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The present study aimed to investigate the impact of a short-term exer-
cise training (ET) on the cardiorespiratory fitness and autonomic modu-
lation of women with breast cancer who were receiving adjuvant radio-
therapy, chemotherapy or hormonotherapy. Eighteen women previously 
diagnosed with breast cancer receiving adjuvant radiotherapy, chemo-
therapy or hormone therapy were randomly allocated into breast can-
cer nonexercise (BC) and exercise groups (BC+Ex). Moreover, nine 
healthy physically inactive volunteers were recruited to compose the 
noncancer control group (CG). The BC+Ex group was underwent to a 
combined ET program, which was based on resistance, aerobic and 
flexibility exercises. ET was performed 3 times a week, on nonconsecu-
tive days, for 4 weeks at the hospital room under the professional su-
pervision. In turn, BC and CG remained without be engaged in physical 
exercise programs. Volunteers were evaluated regarding their cardio-

respiratory fitness and autonomic modulation (i.e., time, frequency do-
mains, and nonlinear [symbolic analysis]) before and after the end of 
the ET program. A priori, data indicate that women patients with breast 
cancer showed impaired exercise tolerance, as well as autonomic dys-
function in comparison with age-matched healthy control subjects. 
However, a 1-month combined ET program could reverse such impair-
ments, so that after the intervention, BC+Ex and CG showing similar re-
sults in the cardiorespiratory test and heart rate variability analysis. In 
conclusion, data of the current study indicate that 1 month of ET is able 
to reverse impaired cardiorespiratory fitness and autonomic modulation 
in women with breast cancer receiving adjuvant therapy. 
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INTRODUCTION

Breast cancer is a worldwide public health concern, once a high 
prevalence of this condition is observed in several countries, re-
gardless the economic condition (Guerra et al., 2005). However, 
the burden of breast cancer mortality seems to occur in low-in-
come countries; where around 70% of the deaths occur (Lee et al., 
2012). Moreover, there is a consensus indicating that postmeno-
pause women with a family history of cancer, who underwent hor-
monal therapy, and demonstrate a sedentary lifestyle, associated 

with bad eating habits, smoking, elevated alcohol consumption, 
and use of contraceptives display a high risk for the development 
of breast cancer (Uzunlulu et al., 2016). 

In the last decades, cancer patients have shown increased surviv-
al, which is a product of the advances in cancer treatment. Howev-
er, most times, radiological and pharmacological treatments are as-
sociated with unwanted side effects in different tissues, such as 
skeletal muscle weakness and atrophy, causing low cardiorespirato-
ry fitness and, consequently, poor prognosis (Blair et al., 1996; Lira 
et al., 2014; Peel et al., 2014; Vainshelboim et al., 2017). Further-
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more, an increasing number of evidence have shown the potential 
cardiotoxic effects of chemotherapuetic agents (e.g., doxorubicin, 
anthracycline), including, but not limited to, alterations on cardiac 
function (i.e., left ventricular dysfunction) and autonomic modula-
tion (Ades et al., 2014; Raschi et al., 2010).

In fact, short- and long-term exposing to antineoplastic agents 
have been described as a trigger factor to development of auto-
nomic dysfunction, promoting direct effects on the cardiovascular 
system, such as increased heart rate, and impaired atrioventricular 
node conduction and cardiac chronotropism (Chuang et al., 2011; 
Lakoski et al., 2015; Nousiainen et al., 2001). Moreover, the auto-
nomic system is responsible for the functioning of the hypotha-
lamic pituitary-adrenal axis and renin-angiotensin aldosterone 
system and any disturbance in its function can promote increase 
on oxidative stress, inflammatory state, collaborating to athero-
sclerosis progression (Lakoski et al., 2015). 

It should be stressed that cardiac autonomic dysfunction has 
been recognized as an important parameter to predict mortality in 
patients with cardiovascular diseases and breast cancer (de Seixas 
et al., 2010). Moreover, in addition to the cardiotoxic effects of  
chemotherapy, other factors such as sleep disturbances, psychoso-
cial stress, metabolic disorders, and low physical capacity can be 
present in breast cancer patients. Each of these possible factors can 
coexist and contribute to autonomic dysfunction and cardiovascu-
lar risk (do Nascimento et al., 2012). Thus, emerging evidence 
has shown that heart rate and heart rate variability (HRV) param-
eters can predict functioning and survival among patients with 
metastatic and recurrent breast cancer (Battaglini et al., 2006).

On the other hand, exercise training (ET) is an important non-
pharmacological tool in the oncology setting, once evidence indi-
cate that exercise practice can promote substantial benefits in sev-
eral clinical signals showed by cancer patients, such as cardiorespi-
ratory fitness, muscle strength, fatigue, quality of life, and depres-
sive symptoms, to name a few (De Backer et al., 2007). Despite 
the importance of this phenomenon, just a few studies have been 
addressed to investigate the effects of ET on the autonomic modu-
lation of cancer patients (Riesenberg and Lübbe, 2010; Shin et al., 
2016), mainly in cancer patients who were receiving adjuvant ra-
diotherapy, chemotherapy and/or hormone therapy. 

Therefore, the present study aimed at investigating the impact 
of a short-term ET on the cardiorespiratory fitness and autonomic 
modulation, evaluated by linear and nonlinear analysis, in women 
with breast cancer who were receiving adjuvant radiotherapy, che-
motherapy or hormonotherapy. Moreover, data will be compared 
with an aged-matched healthy sedentary control group.

MATERIALS AND METHODS

The present investigation has a Randomized-Experimental de-
sign, which aimed to determine the effects of a 4-week supervised, 
hospital-based ET program in the cardiorespiratory capacity and 
autonomic modulation of physically inactive breast cancer patients, 
as well as to compare the postintervention outcomes with a control 
group of volunteers who were not diagnosed with cancer. There-
fore, subjects were underwent to evaluations of the cardiorespirato-
ry capacity and autonomic modulation before and after 1 month.

Subjects
Eighteen women previously diagnosed with breast cancer (age, 

30–59 years) receiving adjuvant radiotherapy (38.9%), chemo-
therapy (27.8%), or hormone therapy (33.3%) were recruited by 
convenience from the Aldenora Bello Cancer Hospital, Brazil to 
participate of the present study. In the current sample, 50% of the 
volunteers presented invasive ductal carcinoma, 38.8% infiltrat-
ing ductal carcinoma, 5.6% fusocellular neoplasm, and 5.6% 
showed cancer in different sides.   

 Breast cancer patients were included in the present study based 
on the following inclusion criteria: (a) being currently treated 
with radiotherapy, chemotherapy, or hormone therapy; (b) onco-
logical stage at levels I, II or III based on TNM (tumor, nearby 
lymph nodes, metastasized) system described by the National 
Cancer Institute; (c) have undergone treatment within the first 6 
months after surgery; (d) physically inactive, characterized by less 
than 150 min of exercise per week; (e) normal left ventricle ejec-
tion fraction (>55%). All these clinical parameters were analyzed, 
recorded and controlled by specialized physicians (i.e., oncologists 
and cardiologists). The exclusion criteria were based on inability 
to move, pregnancy, leukopenia (<5,000/mL), clinical diagnosis 
of mental disorders (e.g., depression, anxiety), diabetes mellitus, 
hypertension, and cardiac morphological and/or functional alter-
ations. After applying the inclusion and exclusion factors, we used 
a computer-generated list of random numbers to randomly allo-
cate the patients into two groups: breast cancer nonexercised (BC) 
and exercised patients (BC+Ex). 

The control group (CG) was formed by nine healthy physically 
inactive women (age, 30–59 years). Volunteers were not clinically 
diagnosed with cancer, cardiovascular (e.g., acute myocardial in-
farction, stroke, peripheral arterial disease, and transient ischemic 
disease), pulmonary, neurological, or psychiatric (e.g., Parkinson 
or Alzheimer disease), musculoskeletal, and metabolic disease 
(e.g., diabetes mellitus type II), comorbidities associated with 
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greater risk of falls, as well as have not recent history of smoking 
or alcohol abuse. Volunteers did not receive diet or exercise rec-
ommendations; however, they were required not to change their 
diet or food habits and their activities of daily living during the 
entire study period. 

All volunteers signed the informed consent form and complet-
ed all measurements. This study was approved by the Research 
Ethics Committee of the Federal University of Maranhão under 
protocol number 545547. This study was developed in accordance 
with the Declaration of Helsinki and according to Resolution 
196/96 of the National Health Council. 

Evaluations
All volunteers were instructed to refrain high-intensity physical 

activity for the 96 hr, as well as drinking alcoholic and caffeinated 
beverages during the 24 hr before all evaluations. Baseline evalua-
tions (i.e., before) were performed one week before the begin of 
the exercise program or at the corresponding time, as well as the 
final evaluations (i.e., after) were performed in the following week 
after the last session of exercise or at the corresponding time. 

In addition to the primary outcomes of interest, which were an-
alyzed through a cardiopulmonary submaximal test and HRV, he-
modynamic parameters and body composition were also evaluated.

Cardiorespiratory capacity
Cardiorespiratory capacity was evaluated according to Neil et 

al. (2013) in a cycle ergometer (Ergo-Fit 167, ERGO-FIT GmbH 
& Co., Pirmasens, Germany). A priori, after remained seated for 
20 min, volunteers were evaluated regarding their blood pressure 
(BP) (Cardiomed Plus model, CARDIOMED, Curitiba, Brazil) 
and heart (HR) (Polar FT2 model, Polar, Kempele, Finland). This 
evaluation also occurs every minute throughout the test and 
during a 3-min active recovery. The test started with a 5-min 
warm-up at a fixed load of 15 W, followed by a 15-W increment 
at each 3-min stage until voluntary exhaustion.  Borg’s scale 6–20 
was recorded at the end of the protocol. VO2max was determined 
according with the American College and Sports Medicine guide-
lines (Pollock et al., 1998), using the follow submaximal formula: 
VO2max (mL/kg/min)=(watts/body weight)×10.8+3.5. 

Heart rate variability analysis 
HRV data was collected before and after the training regimen. 

The time series of heart rate (tachogram) consisting of beat-to-
beat intervals were extracted from the 5-min iRR recordings. Ec-
topic beats and artifacts within the tachogram’s were detected and 

replaced by interpolated adjacent beats by applying an adaptive 
filter to generate normal-to-normal (NN) interval time series. 
Two experienced evaluators filtered manually by visual inspection 
and then used an automatic filter through Kubios HRV (Biosignal 
Analysis and Medical Imaging Group, Finland, Kuopio, Finland) 
software. 

The time domain measures of HRV that were computed in-
cluded a mean value of NN interval time series (mean NN [ms]), 
the standard deviation of NN interval time series, the square root 
of the mean squared differences of successive NN intervals (RMS-
SD). Frequency domain measures of HRV were characterized by 
using the fast Fourier transform (FFT), whereby the low-frequen-
cy (0.04–0.15 Hz), high frequency (HF) (0.15–0.4 Hz), and low-
to-high-frequency ratio (LF/HF) components of the RR interval 
time series were measured. 

The beat-by-beat data sets were converted to equidistant time 
series before applying the FFT to calculate the spectral powers. 
The Fourier LF and HF components were computed in normal-
ized units (LFnu=LF/[LF+ HF] and HFnu=HF/[LF+HF]), which 
is the recommended analysis set forth by the task force for accu-
rate assessment of autonomic modulation. The LF component is 
reported to reflect both sympathetic and vagal modulation, 
whereas the HF component appears to be the result of vagal mod-
ulation. Moreover, the LF/HF component has been proposed as a 
measure of the cardiac sympathovagal balance.

Symbolic analysis
A symbolic analysis was carried out according to the approach 

previously described and validated by Porta et al. (2007). For this 
method, the same five minutes of the iRR-selected recording was 
used. Then, a coarse graining approach based on a uniform quan-
tization procedure was used to transform the iRR series into a se-
quence of symbols. The length was kept fixed in all analysis. The 
full range of the sequences was uniformly spread over six levels 
(from 0 to 5), and patterns of length were constructed. Therefore, 
each subject and each experimental condition had its range of iRR 
intervals.

The Shannon entropy of the distribution of the patterns was 
calculated to provide a quantification of the complexity of the 
pattern distribution. All possible patterns (i.e., 216) were grouped 
without any loss into three families referred to as patterns with no 
variation. The sequences are spread on six levels, and all possible 
patterns are divided into four groups, consisting of patterns with 
(a) no variations (0V, three symbols equal, associated with sympa-
thetic modulation); (b) one variation (1V, two symbols equal and 
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one different associated with sympathetic and parasympathetic 
modulation); (c) two like variations (2LV and associated to para-
sympathetic modulation); and (d) two unlike variations (2UV and 
associated to parasympathetic modulation) (Guzzetti et al., 2005).

Combined ET protocol 
Before the main period for ET, volunteers were subjected to an 

adaptation period. During this period, the exercise sessions were 
composed by resistance, aerobic and flexibility exercises and per-
formed 3 times a week, with each session lasted approximately 70 
min.

The main period was based in a combined ET, which was com-
posed of aerobic and resistance exercises performed in the same 
session. Exercise sessions were performed 3 times a week, on non-
consecutive days, for 4 weeks at the hospital room under the pro-
fessional supervision of an experienced exercise physiologist. 
During the begin of each session, subjects performed 30 min of 
aerobic exercise at 60% VO2max in a cycle ergometer (Ergo-Fit 
167). Immediately after this, participants performed a low to 
moderate resistance training. The program of resistance training 
was based on 3 sets of 8–12 submaximal repetitions of each exer-
cise. Exercises were performed by alternating the major groups in 
the upper and lower extremities (alternating groups). The exercis-
es that composed the adaptation period were: (a) squat, (b) shoul-
der press, (c) hip flexion, (d) barbell bent over row, and (e) French 
press. Dumbbells and TheraBands were used to promote adequate 
load, allowing the volunteers to reach the aimed resistance. Train-
ing load was adjusted by the rating of perceived exertion (RPE) 
method, using the adapted Borg scale (Day et al., 2004). 

Statistical analysis
Normality of data was tested using the Kolmogorov–Smirnov 

test. A two-way analysis of variance followed by a Dunnett post hoc 

test were performed to identify differences among the different 
times of evaluations and treatments. Cohen effect size 𝑑 was cal-
culated to assess the magnitude of the results. The effect size was 
classified according to Rhea, 2004 for untrained volunteers. The 
level of significance was 5% (P<0.05) and all procedures were 
performed using the GraphPad Prism 6.0. (GraphPad Software, 
San Diego, CA, USA). The intention-to-treat principle was ap-
plied to the analysis of the outcomes for all participants based on 
their assigned treatment.

RESULTS

Table 1 shows the cardiorespiratory capacity, as well as the mor-
phological and hemodynamic characteristics (systolic [SBP] and 
diastolic blood pressure [DBP]) of the volunteers recruited in the 
current study before and after 4 weeks. As expected, BP measure-
ments demonstrated a normotensive classification in all groups. 
Similarly, body mass index data were within the parameters of 
normality, and subjects were not classified as obese. No significant 
differences in morphological and hemodynamic parameters were 
observed between the groups before or after the intervention. Fur-
thermore, it is important to mention that volunteer’s attendance 
was 100% for all experimental sessions, and no adverse effects 
during or after the experimental sessions were observed.

Regarding the cardiorespiratory capacity, data indicated that 
both experimental groups—BC and BC+Ex—showed a lower 
VO2max in comparison with CG before and after 4 weeks. Howev-
er, a significant (P=0.0135) improvement was observed in BC+Ex 
when the intragroup analysis was performed. When the results of 
the cardiorespiratory capacity were compared with reference values 
from the Brazilian population (Herdy et al., 2016), was possible 
observe that CG reached a good to excellent classificaition at base-
line. On the other hand, VO2max in cancer patients was classified as 

Table 1. SBP, DBP, weight, height and BMI variables before and after 4 weeks of exercise training in woman with breast cancer

Variable
Before After

Healthy control (n= 9) BC (n= 9) BC+Ex (n= 9) Healthy control (n= 9) BC (n= 9) BC+Ex (n= 9)

SBP (mmHg) 110± 9 111± 10 117± 16 111± 10 109± 8 110± 13
DBP (mmHg) 76± 8 71± 10 72± 7 78± 9 70± 5 71± 7
Body mass (kg) 66± 11 64± 12 60± 9 66± 11 64± 11 60± 5
Height (cm) 157± 3 156± 5 155± 0.05 157± 3 156± 4 155± 0.05
BMI (kg/m2) 26± 3 26± 2 25± 3 26± 3 26± 2 25± 3
VO2max (mL/kg/min) 36± 6 14± 3* 16± 2* 36± 6 15± 3* 19± 2*

Values are presented as mean± standard deviation.
SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; BC, breast cancer; Ex, exercise.
*P< 0.05 vs. control group.
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very weak to weak. After ET, values in the BC+Ex were all classified 
as weak, indicating an important improvement (Herdy et al., 
2016). ES classification corroborates with the hypothesis test and 
indicate that BC+Ex presents a moderate classification, whereas BC 
just showed a trivial classification (Table 2).   

Table 3 shows HRV analysis before and after 4 weeks. Results 
of the time domain analysis indicated that the cancer groups, re-
gardless ET, showed a lower SDNN, RMSSD, and VAR-RR than 
CG before and after the protocol. However, ET was effective to 
cause increase in all these variables after 4 weeks. Regarding the 
frequency domain, before ET, BC, and BC+Ex groups demon-
strated lower absolute (ms) LF and HF, followed by lower relative 
(nu) HF of the HRV than CG. On the other hand, relative LF was 
higher in the cancer groups, regardless ET, than in CG. Conse-
quently, sympathovagal evaluation demonstrated elevated values 
in BC and BC+Ex when compared with CG. ET caused signifi-
cant improvements in the autonomic balance, so that a marked 
increase on HF (ms² and nu) and decrease on LF (nu), eliciting 
significant decreasing on LF/HF, were observed in BC+Ex in com-
parison with the baseline moment and BC group. Moreover, there 
were no more significant differences with the CG. In turn, time 
domain analysis in BC demonstrated a similar behavior with the 
observed 4 weeks before, and variables were different in compari-
son with the CG.

In relation to ES and its classification in the time domain, 
BC+Ex demonstrates a higher classification (i.e., small) in all vari-
ables (i.e., RR, SDNN, RMSSD) in comparison with BC (Table 
2). Equivalent results were observed in the frequency domain 
analyses, once just a trivial classification was reached by the BC 
group, whereas small (i.e., LF), moderate (i.e., LF [nu], HF [nu] and 
LF/HF) and large (HF [ms²]) classifications were observed in the 
BC+Ex group (Table 3).  

The symbolic analysis indicated that the cancer groups showed 
a higher 0V%, an index of sympathetic modulation, before four 

Table 2. Effect size and its classification

Variable Healthy control BC BC+Ex

Cardiorespiratory fitness
VO2max (mL/kg/min) 0 (trivial) 0.33 (trivial) 1.5 (moderate)

Time domain 
RR (ms) 1.69 (moderate) 0.09 (trivial) 0.67 (small)
SDNN (ms) 0.91 (small) 0.23 (trivial) 0.92 (small)
RMSSD (ms) 0.76 (small) 0.27 (trivial) 0.90 (small)

Frequency domain 
LF (ms2) 2.06 (large) 0.39 (trivial) 0.59 (small)
HF (ms2) 0.07  (trivial) 0.37 (trivial) 5.51 (large)
LF (nu) 0.32  (trivial) 0.28 (trivial) 1.58 (moderate)
HF (nu) 0.41 (trivial) 0.22 (trivial) 1.58 (moderate)
LF/HF 0.45 (trivial) 0.36(trivial) 1.31 (moderate)

Symbolic analysis 
0V (%) 0.24 (trivial) 0.48 (trivial) 5.61 (large)
1V (%) 0.85 (small) 0.44 (trivial) 0 (trivial)
2LV (%) 1.49 (moderate) 0.33 (trivial) 5.47 (large)
2UV (%) 0.34 (trivial) 0.53 (trivial) 5.45 (large)

BC, breast cancer; Ex, exercise; RR, interval RR; SDNN, standard deviation of inter-
val RR; RMSSD, root mean square of successive differences; LF, low-frequency 
component; HF, high-frequency component; LF/HF, sympathovagal balance; 0V, 
three symbols equal, associated with sympathetic modulation; 1V, two symbols 
equal and one different associated with sympathetic and parasympathetic modula-
tion; 2LV, two like variations and  associated to parasympathetic modulation; 2UV, 
two unlike variations and associated to parasympathetic modulation.

Table 3. Autonomic variables in the time and frequency domains before and after 4 weeks of exercise training

Variable 
Before After

Control (n= 9) BC (n= 9) BC+Ex (n= 9) Control (n= 9) BC (n= 9) BC+Ex (n= 9)

Time domain
RR (ms) 1,044± 30 610± 507 601± 34 857± 153 651± 350 1,015± 863
SDNN (ms) 66± 10 27± 10* 20± 15* 59± 4 25± 7.2* 30± 3.7*
RMSSD (ms) 40± 7 15± 9.4* 15± 8* 48± 13 17± 5.6* 27± 17*

Frequency domain
LF (ms2) 594± 94 149± 128* 122± 117* 834± 135 205± 153 550± 1,004
HF (ms2) 781± 130 90± 84* 73± 92* 772± 92 119± 69* 701± 132#

LF (nu) 46± 10 65.2± 12* 66± 12* 50± 14 62± 10* 47± 12#,†

HF (nu) 45± 10 34.4± 12* 34± 12* 50± 14 37± 11* 53± 12#,†

LF/HF 0.91± 0.4 2.3± 1.2* 2.3± 1.3* 1.17± 0.7 1.9± 1 1± 0.5#

BC, breast cancer; Ex, exercise; RR, interval RR; SDNN, standard deviation of interval RR; RMSSD, root mean square of successive differences; LF, low-frequency component, 
HF, high-frequency component; LF/HF, sympathovagal balance.
*P< 0.05 vs. control. #P< 0.05 vs. BC+Ex before 4 weeks. †P< 0.05 BC after 4 weeks.
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weeks of ET than the CG (Table 4, Fig. 1). ET could decrease 
0V% after four weeks compared to the pre-exercise values. How-
ever, after 4 weeks, values still elevated in the BC, while a signifi-

cant decrease were observed in the trained group. Moreover, values 
in the BC+Ex were similar with the age-matched control group. 
Regarding the vagal modulation, which was evaluated by the 2LV 

Table 4. Autonomic variables in the symbolic analysis before and after 4 weeks of exercise training

Symbolic analysis
Before After

Control BC BC+Ex Control BC BC+Ex

0V (%) 18± 9.0 35± 2.5* 36± 3.0* 20± 7.0 34± 1.5* 21± 2.3#,†

1V (%) 49± 1.5 49± 2.0 47± 1.8 46± 4.7 50± 2.5 47± 1.5
2LV (%) 15± 1.6 5.2± 0.8* 4.1± 0.6* 13± 5.0 4.9± 1.0* 10± 1.4*,#,†

2UV (%) 18± 1.5 11± 1.7* 12± 1.2* 20± 8.0 10± 2.0* 21± 2.0#,†

Mann–Whitney test. 
BC, breast cancer; Ex, exercise; 0V, three symbols equal, associated with sympathetic modulation); 1V, two symbols equal and one different associated with sympathetic and para-
sympathetic modulation; 2LV, two like variations and associated to parasympathetic modulation; 2UV, two unlike variations and associated to parasympathetic modulation.
*P< 0.05 vs. control. #P< 0.05 vs. BC+Ex before 4 weeks. †P< 0.05 vs. BC after 4 weeks. 

Fig. 1. Symbolic analysis graph trends before and after the ET. BC, breast cancer; Ex, exercise; 0V, three symbols equal, associated with sympathetic modulation; 1V, 
two symbols equal and one different associated with sympathetic and parasympathetic modulation; 2LV, two like variations and associated to parasympathetic mod-
ulation; 2UV, two unlike variations and associated to parasympathetic modulation. *P< 0.05. 
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and 2UV, baseline evaluations demonstrated that BC and BC+Ex 
showed lower results than CG. However, these components in-
creased after 4 weeks of ET in BC+Ex in relation to Baseline and 
BC. Nevertheless, after 4 weeks, differences were still significant 
among cancer groups—BC and BC+Ex—and CG (Table 4, Fig. 
1). In relation to ES classification, again, data corroborated with 
hypothesis test since 0V (%), 2LV (%), and 2UV (%) were classi-
fied as large and trivial in the BC+Ex and BC groups, respectively 
(Table 2). 

DISCUSSION

The main findings of the current study indicate that women 
patients with breast cancer show impaired exercise tolerance and 
autonomic dysfunction in comparison with age-matched healthy 
control subjects. However, a 1-month combined ET program is 
able to reverse such impairments, so that after the intervention, 
BC+Ex and CG showing similar results in the cardiorespiratory 
test and HRV analysis (i.e., time, frequency domains, and nonlin-
ear [symbolic analysis]). 

Several authors have shown the importance of cardiorespiratory 
capacity evaluation in the monitoring and prognosis of cancer pa-
tients, once low VO2max levels are strongly associated with in-
creased risk for cardiovascular events, which are the leading cause 
of long-term mortality and morbidity in cancer survivors (Blair et 
al., 1996; Peel et al., 2014; Sanchis-Gomar et al., 2015; Vainshel-
boim et al., 2017). It is important to mention, that the pharmaco-
logical anticancer therapy has a key role in this phenomenon be-
cause many of the changes presented in cardiorespiratory capacity 
during cancer are associated with the pharmacological treatment 
(Møller et al., 2015). 

On the other hand, physical exercise seems to be the only and 
most effectiveness therapy able to increase this variable in healthy 
and unhealthy patients (Sanchis-Gomar et al., 2015; Vainshelbo-
im et al., 2017). However, results are controversial regarding the 
effects of ET on the cardiorespiratory capacity of cancer patients. 
In fact, some evidence are in line with the present study, demon-
strating improved cardiorespiratory capacity in cancer patients af-
ter ET (Casla et al., 2015; Schmitt et al., 2016), whereas other 
studies refuted this hypothesis, and data indicate decreased VO2pe-

ak in trained cancer patients who were received adjuvant chemo-
therapy during the protocol of ET (Møller et al., 2015). 

The inconsistencies in these findings could be a function of the 
differences in the sample characteristics, type of cancer, pharmaco-
logical therapy, as well as exercise prescription (e.g., intensity, vol-

ume, frequency). Moreover, some studies have not only studied the 
effects of ET per se, and some protocols have aggregated ET and di-
etary counseling.

However, it is noteworthy that in, that in the study of MØller 
et al. (2015), for example, 12 weeks of combined ET—composed 
by high intensity resistance and interval aerobic training—was 
not able to avoid the significant decrease observed in the cardiore-
spiratory fitness (-2.1 mL/min/kg) of cancer patients. Therefore, in 
conjunction with the current data, is possible infer that the vol-
ume of aerobic training has an important role in the cardiorespira-
tory adaptations elicited by ET than exercise intensity and fre-
quency, as well as the length of the exercise program. Neverthe-
less, future studies should be addressed to confirm this hypothesis.   

Regarding autonomic modulation, data of the present study 
corroborate with several evidence in the literature (Adams et al., 
2015; Palma et al., 2016; Vigo et al., 2015), once cancer patients 
demonstrated marked autonomic dysfunction at baseline in com-
parison with age-matched free-cancer controls (i.e., CG). Indeed, 
this phenomenon has been observed not only in patients diag-
nosed with breast cancer, but also in other kinds of cancer, such as 
gastrointestinal, pancreatic, colon (Adams et al., 2015; Palma et 
al., 2016; Vigo et al., 2015). In the experiment of Vigo et al. 
(2015), for example, authors demonstrated that breast cancer sur-
vivors showed lower HRV, HF band of HRV, and baroreflex sensi-
tivity than healthy controls.  

Moreover, our data indicate that a short-term program of com-
bined ET is able to reverse cancer-induced autonomic dysfunction, 
so that a decreased sympathetic modulation—trough time do-
main, LF (nu) and sympathovagal balance (LF/HF), and symbolic 
measures, normalized component in 0V (%)—as well as increased 
vagal modulation, which was also demonstrated by time domain, 
HF (nu) RMSSD indexes, and symbolic measures, 2LV (%) and 
2UV(%) were observed in the trained cancer patients.  

Just a few studies have investigated the impact of a combined 
ET programs in the HRV of cancer patients. Similar with the 
present study, Shin et al. (2016) recorded the impact of a short-
term ET program (8 weeks) in the autonomic modulation of 
breast cancer patients. Despite the lack of significant results in the 
intragroup analysis, results demonstrated that after 8 weeks of ET 
trained breast cancer patients showed higher results on HF, 
SDNN and RMSSD than nontrained breast cancer patients. These 
data are in line with the findings of Riesenberg and Lübbe (2010), 
which observed increased parasympathetic activity through RMS-
SD index in cancer patients underwent to a multidisciplinary re-
habilitation program.    



https://doi.org/10.12965/jer.1735048.524

Mostarda C, et al.  •  Combined exercise and cancer

606    http://www.e-jer.org

Taken together, these data indicate that ET is able to reverse the 
deleterious effects of cancer, and probably cancer treatment, on 
autonomic modulation. However, it is noteworthy that the pres-
ent study presents some characteristics that should be highlight-
ed, such as a marked short-term of intervention, and an exercise 
program developed during cancer treatment. These features seem 
to be important, once cancer treatment is strongly associated with 
fatigue, nausea, vomiting, which can make the patient feel unmo-
tivated, limiting exercise adherence (Møller et al., 2015). There-
fore, a short-term ET program that demonstrates effectiveness to 
increase some parameters associated with quality of life and auton-
omy, such as cardiorespiratory fitness, may make patients feel ex-
cited and stimulated to participate of the ET program.

Moreover, there is no consensus about the practice of physical ex-
ercise during anticancer therapy, and some patients might not be 
able to perform the sessions of exercise due muscle weakness, fa-
tigue and malaise (Rock et al., 2012). On the other hand, data of 
the present study demonstrate that the current combined ET pro-
gram was well supported by breast cancer patients who were receiv-
ing adjuvant radiotherapy, chemotherapy and/or hormone therapy.

Some limitations of the present study should be mentioned to 
collaborate with better inferences about the data, such as the lack 
of evaluations of other important parameters that could be modu-
lated by the present ET protocol (e.g., muscle strength, quality of 
live), and a long-term ET program. Thus, these limitations must 
be added in future studies that aimed to investigate the impact of 
a combined ET program in breast cancer patients.

In conclusion, data of the current study indicate that women 
patients with breast cancer show impaired exercise tolerance and 
autonomic dysfunction in comparison with age-matched healthy 
control subjects. However, a 1-month combined ET program is 
able to reverse such parameters to levels closely matched the pre-
sented by the aged-matched group. 
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