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a  b  s  t  r  a  c  t

Purpose:  In  the  current  study,  we  aimed  to review  literature  findings  showing  the  clinical  importance  of
cardiac  autonomic  modulation  assessed  by  heart  rate  variability  analysis  in  breast  cancer  (BC)  patients
and survivors.
Methods:  We  conducted  a systematic  review  according  to  The  PRISMA  Statement  in  Medline,  Scopus  and
Web  of  Science  (  -2015)  databases.  The  search  was  limited  to articles  in  English  language,  published  in
peer-reviewed  journals,  and  with  adult  age samples  only  (e.g.,  women,  patients,  or  survivors,  diagnosed
with BC  in  any  stage).  We  included  observational  studies  and  randomized  trials.  Detailed  heart  rate  vari-
ability  analysis  (instruments,  data  collection  protocol,  and  analysis  methods)  was  required.  Search  terms
included autonomic  nervous  system,  heart rate  variability,  sympathetic  and  parasympathetic  nervous
system,  autonomic  dysfunction,  vagal  nervous  and breast  neoplasms,  breast  cancer  and  breast  tumor.
Results:  Twelve  studies  were  included  in  this  review.  The  clinical  importance  of  cardiac  autonomic
modulation  assessed  by heart  rate  variability  analysis  in  BC  patients  and  survivors  is  demonstrated  by
association  with  effects  of BC  surgery,  and  treatments,  and  the  adverse  effects  of  surgery  and  treatments
on  survivors  (e.g.,  cardiotoxicity,  fatigue,  and  stress).
Limitations:  The  strength  of evidence  of  included  studies  is low:  small  samples  size  and  heterogeneity,

presence  of confounders,  and  observational  studies  design.
Conclusions:  The  heart  rate  variability  analysis  could  be  used  as  a complementary  non-invasive  tool  for
the early  diagnosis  and  better  prognosis  of autonomic  dysfunction,  and  survival  in  BC  patients.  There  are
many  potential  clinical  applications  of  heart  rate  variability  analysis  in BC  patients,  and  the employment
of  such  approaches  could lead  to lower  impairment  of  autonomic  function  in  this  individuals.

©  2016  Elsevier  Ltd. All  rights  reserved.
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. Introduction

Breast cancer (BC) is the second most common cancer in the
orld and by far the most frequent cancer among women. There

re an estimated 1.67 million new BC cases diagnosed in 2012 (25%
f all cancers), and it ranks as the fifth leading cause of death from
ancer overall (522,000 deaths) (Ferlay et al., 2015). Complications
f BC therapies are common, e.g., cardiovascular disease, which
s fairly frequent and leads to morbidity, poor quality of life, and
remature mortality (Scott et al., 2014). Autonomic nervous sys-
em (ANS) function is one component involved in the etiology and
he clinical course of BC therapy-induced cardiovascular disorders
Scott et al., 2014).

Lakoski et al. (2015) propose the potential mechanisms
ssociated with both autonomic dysfunction and increased car-
iovascular disease risk in BC patients. According to the authors,
iagnosis of BC is associated with therapy-induced cardiovascular

njury and lifestyle perturbations, leading to increased activation
f the sympathetic nervous system and decreased activation of
he parasympathetic nervous system. Successively, this autonomic
mbalance stimulates the hypothalamic–pituitary–adrenal axis, the
enin–angiotensin–aldosterone system, and the endocannabinoid
ystem, leading to increased oxidative stress, reduced vasodilation,
ncreased inflammation, and atherosclerosis progression (Lakoski
t al., 2015).

Evidence in the literature suggests a bi-directional relation
etween tumoral microenvironment and ANS (Ondicova and
ravec, 2010). The vagus nerve constitutes the main nerve of the

arasympathetic nervous system. Physiologically, the vagus nerve
as communicative (mediating) and homoeostatic (modulating)
oles (De Couck et al., 2012); it also plays a critical role in prevent-
ng multiple diseases (Erin et al., 2008). Gidron et al. (2005) propose
hat the vagus nerve is an important candidate route by which the
rain receives information about preclinical visceral tumor signals,
odulating partly the tumor development and progression. Erin

t al. (2008) demonstrated for the first time inhibition of vagal
ervous, increasing systemic metastases of BC cells in mice. In addi-
ion, low vagal modulation is taken as a risk factor of diseases
nd poor prognosis (De Couck et al., 2012), and evidence shows
he sympathetic nervous system influences cancer progression
nd initiation and seems to promote metastasis in solid epithelial
umors (Cole and Sood, 2012). In animal models, stress-induced
elease of catecholamines can activate beta-adrenergic receptors

n tumor cells leading to increased expression of genes, which
esults in enhanced tumor vascularization and more aggressive
rowth and spread of malignant cells (Thaker et al., 2006). Barron
t al. (2011) showed in human the use of a nonselective �1/�2-
 . . .  . .  . . . . .  . . . .  . . . .  . . .  . . .  . . .  .  .  . . .  . . . .  .  . . . . . . .  . . . . .  .  . . .  . . . . . .  .  . .  .  .  .  .  . . . .  . . .  . . . 66

adrenergic receptor antagonist associated with less advanced BC
at diagnosis and lower BC-specific mortality (i.e., 81% lower for
propranolol users than for nonusers). Similarly, Melhem-Bertrandt
et al. (2011) results showed BC patients taking beta-blockers had
a better 3-year relapse-free survival (87%) compared with patients
not taking beta blockers (77%).

The vagal and sympathetic activities are in constant interac-
tion (Task Force, 1996). Heart rate variability (HRV) is a nonspecific
marker of ANS function and provides a multidimensional measure
of ANS through sympathetic and parasympathetic modulation of
cardiac function (Karvinen et al., 2013). HRV was  the first non-
invasive methodology extensively used to evaluate autonomic
modulation of the sinus node in normal subjects and in patients
with different cardiac and non-cardiac diseases (Lombardi and
Stein, 2011). HRV analysis depicts the oscillation in the interval
between consecutive heartbeats as well as the oscillations between
consecutive instantaneous heart rates (Task Force, 1996).

HRV provides an important index as a potential marker of stress
and health for organism functions associated with adaptability and
health (Thayer et al., 2012) and as a method to identify patients at
risk for an increased cardiac mortality (Lombardi and Stein, 2011).
Currently, HRV is considered a predictor of organism functions; low
values of HRV are related to cardiovascular risk factors (Vanderlei
et al., 2009) and can be an efficient predictor of survival in patients
with advanced cancer (Chiang et al., 2013; Wang et al., 2013). BC
patients can present lower HRV than healthy people, which implies
vagal dysfunction and could be used as a risk factor for cardiovas-
cular diseases (Caro-Morán et al., 2016).

HRV analysis has the potential to provide additional valuable
insight into multiple physiological and pathological conditions
(Task Force, 1996), and this kind of analysis has been employed in
several studies over the past years. In the present study we aimed
to investigate the clinical importance of cardiac autonomic modu-
lation assessed by HRV analysis in BC patients and survivors. We
expect to find out the possible repercussion of HRV analysis on BC
treatment and patients survival.

2. Material and methods

We  conducted a systematic review according to The Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement (Liberati et al., 2009; Moher et al., 2009).
2.1. Search strategy

The articles used in the current review were obtained up to
December 2015, and the search was  limited to articles in English
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Fig. 2. Literature review citation selection flow
studies. Frequency domain data are expressed in absolute (abs) and/or normalized

investigating clinical and/or general population samples, and using
a wide variety of quantitative methodological approaches. The type

of interventions of included studies must have focused on HRV eval-
uation in BC patients or survivors related to subjects and/or disease
features. We excluded review, meta-analysis and pilot studies and
other types of paper (e.g., author manuscript, letters to editors).

rds exc lud ed
pic, an imal sub jects, 
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A systematic literature search of studies without limits on
he publication dates was undertaken on the computerized

edical databases Medline (via PubMed, http://www.pubmed.
om), Scopus (http://www.scopus.com), and Web  of Science
https://isiknowledge.com). The following search terms were used:
Autonomic Nervous System” OR “Heart Rate Variability” OR “Sym-
athetic Nervous System” OR “Parasympathetic Nervous System”
R “Autonomic Dysfunction” OR “Vagal Nervous” AND “Breast Neo-
lasms” OR “Breast Cancer” OR “Breast Tumor” in the titles and/or

n the abstracts. The limiters were as follows: Scholarly (peer-
eviewed) journals, English Language, Human, Adult (> 18years),
nd Female. The keywords were selected according to the Medical
ubject Headings (MeSH) in the National Library of Medicine and
lso by their synonyms.

.2. Selection strategy

Initially, we undertook a screening of titles related to the topic.
his selection was based on evidence that related cardiac auto-
omic control (via HRV) with BC. At the end of this stage, we
xcluded duplications. Secondly, we conducted a detailed read-
ng of the abstracts of the selected articles, according to those
hat addressed only the behavior of the autonomic nervous sys-
em via some protocol in patients with BC. We  excluded abstracts
ot related to the issue. Respiratory sinus arrhythmia occurrence
as taken as exclusion criteria. The full texts then were evaluated,

nd those that did not fit the exclusion criteria were included in
he current review. A search also was conducted in the references
f the full texts.

To increase confidence in the selection of articles, all search and
election stages were reviewed independently by two  researchers
ho, after reading all of the potential articles, reached a consensus

o establish which articles fit the inclusion criteria (Liberati et al.,
009).

.3. Data analysis

After study selection, criteria were followed to maintain the
valuation of the studies within narrow standards. The first and
ssential criterion was that all details regarding HRV analysis
hould be verified, with a description of instruments, data collec-
ion protocol, and HRV analysis methods (Subsection 2.4)

Next, the articles were evaluated according to subjects, ethi-
al considerations (committee ethic approval and informed written
onsent), and detailed data collection procedures. At least two  out
f the four following items were required to consider the study
or the current review: (a) inclusion and exclusion factors, (b)
omparison between groups, (c) sample loss, and (d) sample size.
oncerning the randomized trials, only controlled trials were con-
idered.

Finally, we followed the Grades of Recommendation, Assess-
ent, Development, and Evaluation (GRADE) Working Group

GRADE Working Group, 2004) to grant strength of evidence to
he included studies. The main element considered in strength of
vidence was study design, broadly categorized as observational
tudies (low evidence) and randomized trials (high evidence).
tudy quality (detailed study methods and execution) and pres-
nce of several limitations secondarily were considered in strength
f evidence analysis.

.4. HRV analysis
The analysis of cardiovascular variability can be carried out
y means of several approaches. The linear methods commonly
sed in both clinical and experimental settings can categorize in
undles; for the scope of this review, time domain measures and
rinology 68 (2016) 57–68

frequency domain measures were considered (Zaza and Lombardi,
2001). In brief, all methods initially rely on proper data acquisition
and processing, including the choice of appropriate sampling rate
(Durosier et al., 2014; Ellis et al., 2015; Hejjel and Roth, 2004) and
employment of efficient algorithms capable of detecting cardiac
cycles in electrocardiogram (ECG) and/or pulsatile arterial pressure
tracings (Mollakazemi et al., 2015).

Following detection of individual cardiac cycles, the computer
programs usually generate a beat-by-beat time series with all car-
diovascular parameters values along with time values. Time series
then are processed, and several parameters are calculated. Regard-
ing the most common time domain measures (Task Force, 1996), we
can highlight: SDNN (ms), the standard deviation of all normal-to-
normal cardiac intervals; SDANN (ms), the standard deviation of the
means of normal-to-normal heart periods obtained from all 5-min
periods throughout the whole data series; RMSSD (ms), the square
root of the mean of the sum of the squares of differences between
adjacent normal-to-normal cardiac intervals; SDNN index (ms), the
average of the standard deviations of all normal-to-normal inter-
vals calculated from all 5-min periods of the whole recording;
SDSD (ms), the standard deviation of differences between contigu-
ous normal-to-normal intervals; and, pNN50 (%), the percentage
of adjacent normal-to-normal intervals differing more than 50 ms
throughout the whole recording (see Fig. 1).

Beat-to-beat time series also can be analyzed by means of fre-
quency domain methods, which have the advantage of providing
both frequency and amplitude information with regard to oscilla-
tions in cardiovascular parameters (Shaffer et al., 2014). There are
reports in the literature showing that the Fast Fourier Transform
(FFT) is a useful approach for cardiovascular variability analysis
(Badilini et al., 1998; Cerutti et al., 1991; Højgaard et al., 1998),
as it is capable of processing time series and calculating a spectrum
in which individual frequency bands can analyzed. Briefly, the val-
ues are expressed as the power spectral density (PSD) calculated
from the whole spectrum (i.e., total power) or from frequency bands
three spectral components are distinguished: very low frequency
(VLF), low frequency (LF), and high frequency (HF) (Shaffer et al.,
2014; Task Force, 1996). Concerning the usual frequency domain
parameters calculated from the spectrum aiming the analysis of
HRV, we  should highlight the power of the VLF, LF, and HF bands in
absolute (e.g., bpm2 or ms2) and/or normalized (i.e., n.u.) units; the
ratio between LF and HF power, both in absolute units (e.g., bpm2

or ms2); and, the total power of the whole spectrum (e.g., bpm2 or
ms2) (Task Force, 1996) (see Fig. 1).

Considering the analysis of HRV as a valuable tool for assessing
the autonomic modulation of cardiac rhythmicity, the power of the
LF band of the heart period spectrum is taken as an index of cardiac
sympathetic modulation (Malliani et al., 1991; Rimoldi et al., 1990)
or as an index of both sympathetic and parasympathic modulation
(Appel et al., 1989). On the other hand, the respiratory rhythm of
heart period variability, expressed as HF oscillations, is taken as
an index of vagal modulation over the heart (Malliani et al., 1997,
1991; Pomeranz et al., 1985). Experimental approaches like electri-
cal stimulation of the vagus nerve, muscarinic receptor blockade,
and vagotomy support the concept of vagal activity as the main
contributor to HF oscillations (Akselrod et al., 1981; Malliani et al.,
1991; Pomeranz et al., 1985).

3. Results

A total of 451 records were screened after data were fil-

tered and duplicates removed. Twelve studies were included in
this review (see Fig. 2): 2 randomized controlled trials (Meinardi
et al., 2001; Minowa and Koitabashi, 2013), 1 randomized single-
blind placebo-controlled crossover (Fernández-Lao et al., 2012);

http://www.pubmed.com
http://www.pubmed.com
http://www.pubmed.com
http://www.pubmed.com
http://www.scopus.com
http://www.scopus.com
http://www.scopus.com
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nd 9 observational studies (Bettermann et al., 2001; Cantarero-
illanueva et al., 2012; Crosswell et al., 2014; Fagundes et al., 2011;
iese-Davis et al., 2015, 2006; Hansen et al., 2013; Tjeerdsma et al.,
999; Vigo et al., 2015).

Data are presented in Table 1 with a description of the stud-
es according to theme related to HRV, population, investigation
arameters, clinical findings, and potential values.

The studies included in this research were performed in patients
ndergoing BC treatment, surgery (Hansen et al., 2013; Minowa and
oitabashi, 2013), and chemotherapy (CT) (Meinardi et al., 2001;
jeerdsma et al., 1999), and in BC survivors (Bettermann et al., 2001;
antarero-Villanueva et al., 2012; Crosswell et al., 2014; Fagundes
t al., 2011; Fernández-Lao et al., 2012; Giese-Davis et al., 2015,
006; Vigo et al., 2015).

Seven studies investigated patients diagnosed with early-
o intermediate-stage BC (Cantarero-Villanueva et al., 2012;
rosswell et al., 2014; Fagundes et al., 2011; Fernández-Lao et al.,
012; Hansen et al., 2013; Meinardi et al., 2001; Vigo et al., 2015),
nd 3 studies included metastatic BC patients (Giese-Davis et al.,
015, 2006; Tjeerdsma et al., 1999). Finally, 2 studies included
atients with diagnosis of BC in any stage (Bettermann et al., 2001;
inowa and Koitabashi, 2013).
The purposes of these studies were to investigate HRV in BC

atients as a measure of cardiac autonomic function and its correla-
ion with adverse effects of the disease, surgery and/or treatments.
he main topics were cardiotoxicity induced by chemotherapy
Tjeerdsma et al., 1999; Meinardi et al., 2001), response to stress
Giese-Davis et al., 2006), association with fatigue (Crosswell et al.,
014; Fagundes et al., 2011; Fernández-Lao et al., 2012), depression
tatus (Giese-Davis et al., 2006), and survival rate (Giese-Davis et al.,
015).

The research of Bettermann et al. (2001) was the first study
omparing the autonomic regulatory dysfunction in BC and other
iseases (e.g., diabetes mellitus). As compared to healthy and dia-
etic subjects, no difference was seen in BC patients (i.e., 56 ± 12
ears old, 30% metastasized) who had no radiation or CT for at least

 months and no operation for at least 1 week before data sampling
or HRV analysis (Bettermann et al., 2001).

Two studies used HRV measures associated to effects of BC
urgery. Hansen et al. (2013) investigated HRV as circadian varia-
ion, and Minowa and Koitabashi (2013) examined it as a measure
f relaxation level. Hansen et al. (2013) confirmed severe dis-
urbances of the ANS, measured through HRV analysis, after BC
urgery-lumpectomy. The disturbances consisted of a lack of cir-
adian variations and a lower cardiac parasympathetic modulation
ostoperatively, that had not been fully normalized even 14 days
fter surgery. The circadian variation was before surgery for pNN50
nd RMSSD with higher values during the night than in the evening,
ut this variation was missing one and 14 days after surgery. The
odified modulation was: decreased SDNN and pNN50 from pre-

perative to one and 14 days postoperative; SDNN increased again
rom one to 14 days postoperative; and RMSSD decreased from
re to one day postoperative. The authors suggested alternative
reatments could be important because of the occurrence of post-
perative complications associated with decreased HRV. Also, in

 risk population undergoing surgery, shifts in autonomic bal-
nce towards sympathetic predominance therefore might result in
ncreased risk of cardiovascular morbidity (Hansen et al., 2013).

Minowa and Koitabashi (2013) hypothesized that the stress
f surgery could be softened if patients started to relax during
he perioperative period, helping in terms of stress management.
hus, they investigated the impact of auto-relaxation techniques

n perioperative anxiety and pain in patients with BC. The protocol
onsisted of 20 min  of relaxation music and verbal formulae 3 times

 day within 3 days following surgery. The cardiac parasympathetic
odulation (i.e., HF) was found to be higher in the relaxation group
rinology 68 (2016) 57–68 61

and increased in the postoperative moments (1–3 days following
surgery). No differences were reported in LF/HF ratios. In this con-
text, the practice of the relaxation protocol caused higher cardiac
parasympathetic modulation and greater relaxation (Minowa and
Koitabashi, 2013).

To analyze cardiotoxicity effects of CT, Tjeerdsma et al. (1999)
investigated patients with locally advanced or metastatic BC who
had been treated with anthracyclines compared to healthy group.
HRV was  found reduced in advanced BC patients (45 years old)
after treatment with anthracyclines, as compared to control sub-
jects. Both the frequency (i.e., LF, HF, and TP) and time (pNN50 and
RMSSD) domain measures were lower in BC patients when com-
pared to healthy subjects. The SDANN and SDNN parameters were
found to be similar between BC patients and healthy controls. The
authors observed normal autonomic function in 15% of the patients,
and 85% had abnormal HRV parameters in the frequency and time
domains, but the authors did not describe the classification of nor-
mal  or abnormal autonomic function. In addition, HRV measures
were not affected by the doses of CT and by the side of the chest
in which the irradiation was applied. Finally, it was suggested that
HRV measures could be taken as a precise tool for the early detec-
tion of anthracycline-induced cardiac damage (Tjeerdsma et al.,
1999).

Meinardi et al. (2001) also observed no persistent reduction
of HRV after anthracycline CT in BC patients. In a higher-dose CT
group, several HRV parameters (SDNN, SDANN, RMSSD, square root
of LF, HF, and TP) were reduced in a more pronounced fashion at
1 month after CT as compared to the beginning of treatment. On
the other hand, parameters returned to their baseline values at 1
month after the completion of the radiotherapy and at 1 year after
the start of CT. The impairment of cardiac function was most clearly
indicated by a decline in the mean left ventricular ejection frac-
tion as a result of myocardial damage, independent of the CT doses
received (Meinardi et al., 2001).

The major part of included studies focused on ANS associated
with side effects of BC treatment and concern in BC survivors about
factors such as fatigue (Crosswell et al., 2014; Fagundes et al., 2011;
Fernández-Lao et al., 2012), depression and stress response (Giese-
Davis et al., 2006), reduced physical function (Cantarero-Villanueva
et al., 2012), and survival (Giese-Davis et al., 2015). Vigo et al. (2015)
hypothesized that in BC survivors multiple functional alterations
might define a phenotype, which includes vagal impairment.

Fagundes et al. (2011) evaluated relationships between fatigue
and both sympathetic and parasympathetic nervous system activ-
ity in BC survivors. The researchers subjected BC survivors to
a standardized stressor. The results showed that women who
reported more fatigue also had significantly lower cardiac vagal
modulation, measured by HRV (RMSSD and HF), before and after
the stressor. The association between HRV and fatigue was not
mediated by treatment type, cancer stage, and time since treatment
(Fagundes et al., 2011).

In the Crosswell et al. (2014) study, HRV analysis (RMSSD and
HF) was employed to assess the cardiac parasympathetic modula-
tion in younger BC survivors. The researchers observed BC patients
with lower HRV (low RMSSD) reporting higher fatigue. HRV param-
eters were significantly negatively correlated with inflammation
(interleukin-6 and C-reactive protein), but these correlations were
attenuated after controlling age and BMI,. There was  no associ-
ation between HRV and treatment variables (i.e., CT, radiation,
or endocrine therapy) and the type of surgery (i.e., lumpectomy
or mastectomy). Nevertheless, the association between HRV and
fatigue was not mediated by inflammation; instead, associations

between HRV and fatigue appeared to be driven by age and body
mass index (BMI). These findings identify parasympathetic drive as
a potential contributor to fatigue experienced in the post-treatment
period (Crosswell et al., 2014).
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Table 1
Summary of selected studies investigating the clinical importance of cardiac autonomic modulation assessed by HRV analysis in BC patients and survivors.

Theme Selected articles Population (#
participants)

Investigation parameter
(statistical analysis)
instrument

Clinical findings Potential value

Disease Comparison Bettermann et al.
(2001)

52 BC patients, 53
women  with diabetes
mellitus, 53 healthy
women  (age-matched)

Spectral FFT [(LF, HF, LF/HF
ratio (ms)−not
log-transformed]
(non-parametric) 24 h
Holterb

↔HRV cancer, diabetic
and healthy groups
↔HRV metastatic than
non-metastatic BC

HRV was  not
determined during
controlled conditions,
many factors might
have interfered HRV

Effects of BC Surgery Hansen et al. (2013) 12 BC patients
scheduled for
lumpectomy

Time domain [SDNN,
RMSSD (ms), pNN50 (%)]
(non-parametric) 24 h
Holterf

↓HRV post-operative There are severe
disturbances of the
ANS (lower
parasympathetic tone)
after lumpectomy,
which has not been
fully normalized
14 days after surgery

Minowa and
Koitabashi (2013)

60 patients diagnosed
with BC and scheduled
for surgery

Frequency domain [HF
(ms2), LF/HF ratio]
(parametric assumption)
ECGe

↑HRV group relaxation
↔HRV group control

The practice of the
relaxation protocol
caused higher
parasympathetic
nervous system
activity and greater
relaxation in BC
patients on
postoperative

Cardiotoxicity effects
of CT

Meinardi et al. (2001) 40 BC patients after
mastectomy or
breast-conserving
treatment

Time domain [SDNN,
SDANN, RMSSD (ms)] and
Spectral FFT [LF, HF, TP
(ms)- square root] 24 h
Holterd

↔HRV low-dose CT
↓HRV high-dose CT one
month after CT HRV
returned to baseline
values at one month
after RT and one year
after CT

No persistent reduction
of HRV was observed
after anthracycline CT
in BC patients

Tjeerdsma et al. (1999) 20 patients with locally
advanced or metastatic
BC
20 age-matched
healthy controls

Time [SDNN, SDANN,
RMSSD (ms), pNN50 (%)]
and frequency [LF, HF, TP
(ms)] domain
(non-parametric) 24 h
Holterd

↓HRV BC patients
CT Doses and side of
irradiation of the chest
wall did not present
difference in HRV

Asymptomatic BC
patients with normal
LVEF, treated with high
dose anthracycline
based CT and RT, have
a  high prevalence of
autonomic impairment

Adverse effects in BC
survivors

Cantarero-Villanueva
et al. (2012)

95 BC survivors (6
months max. post
initial therapy)

Time [SDNN, RMSSD, (ms),
HRV index] and frequency
[LF, HF, TP (ms2), LF/HF
ratio] domain
(non-parametric) 5 min
rest supine, ECGa

HRV and handgrip
strength was weakly
associated

The relation between
HRV and handgrip
strength may  help to
better understand the
recovery processes
after exercise

Crosswell et al. (2014) 84 women originally
diagnosed with early
stage BC prior to age 50

Time [RMSSD (ms)] and
frequency [HF (ms2) − log
transformed] domain 15
min  rest, ECGc

↓HRV older and ↑BMI
↔Demographic,
treatment and physical
activity
↓HRV ↑fatigue

HRV is a potential
contributor to fatigue
experienced in the
aftermath of cancer
treatment

Fagundes et al. (2011) 109 women who had
completed treatment
for early BC within past
2 years, at least 2
months

Time [RMSSD (ms)] and
frequency [HF (ms2) − log
transformed] domain
10 min  rest, heart rate
monitorc

↓HRV fatigued patients
pre and post stressor
test

20-year difference
between fatigued and
non-fatigued BC
survivors. Fatigue may
signify accelerated
aging. ↓HRV have been
associated with
adverse health
outcomes

Fernández-Lao et al.
(2012)

20 BC survivors
reporting moderate to
high cancer-related
fatigue

Time domain [SDNN,
RMSSD (ms), HRV index]
and Spectral FFT [LF, HF
(ms2), LF/HF ratio]
(parametric assumption)
5 min  rest supine
pre-posttest, ECGa

↑HRV massage group
↔HRV control group

Massage therapy as a
body-centered early
intervention in
fatigued BC survivors
reduce fatigue and
improve cardiovascular
autonomic balance

Giese-Davis et al.
(2015)

87 patients with
metastatic or
recurrence BC

Spectral FFT [HF (ms2)−log
transformed]
5 min  rest, ECGg

Median follow up of 7.99
years

↑baseline HF-HRV
predicted ↑survival

Low HF-HRV as a risk
factor for shorter
survival in women
with a diagnosis of
metastatic or
recurrence BC
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Table  1 (Continued)

Theme Selected articles Population (#
participants)

Investigation parameter
(statistical analysis)
instrument

Clinical findings Potential value

Giese-Davis et al.
(2006)

45 non-depressed and
45 depressed patients
with metastatic BC

Spectral FFT [HF, LF, VLF
(ms2) −log transformed]
5 min rest pre-post stressor
test, ECGb

↓HRV depressed than
non-depressed
patients pre-test
↓HRV depressed
patients in post-test

Depression was
associated with
alteration in autonomic
regulation at baseline
and during the stressor

Vigo et al. (2015) 171 sedentary
asymptomatic women
(106 BC survivors, 65
controls) of similar age

Spectral powers [LF, HF,
LF/HF ratio (ms2, nu)]
(non-parametric) 7 min
rest supine, ECGns

↓HRV BC patients
HRV and fatigue
correlated

ANS disturbances as
the primary elements
of a chain of events
eventually linked to
fatigue

Note: ↓ decreasing or lower; ↑ increased or higher; ↔ no differences; BC: breast cancer; HRV: heart rate variability; ECG: electrocardiogram; SDNN: standard deviation
of  all normal-to-normal intervals; LF: low frequency; HF: high frequency; RMSSD: square root of the mean of the sum of the squares of differences between successive
normal-to-normal intervals; HRV index: number of all normal-to-normal intervals divided by the maximum of all normal-to-normal intervals; LF/HF ratio: low to high
frequency ratio VLF: very low frequency; SDANN: standard deviation of the averages of normal-to-normal intervals in all 5 min periods of the recording; PNN50: number of
pairs  of successive normal-to-normal intervals differing by more than 50 ms,  divided by the total number of normal-to-normal intervals; TP: total power; ms: milliseconds;
ms2: milliseconds squared; nu: normalized units; CT: chemotherapy; RT: radiotherapy; HR: heart rate; software used to analyze HRV (a) NH300 (Norav, v.2.90, Baltimore,
MD,  USA), (b) MATLAB (Mathworks, Inc., Natick, MA), (c) Kubios HRV (University of Kuopio, Finland), (d) Marquette 8000 (Marquette Electronics Inc, Milwaukee, Wisconsin,
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SA),  (e) MemCalc System (GMS Inc., Tokyo, Japan), (f) Medilog Darwin (Huntleigh H

Fernández-Lao et al. (2012) used a randomized single-blind
lacebo-controlled crossover design to compare the immediate
ffects of a myofascial release with a control intervention in BC
urvivors with cancer-related fatigue. The myofascial interven-
ion consisted of a protocol focused on the neck–shoulder area of
pproximately 40 min  and included longitudinal stroke, J stroke,
ub- occipital sustained pressure, frontalis bone spread, and ear
ull techniques. They found increased SDNN, RMSSD, and HF after

ntervention in BC survivors with high levels of fatigue. There was
 positive correlation between changes in disturbance of mood and
DNN, with greater reduction in the disturbance of mood corre-
ated with a greater increase in SDNN. They suggested the use of

assage therapy as a body-centered early intervention in BC sur-
ivors to reduce fatigue and to improve cardiovascular autonomic
alance (Fernández-Lao et al., 2012).

Giese-Davis et al. (2006) investigated how depression
ffects metastatic BC stress reactivity, including autonomic
nd hypothalamic–pituitary–adrenal axis function. This study
ompared depressed and non-depressed metastatic BC survivors
ubjected to a standardized and cognitive stressor. The charac-
eristics of study participants were presented in a general way,
nd most had received treatment with surgery, CT, radiotherapy,
nd/or hormone therapy. Depression in these patients was  associ-
ted with alteration in autonomic regulation at the baseline and
uring the standardized cognitive stressor test. Results suggest a
trong effect of depression on vagal attenuation in metastatic BC
urvivors (Giese-Davis et al., 2006).

Cantarero-Villanueva et al. (2012) related a weak relationship
etween handgrip strength and ANS function in BC survivors. There
as no correlation among handgrip strength and SDNN, RMSSD,
RV index, TP, LF, and LF/HF ratio parameters. The results were

he opposite of their hypothesis, which was supported by the fol-
owing findings: (a) an increase in myofibrillar protein degradation
nduced by tumor factors and cytokines involved in cancer biol-
gy (Al-Majid and McCarthy, 2001) could be associated with a loss
f muscular strength in cancer survivors; (b) BC survivors exhib-
ted reduction in muscle strength associated with cancer-related
ymptoms (Cantarero-Villanueva et al., 2011; Winters-Stone et al.,
008); and (c) reduced physical function was associated with ANS

mbalance, as reflected by reduced HRV in patients with cancer (Lin

nd Chen, 2010).

Giese-Davis et al. (2015) hypothesized that higher initial HF-
RVwould be associated with longer survival. A total of 87 patients
ith metastatic or recurrence BC participated of the study. Fifty
care), (g) ANSLAB (Society for Psychophysiological Research) and (ns) not specified.

patients died during a median follow-up of 7.99 years. At 37.09
months, 50% of the lower HF-HRV group versus 34.88% of the
women with higher HF-HRV have died. The hypothesis was con-
firmed and sleep efficiency, visceral metastases, reconstructive
surgery, and higher heart rate were significantly correlated to both
HF-HRV and predictive survival. No other variables (i.e., disease
stage, type of treatment, disease-free interval, estrogen receptor
status, physical activity, depression, stress, fatigue, education level
and income) met  the proxy criteria. For the first time, higher resting
HF-HRV significantly predicted longer overall survival, establish-
ing HF-HRV as a long-term predictor of cancer survival. This study
suggests the relationship of HF-HRV with survival indicates that
efferent cardiac vagal activity may  represent overall afferent and
efferent information transfers between the vagal and immune sys-
tems and may  provide early clinical prognoses in cancer patients
(Giese-Davis et al., 2015).

Finally, Vigo et al. (2015) investigated the clinical phenotype
of BC survivors. Autonomic impairments (reduced aerobic fitness,
altered metabolic proxies, and feelings of fatigue) were reported
representing the hallmark of the clinical phenotype of BC survivors.
HRV analysis revealed BC survivors presenting a lower total RR vari-
ance and lower absolute power (in ms2) of LF and HF components of
HRV. In normalized power, LF and HF were similar in BC survivors
and healthy age-matched controls. Multiple HRV indices were cor-
related to perceived fatigue, and stress and somatic symptoms
appeared less tightly correlated. HRV was not different between
BC subgroups (time from surgery, type of surgery, VO2 peak, pres-
ence or absence of cardiovascular medications). The results suggest
ANS disturbances as the primary elements of a chain of events
eventually linked to fatigue (Vigo et al., 2015).

The reviewed studies present risk of bias mostly because
of samples, small size and heterogeneity, and presence of con-
founders. The heterogeneous samples included patients with
different characteristics such as the time interval from BC diagnosis
(Fernández-Lao et al., 2012), CT regiment (Tjeerdsma et al., 1999),
types of surgery (Minowa and Koitabashi, 2013), and diagnosis of
autonomic neuropathy, medication, and time interval from major
surgery (Bettermann et al., 2001).

The possible confounders presented in studies were BC
staging and grading (Bettermann et al., 2001), type of treat-

ment (Cantarero-Villanueva et al., 2012), psychological factors
(Bettermann et al., 2001; Hansen et al., 2013; Meinardi et al., 2001),
and use of medicaments (Crosswell et al., 2014; Giese-Davis et al.,
2006). Most of studies were observational, which can make it dif-
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cult to establish the cause and effect relationship of the observed
ssociations. Moreover, some of the observed differences could
lready be present before BC treatment (Vigo et al., 2015).

. Discussion

According to the reviewed studies, the clinical importance of
ardiac autonomic modulation assessed by HRV analysis in BC
atients and survivors is demonstrated by association with effects
f BC surgery, BC treatments, and survival and the adverse effects
f surgery and treatments on survivors. HRV seems to be related
o common effects due to BC (e.g., fatigue, depression, stress). In
linical practice, assessment of HRV could help in attenuation of
C adverse effects, and studies have showed association of higher
RV parameters and prolonged survival in cancer patients (Fadul
t al., 2010; Kim et al., 2010). The strength of evidence of included
tudies is low. Because of the observational studies design of most
f the included research, it is not possible to establish the cause-
ffect relationship between associations. This also is a problem with
he small size and heterogeneous samples of included studies. HRV
s responsive to numerous variables (e.g., medications, context,
sychological variables) and vulnerable to complex interactions.
vailable data are limited, and generalizations are not possible to
etermine consistent conclusions about HRV analysis in the BC
opulation, but HRV seems to be a potential tool in clinical practice.

.1. Effects of cancer on HRV

There are scarce evidences about HRV differences between BC
atients/survivors and healthy controls (few studies and multiple
onfounders). In this present review, three studies investigated BC
atients as compared to healthy groups (Bettermann et al., 2001;
jeerdsma et al., 1999; Vigo et al., 2015). The results showed signif-
cantly differences in Tjeerdsma et al. (1999) and Vigo et al. (2015)
tudies, and no differences in Bettermann et al. (2001) study (see
ection 3). Similarly, Caro-Morán et al. (2016) investigated HRV
n 22 BC survivors in the first year posttreatment and 22 healthy
ge- and sex-matched subjects. The results showed differences in
ime [SDNN, RMSSD (ms), and HRV index] and frequency [HF (ms2)]
omain, which were found lower in BC survivors. The covariates
tudied (age, educational level, marital status, occupation, smok-
ng habit, alcohol use, menopausal status, heigh, weight, and BMI)
howed no influence in HRV analysis. There is a lack of evidences in
iterature concerning the effect of BC per se on HRV. These studies

ere developed with patients that had already completed differ-
nt oncologic treatments, which can influences HRV parameters in
ddition to other factors (e.g., type of surgery, time since surgery,
sychological factors).

Likewise, according to the reviewed studies, the effects of BC
tage on HRV remain unclear. Bettermann et al. (2001) was  the
nly study that compared metastatic patients with non-metastatic
atients, and HRV was similar. Giese-Davis et al. (2015) observed
he association of HRV with survival was maintained in anal-
sis that focused only on women with metastatic disease and
xcluded women with recurrence disease. This association was
ittle to no effect in predicting survival in women with visceral

etastases. Gidron et al. (2014) suggested that higher vagal modu-
ation might protect against the adverse effects of advanced cancer
tages. This study compared HRV and tumor markers in colorectal
ancer and prostate cancer patients. They observed higher tumor

arker levels in patients with advanced cancer stages and low HRV

SDNN < 20 ms). Advanced tumor stage patients with high HRV at
iagnosis had lower tumor marker levels predicted than had sub-

ects with low HRV in both types of cancers. In this sense, the
rinology 68 (2016) 57–68

possibility of neuroimmunomodulatory effects of vagal nerve activ-
ity on tumors is highly supported (Gidron et al., 2014).

4.2. Adverse effects of BC treatments on HRV

There is a growing prevalence of cancer therapy side effects,
notably cardiovascular toxicity (Gulati et al., 2014; Ky et al., 2014),
magnified by the lack of ability to identify patients at increased
risk for cardiotoxicity, both before and early in therapy (Ky et al.,
2014). Given the increased survival rates of patients with BC, and
with an increasingly aging population, comorbid illnesses and in
particular diseases of cardiovascular system and long-term cardio-
vascular care are becoming an important clinical problem (Gulati
et al., 2014; Zambelli et al., 2011). Potential cardiovascular tox-
icities linked to anti-cancer agents include QT prolongation and
arrhythmias, the induction of myocardial ischaemia and infarction,
hypertension or venous and arterial thrombo-embolism, and car-
diac dysfunction or heart failure (Eschenhagen et al., 2011). Left
ventricular dysfunction is a late marker and becomes evident after
significant myocardial damage already has occurred (Lakoski et al.,
2015).

As described in Section 1, ANS function is one component
involved in the etiology and the clinical course of BC therapy-
induced cardiovascular disorders (Scott et al., 2014), and autonomic
dysfunctions are associated to increased cardiovascular disease risk
in BC patients (Lakoski et al., 2015). Lenneman et al. (2014) showed
for the first time in humans that an increase in sympathetic tone via
the neuregulin—HER2 pathways might be a key mechanism caus-
ing cardiac dysfunction in BC patients treated with transtuzumab
or laptanib. Anti-HER2 treatment (e.g., transtuzumab or laptanib)
causes an increase in norepinephrine, blood pressure with a cor-
responding decrease in neuregulin, suggesting that the inhibition
of neuregulin-HER2 signalling leads to increased sympathoneural
tone (Lenneman et al., 2014).

In this sense, Meinardi et al. (2001) and Tjeerdsma et al. (1999)
focused on HRV to analyze autonomic function associated to car-
diotoxicity effects of CT in BC patients. The results showed no
persistent reduction of HRV after anthracycline CT (Meinardi et al.,
2001), and high prevalence of autonomic impairment in BC patients
treated with high dose anthracycline CT and RT (Tjeerdsma et al.,
1999). However, Meinardi et al. (2001) found HRV reduction 1-year
post CT and the incidence of abnormal cardiac function appears to
increase with the length of follow-up after treatment (Carver et al.,
2007). Tjeerdsma et al. (1999) included very heterogeneous partic-
ipants on analysis, average of 29 (±27) months after CT regiment
(range 1–108 months). Anthracycline-associated heart damage is
thought to occur largely at the time of exposure, but presentation
may  occur years later, consequence of the heart being unable, or
no longer able to compensate for the initial damage (Eschenhagen
et al., 2011).

In the case of cancer therapy-induced cardiotoxicity, both iden-
tifying affected patients early and monitoring their response to
therapy may  have important clinical implications (Gulati et al.,
2014). Early identification of subclinical cardiac dysfunction and
of patients at higher risk could allow cardioprotective strategies,
prevent the interruption or discontinuation of cancer therapy, and
reduce early and late cardiovascular and oncological morbidity and
mortality (Ky et al., 2014). The current screening methods are lack-
ing an adequate predictive power (Ky et al., 2014; Zambelli et al.,
2011). The discovery of new strategies to identify patients at a high
risk before significant damage develops for the development of

these complications is now a clinical priority (Lakoski et al., 2015;
Zambelli et al., 2011). HRV assessment appears to be a potential
instrument to cardiovascular impairments detection in BC patients
and further investigation are needed.
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Even BC surgery appears to cause autonomic imbalance. Hansen
t al. (2013) investigated effects of BC surgery treatment on HRV
s circadian variation because of possible cardiovascular complica-
ions (Hansen et al., 2013). The results showed BC patients with ANS
ot fully normalized, decreased HRV, 14 days after lumpectomy
Hansen et al., 2013). Circadian disturbances are demonstrated
n the secretion of hormones, the sleep-wake cycle, core body
emperature rhythm, autonomic nervous system tone, myocar-
ial ischaemia, and activity rhythm after surgery (Gogenur, 2010).
ower HRV was revealed an atrial fibrillation risk factor in the post-
perative period in patients undergoing major pulmonary resection
Ciszewski et al., 2013). The authors suggested that HRV measure-

ent during the perioperative period in lung cancer patients could
upport recommendation of antiarrhythmic treatment (Ciszewski
t al., 2013).

.3. Effects of age and BMI  on HRV

The effects of age and BMI  should be considered in HRV analysis.
nverse relationship between HRV and age, and BMI  are observed
n healthy groups (Antelmi et al., 2004; Thayer et al., 2010; Zhao
t al., 2015). Decreased influence of parasympathetic drive occurs
ith increasing age (Antelmi et al., 2004; Thayer et al., 2010; Zhao

t al., 2015), and ANS, particularly the sympathetic component,
s involved in body weight regulation through energy expendi-
ure modulation. As a result, sympathetic drive could influence
ody weight. Higher BMI  and increased energy expenditures could
e modulated through sympathetic nervous system. Additionally,
eduction of parasympathetic is related to body size increases, and
t may  represent a defensive mechanism against fat deposition
Koenig et al., 2014; Molfino et al., 2009).

The age was controlled in Crosswell et al. (2014) (<50 years),
einardi et al. (2001) (<55 years) and Tjeerdsma et al. (1999)

30–55 years) studies. No studies considered BMI  influence on
RV analysis, but Fagundes et al. (2011) excluded patients with
MI  ≥ 40. According to Crosswell et al. (2014), female BC survivors
ould have lower HRV (RMSSD and HF) if they were older and
ad a higher BMI. Vigo et al. (2015) observed BC survivors older
nd with greater BMI  as compared to controls, but these variables
ere not analyzed to correlate with HRV. A recent study showed

imilar results. In the Caro-Morán et al. (2016) study, BC survivors
ere characterized with higher BMI  than healthy age- and sex-
atched control subjects. However, BMI  showed no influence on
RV parameters (Caro-Morán et al., 2016). This characteristic is in
ccordance to the clinical phenotype of BC survivors proposed by
igo et al. (2015), which can be due autonomic impairments (i.e.,
etabolic proxies).

.4. Positive effects of supportive interventions

The randomized trials included in this review showed support-
ve interventions of relaxation (Minowa and Koitabashi, 2013) and

assage (Fernández-Lao et al., 2012) with positive effects on BC
atients and survivors through HRV measures. The use of mas-
age therapy was used as a body-centered early intervention in
he aftercare program of subgroups of BC survivors with positive
ttitude toward massage to reduce fatigue, improve cardiovascu-
ar autonomic balance, and stabilize mood state (Fernández-Lao
t al., 2012). Relaxation practice showed reductions on periopera-
ive anxiety and pain in patients with BC (Minowa and Koitabashi,
013). The authors suggested relaxation as a simple intervention
hat patients can practice anytime and anywhere, and it might be

ery useful for stress management (Minowa and Koitabashi, 2013).
mportantly, confounders must be considered. Fernández-Lao et al.
2012) included patients between 25 and 65 years old with an
nterest in improving their lifestyle and used a single operator pro-
rinology 68 (2016) 57–68 65

cedure. Minowa and Koitabashi (2013) did not control age and type
of surgery.

Another example of supportive intervention is physical activity
as showed by Niederer et al. (2013). The results indicated moderate
aerobic endurance activity improving autonomic cardiac regulation
(HRV analysis, frequency domain—TP) and quality of life in cancer
patients both during and after acute cancer treatment. This regula-
tion therefore might be considered as an additional benefit of the
overall individualized cancer therapy. (Niederer et al., 2013).

4.5. The methods used to HRV analysis

Various methods were used to measure HRV indexes values
by the included studies (e.g., electrocardiogram, Holter, heart rate
monitor, time of recording, software). According to Task Force
(1996), two  types of recordings should be used whenever possi-
ble to standardize physiological and clinical studies: short-term
recordings of 5 min  made under physiologically stable condi-
tions processed by frequency domain methods, and nominal 24-h
recordings processed by time domain methods. The only standard
observed between the studies was  short-term recordings in BC sur-
vivors and long-term records in BC patients. There was no standard
about the methods used, or about the time or frequency domain.

The most common instrument used to measure HRV was ECG.
Only one study used different instrument: a heart rate monitor
(Fagundes et al., 2011). In a continuous ECG record, which usually
requires a high-quality ECG with a sampling rate above 250 Hz, each
QRS complex is detected and the HRV indexes are calculated (Task
Force, 1996). A number of ambulatory ECG recorders or Holter mon-
itors that meet these requirements have been developed and are
available commercially. They are, however, costly, complex, expen-
sive, and time consuming, and require trained personnel to operate
effectively to use out of laboratory, thus making the HRV analysis
difficult (Gamelin et al., 2006; Nunan et al., 2009). Fagundes et al.
(2011) used a Polar s810 to collect HRV data, a valid instrument with
no bias to HRV analysis (Gamelin et al., 2006; Nunan et al., 2009).
The Polar S810 is a wireless heart-rate monitoring system capable
of recording short-term RR interval data and along with accompa-
nying software allows for an affordable and a user-friendly method
to determine HRV outside of the laboratory setting (Nunan et al.,
2009).

When HRV methods are employed in an experimental or clinical
setting, researchers should ensure that the reliability of measures
is high. We  can define reliability as the reproducibility of measure-
ments (Portney and Watkins, 2008). In order to obtain reliable HRV
data, it is recommended that standardized procedures be used for
better assessment of puzzling variables that may affect reliability
(Sandercock et al., 2005).

It is shown in the literature that the assessment of the power of
the LF band of HRV spectrum obtained from short periods shows
high level of reliability with a coefficient of variation of 15% (Freed
et al., 1994). A study from Sinnreich et al. (1998) evaluated HRV
parameters in patients under normal or paced breathing. It was
seen that measurements of the LF and HF power made 2 months
apart had coefficient of variation around 11%. In addition, it was
shown that time domain measures had higher reproducibility when
assessed 2 months apart because the coefficient of variation was
around 6% for standard deviation of interbeat intervals measures
and 7.7% for RMSSD measures. For both time and frequency domain
measures the coefficient of variation was  found similar among sub-
jects with normal or paced breathing (Sinnreich et al., 1998).

Despite the low coefficient of variation found by Sinnreich et al.

(1998), there are reports showing high variation of values when
HRV measures are taken repeatedly over time (Lord et al., 2001;
Salo et al., 1999). Therefore, because HRV measures rely very much
on data acquisition, the proper choice of sampling equipment
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nd maintenance of similar environmental conditions for patients
hould enhance data reproducibility among measures (Task Force,
996).

Finally, it is noteworthy to mention statistical considerations
or HRV analysis. The methodologies used to quantify HRV in the
eviewed articles are quite diverse. All studies have described
hether the data was processed for carrying out a parametric

nalysis, and when necessary, some studies log-transformed HRV
ndices for proper statistical analysis (See Table 1). Lewis et al.
2012) showed 3 commonly metrics of respiratory sinus arrhyth-

ia  highly inter-correlated, but different in terms of statistical
eatures, moderation by respiration, distortion due to nonstationar-
ties, and sensitivity to vagal manipulations. Therefore, the analyses
rant that the metrics are not equivalent, and need appropri-
te transformations and effective detrending procedures (Lewis
t al., 2012). Accordingly, we strongly recommend that researchers
n the HRV field should verify if data is not violating statistical
ssumptions for parametric analyses to ensure proper results inter-
retation regarding time (e.g., RMSSD, SDANN, and SDNN) and
requency (e.g., LF power, HF power, and LF/HF ratio) domain anal-
sis.

.6. Directions for future research

Future studies with long-term follow-up periods, assessment
f the influence of different treatments, evaluation of ethnic dif-
erences, larger sample sizes, prospective design, homogeneous
opulations, and detailed analysis on contributing factors, such
s preoperative comorbidity and pre-diagnosis exercise data on
omen, are necessary for a better understanding of the relation-

hip between BC outcomes and HRV parameters. In addition, the
se of medications that have an influence on HRV also should be
ontrolled in studies.

. Conclusions

In summary, in this review we showed important studies
hat aimed to assess HRV, by means of several methodological
pproaches, in BC patients. The importance of using HRV as a
linical indicator of independent risk factor for evaluating and
dentifying health impairments involving autonomic changes is
romising. The results promise identification of risk patients to car-
iovascular events because of autonomic impairments, such as BC
atients older and/or with higher BMI. The HRV analysis could be
sed as a complementary non-invasive tool for the early diagnosis
nd better prognosis of autonomic dysfunction, and survival in BC
atients. There are many potential clinical applications of HRV anal-
sis in BC patients, and the employment of such approaches could
ead to lower impairment of autonomic function in this individuals.
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