63]. Other serum and hematological analyses will be 
done to control exhaustively each of the patients.

Blood pressure and resting heart rate measurement Blood 
pressure measurements will be taken using a validated 
oscillometer Omron Healthcare Oscillometer [64]. The 
participants will remain at rest for five minutes before the 
assessment and will be lying in a supine position with the 
legs and arms completed. They will place their left or right 
arm, depending on the affected breast, straight, so that 
the cuff is at the level of the heart, 2 cm from the elbow. 
In addition, any clothing that may alter the results will be 
removed. Once in this position, the air tube of the cuff will 
be placed on the front of the arm aligned with the middle 
finger and with the blue date on the cuff. Systolic and dias-
tolic blood pressure data will be taken; and, subsequently, 
the mean arterial pressure will be calculated by the fol-
lowing formula [(systolic blood pressure + (2 × diastolic 
blood pressure))/3] [65].

The resting heart rate will be measured for 5 min. The 
participants will lie relaxed in the supine position on a 
stretcher isolated from the floor. This data will be essen-
tial for the correct prescription of the intensity.

Heart rate variability and  heart rate in  rest measure‑
ments The assessment of heart rate in rest and HRV will 
be performed by the Polar H10 chest strap and by photo-
plethysmography (PPG) with the validated mobile app of 
HRV4training [50, 66]. The participants will remain in the 
supine position for 8 min to obtain 5 min of a stable signal. 
After removal of artifacts, by employing the Kubios® clin-
ical software the temporal variables of standard deviation 
time domains of all RR intervals (SDNN), rMSSD, Aver-
age of all NN intervals (AVNN) and percentage of differ-
ences between adjacent NN intervals that are greater than 
50 ms (pNN50) will be calculated [67]. Moreover, by also 
utilizing Kubios software the frequency measurements 
of low frequency (LF, 0.04–0.15 Hz), high frequency (HF, 
0.15–0.4 Hz) and the LF/HF ratio will be obtained [67]. 
The HRV4Training app directly calculates the HRV out-
comes.

On the other hand, daily heart rate variability (HRV) 
is measured using the HRV4Training application, a vali-
dated mobile application [50, 66] that allows HRV values 
to be obtained by PPG (rMSSD, LF, HF, SDNN, SDNN, 

AVNN, pNN50 heart rate and recovery points). The 
morning measurement will be performed every day, in 
the supine decubitus position upon awakening, for 1 min. 
During the basal week before starting the intervention, 
participants will measure their HRV, to establish the ref-
erence values for each participant of the GHRV group. 
In the intervention weeks, the participants will measure 
their HRV every morning, therefore, collecting morning 
HRV data (rMSSD, heart rate and recovery points). The 
value that will be taken into consideration to establish the 
GHRV training intensity will be the rMSSD as it repre-
sents the parasympathetic activation of the central nerv-
ous system. The detailed information of its utilization 
to exercise prescription is explained in the exercise pro-
gram intervention part. To eliminate the placebo effect 
of the use of the application, the participants of the three 
physical exercise groups will perform this protocol. In 
this way, the HRV data of all the participants will be col-
lected to analyze their evolution with the different inter-
ventions. To reduce measurement error, the application 
functioning is explained to all participants, mentioned to 
repeat the measurement if a message saying that the sign 
was not optimal or poor the need to repeat it. Moreover, 
the exercise professional will check the quality of the sign 
before its analysis.

Body composition measurement The assessment of the 
percentage of fat and the visceral level of the participants 
are variables to be taken into consideration, due to the 
existing risk in women with overweight and obesity, of 
a greater relapse in breast cancer [68] and the possible 
effective role of high-intensity exercise [69]. Therefore, 
by utilizing the impedance Inbody analyzer [70] the body 
fat mass [68], body fat percentage, visceral fat level, mus-
culoskeletal mass, body water, the bone mineral content, 
segmental fat mass (trunk, right and left arm and right 
and left leg) and segmental lean mass (trunk, right and left 
arm and right and left leg) of the patients will be evalu-
ated [71]. In addition, all participants will be weighed and 
measured to obtain their Body Mass Index (BMI) by the 
formula of [weight/height2].

Measurement of  anthropometric parameters Patients 
will use a non-elastic tape measure for the evaluation of 
waist circumference, hip circumference, chest circumfer-
ence, arm circumference, leg circumference following the 
guidelines set by the American College of Sports Medi-
cine [72].

Physical exercise evaluations
Cardiorespiratory fitness measurement To record the 
cardiorespiratory capacity, maximum heart rate and the 
patients’ perception of effort, the Bruce incremental sub-
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maximal test (modified) [73] will be performed on a tread-
mill. During the test, the patients will wear a Polar H10 
chest strap to monitor their heart rate. Thus, following the 
protocol created by Bruce, the treadmill will start with a 
0% incline and a speed of 1.7 m/h which will be maintained 
during the first 3 min. Every 3 min both the speed and the 
incline will be increased until the participants decide that 
their fatigue is too high to continue. In addition to con-
stant heart rate monitoring to record the maximum heart 
rate, the patient will be asked about her perception of 
exertion every minute. By acquiring the maximum heart 
rate we can then prescribe the target intensity from the 
reserve heart rate using Karvonen’s formula [74]. At the 
end of the test, the recovery heart rate will be recorded 
1 min after stopping the test in order to assess the recov-
ery rate. Subsequently, the maximum oxygen consump-
tion of each patient  (VO2max = 2.282* (time) + 8.545) will 
be calculated from the formula proposed by the creators. 
This submaximal test has been commonly used in cancer 
patients in different exercise interventions [75].

Lower and  upper body strength measurement Lower 
body strength resistance. For the measurement of the 
lower body strength resistance, the 30 s chair stand test 
will be used. The patients will use a chair without arm-
rests, with the back against the wall so that it does not 
move during the test [76]. The evaluation will begin with 
the participant seated in the middle of the chair with 
arms flexed at the chest and hands resting on the opposite 
shoulder of the chair. The patient will stand up, position-
ing herself fully stretched, and will sit the maximum num-
ber of repetitions possible in 30  s. During the develop-
ment, the patient will be encouraged and reminded of the 
need to sit down completely for each repetition. The num-
ber of repetitions achieved is recorded. This test has been 
performed previously in breast cancer survivors [37].

Upper body strength resistance. As for upper body 
strength- endurance, the patients will be measured by 
the 30-s arm curl test of the Senior fitness Manual [76]: a 
2.5 kg weight will be used according to the Senior fitness 
Manual. The participants will be seated in a chair and 
with the dominant arm, they will have to perform elbow 
flexion extensions starting in full extension. The test will 
report the maximum number of repetitions in 30 s [76]. 
This assessment has been used previously in the breast 
cancer population [77, 78].

Lower and upper maximum force, velocity, and power. 
The evaluation of the maximum force will be carried out 
by using a linear encoder for the correct calculation of 
the maximum weight that the patient can lift in one rep-
etition (RM) from the speed and power generated when 
moving the weight vertically. For the easy and correct 
performance, the different tests will be carried out on a 

multipower machine with a counterweight mechanism 
which will guide the vertical movement in a rectilinear 
way without the influence of the barbell weight.

The participants will begin to perform each of the exer-
cises using the barbell as the only weight for 3 repetitions 
as a warm-up. After, at least three incremental weight 
discs will be added depending on the exercise and the 
patient’s perception of effort and the speed of execution 
decline. At the end of each repetition, patients will be 
asked about their perception of perceived exertion using 
the modified Borg scale (Rate of Perceived Exertion, RPE) 
[79] and when this value has dropped to 2/10, the next 
weight will be added.

Diverse variables will be analyzed in each of the repeti-
tions by employing the Chronojump by Boscosystem lin-
ear encoder, the MyLift mobile app [80] or the kinovea 
software [81] See supplementary table. So that, each par-
ticipant’s repetition will be recorded by an iPhone camera 
of 240 frames per second.

This protocol will be repeated for each of the following 
exercises:

• Barbell Squat (Back Squat Test). Participants will 
hold the bar behind the back of their neck with the 
weight resting on their shoulders. If they have dif-
ficulty maintaining this position, the evaluation will 
be done by holding the bar in front of them under 
their neck with their arms crossed. Start with your 
knees fully extended and your feet shoulder-width 
apart. You will progressively bend your knees, with-
out exceeding the line of the toes, until you reach 90° 
of flexion. Once you have reached this point, you will 
recover the initial position by extending your knees.

• Deadlift Test. Participants will begin the movement 
with feet hip-width apart, hands in the centre of the 
bar (placed on the floor) and shoulder-width apart, 
the bar will be placed close to the shins and the knees 
bent until the hands can grasp the bar. The chest 
should remain upright and the back straight through-
out the exercise. The hips should be above the knee 
so that the shoulders are positioned in front of the 
bar. The movement starts with a slight knee exten-
sion, followed by a hip extension and ends with a 
simultaneous knee and hip extension until the shoul-
ders are positioned behind the bar, thus aligning the 
whole body [82].

• Lunge Test. Participants will start the movement by 
placing their feet shoulder-width apart, holding the 
bar behind the back of their neck, leaving the weight 
of the bar on their shoulders. They will take one step 
forward. The distance of this will correspond to the 
distance from the superior iliac spine to the medial 
malleolus of the tibia. Once this distance is reached, 
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bend the knees, touching the floor with the back knee 
and reaching 90° of flexion in the front knee. Subse-
quently, they will recover the initial position by fully 
extending the front leg and progressively transferring 
the weight of the body to the back leg [83].

• Chest press (Chess press). Participants lie on the 
bench with their legs bent to the sides of the bench 
at slightly more than 90°. They will grasp the bar with 
their hands wider than shoulder-width apart. The 
movement will begin with the elbows fully extended 
and with the bar at throat level. Progressively lower 
the bar by bending the shoulders, followed by bend-
ing the elbows until the bar reaches one centim-
eter from the chest. Once the maximum flexion is 
achieved, they will extend the elbows and shoulders 
until they return to the initial position [37, 84].

• Shoulder press. Participants sit on the bench with 
their backs against the backrest. Start the movement 
by grasping the bar with elbows fully extended with 
hands 5 cm wider than shoulder-width apart. Lower 
the bar continuously until it comes into contact with 
the upper chest. Then start the concentric phase by 
extending the elbows completely to the starting posi-
tion [85].

• Bent over row. Participants perform the exercise with 
their backs bent at 45°. They begin the movement by 
holding the bar in front of their shoulders with their 
hands shoulder-width apart. Proceed to bend the 
elbows, bringing them behind the body until the bar-
bell touches the middle of the abdomen [86].

• Biceps curl with barbell. Participants will stand in an 
anatomical position with knees slightly bent and feet 
apart. They will hold the bar with a supine grip, arms 
parallel to the sides of the body. Begin the movement 
with elbows fully extended and progressively bend 
the elbows to their maximum. Subsequently, they will 
extend their elbows to the starting position [87].

Finally, the strength-power will be measured by 
employing a countermovement jump test (CMJ) and 
from squat (SJ) to evaluate the explosiveness of the 
patient, as has been done in previous studies on patients 
with breast cancer [88]. it was decided to eliminate the 
assessment of hip trust and triceps barbell strength, 
included in the clinical registration because performing 
all the tests would take too long for the patients.

Vertical applied force. The force-power will be meas-
ured utilizing a CMJ and from SJ as a reflection of the 
application of force in the unit of time, inter and intra-
muscular coordination and the use of the elastic energy 
of those actions in which the stretch–shortening cycle 
of the lower limbs predominates, which is present in the 
majority of actions in daily life, as has been carried out 

in previous studies in patients with breast cancer [88]. 
In the evaluations after the intervention, those patients 
in whom it is possible to evaluate the jump with pro-
gressive loads, the vertical force–velocity profile will be 
performed, which will give us information on how the 
subject is currently producing power and how it should 
(based on their characteristics) in order to be able to 
evaluate the explosiveness of the patients [89]. To obtain 
it, together with the SJ and CMJ jumps without load, the 
patients will perform 2–3 more attempts with progres-
sive loads, determining the increase in load according to 
the height of the jump without weight [90]. In addition, 
for the corresponding calculations, two body measure-
ments will be taken to determine the push-off distance 
(pod). For the evaluation of the different variables indi-
cated, different technologies will be used such as the 
Chronojump’s contact platform and the recording with 
an IOS camera of 240 f.p.s of each of the jumps for subse-
quent analysis with the validated application of My Jump 
[91] and Kinovea [92].

 Horizontal applied force. For the evaluation of this 
manifestation, of force, an acceleration action will be 
recorded (the only requirement is to start from speed 
0 and to cover a distance of 30  m in the shortest pos-
sible time, the time used not being a limitation for the 
performance of the test). This recording will be used to 
calculate the horizontal force–velocity, which will give 
a mechanical description of how the patient has applied 
forces to move horizontally. For the complete assessment 
of the horizontal profile in the post-intervention evalu-
ation, patients will perform 3 progressive 30  m sprints 
by running or walking (at 50%, 70% and 90% of the par-
ticipants’ maximum self-perceived speed) [93]. For this, 
an IOS device with 240 frames per second will be used 
and subsequently analysed with the validated App for 
IOS devices (My Sprint) [94]. The device, iPhone will 
be mounted to a tripod (in the frontal plane) to film the 
sprint from the side, at the 15 m marker and at 18 m from 
the track, to register the entire sprint. Since the iPhone 6 
was in a fixed position, video parallax was corrected to 
ensure 5  m, 10  m-, 15  m-, 20  m-, 25  m and 30  m split 
times were measured properly.

Measurement of agility and balance The Timed up and 
go test will be employed to assess patients’ agility as it has 
been done before in breast cancer patients [95]. For its 
performance, a chair will be placed against the wall and 
a cone will be placed in 3 m from the front edge of the 
chair to the back of the cone. The patient will sit in the 
middle of the chair keeping her back straight, her hands 
on her thighs and both feet on the floor. At the "go" sig-
nal, the participants will get up from the chair and walk 
as fast as possible to the cone, and around the cone, back 
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to the chair. The time taken to complete the test will be 
recorded. The test will be repeated twice, and the best 
score achieved.

The One-leg stand test belonging to the ALPHA bat-
tery in adults [96] will be used to evaluate static balance. 
To do this, the patient will be placed in monopodal sup-
port, placing the sole on the inside of the knee. The test 
will be performed first with the right feet on the ground 
and then with the left. Patients will be able to use their 
arms to balance only when necessary.

Lower and  upper body flexibility measurement Ham-
string flexibility will be measured using the V Sit and 
Reach test [8] where the participant will be seated on 
the floor with knees fully extended and feet 30 cm apart. 
Place a tape measure on the floor, equidistant between the 
feet, placing the 0 cm in line with the heels. Putting the 
palms of the hands together and keeping the elbows fully 
extended, the participants will bend their trunks as much 
as possible on the tape measure. The missing centimetres 
or the centimeters that are passed from their maximum 
bending point and the 0 cm will be noted.

Upper body flexibility will be evaluated by utilizing 
the Back scratch test, previously used in breast cancer 
patients [95] and belonging to the Senior Fitness Test bat-
tery [76]. During the test, the participants will be placed 
in a standing position, having to try to reach above their 
head, with their arm in flexion and external rotation, to 
touch their other hand, which will be placed on their 
back in supine position with the arm flexed [95]. The test 
will be performed first with the arm through which the 
chemotherapy was administered and then repeated with 
the other arm.).

Psychosocial and physical exercise outcomes
Psychological variables will be assessed utilizing self-
administered questionnaires specifically validated for 
cancer patients.

Health‑related quality of  life measurement To assess 
HRQoL patients will complete the European Organisa-
tion for Research and Treatment of Cancer Quality of Life 
Questionnaire (EORTC QLQ-C30) [97] which includes 
functional and cancer-specific symptom assessment and 
the results will be analyzed following the instructions given 
in its manual [98]. Concretely, the QLQ-C30 is composed 
of both multi-item scales to assess functional, symptoms 
and global health status and six single-item measures to 
score the left symptoms. Inside the functional outcomes, 
6 items correspond to physical function, 2 to functional 
role, 4 to emotional function, 2 to cognitive function and 
2 to a social function. Moreover, the assessed symptoms 
will be fatigue (3 items), nausea and vomiting (2 items), 

pain (2 items), dyspnoea (1 item) insomnia (1 item), appe-
tite loss (1 item), constipation (1 item), diarrhea (1 item) 
and financial difficulties (1 item). All the scales and sin-
gle-item measures range in score from 0 to 100. A high 
scale score represents a higher response level. Thus, a high 
score for a functional scale represents a high/healthy level 
of functioning, a high score for the global health status / 
QoL represents a high QoL, but a high score for a symp-
tom scale/item represents a high level of symptomatol-
ogy/problems [23].

Cancer‑related fatigue measurement For the assessment 
of cancer-related fatigue, the fatigue subscale of Func-
tional Assessment of Chronic Illness Therapy- Fatigue 
questionnaire [99] will also be used and analyzed accord-
ing to the instructions of its creators [100]. The question-
naire is composed of 13 items where participants would 
answer a Likert scale of 4 points being 1 “Not at all” and 
4 “Very much”. The questions are asked about perceived 
fatigue in the last 7 days. The score could range from 0 to 
52, so that, higher scorings represent high fatigue symp-
toms.

Life satisfaction, self‑esteem, depression and anxiety meas‑
urements Life satisfaction will be assessed using the Sat-
isfaction With Life Scale questionnaire [101], validated 
in Spanish breast cancer patients [102]. The scale is com-
posed of 5 items to answer with a Likert scale from 1 to 5 
being 1 “strongly disagree” and 5 “strongly agree”. Higher 
scores mean higher satisfaction with life [101]. In addition, 
the Rosenberg Self-Esteem Scale [103] employed before in 
cancer patients [104] will be utilized for analyzing Span-
ish breast cancer patients’ self-esteem. The scale, vali-
dated in Spanish [105], comprises ten items with a Likert 
scale of four options. According to the sum of their items, 
the scale is divided into three ranges: normal or high self-
esteem (between 30 and 40 points), medium self-esteem 
(26–29 points), and low self-esteem (< 26 points). It has 
a Cronbach’s alpha of 0.87 and a reliability of 0.74 [105].

In addition, the Hospital Anxiety and Depression 
(HAD) Scale will be used and analyzed according to the 
authors’ indications [106]. This questionnaire was vali-
dated in Spanish oncological patients to obtain results 
regarding anxiety and depression [107]. The HAD scale 
consists of 14 items referring to participants’ percep-
tions regarding the last week. The odd-numbered items 
make up the anxiety subscale and their response scale 
are scored from 3 to 0. The even-numbered items make 
up the subscale of depression and are scored from 0 to 
3. The total score in each subscale is obtained by add-
ing the scores of the corresponding items, with a range 
each from 0 to 21. In both cases, the higher the score, the 
higher the level of anxiety or depression [106].
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Shoulder mobility disability and kinesiophobia measure‑
ments For the assessment of their perception of disabil-
ity due to shoulder mobility so common after breast can-
cer treatment, the Quick Disabilities of the Arm, Shoulder 
and Hand questionnaire will be used [108, 109]. The scale 
is composed of 11 items graded from 0 to 100 asking 
patients to rate the level of difficulty and pain in perform-
ing several tasks over the past week. Patients will answer 
each question scoring from 1 to 5 selecting 1 when the 
activities are performed with no difficulty and 5 for those 
activities unable to perform with “extreme difficulty”. 
Relatedly, fear of movement will be measured using the 
11-items Tampa Kinesiophobia Scale [110, 111]. The scale 
has two subscales, one focused on activity avoidances 
(reflecting the belief that activity may result in injury or 
increased pain) and the other concerning somatic focus 
(indicating the belief in underlying and serious medical 
problems). The total score ranges from 11–44 points with 
higher scores indicating greater fear of pain, movement, 
and injury [111]. Items on the TSK-11 are scored from 1 
(strongly disagree) to 4 (strongly agree) [111].

Physical activity and  motivation for  exercising measure‑
ments Finally, the International Physical Activity Ques-
tionnaire be administered to evaluate the level of physical 
activity of the patients in the assessment periods [112]. 
The 8 questions refer to the time patients spent being 
active in the last 7 days to analyze the time spent in mak-
ing low-intensity activities, moderate-intensity activities, 
high-intensity activities and sedentary activities [112]. In 
addition, the existence or not of behavioral change/moti-
vation towards exercise will be assessed using the Behav-
ioural Regulation of Exercise Behaviour Scale—2 [113]. 
This questionnaire is composed of a 19-item scale with 
five factors (amotivation, external, introjected, identified 
and intrinsic motivation) [114]. Patients will reflect their 
opinion by a Likert scale from 1 to 5 corresponding 1 to 
“strongly disagree” and 5 to “strongly agree”.

Statistical analysis
All the outcome results will be included in an anonymous 
database to conduct the statistical analyses. A descriptive, 
quantitative, and graphics analysis will be performed of 
all the included variables. The statistic software employed 
will be the IBM Statistical Package for the Social Sciences 
(version 25.0; SPSS, Inc., Chicago, IL, USA) [115]. The 
number of statistical analyses will be high and diverse 
depending on the nature of the results. In general, we will 
proceed with the usual steps to check the normality and 
homogeneity of variables.

First, the Kolmogorov–Smirnov and Shapiro Wilk 
tests will be used to determine whether parametric or 
non-parametric statistical analyses should be applied 

to each of the variables analyzed. In this regard, normal 
distribution will be assumed when the p-value is greater 
than 0.05 indicating that the variable tested was not sig-
nificantly different from a normal distribution. Descrip-
tive results will be presented as mean and SD or median 
(range) according to the results of the normality tests. 
Subsequently, to evaluate the effects of the program, a 
repeated-measures ANOVA or Kruskal–Wallis, depend-
ing on the normal distribution, will be used. The inter-
action factors of the ANOVA, or Kruskal–Wallis, will 
be the group (HRVG, PEG or CG) and the timing of the 
measure (before, after the intervention and follow-up). 
Besides, a Bonferroni analysis will be performed to adjust 
the results. Results shall include the Cohen’s d effect size 
(95% confidence interval) and statistical significance for 
each dependent variable concerning time and its inter-
action effects (group × time). Moreover, to analyze the 
differences between the group independently in each of 
the variables, the T-test for Independent Samples and the 
T-test for related samples, or a Mann–Whitney U-test or 
Wilcoxon in case of not fulfilling the principle of normal-
ity, will be employed.

Concurrently, a correlation analysis is planned to be 
done to establish novel relations between some of the 
measures performed. For instance, a Pearson o Spearman 
analysis (depending on the results of the normal distri-
bution analysis) will be calculated between the change in 
strength, the body composition, cardiotoxicity variables 
and the psychological variables. Moreover, a correlation 
between the results obtained in the different question-
naires will be calculated.

Discussion
The present study will be the first, as far as we are con-
cerned, on evaluating the physiological, physical and 
psychosocial effects of high-intensity exercise guided by 
HRV in contrast to pre-planned exercise and usual care. 
In addition, it will also distinguish because of its nov-
elty in analyzing cardiotoxicity effects, together with a 
detailed physiological, physical and psychosocial study, in 
high-intensity exercise versus moderate to high intensity 
and in performing a remote, but supervised in real-time, 
intervention.

First, as has been mentioned in the article, all the 
patients will register daily their HRV measurements. 
Some studies have been carried out before analyzing the 
effects of exercise in autonomic modulation variables in 
breast cancer patients but none of them have registered 
daily participants’ measurements [116]. In a meta-anal-
ysis recently published, the data obtained showed sig-
nificant differences between the exercise and the control 
groups in all the HRV variables analyzed (SDNN, rMSSD, 
LF, HF, LF/HF ratio) although it could be noticed that 
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interventions involving higher intensities reached greater 
effects [116]. In this regard, as in the current study 
patients in the HRVG will perform high-intensity train-
ing, we expect to get at least the same HRV positive mod-
ifications or better due to the higher intensity reached by 
the meta-analysis participants was 60%  VO2max [117, 118] 
or 13–14 RPE [119, 120].

Moreover, as it has been developed before in ath-
letes [39], but not in clinical populations, the inten-
sity of HRVG participants will be adjusted according to 
rMSSD values, as a reflection of the parasympathetic 
activity. rMSSD suffers normally a decrease during and 
after cancer treatments [121, 122], which exercise may 
regain by a decrease of renin and angiotensin, affecting 
the renin–angiotensin–aldosterone system; a decline of 
oxidative stress and inflammation caused by the increase 
in catecholamines impacting, therefore, in tumour cell 
microenvironment by an exponential decrease of reac-
tive oxidative species and an increment in antioxidants 
[61, 123–126]. In this way, to get an rMSSD increase and 
adapt to their training load to their physiological stress, if 
patients’ rMSSD goes beyond their individual limits, they 
will not perform in those days high-intensity and will fol-
low PEG intensity until their values return to their corre-
sponding normality [127]. This novelty way to prescribe 
and adapt high-intensity exercise to patients daily could 
provide a new tool to reach higher benefits. Two recent 
meta-analyses have stated that high-intensity exercise 
does not produce higher positive changes in the  VO2max 
[23] and HRQoL [26] of cancer patients than moderate 
intensity. In this regard, we hypothesize that maybe not 
all patients reacted equally to high-intensity, and they 
need more individualization concerning their disease’s 
long-term side effects, especially the related cardiovascu-
lar abnormalities.

Relatedly, the second aspect to highlight is the nov-
elty of the exercise interventions compared to ones per-
form so far analyzing cardiotoxicity variables. To date, 
from our perspective, is the first study that will apply 
high and moderate to high-intensity cardiovascular and 
resistance training in breast cancer patients to analyze 
the cardiotoxicity effects, among others. Furthermore, 
except for one study protocol recently published [128] 
and a few studies in rats [129, 130], it would be also 
one of the first of including resistance training with 
so high weight and volume loads. Moreover, regarding 
exercise timing, the exercise programs focused on the 
improvement of cardiotoxicity variables such as LVEF, 
GLS, or troponin, most of the studies are carried out 
during breast cancer patients’ treatments [131] and not 
after them as our study will perform. However, cardiac 
abnormalities in breast cancer patients may appear 
within the first year after the end of chemotherapy, in 

case of early cardiotoxicity, or after several years fol-
lowing the completion of treatment (median of 7 years) 
[4]. Accordingly, to improve patients’ cardiorespiratory 
fitness, troponin and GLS values and maintain the lev-
els reached by acquiring physical exercise habits, in the 
current study patients have recently finished chemo-
therapy and radiotherapy to prevent the potential early 
and late cardiotoxicity. We will try to teach patients 
how to train during the 16  weeks of the exercise pro-
grams and to generate positive and self-determination 
experiences through exercise [132]. So that, we will 
promote exercise adherence to continue exercising 
even after its end knowing their cardiovascular and 
resistance levels at the end of the programs. Moreo-
ver, maybe if exercise programs are developed uniquely 
during chemotherapy or before it, patients can associ-
ate exercise to unpleasant cancer treatments or phases 
being unlikely to maintain exercising after treatments.

The final aspect of the study to be highlighted, but not 
less important, is the novelty of the exercise programs 
modalities. Common exercise interventions are carried 
out supervised by in-person training or unsupervised by 
home-based exercise, but none have involved remotely 
supervised exercise programs. The COVID-19 situa-
tion has forced physical professionals to adapt exercise 
programs to online supervision, whereas in breast can-
cer patients, only a case study has reported its develop-
ment during the pandemic where, by video calls, two 
patients made cardiovascular and resistance training 
with the intensity controlled by HR monitors controlled 
by patients [133]. In this line, another intervention, 
involving aerobic exercises, was carried out in-person at 
the begging, but the covid situation restrictions obliged 
them to transform the rest of the intervention supervised 
remotely by video calls [134]. In contrast, our exercise 
interventions are supervised from the beginning and 
HR is monitored in real-time by the physical profes-
sional. However, the rest of the home-based investiga-
tions, to the best of our knowledge, are not supervised 
by video calls, so real-time corrections and HR control 
are not commonly done. In these cases, interventions 
are usually based on physical activity recommendations 
or aerobic exercise such as walking [135] and very few 
include resistance training [136, 137] where counseling 
is performed by weekly calls or diaries, exercise is con-
trolled by RPE or pedometer [137] and exercises intensity 
is commonly prescribed from low to moderate inten-
sity. In this regard, the only home-based high-intensity 
intervention, carried out unsupervised-unlike ours-, was 
developed by Ochi, Tsuji [138] where patients trained for 
10 min 3 times per week including bodyweight exercises 
in a smartphone application.
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