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Abstract

Background Breast cancer (BC) is one of the most incident types of cancer among women in the world. Although
chemotherapy is an effective way to treat several types of cancer, it may also cause serious complications, includ-
ing cardiotoxicity. This study aimed to identify the impact of chemotherapy on functional capacity, muscle strength
and autonomic function.

Methods Ten breast cancer patients in therapeutic follow-up (TG) and ten women without comorbidities (CG)
participated in the study (46+8.87 years old). Both groups were evaluated at two time points, before and 20 weeks
after the start of chemotherapy. Functional capacity and muscle strength were assessed by 6-minute walk test
(6BMWT) and handgrip test, respectively. Autonomic function was assessed by heart rate variability analysis.

Results TG presented greater reductions in the handgrip test for the non-dominant hand (TG ¥15.2%; CG: 11.1%,
p<0.05) compared to GC. However, no significant differences were found regarding VO,max (p>0.05) and 6MWT
total distance (p>0.05). Regarding the heart rate variability variables before and after follow-up period, rMSSD (CG=
39.15+37.66; TG= 14.89+8.28, p= 0.01) and SDNN (CG= 55.77+40.03; TG= 26.30+10.37, p= 0.02) showed effect

in the group and time interaction, whereas the LF/HF ratio presented significant difference only in the time analysis
(CG=2.24+2.30; TG= 2.84+1.82, p=0.04).

Conclusion Chemotherapy used in the treatment of breast cancer patients resulted in decreased muscle strength
and autonomic imbalance. The data suggests that chemotherapy may carry the risk of developing cardiovascular
disease.
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Background

Cancer incidence and mortality rates are rapidly
increasing worldwide [1]. In 2020, 2.3 million new
cases of breast cancer (BC) were registered [1-3]. As
it is the second leading cause of cancer-related death
in women, it is considered a serious public health
problem [4]. In Brazil, BC is among the most frequent
types of cancer in all Brazilian regions, and it is esti-
mated that there will be 73,610 new cases in the period
2023/2025 with an incidence rate of 66.54 cases per
100,000 Brazilian women [3].

Regardless of the molecular subtype, whether lumi-
nal A, B, human epidermal growth factor receptor
(HER) type 2 or triple negative, with the development
and success of BC treatment in recent decades, it is
known that its survival rate after five years is around
85% in developed countries and 60% in developing
countries [5]. However, the cardiotoxic effects of anti-
neoplastic have increased morbidity and mortality due
to cardiovascular diseases, which justifies the growing
interest of researchers in identifying the correct man-
agement of the treatment [3, 6]. Whether adjuvant or
neoadjuvant, chemotherapeutic strategies to treat BC
pose a risk to the health of the patient [7-11]. Anti-
microtubule agents, anthracyclines and HER-directed
therapies are well known for being related to ventricu-
lar dysfunction and heart failure [10]. Therefore, early
cardiotoxicity identification may improve cardiac and
oncology management [6, 12, 13].

The echocardiography is a widely used technique to
assess cardiotoxicity that is defined as a > 10% reduc-
tion in left ventricular ejection fraction (LVEF) to a
value below the lower limit of normality (LVEF < 50%)
[10]. However, sympathetic overdrive or increase in LV
preload can compensate the LVEF in the initial stages
of cardiac aggression [14]. Therefore, the assessment
of the autonomic function may be an alternative evalu-
ation as it plays a fundamental role in the regulation of
heart rate, myocardial function, and myocardial blood
flow [13, 14].

Thus, the therapeutic phase of BC requires special
attention regarding the identification of possible car-
diovascular risk factors associated with exercise capac-
ity and autonomic function. This strategy may prevent
further health problems and minimize care costs [7]. It
is hypothesized that BC treatment may contribute to
lower tolerance to effort, decreased peripheral mus-
cle strength and autonomic dysfunction, which may
lead to cardiac complications. Thus, this study aimed
to evaluate the effects of chemotherapy on the func-
tional capacity and autonomic function in women with
breast cancer.
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Methods

Study design

This is a prospective, case-control study. The group that
underwent therapeutic follow-up with chemotherapy
(TG) consisted of women with a recent diagnosis of BC
with the prospect of starting treatment with neoadjuvant
and adjuvant chemotherapy [weekly Pactaxel, associ-
ated with the Doxorubicin + Cisplatin (AC) regimen for
15 days or Trastuzumab for 21 days]. as described in the
Brazilian Cardio-oncology Guideline — 2020 [10]. A con-
trol group (CG) of age-matched healthy women was also
investigated.

Participants

The sample size was calculated based on the results of
the study by Gonzaga et al,, 2018 [15]. Using the mean
and standard deviation of the SDNN variable from both
groups resulted in an effect size of 1.54. Adopting an «a
error of 0.05 and a statistical power (B error) of 0.80, a
minimum sample size of 6 volunteers per group was
determined.

Participants were recruited between March and August
2019, and the follow-up period extended until February
2020. The following eligibility criteria for the TG were
considered: recent diagnosis of BC, expected start of neo-
adjuvant or adjuvant chemotherapy to the therapeutic
protocol, aged over 18 years, clinical stability and medical
authorization to perform the functional tests. Volunteers
were excluded if: unable to perform the scheduled chem-
otherapy protocol; previous diagnosis of chronic obstruc-
tive pulmonary disease; heart failure; infectious diseases;
unable to understand or fail to complete the assessments;
or unable to contact for reassessment.

The control group, consisting of women without breast
cancer, was recruited through social media advertis-
ing. We included healthy women without comorbidities,
matching the age range and anthropometric measure-
ments of the breast cancer group. As this is an observa-
tional study, participants did not engage in an exercise
intervention. This case-control study was approved by
the ethics committee of the Federal University of Piaui,
under protocol 3.131.097. All participants signed the
informed consent form and all procedures were carried
out in accordance with the guidelines proposed by reso-
lution 466/12 of the National Health Council.

Measures

The data collection for this study occurred at the Biophys-
ics and Physiology Laboratory at UFPI (Federal University
of Piauif), equipped with the necessary infrastructure for
conducting the required assessments. The collection was
conducted from April 2019 to February 2020, strategically
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planned to cover a comprehensive and relevant timeline for
breast cancer treatment.

On average, each participant underwent assessments
for approximately 150 days, corresponding to the stand-
ard 5-month duration of breast cancer chemotherapy
treatment. The initial assessment took place before the
commencement of chemotherapy, and the subsequent reas-
sessment occurred after the completion of the treatment.

The sociodemographic variables were acquired by indi-
vidual questionnaire (Supplementary file 1 provides the
variables evaluated in this study) while clinical variables
(clinical staging, histological type, comorbidities, type of
chemotherapy and therapeutic combination) were with-
drawn from the patient’s record.

Four researchers, previously trained for data collec-
tion, served as outcome assessors. They were blinded to
minimize subjective interpretations and possible bias. One
researcher assessed autonomic function, two evaluated the
functional capacity and one evaluated the muscle strength.
All measurements were performed by the same evaluators
before and after the follow-up period. Autonomic func-
tion was assessed first on the day of collection, followed by
muscle strength and, finally, functional capacity. All meas-
urements were conducted in the morning and in the same
environment, free of noise and with a controlled tempera-
ture between 22°C and 24°C.

Functional capacity

The functional capacity was investigated by a 6-minute
walk test (6MWT) performed in a 30 meters corridor,
according to American Thoracic Society guideline [16].
During the evaluation, each participant performed two
tests to eliminate the learning effect and ensure the repro-
ducibility of the procedure, with a minimum rest interval
of 15 minutes between tests. To record the data, the results
of the second test were considered. Considering the female
gender = 0 and the delta of heart rate (AHR), we estimated
the expected walking distance of the test (6MWD) for each
participant with the following equation proposed by Britto
etal, 2013 [17]:
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Muscle strength

The muscle strength was assessed by a handgrip test
using a manual dynamometer. The measurement was
performed by using the Crown ® 100 dynamometer to
the nearest 0.01 kg. The patients performed the test in
a sitting position, with the elbow flexed at a 90° angle,
with forearm and wrist in neutral position. Participants
were instructed to perform three maximal isomet-
ric contractions, with 30 seconds of interval between
measurements, with the time being estimated by a
stopwatch to standardize the rest for each participant.
Three measurements were obtained from each hand
and the average was grouped as dominant and non-
dominant hand [19]. The values obtained were classi-
fied according to age. Values below the fifth percentile
(P5) were classified as muscle strength depletion [20].

Autonomic function

The autonomic function was assessed through the
monitoring of heart rate variability (HRV) using the
Polar H10 heart monitor (Polar OY, Finland), previ-
ously validated at rest and during exercise [21]. The
device was placed on the thoracic waist using an elastic
chest strap below the pectoral muscles of each partici-
pant. They were instructed to wear comfortable cloth-
ing, not speak or move during the analysis, and remain
in a lying position for 15 minutes while recording the
RR intervals. The heart rate monitor was connected to
the Android smartphone app HRV Expert by Cardio-
Mood. The data recorded by the app were exported as a
text file and analyzed by Kubios HRV Standard software
(version 3.2.0; Biosignal Analysis and Medical Image
Group, Department of Physics, University of Kuopio,
Kuopio, Finland) [22].

Data were analyzed in the time and frequency
domains, as measures of electrical activity from
parasympathetic and sympathetic impulses of auto-
nomic balance. In the time domain, we analyzed the
root mean square of successive differences between

6MWD = 356.658— (2.303 x ageyear5)+(36.648 x sex)+(1.704 x height,, ) +(1.365 x AHR)

For the peak oxygen uptake (VO,peak) estimation, we
used the following equation proposed by American College
of Sports Medicine Guidelines for stress testing and exer-
cise prescription [18]:

RR intervals (rMSSD), which was selected to reflect
changes in vagal modulation and was preferred due
to its greater reliability in demonstrating parasym-
pathetic activity when compared to other indices of

VOspeak est = ((0.02 x GMWDm) — (0191 x age ey, ) — (0.07 x body massy, ) + (0.09 x height,) + (026 x RPP x 107%) + 2.45)
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power spectral density; and the standard deviation
of all normal RR intervals (SDNN) which represents
the contribution of the sympathetic and parasympa-
thetic components of the autonomic nervous system.
Regarding the frequency domain, the low frequency/
high frequency ratio (LF/HF) was chosen to analyze
the autonomic balance, regarding the LF as 0.04 to
0.15 Hz and HF as 0.15 to 0.4 Hz [23].

Statistical analysis

There were no missing data in our statistical analysis.
All data collected were duly recorded and included in
the analysis. Data were presented as mean and stand-
ard deviation. Normality and homogeneity of the data
were verified using the Shapiro-Wilk and Levene tests,
respectively. Independent t test was used to compare
means and mixed ANOVA test was used to compare
means and mixed ANOVA test was used to analyze
variables between groups with and without breast can-
cer, as well as to analyze changes over time measures
with Least significant difference (LSD) post hoc test.
Statistical significance level was established at p<0.05.
The analysis was performed using the Statistical Pack-
age for the Social Sciences (SPSS ©, version 21.0) for
Windows.

Screened participants
N =50
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Results

Figure 1 shows the progression of participants through-
out the study. Firstly, fifty participants were screened.
However, twenty-seven were excluded as they were not
able or decided not to perform the physical tests. In
total, twenty-three participants started the program,
and of those, three were excluded as they did not start
or complete the chemotherapy cycles. The data of the 20
completers were included in the final analysis. 10 BC par-
ticipants comprised the TG and 10 women at the same
age range without BC comprised the CG.

Regarding the clinical variables, the participants in the
CG did not have associated comorbidities. The invasive
lobular was the predominant histological tumor type,
representing 60% of the sample while 40% of the volun-
teers of the TG were diagnosed with infiltrating ductal
carcinoma. The most frequent molecular classifications
were Luminal A (50%), triple negative (30%) and Lumi-
nal B (20%). Regarding the clinical stage of BC, 90% of
the participants were in Stage I and 10% in Stage II. Sixty
percent of the participants started treatment with neoad-
juvant chemotherapy and 40% underwent surgery before
chemotherapy. Eighty percent underwent the chemother-
apy regimen with Doxorubicin + Cisplatin (AC) (every
15 days) + Paclitaxel (weekly) while 20% used Paclitaxel
(weekly) + Trastuzumab (every 21 days) as described in
Table 1.

,( Did not complete the

Remained participants
N =23

physical tests

N =27
Excluded \
N=3

Included in the final
analysis
N=20

Fig. 1 Flow chart of the participants

Two did not complete the
chemotherapy cycles

One did not start
chemotherapy treatment

J
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Table 1 Clinical profile of the therapy group

(2024) 16:5

Clinical variables TG
Histological type

Infiltrating ductal carcinoma 4 (40)

Invasive lobular 6 (60)
Immunohistochemistry

ER+ 5(50)

PR+ 5(50)

HER2+ 1(10)

Ki67 <20% 7(70)

Ki67>20% 2(20)
Molecular subtype

Luminal A 5(50)

Luminal B/HER2 (20)

Triple negative (30)
Staging

I 9 (90)

Il 1(10)
Chemotherapy

Neoadjuvant 6 (60)

Adjuvant 4 (40)
Protocol

AC (15 days) + Taxol (Weekly) 8(80)

Taxol (Weekly) + Herceptin (every 21 days) 2 (20)

Date presented as mean * standard deviation or absolute frequency (relative
frequency). Legends: TG Therapy Group, ER Estrogen Receptor, PR Progesterone
Receptor, HER Human epidermal growth factor receptor type 2; Ki67 Antigen-

marker of cell proliferation, AC Doxorubicin + Cisplatin, Taxol Paclitaxel,

Herceptin Trastuzumab
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The TG presented similar age (TG: 47.9+8.4; CG:
44.1+9.34 vyears, p= 0.35), body mass (TG: 68.6+11.1;
CG: 66.2+9.2 kg, p= 0.61) and body mass index (TG:
26.59+4.34; CG: 26.43+2.55 l(g/m2, p= 0.92) when com-
pared to CG. Table 2 show the results obtained from
the cardio-respiratory, muscle strength and autonomic
parameters assessed pre-follow-up period. When com-
paring means of the total distance (TG:473.55+79.81m;
CG: 437.00+£39.26m, p= 0.21), dominant muscle strength
(TG: 23.37+2.66; CG: 25.05+4.41, p=0.32) and ratio LF/
HF (TG: 1.2240.47; CG: 2.02+1.16, p=0.07) the groups
presented equal values.

Table 3 presents the descriptive results of the assess-
ment before and after follow-up period. A time effect
was verified on the cardiorespiratory variables (Total dis-
tance (m); % of estimated distance (%); VO, (ml-Kg-min™)
p<0.05. Additionally, there was a significant decrease
in the strength of the dominant hand (p<0.05) after the
breast cancer treatment period. In contrast, the between-
subject effect was identified only for the non-dominant
hand (p<0.05). The group and time interaction influenced
maximal isometric strength for the dominant hand and
non-dominant (p<0.05). Autonomic function variables,
rMSSD and SDNN, showed a significant difference in the
group and time interaction (p <0.05), except the LF/HF
ratio (p >0.05) which had an effect only on the time factor.

Discussion

To our knowledge, this is the first case control study that
evaluated the exposure of chemotherapy on autonomic
function and functional capacity in breast cancer patient.

Table 2 Main anthropometrics, cardio-respiratory, muscle strength and autonomic parameters assessed pre-follow-up period.

Anthropometrics TG (n=10) CG (n=10) Mean difference (95% Cl) P
Age (years) 47.90+£8.41 44.10+£9.34 3.80 (-4,55;12,15) 0.35
Body mass (Kg) 68.62+11.13 66.24+9.23 2.38(-7.23;,11.99) 061
BMI (Kg/mz) 26.59+4.34 2643+2.55 0.16 (-3.19;3.51) 0.92
Cardio-respiratory parameters

Total distance (m) 473.55£79.81 437.00£39.26 36.55 (-22.54,95.64) 0.21

% of estimated distance (%) 83.72+15.02 76.51+6.87 7.21(-3.76;18.19) 0.18

VO2 (ml-Kg-min™) 16.65+1.65 15.97+1.84 0.69 (-0.95;2.33) 0.39
Muscle strength

Dominant (Kg) 23374266 25.05+4.41 -1.68 (-5.10;1.74) 032

Non-dominant (Kg) 20.17+3.28 22.18+3.70 -2.01(-5.30;1.28) 0.21
Autonomic function

rMSSD 444342527 28.77£13.64 15.66 (-3.42;34.74) 0.10

SDNN 72.14+61.37 41.72+13.64 3042 (-13.94;74.79) 0.16

LF/HF 1.22+047 2.02+1.16 -0.80 (-1.66;0.07) 0.07

Values are expressed as mean + standard deviation

Abbreviations: TG Therapy Group, CG Control Group, N Number, BMI Body Mass Index, M Meters, VO2max Maximal oxygen uptake, M/ Milliliters, Kg Kilogram, Min
Minute, rMSSD Root mean square of successive differences between RR intervals, SDNN Standard deviation of all RR intervals, LF Low Frequency, HF High Frequency
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Table 3 Cardio-respiratory, muscle strength and autonomic parameters assessed before and after follow-up period
TG (n=10) CG (h=10) P values
Variables PRE POST Mean difference PRE POST Mean difference G T GxT
(95% CI) (95% CI)
Cardio-respiratory parameters
Total distance (m)  473.55+79.81 421.20+7506" 52.35(10.33;94.37) 437.00+£39.26 398.5+94.87 385 (-3.52;80.52) 034 <0.01 063
% of estimated 837241502  75.06+12.99" 867 (1.44;1589) 76.51+6.87 69.63+16.58 6.88(-0.34;14.11) 026 <0.01 0.72
distance (%)
VO2 (ml-Kg-min-1)  16.65+1.65 15.60+2.24" 1.06 (0.54;2.06) 15.97£1.84 15.58+2.31  0.39(-0.61;1.39) 0.68 <0.05 0.34
Muscle strength
Dominant 23.37+2.66 19.39+4.66" 3.98(2.385.58) 25.05+441 2335+4.66' 1.70(0.09;3.30) 0.10 0,00 <0.05
Non-dominant 20.17£3.28 171043517 3.07 (0.91,5.23) 22.18+3.70 22434525  -0.25(-241;1.91) 0.04 0.07 0.03
hand
Autonomic function
rMSSD 444342527  14.89+8.28" 29.54 (7.63,51.46) 28.77£13.64  39.15+37.66 -1037(-32.29;,11.54) 059 0.21 0.01
SDNN 721446137 2630+1037" 4584 (11.01,80.67) 417241364  55.77440.03 -14.04 (-4887,20.78) 097 0.9  0.02
LH/HF 1.22+0.47 2.84+182" -1.62 (-2.87;-0.37) 201£1.16 2.24+2.30 -0.23 (-1.48;1.02) 086 0.04 012

Values are expressed as mean + standard deviation

Abbreviations: TG Therapy Group, CG Control Group, N Number, M Meters, VO,max Maximal oxygen uptake, Ml Milliliters; Kg Kilogram, Min Minute; rMSSD Root mean
square of successive differences between RR intervals, SDNN Standard deviation of all RR intervals, LF Low Frequency, HF High Frequency

P value from the mixed ANOVA analysis of variance are listed as group effect (G), time effect (T) and groups x time effect(G x T); t: Post-hoc test identifies significance

(P <0.05) in differences between PRE and POST

Importantly, this study included breast cancer patients
with an average age of 47.9 years old. This scenario is
adverse because there is a worldwide increase in this
neoplasm in women under 40 years old, with advanced
age associated with a worse prognosis [24, 25]. The par-
ticipants of the TG were characterized with small breast
tumors, favorable biological characteristics, and stage I or
I at diagnosis, which are associated with fewer adverse
outcomes during treatment [26].

Peripheral muscle strength and autonomic function are
associated as factors that can potentially influence the
functional capacity of women with BC during chemo-
therapy [27-30]. Accordingly, Gupta et al., 2008 [31]
stated that patients with depleted handgrip strength are
conditioned to greater risks of adverse health outcomes.
An isometric dynamometer, the device widely used to
perform the handgrip test, is accessible, practical, and
has high predictive power and, thus, can be included
in the routine evaluation of BC patients. In the present
study, there was a significant decrease in peripheral
muscle strength for the non-dominant limb, with the
risk of muscle depletion being classified in 20% of the
post-chemotherapy sample. In another research involv-
ing cancer patients, it was observed that the decrease in
peripheral strength was associated with increased mor-
tality, with clinical worsening when related to malnutri-
tion and advanced age [32].

We conducted the 6MWT to evaluate the functional
cardiorespiratory capacity, which is widely used in

patients with chronic respiratory disease and heart fail-
ure [17, 31]. Importantly, this test has been used in sev-
eral other populations, including cancer patients, with
valid and reliable data [33]. Cheville et al., (2008) [34]
conducted a study with 163 patients with metastatic
BC and observed that 92% of them had physical impair-
ments considered remediable. This observation was
justified due to the combination of more than one cas-
ual factor, including stage of the disease or side effect
of the surgical, chemotherapy and/or radiotherapy
treatment. Likewise, they observed a shorter total dis-
tance and functional capacity after the chemotherapy
treatment.

Regarding the equation by Britto et al., 2013 [17] the
estimated distance was greater than the total distance
covered after the 6MW T, not only before but also after
chemotherapy, which may predict a decrease in func-
tionality since diagnosis [28]. Therefore, considering the
observational nature of this study, it was expected that
there would be a decrease in oxygen consumption in the
second assessment, as presented in the study by Wiestad
et al, 2020 [35]. In a systematic review [36], the authors
stated that the 6MWTT total distance and VO,max can
be improved with aerobic training, either continuous
or intermittent, with a greater gain in the continuous
modality. Additionally, individualized resistance train-
ing may improve these parameters when associated with
aerobic training, based on the guidelines of the American
College of Sports Medicine (ACSM) [18, 37, 38].



Sousa et al. BMIC Sports Science, Medicine and Rehabilitation

In this perspective, functional capacity is considered
of paramount importance to ensure greater adher-
ence and response to treatment, as well as to improve
morbidity and mortality indicators [27]. It is explained
that maintaining muscle mass and improving oxygen
transport may favor a decrease in sympathetic tone
and an increase in vagal tone, consequently decreasing
heart rate (HR) at rest and increasing HRV and barore-
flex sensitivity [14, 37-39]. This effect may be oppo-
site in the absence of exercise practice [14]. Therefore,
it is necessary to understand the possible functional
impairments caused by chemotherapy during treat-
ment. It should be considered the possibility of periodi-
cally monitoring the functional capacity and adapting
treatment based on specific risk profiles. Additionally,
the practice of physical activity should be encouraged,
since it contributes to increase autonomy and inde-
pendence, standards that are expected for adequate
functionality [40-42].

Regarding the chemotherapy protocol used in the
treatment of TG, it is known that anthracyclines are key
components for the BC treatment, but they are limited
in terms of cumulative and dose-dependent cardiotoxic-
ity. The incidence of asymptomatic heart failure induced
by doxorubicin is 2.2%, but it can increase to 27% when
associated with trastuzumab. Of these, 16% had heart
failure class III and IV based on the New York Heart
Association functional classification [42]. It should be
noted that both therapeutic protocols described in this
study are worrying. The combination of doxorubicin
and cyclophosphamide every 15 days associated with
cycles with weekly paclitaxel, as well as weekly pacli-
taxel associated with trastuzumab every 21 days, seem
to negatively contribute to autonomic imbalance, leading
cardiotoxicity that can have a critical and negative impact
on functionality [28]. However, studies monitoring HRV
in individuals with cancer are still scarce.

Since chemotherapy is cardiotoxic and may lead to
functional impairments, the risks for the development of
cardiovascular diseases should be taken into considera-
tion. Treatment modification based on patient-specific
risk profiles, intensive monitoring, detection of cardio-
vascular lesions by imaging and biomarkers circulation,
and to pharmacological intervention with the prescrip-
tion of cardioprotective drugs (i.e., beta-blockers or ACE
inhibitors) are strategies widely used as preventive and
protective measures in early detection and intervention
of potential risks, although they are not always used in
the clinical routine [42]. Another important and sensi-
tive measure to be monitored concerns the autonomic
variables, since it allows to verify whether the autonomic
nervous system modulation is within normal range,
which allows early detection of any alteration [15].
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Similar to our study, Gonzaga et al., 2018 [15] also
evaluated the autonomic modulation in patients with BC
and compared them with a control group. However, their
sample consisted of postmenopausal women who sur-
vived breast cancer using hormone therapy (aromatase
inhibitors), which is also associated with increased risks
of heart failure and cardiovascular. The results found
were similar to those of our study, suggesting that HRV
reduction is particularly evident in the LF oscillations
band, with a statistically significant direct relationship
between baroreflex impairment and HF band reduction.
This is justified by the decline in myocardial function that
is initially compensated for an increase in heart rate [14].

Fagundes et al., 2011 [43] found an association between
HRV and fatigue in BC survivors within one year after
treatment, which supported the hypothesis that reduced
parasympathetic activity is associated with greater
fatigue levels. In addition, De Couck and Gidron, 2013
[44] noted that the SDNN, rMSSD and HF band indexes
were significantly lower in subjects with a more reserved
prognosis, as found in women with breast cancer after
chemotherapy, showing that individuals with better prog-
nosis had a higher HRV, in parallel with the results found
in the pre-chemotherapy phase.

Another relevant finding of our study refers to the
handgrip strength test, which showed a consistent
decline in functional status with autonomic imbalance
after chemotherapy. This is probably due to the catabolic
effects of chemotherapy, which may have directly affected
the muscle fibers, with consequent reduction in muscle
strength, thus impacting the global functionality [32, 45].
However, LF/HF ratio, peripheral muscle strength of the
dominant hand and total 6MWT distance resulted in a
significant difference only in the time analysis for both
groups.

Therefore, health professionals should constantly assess
functional and autonomic aspects of BC patients, as it
can early detect possible adverse changes. Additionally,
studies with HRV as a tool to screen autonomic modu-
lation of BC patients undergoing chemotherapy are sug-
gested. This can result in a more reliable overview of its
applicability and effectiveness, since autonomic dysfunc-
tion is one of the main factors that may contribute to
functional impairment and lower quality of life.

Despite the small sample size of our study, the num-
ber of participants is in accordance with the recommen-
dation after the calculation of the statistical power. The
selection of cardiac autonomic modulation as our pri-
mary outcome was based on its critical role in the study
of cardiotoxicity. However, the decision to base the effect
size calculation on the study by Gonzaga et al. 2018 [15]
may introduce potential limitations. The aforementioned
study is a cross-sectional study, and the authors did not
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evaluate baseline assessments as well as the potential role
of important confounding factors (such as hypertension
or chronic use of medications) that could affect auto-
nomic modulation.

Our study is also limited to the fact that we included
only participants diagnosed with stage I or II breast
cancer, excluding those with metastases or associated
comorbidities. This reflected in two different therapeutic
strategies, as recommended by the Brazilian Guideline
of Cardio-oncology 2020 [10]. It is noteworthy that there
were no reports of serious adverse effects after initiation
of chemotherapy by the participants in the TG. Although
other comorbidities were not presented, which minimizes
selection biases, other variables including adverse symp-
toms related to cancer treatment, sleep quality, and psy-
chosocial factors may have interfered with the findings
[14, 46]. Finally, the heterogeneity of tumor characteris-
tics and antineoplastic treatments may have acted as con-
founding factors, also resulting in a limitation of the study.

It is worth mentioning that there are few investigations
evaluating the oncological public in treatment with car-
diotoxic chemotherapy, especially through the analysis
of HRV, which is still recent in clinical practice. There-
fore, our investigation reinforces the importance of com-
prehending the possible side effects of chemotherapy,
highlighting the functional risks, the relevance of assess-
ing physical and autonomic functionality, and the indis-
pensable multidisciplinary follow-up during treatment.
These strategies allow a more accurate diagnosis, aiming
at more satisfactory health conditions in longer survival
time and lower health costs.

Conclusion

Both functional capacity and autonomic function may
be compromised after chemotherapy due to the decrease
in peripheral muscle strength and maximal oxygen con-
sumption, revealing possible risks of muscle depletion
and impairment of the cardiovascular system in breast
cancer patients. Furthermore, chemotherapy may lead to
sympathetic hyperactivity and parasympathetic hypoac-
tivity. Although the findings of the autonomic dysfunc-
tion in the acute post-treatment phase, they may allow
clarification on the therapeutic follow-up in a safe and
satisfactory margin for women with breast cancer. Addi-
tionally, it may provide data for planning early interven-
tion in the management of cardiotoxicity and prevention
of cardiovascular diseases.
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