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Abstract - Objective: To evaluate the reliability of HRVT and postexercise parasympathetic reactivation analysis
after a submaximal exercise test in young women. Methods: Twenty-four young women [21.1 (20.1, 24.7) years; 21.4
(20.1, 23.1) kg/m?] underwent three incremental exercise tests on a treadmill on occasions separated by 48 h. R-R inter-
vals were continuously recorded during the incremental tests and throughout 5 min of post-exercise active recovery for
HRVT and parasympathetic reactivation analysis, respectively. HRVT was identified using two methods: a) the intensity
where no significant reduction of SD1 HRV index was identified by visual inspection of the graphic (HRVTy;s,a1), b) the
first stage to present SD1 value < 3ms (HRVT;y,). Postexercise parasympathetic reactivation was assessed at each
minute during five minutes of recovery using SD1 and r-MSSD indexes. Absolute and relative reliability were assessed
using the coefficient of variation (CV) and the intraclass correlation coefficient (ICC), respectively. Results: Good
(ICC =0.81, CV = 17.3) and excellent (ICC = 0.90, CV = 4.6) reliability were observed for HRV T3, and HRV T yigya1,
respectively. On the postexercise period, good reliability was observed for both SD1 (ICC = 0.82-89, CV = 22.1-28.9)
and r-MSSD (ICC = 0.82-89, CV = 21.1-28.6), with a high correlation between indexes in all-time points of analysis
(r = 0.96-0.99). Conclusions: HRVT may be reproducibly assessed in women, mainly when HRVT ;s is used for
analysis. In addition, SD1 and r-MSSD provide reliable and redundant measures of postexercise parasympathetic reac-
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tivation.
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Introduction

Heart rate variability (HRV) consists of the temporal
oscillations between successive heartbeats, defined by the
distance between two R waves (R-R interval- iRR)'. As
previously demonstrated by the pharmacological block-
ade, HRV reflects primarily the autonomic activity on the
sinus node, emerging as a valid and noninvasive method
for cardiac autonomic assessment at resting condition,
during a dynamic exercise, or in the post-exercise recov-
ery phase®™.

During exercise, an exponential reduction of differ-
ent indices of HRV occurs as a consequence of para-
sympathetic reduction®”. The point of the incremental
exercise test where the HRV is stabilized is commonly
called “Heart rate variability threshold” (HRVT) and
emerges as a practical alternative to anaerobic threshold
determination®”. On the other hand, post-exercise recov-
ery is characterized by a progressive increase in the root

mean square of successive differences between the adja-
cent normal R-R intervals (r-MSSD) due to cardiac para-
sympathetic reactivation’. Hence, in a clinical and experi-
mental setting, the cardiac parasympathetic reactivation is
considered an independent predictor for cardiovascular
prognostic and is often used to evaluate the effects of dif-
ferent pharmacological and non-pharmacological inter-
ventions on the cardiac autonomic nervous system'®'2,

However, although constant recommendations to
HRYV assessment during and after exercise to training load
determination or to assess acute and chronic effects of
exercise training on the cardiac autonomic modulation, the
knowledge about the reproducibility of this measure,
essential for a proper interpretation of results, remain
underexplored. It is important to note that HRVT and
parasympathetic reactivation are assessed in dynamics
conditions, while reproducibility of HRV has been investi-
gated primarily in stationary conditions'*'”. Thus, the


http://orcid.org/0000-0001-9483-2518
http://orcid.org/0000-0001-9901-8136
http://orcid.org/0000-0003-3319-5679
http://orcid.org/0000-0003-1260-5974
http://orcid.org/0000-0002-2911-6248
http://orcid.org/0000-0002-5937-079X
http://orcid.org/0000-0002-5879-8102
http://orcid.org/0000-0001-9483-2518
http://orcid.org/0000-0001-9901-8136
http://orcid.org/0000-0003-3319-5679
http://orcid.org/0000-0003-1260-5974
http://orcid.org/0000-0002-2911-6248
http://orcid.org/0000-0002-5937-079X
http://orcid.org/0000-0002-5879-8102
http://dx.doi.org/10.1590/S1980-657420210003921

analysis of HRV reproducibility during and after exercise
will provide important advancement in knowledge in the
cardiac autonomic modulation field.

Another important current limitation is the lack of
studies investigating HRV reproducibility in women. Pre-
vious studies assessed HRV reproducibility in
men'*'>"%1 or men and women?® allocated in the same
experimental group. Although the relevant scientific con-
tributions of these studies, it is well established that
women present different metabolic, cardiovascular and
autonomic response to exercise compared to men, as lower
sympathetic activation and responsivity, lower metabore-
flex activation, and attenuated increase in heart rate (HR),
stroke volume and blood pressure’' *. Thus, the sex dif-
ferences observed on cardiovascular control during exer-
cise becomes indisputable the necessity of HRV
reproducibility assessment in an experimental group com-
posed exclusively of women.

Lastly, different methods of HRVT determination
are available in the literature. In this scenario, the visual
graphical inspection of SD1 or r-MSSD stabilization dur-
ing exercise and the first stage of incremental test to pre-
sent values of SD1 less than 3 ms is the criteria classically
adopted to HRVT identification”'***. Since different cri-
teria of HRVT can identify parasympathetic stabilization
at different exercise intensities®, it is necessary to know
the reproducibility of these different methods of HRVT
analysis and the grade of agreement between them, espe-
cially in women.

Considering the aforementioned questions, this
study aimed to evaluate the reliability of different methods
of HRVT and postexercise parasympathetic reactivation
analysis after a submaximal exercise test in young women.
Additionally, the agreement between different methods of
HRVT identification and the correlation between the dif-
ferent indices used for parasympathetic reactivation analy-
sis were investigated. Based on previous studies with
men'®, we hypothesize that good reliability of HRVT and
parasympathetic reactivation will be observed in young
women.

Materials and Methods

Participants and ethical issues

This is a nonexperimental methodological study®®
conducted on 24 young non-athlete women. As inclusion
criteria, the participants should be between 20 and
30 years old, body mass index between 19.9 and
29.9 kg/mz, use oral contraceptives, do not be diagnosed
with any disease, being under drug treatment (except con-
traceptives), present any limitations that make the exercise
test impracticable or reported any chemical dependency
(i.e., smoking, alcohol and drugs). The use of oral contra-
ceptives was adopted since it is one of the most prevalent
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methods for family planning in women of reproductive
age’’. As exclusion criteria, we adopted the failure to
comply with the guidelines of the study, pregnancy, high
systolic (> 140 mmHg) or diastolic (> 90 mmHg) blood
pressure, HR < 50 or > 100 bpm, start drug treatment dur-
ing the study, or the excessive identification artifacts beats
in the iRR segments (> 1%)”.

The present study agreed with the Brazilian National
Research Systems and declaration of Helsinki and was
approved by the Institutional Ethical Committee on
Human Research. All participants were informed about
the study's procedures, risks, and benefits and provided the
written informed consent before the tests.

Experimental approach to the problem

All measurements were performed in a quiet labora-
tory at the same time of the day, between 2:00 and
5:00 p.m. Firstly, before the experimental session, all
volunteers were submitted to anthropometrical measures
(body mass, height, and abdominal circumference) and
clinical anamnesis to ensure inclusion/exclusion criteria.
The physical activity level was assessed using the Interna-
tional Physical Activity Questionnaire (IPAQ)*®. The par-
ticipants were oriented to abstain from stimulants,
alcoholic beverages, medicine, and physical activity for at
least 48 h before the experimental procedures.

Baseline data

After 10 min of resting in the supine position, HR
and blood pressure were systemically measured using a
HR monitor (Polar®, model v800) and auscultatory
method, respectively. Two measurements of blood pres-
sure were performed in the right arm of participants, and
the average of measurements was calculated. If the differ-
ence between measurements was greater than 5 mmHg, a
new measurement was performed, and the two measure-
ments with difference < 5 mmHg were considered for
analysis. In addition, the subjects remained to breathe
spontaneously and had their respiratory rate (RR) visually
monitored and counted from the number of chest expan-
sion and retraction over 1 min.

R-R intervals acquisition and processing

All iRR time-series were obtained using a valid HR
monitor (Polar® v800, Finland)**>°. After iRR segments
acquisition, all measures were visually verified, and occa-
sional artifacts were manually or automatically removed
using an HRV software (Kubios®, version 3.1, Kuopio,
Finland). The automated artifact identification and
removal was performed using the threshold method that
consists of select iRR that are larger or smaller than 0.45 s
(very low), 0.35 s (low), 0.25 s (medium), 0.15 s (strong),
or 0.05 s (very strong) compared to average iRR *'. A fil-
ter capable of removing the artifacts without compromis-
ing the normal iRRs was selected for individual artifact



Ribeiro et al.

correction. All artifact correction and HRV analysis were
performed using Kubios HRV software (version 3.3.1,
Kuopio, Finland).

Heart rate variability during exercise test

The incremental treadmill exercise test consisted of
a 2 min warm-up at a constant load of 3 km/h and 2.5% of
slope, followed by the increase of 1 km/h each minute
until the participant reached 85% of his maximum HR
(HRmax)lg. The HR,,.« was predicted by the formula:
HR nax (bpm) = 208 - 0.7 x age®?.

During the exercise test, the parasympathetic
dynamic was assessed using the standard deviation of
instantaneous iRR variability perpendicularly to the line of
identity in the Poincaré Scatter Plot (SD1)*. At each stage
of the exercise test, a 60 s iRR segment was analyzed, and
the HRVT was defined using 2 different methods: a) the
load corresponding to the point of stabilization of HRV
assessed by visual graphic evaluation of SD1 dynamic
during the exercise test (HRVT,;gua1), b) the first stage dur-
ing exercise test to present SD1 value < 3 ms (HRVTj3,,)
(Figure 1). From a physiological perspective, HRVT
assessed by SDI1 represents the stabilization of para-
sympathetic deactivation during an incremental exercise
test”.

To characterize participant's responses to the incre-
mental exercise test were assessed the load corresponding
to HRVT,;qua and HRVT;,,,, the load reached 85% of
HRpax (Loadpeai), and the HR observed at end of the
incremental exercise test (HRpea). All participants were
able to reach the target heart rate during the exercise test.
Thus, no tests were interrupted for any other reason.

Post-exercise heart rate variability analysis

After achieving 85% of predicted HRpax (HRpear),
the exercise protocol was interrupted, and an active 5-

minute recovery phase was immediately started, with the
speed of the treadmill reduced to 2.4 km/h but keeping the
incline at 2.5%, as described previously®®. Then, the r-
MSSD and SD1 indices were calculated at each minute (r-
MSSD; to r-MSSDs and SD1; to SD15) of active recovery
to assess the post-exercise parasympathetic reactivation®*.

The same researcher conducted all exercise tests.
The exercise and postexercise iRR data were analyzed
blindly by a researcher with over 9 years of experience in
HRYV analysis.

Statistical analysis

The normality hypothesis was confirmed for HRVT
data but rejected in some post-exercise variables by the
Shapiro-Wilk test. Thus, a descriptive statistic was per-
formed using the median and interquartile range, and the
nonparametric Friedman test was used for intragroup
comparisons. Differences between repeated measures
were considered significant when the type I error prob-
ability was less than or equal to 5% (p < 0.05). All HRV
data were transformed by taking the natural logarithm
before reproducibility analysis. Relative reproducibility
was assessed using the intraclass correlation coefficient
(ICC) (two-way mixed) and was interpreted as excellent
(ICC > 0.90), good (ICC > 0.75 - < 0.90), moderate
(ICC = > 0.50 - < 0.75) or poor (ICC < 0.50)**. Absolute
reproducibility was assessed calculating the coefficient of
variation (CV = standard deviation/mean x 100).

The Bland-Altman method was used to verify the
agreement between two methods used for HRVT determi-
nation (HRVT;sa and HRVT;,). However, before
Bland-Altman analysis, the absence of correlation
between the mean and difference (bias) between methods
was confirmed by the Pearson correlation coefficient, an
assumption of Bland-Altman analysis. A one-sample t-test

Figure 1 - Representation of heart rate variability threshold determination using visual (HRV Ty;s,.1) and mathematical (HRVT;,,s) methods.



was used to test the hypothesis that the bias between mea-
surements was zero. Pearson correlation coefficient was
used to analyze the correlation between postexercise SD1
and r-MSSD indices. Agreement and correlation analysis
was performed using data obtained at the first trial.

Considering an effect size of 0.30 and an alpha error
of 0.05 was identified a power of 0.88 to identify possible
differences between trials in this study. The statistical
power calculation and statistical analysis were performed
using the software GPower (v.3.7.1) and the Statistical
Package for the Social Sciences (SPSS-v.21), respectively.
Figure composition was performed using Graphpad Prism
software (Graphpad®, version 5.0).

Results

The participants of this study aged 21.1 (20.1, 24.7)
years and had body mass index of 21.4 (20.1, 23.1) kg/m’.
Considering the physical activity level, 66.6% (n = 16) of
participants were active, 20.8% (n = 5) minimally active,
and 12.5% (n = 3) very active. No difference between
trials were observed for resting HR (p = 0.98), RR
(p = 0.42), SBP (p = 0.64) or DBP (p = 0.75) (Table 1).
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Similarly, no differences between trials were identified for
the load corresponding to HRVTyiqua (p = 0.92) and
HRVT3y,s (p = 0.37), Loadpeac (p = 0.72) HRpeax
(p = 0.61), or for any measure of parasympathetic reacti-
vation [r-MSSD; to r-MSSDs (p = 0.11-0.51), SDI; to
SD1s (p = 0.11 to 0.19)] during active recovery phase
(Table 2).

In the reliability analysis, ICCs of 0.90 and 0.81
were identified for HRVT,5,.; and HRVT; ,q, respectively.
Considering the postexercise HRV analysis, the ICCs ran-
ged from 0.82 to 0.89 for r-MSSD and SDI1 indices
(Table 3).

No significant bias was observed between
HRVT,;sua and HRVT;,,, methods (p = 0.38) (Figure 2a).
Lastly, high correlations (r = 0.96-0.99) were observed
between SD1 and r-MSSD indices assessed at all time
points of the post-exercise active recovery phase (Figure 2
panels b-f).

Discussion

Confirming the initial hypothesis of this study, good
to excellent reliability of HRVT analysis was observed,

Table 1 - Median and interquartile range of hemodynamic and respiratory variables were assessed on three occasions.

Variables Trial 1 Trial 2 Trial 3 P ES
HR resting (bpm) 70 (65, 80) 74 (62, 80) 70 (65, 74) 0.98 0.20
RRcting (Cycles/min) 17 (16, 19) 18 (17,21) 17 (16, 21) 0.42 <0.10
SBP;cgiing (mmHg) 112 (104, 120) 110 (106, 120) 108 (103, 122) 0.64 0.13
DBP;cgting (mmHg) 70 (66, 78) 64 (60, 80) 70 (59, 78) 0.75 0.15

Nonparametric Friedman Test. HR= heart rate, RR= respiratory rate, SBP= systolic blood pressure, DBP= diastolic blood pressure.

Table 2 - Median and interquartile range of heart rate variability thresholds and parasympathetic reactivation analysis over the post-exercise active recov-
ery phase.

Variables Trial 1 Trial 2 Trial 3 p ES
Velpeai (km/h) 9.8, 10) 98, 10) 9.(8, 10) 0.72 <0.10
HRpeak (bpm) 163 (160, 164) 163 (160, 164) 163 (161, 164) 0.61 <0.10
HRVT, ;g (km/h) 7(7,8) 75(7,8) 75(7,9) 0.92 0.19

HRVT.; (km/h) 7(1,8) 8(7,9) 8(7,9) 0.37 <0.10
SDI1, (ms) 1.6 (2.3,3.3) 1.9 (2.5,3.7) 1.9(2.8, 4.1) 0.11 <0.10
SDI, (ms) 2.9(3.6,6.8) 33(5.3,8.4) 2.7(5.8,7.9) 0.16 <0.10
SDI; (ms) 3.1(4.8,7.1) 4.1(5.7,8.8) 2.9(6.1,8.4) 0.19 <0.10
SDI1, (ms) 3.1(4.3,7.3) 3.7(6.5,7.9) 2.9(6.6,8.2) 0.16 <0.10
SDI; (ms) 33(4.5,7.4) 3.9(5.8,8.7) 32(6.1,8.1) 0.18 <0.10
t-MSSD; (ms) 22(3.3,5.3) 2.7(3.5,5.3) 2.7(3.9,5.6) 0.51 0.10

t-MSSD; (ms) 4.1(5.1,9.6) 47(7.5,11.9) 3.9(8.1,11.1) 031 <0.10
t-MSSD; (ms) 4.4(6.7,9.8) 5.8(8.1,12.5) 4.1(84,11.8) 0.16 <0.10
t-MSSD (ms) 43(6.1,10.3) 52(9.1,11.2) 4.1(9.3,11.7) 0.16 <0.10
t-MSSDs (ms) 4.5(6.1,10.5) 55(8.2,12.3) 49(8.6,11.2) 0.11 <0.10

Nonparametric Friedman test. HRVT,;s,.= Heart rate variability threshold assessed using the visual method, HRVT;,,,= Heart rate variability threshold
assessed using the mathematical method, SD1= standard deviation of instantaneous iRR variability perpendicular to the line of identity in the Poincaré
Scatter Plot, -MSSD= root mean square of successive differences between normal R-R intervals, 1-5= First to the fifth minute of active recovery.
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Table 3 - Absolute (CV) and relative (ICC) reliability of different meth-
ods of heart rate variability threshold and parasympathetic reactivation
analysis over the post-exercise active recovery phase.

ICC (IC 95%)
0.90 (0.81, 0.95)

CV% (IC 95%)
4.6 (=6.1,15.2)

HRVTvisual (km/h)

HRV T3y (km/h) 0.81 (0.61,0.91) 17.3 (—28.2, 62.84)
SDI, (ms) 0.89 (0.78, 0.94) 22.1(=3.51,47.53)
SDI, (ms) 0.84 (0.69, 0.92) 28.3 (~8.43, 64,9)
SDI5 (ms) 0.84 (0.70, 0.93) 28.9(1.84,55.2)
SD1, (ms) 0.82 (0.65,0.91) 25.5 (—4.58, 55.5)
SDI5 (ms) 0.88 (0.76, 0.94) 22.9(0.8,44.8)
r-MSSD; (ms) 0.89 (0.78, 0.95) 21.1 (—4.66, 46.5)
t-MSSD; (ms) 0.84 (0.69, 0.92) 28.6(~7.92, 65)
r-MSSD; (ms) 0.84 (0.70, 0.93) 28.6(2,55.1)
r-MSSD, (ms) 0.82 (0.65,0.91) 25.6 (—4.49, 55.6)
r-MSSDs (ms) 0.87 (0.74, 0.94) 23.9 (-0, 47.8)

ICC= intraclass correlation coefficient, CV= coefficient of variation,
HRVTvyjsua= heart rate variability threshold assessed using the visual
method, HRVT;,,,c= Heart rate variability threshold assessed using the
mathematical method, SD1= standard deviation of instantaneous iRR
variability perpendicular to the line of identity in the Poincaré Scatter
Plot, -MSSD = root mean square of successive differences between nor-
mal R-R intervals, 1-5= First to the fifth minute of active recovery.

with a high value of ICC and low CV observed when the
visual method was used for HRVT analysis. Additionally,
good reliability was observed on all post-exercise HRV
indices obtained from the first to the fifth minute of active
recovery, regardless of the index used for parasympathetic
reactivation analysis (r-MSSD or SD1). In the secondary
analysis, non-significant bias and large limits of agreement
were observed between HRVT,; . and HRV T3, meth-
ods, and a strong correlation was observed between post-
exercise SD1 and r-MSSD analysis.

Our results corroborated with previously reported
data by Cruz et al. (2017)"°. The authors observed high
reliability of HRVT, assessed using the visual method, in a
sample of young men submitted to an identical incre-
mental exercise test protocol (ICC = 0.92; 0.82 to 0.97).
Furthermore, the relative reliability observed in our study
is close to the observed in healthy subjects submitted to an
incremental shuttle walk test (ICC = 0.92; 0.82 to 0.96)*".
Thus, these data indicate good to excellent reliability of
HRVT assessed on a treadmill regardless of gender.

It is important to note that lower reliability was
observed for HRVT;,,s than HRVT;q, in the present
study. As didactically demonstrated by Cruz et al
(2019)*°, and shown in Figure 1, a small variation
(< 1 ms) in the SD1 is sufficient to change the stage corre-
sponding to HRV T3, (i.e., 3.3 to 2.9) despite visible sta-
bilization of this index, which may explain the lower
reproducibility of this method identified in our study. In
fact, higher reproducibility of HRVT,s.. compared to
mathematical methods was also confirmed in young men
exercising on a cycle ergometer'®>>. Thus, despite the

advantage of reducing the possible influence of the eva-
luator's expectation on the HRVT analysis, these results
indicate that the mathematical methods commonly used in
HRVT assessment need to be carefully interpreted.

Despite the non-significant bias, large limits of
agreement (~2 km/h) were observed between HRVT, a1
and HRVT;,. Thus, since both HRVT,isua and HRV T3 ¢
are recommended as practical alternatives to estimate the
lactate or ventilatory thresholds’*, it is necessary to iden-
tify which of these measures best represent the anaerobic
threshold in future studies. In this sense, Queiroz et al.
(2018)” observed similar limits of agreement for HRV T5,
and HRVT,;s,, when contrasted with the oxygen con-
sumption at ventilatory threshold (despite lower bias on
HRVTj;,,, method) in overweight and obese young indivi-
duals. However, the best method of HRVT analysis for
parasympathetic stabilization or anaerobic threshold ana-
lysis remains underexplored, mainly in women.

Good reproducibility was observed for r-MSSD
and SDI1 assessed in all-time points of postexercise
active recovery. These results are partially agreeing with
previous findings in young men, where moderate to
excellent reliability (ICC = 0.69 to 0.95) of r-MSSD was
observed throughout five minutes of recovery walking on
a treadmill after a submaximal exercise test'’. On the
other hand, large random variation was previously
observed for HRV analysis from the fifth to the tenth
minute of passive recovery after a maximal exercise
test’®, suggesting that postexercise HRV reliability may
be protocol-dependent.

Another aspect that should be observed is the simi-
larity of ICCs and CVs for -MSSD and SD1 and the high
correlations observed between these indices in all post-
exercise HRV analyses. Corroborating with Ciccone et al.
(2017)*7, these data suggest that SD1 and r-MSSD indices
provide reproducible and redundant information about the
post-exercise parasympathetic dynamic. Notably, Cruz
et al. (2017)"° observed an identical dynamic of SD1 and
r-MSSD during an incremental exercise test, confirming
the hypothesis of redundancy between these indices. Thus,
these data indicate that resting, exercise, and post-exercise
parasympathetic dynamics can be sufficiently assessed
using a single HRV index (SD1 or --MSSD).

Absolute reliability demonstrates a relative variation
from 21 to 28.9% of the HRV analysis in the recovery
phase; this aspect should be considered when comparing
groups or the effects of different interventions on the post-
exercise cardiac parasympathetic modulation. However, as
previously discussed'?, the relative analysis of HRV indi-
ces can overvalue a low absolute variation and should be
cautiously interpreted. In this scenario, despite large rela-
tive variation for r-MSSD and SDI in the postexercise
phase observed in the present study, in absolute terms, it
corresponds to less than 1 ms, which may not be clinically
or functionally relevant.
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Figure 2 - Agreement between HRVT, ;5. and HRVT;,,¢ (2) and correlations (95% confidence intervals) between r-MSSD and SD1 indices assessed at
1t (b), 2" (¢), 3™ (d), 4™ (e), and 5™ (f) minute of postexercise active recovery. Pearson correlation coefficient (r, p< 0.05).

The identification of HRVT is an important approach
in clinical and exercise settings. It has been shown that the
intensity corresponding to parasympathetic stabilization
during exercise coincides with different invasive and/or
expensive traditional indicators of the anaerobic thresh-
old”***, an important predictor of exercise performance’®,
and one of the most robust parameters for individualizing
de cardiorespiratory training®”. From a clinical perspec-
tive, HRVT allows the assessment of the effects of differ-
ent pharmacological and nonpharmacological interven-
tions on the cardiac parasympathetic dynamic during
exercise, an important approach due to the antiarrhythmic
effect of cardiac parasympathetic activation®’. In this sce-

nario, our results provide innovative information indicat-
ing that HRVT can be reproducibly assessed in young
women, an important methodological criterion poorly
explored so far.

Postexercise cardiac HRV analysis has been used to
investigate the acute and chronic effects of exercise train-
ing and nutritional interventions on cardiac autonomic
responsivity. However, although the wvalidity of this
approach has already been confirmed in studies using
pharmacological blockade®, the reliability studies have
been limited to samples composed of men or men and
women allocated in the same experimental group. Thus,
the present study adds important information to current
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literature demonstrating a good reproducibility of SD1 and
r-MSSD analysis, proxy measures of parasympathetic
reactivation during the postexercise active recovery in
young women.

A detailed description of sex differences in cardio-
vascular responses to exercise is beyond the scope of this
study, but some mechanisms need to be highlighted. It has
been demonstrated that women present attenuated increase
cardiovascular and autonomic response during exercise.
These differences are partially attributed to the attenuated
increase in sympathetic nerve activity and responsivity,
lower cardiovascular sensibility to catecholamines, and
blunted exercise-induced mechanoreflex and metaboreflex
activation®”. From a mechanistic perspective, it has been
proposed that estrogen reduces the sensibility and expres-
sion of alpha-1 receptors (vasoconstrictors), increases the
sensitivity of beta-adrenergic receptors (vasodilators), and
reduces the sympathetic innervation®”. Thus, the analysis
of HRVT and cardiac parasympathetic reactivation in a
group composed exclusively of pre-menopausal women
was an important and necessary approach adopted in this
study and needs to be considered in future investigations.

The main limitations of this study are the sample
restricted to users of oral contraceptives and the absence
of lactate or ventilatory threshold analysis. Since HRVT
coincides with different methods of anaerobic threshold
determination’™, it is plausible to infer that the reliability
of HRVT may be dependent on the participants’ aerobic
capacity. On the other hand, our results add important
information to current literature since the reliability of dif-
ferent methods of HRVT determination and postexercise
indices of HRV were investigated. Additionally, under our
knowledge, this is the first study to investigate the relia-
bility of HRVT and postexercise parasympathetic reacti-
vation in a sample composed exclusively of young
women.

From future perspectives, we highlight the impor-
tance of investigating the reliability of different methods
of HRV analysis during and after exercise in men and
women, conditions in which the effect of different inter-
ventions on the cardiac autonomic nervous system are
commonly investigated. In addition, it is important to
know if variables as age, cardiorespiratory fitness level,
health, nutritional status, anthropometrical profile, and the
environment of iRR acquisition might influence HRV
reliability.

Conclusion

We conclude that HRVT may be reproducibly asses-
sed in young women during incremental tests on the tread-
mill, mainly when the visual method identifies cardiac
parasympathetic stabilization. On postexercise HRV ana-
lysis, good and similar reproducibility was observed for r-
MSSD and SD1 indices, showing that both markers allow

a reproducible analysis of postexercise parasympathetic
reactivation in women. Lastly, the high correlation
observed between SD1 and r-MSSD indicates that these
measures provide redundant information about the post-
exercise parasympathetic dynamic.
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