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Abstract — The study aimed to verify the correlation between resting heart rate variability
(HRV_ ) and endurance performance in female futsal players, as well as to evaluate the reliability
of this parasympathetic autonomic marker. A total of 16 female futsal players (age: 22 + 3 years;
VO, max: 42.3 + 2.0 mLkg™.min™) were evaluated during the first week of preseason training.
Vagal modulation was evaluated from the HRV__ (i.e., log-transformed root mean square of
successive R-R interval differences - Ln-RMSSD) for two consecutive days, while endurance
performance was evaluated by the Yo-Yo Intermittent Recovery Test, Level 1 (Yo-Yo IR1). Pearson
correlation was used to analyze the relationship between the variables. Strong correlation between
the HRV __ index and endurance performance (r = 0.643; p = 0.007). Reliability was tested through
the intraclass correlation coefficient, coefficient of variation (CV'),and Bland-Altman analysis of the
agreement. Furthermore, acceptable repeatability of HRV| _, but with great inter-subject variability
(ICC = 0.670, 95%CI = 0.056-0.885, CV = 15.8%). The current study demonstrated a strong
correlation between Ln-RMSSD and endurance performance, and despite the acceptable values
of intrasubject reliability, HRV, _ presented high inter-individual variability in female futsal players.

e
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Resumo — O objetivo do estudo foi verificar a correlagio entre a variabilidade da frequéncia cardiaca
de repouso (VF CRepm D) ¢ 0 desempenho de resisténcia em jogadoras de futsal, bem como avaliar a
confiabilidade do marcador parassimpatico. No total, 16 jogadoras de futsal (idade: 22 + 3 anos;
VO, max: 42.3 + 2.0 mi.kg™.min™) foram avaliadas durante a primeira semana de treinamento da
pré-temporada. A modulagio vagal foi avaliada a partir da VFC de repouso (isto é, raiz quadrada
da média das diferencas sucessivas ao quadrado dos intervalos R-R adjacentes - Ln-RMSSD) por
dois dias consecutivos, enquanto o desempenho da resisténcia foi avaliado pelo Yo-Yo Intermittent
Recovery Test, Level 1 (Yo-Yo IR1). A correlagio de Pearson foi utilizada para analisar a relagdo entre
as varidveis. A confiabilidade foi testada através do coeficiente de correlagio intraclasse, coeficiente
de variagdo e andlise de concordancia de Bland-Altman. Observou-se uma forte correlagdo entre o
indice de VF C’Wm ¢ 0 desempenho de endurance (r=0,643; 7=0, 007). Por outro lado, repetibilidade
aceitdvel dos indices de repouso vagal, mas com grande variabilidade interindividual (ICC=0,670,
I1C=0,056-0,885, CV'=15,8%). O presente estudo apresentou forte correlagio entre Ln-RMSSD e
desempenho de endurance, e mesmo com valores aceitdveis de confiabilidade intrasujeito, a VFC em
repouso apresentou alta variabilidade interindividual em jogadoras de futsal.

Palavras-chave: Sistema nervoso auténomo; Esportes coletivos; Desempenho esportivo.
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Heart rate variability and relation with endurance performance

INTRODUCTION

Futsal is an intermittent sport that involves high-intensity activities, such as
accelerations, decelerations, and changes of direction, mobilizing the aerobic and
anaerobic energetic systems'. Monitoring fitness changes in futsal players provides
valuable information on physical and physiological adaptations to training® There
seems to be a relationship between external training load and physiological adaptations
in athletes®*. Physiological adaptations have also been monitored through autonomic
nervous system (ANS) responses, analyzed from heart rate variability (HRV),
which can provide useful information regarding changes in training status®. HRV is
sensitive to changes in training loads*. Buchheit recently suggested that HRV
indices, used as an indicator of the athletes’ training status, may be more sensitive
to changes in training loads®. HRV has been commonly used to monitor training
adaptations in futsal players’. Monitoring individual HRV responses is suggested
since large inter-individual variations may exist in response to futsal training® and
monitoring fitness changes of futsal players provides valuable information about
the physical and physiological adaptations to training?.

Increases in vagal-related indices of HRV are evident when positive adaptation
to training has occurred, allowing for increases in performance’. Resting vagal-
related HRV indices that are related to cardiorespiratory fitness® and a decrease
in HRV is often reported with detraining or increased fatigue’. HRV indices may
reflect positive changes in high-intensity intermittent activity in futsal players.
This concomitant improvement may provide an important and simple monitoring
tool for training optimization in futsal and other team sports, avoiding the need
for frequent maximal testing and HRV indices may assist with the identification
of individual training adaptations and/or early signs of maladaption’.

In this regard, the natural square root logarithmic transformation of the
mean of successive differences in adjacent RR intervals (Ln-RMSSD) has
been deemed the most appropriate HRV index for assessing the relationship
between the ANS and sport performance’. Athletes with high Ln-RMSSD
are expected to experience less perturbation of the ANS in response to stress
imposed by external training loads, suggesting that improving vagal-related HRV
can be beneficial for sports performance enhancement®. In acute conditions,
Ln-RMSSD values and wellness responses may be useful for preventing the
accumulation of fatigue in female soccer players', indicating that resting Ln-
RMSSD may be a simple and sensitive indicator to monitor changes in physical
fitness during training®’. Additionally, peak oxygen uptake (VO, ) and running
velocity increased significantly during HRV guided training but not during
predefined standard training, which may partly explain the differences in the
change in maximal running performance, as well as Ln-RIMSSD values, was
inversely associated with maximal aerobic speed?.

Changes in HRV have been associated with positive adaptations to training
(i.e., assessing and predicting the impact of aerobic training on endurance
running performance®, improved measures of both peripheral and central
(aerobic) work capacities', athletic achievements in recreational long-distance
runners'). Thereby, the HRV appears to be an appropriate tool to monitor
the effects of physical training loads on performance and fitness and could
eventually be used to prevent overtraining states’. Overtraining state seemed
to be related to the tendency of HRV to decrease in the standing position as a
sign of pronounced vagal withdrawal and sympathetic activation, meanwhile,
in some cases, may cause decreased sympathetic excitability®, increased HRYV,
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particularly in the vagal range, together with a reduced resting heart rate suggests
a cardiac autonomic imbalance with extensive parasympathetic modulation in
this athlete when overtrained®.

There is a strong correlation between parasympathetic indices of HRV
(analyzed before the training) with the performance improvement in Yo-Yo
IR1 in football athletes during pre-season'’. A recent meta-analysis showed
that a positive adaptation to training leading to enhancement of athletic
performance is generally associated with an increase in the resting cardiac
vagal activity’. Besides, a greater increase in Ln-RMSSD in the preparatory
training was positively related to the increase in aerobic fitness of futsal players,
and, hence, HRV has been used as a practical tool for planning and adjusting
training programs'®. The Yo-Yo IR tests provide a simple and valid way to
obtain important information of an individual’s capacity to perform repeated
intense exercise and to examine changes in performance'. Aerobic endurance
to be an important quality for the competitive level in futsal, it seems important
to improve the cardiovascular capacity of futsal players'. The use of low-cost,
easy-to-apply, and non-invasive instruments to identify the state of training
(e.g., Ln-RMSSD) and specific physical capacity (e.g., total distance covered
in Yo-Yo IR1) at the beginning of the season is essential to guide training in
this sport.

The Ln-RMSSD index has been one of the most reliable cardiac autonomic
control markers in athletes®. However, HRV reliability in female futsal athletes
under a typical training condition is poorly known. The use of measures with
low reliability would not identify the influence of a longitudinal intervention
if the measurement error were larger than the expected change®'. This
knowledge is essential, considering that the level of HRV reliability in sport may
determine its capacity to generate accurate information for coaches and sports
physiologists*?. Therefore, the present study aimed to analyze the relationship
between a parasympathetic marker of HRV (i.e., Ln-RIMSSD) and endurance
performance in female futsal players. Also, the HRV reliability level was analyzed
to demonstrate its utility for monitoring physiological adaptations in female
players with similar characteristics. It was hypothesized that there would be a
positive linear correlation between the endurance performance and Ln-RMSSD
and that HRV would be a reproducible measure and demonstrate usefulness
for application in female futsal players.

METHODS

Participants

Sixteen female futsal players participated in the study (22 + 3 years, 59.9 +
7.03kg,161.2 +5.86 cm;23.9 + 2.80 kg.m % 42.3 + 2.0 ml.kg".min™*). The players
had training volume 6-8 hours per week and participated in the main State,
Regional and National competitions. Players with at least one year of practice
and without injuries in the last six months were included. Goalkeepers and
players who did not complete the injury investigation procedures or refused to
participate in the study were excluded. The research protocol was carried out
following the ethical principles contained in the Declaration of Helsinki and
the guidelines proposed in Resolution 466/2012 of the National Health Council
of Brazil on research involving human subjects. The study was approved by the
Research Ethics Committee of the local University, under protocol 1.706.413.
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Procedures

Players were assessed, under conditions of equal environmental temperature,
on two consecutive days in the pre-season training period, specifically on the
second and third days of the first microcycle of the season. On both days, the
HRV evaluation occurred in the morning, just after the awakening of each
volunteer (~ 8:30 h), fasting, without caffeine or alcohol consumption. The two
measures were used as a reference for the statistical analysis of the reliability of
the evaluation method and the latter measure was utilized for further analysis
with the total distance covered in Yo-Yo IR1. All the players evaluated were in
the same training period, that is, returning from vacations and starting training.
The first day of assessment was performed in the afternoon, corresponding
only to the assessment of body composition and explanation of the procedures
of this study. On the second day, the players performed the intermittent field
performance test (Yo-Yo IR1).

Heart rate variabhility

The R-R intervals were continuously recorded for 10 min (rest condition) in
the dorsal decubitus position with spontaneous respiratory rate and eyes closed™.
The data acquisition was performed on two consecutive days, using a heart rate
monitor (POLAR”, model RS800 - Kempele, Finland). This equipment has
been previously validated for this type of analysis**. For HRV analysis, only the
5 minutes with the greatest stationarity of the entire recording were considered™.
The visual inspection and selection of the sections were performed in a double-
blind fashion. Ectopic beats (deviation greater than 20% of the adjacent R-R
intervals) were identified and manually interpolated by the average of adjacent
R-R intervals. The time-domain parameters were calculated from the natural
logarithm of the RMSSD. The analyzes were performed using the Kubios
HRYV program (University of Eastern Finland). The Ln-RMSSD values were

presented in milliseconds (ms).

Endurance performance

The Yo-Yo IR1 was used to determine the endurance performance. The test
consists of performing two turns in a distance of 20 meters, with 10 seconds of
active recovery between runs. Speed progression in stages is determined by the
test-specific sound signal. For this, the route to be covered was marked with
signaling cones, as well as the area destined for active recovery. The test ended
when the athlete quitted or when she was unable to keep up with the pace
determined by the test, committing two errors on the same stage. The total
distance covered during the test was considered for endurance performance
analysis. For the estimate VO2Peak was used: distance (m) x 0.0084 + 36.4,
according to Bangsbo et al.”.

Statistical analysis

Data are presented as mean and standard deviation. The normality of the
data was tested by the Shapiro-Wilk test, and the data of the vagal marker
RMSSD were transformed into a natural logarithm (Ln-RMSSD). The intraclass
correlation coefficient (ICC), associated with the 95% confidence interval
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(95% CI), and the Bland-Altman method were used to verify HRV reliability
and agreement, respectively?. The relative reliability of the two measurements
was analyzed using the ICC, which was interpreted as follows: < 0.30 (small),
0.31-0.49 (moderate), 0.50 - 0.69 (large), 0.70 - 0.89 (very large), and 0.90 -
1.00 (near perfect)””. The coefficient of variation (CV) tested the absolute
variability between the two evaluations. The Pearson correlation coefficient
was used to correlate the Ln-RIMSSD of the second day and the endurance
performance. The magnitudes of the correlation coefficient considered in the
study were: uncorrelated (r < 0.1), weak (0.1 < r < 0.3), moderate (0.3 < r <
0.5), strong (0.5 < r < 0.7), very strong (0.7 < r < 0.9), almost perfect (r > 0.9),
and perfect (r = 1.0), according to Hopkins’s definitions®. For all analyzes, the
level of significance was set at 5%. Statistical analyzes were performed using
the Statistical Package for the Social Sciences - SPSS for Windows version
19.0 (SPSS, Chicago, IL, USA).

RESULTS

A significant strong positive correlation (r=0.643; p=0.007; Figure 1) was
observed between the Ln-RMSSD and endurance performance (712 + 247.5 m).

Bt
r=0.643; p = 0.007

2.5

Ln-RMSSD (ms)
o
o ]

1.5 +

1 .0 T T 1
0 500 1000 1500

Endurance Performance (m)

Figure 1. Correlation between the heart rate variability signaled by the vagal index (Ln-RMSSD) and
endurance performance in the Yo-Yo test level 1.

The results demonstrated an acceptable relative reliability of HRV resting
indices (Ln-RMSSD 1= 4.2 + 0.5 ms vs. Ln-RMSSD 2= 3.9 + 0.5 ms; ICC
= 0.670; large; CI = 0.056 — 0.885). However, there was great variation in
the inter-subject analysis of the Ln-RMSSD (CV = 15.8%), as well as in the
analysis of the mean difference between test and re-test of 0.12 ms (Figure 2).
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Figure 2. Bland-Altman analysis showing the agreement of the log-transformed root mean square of
successive R-R interval differences (Ln-RMSSD) at rest in female futsal players.

DISCUSSION

The present study analyzed the correlation between the HRV resting measure
and endurance performance in female futsal players. Our main finding was a
strong correlation between Ln-RMSSD and endurance performance, confirming
our initial hypothesis. Moreover, there was an acceptable reproducibility between
Ln-RMSSD measures, suggesting a good use in the practical context.

Previous studies reported significant relationships between resting HRV
and VO, #**and increased vagal-related HRV indices are all well-accepted
markers of improved aerobic fitness**°. Higher values of Ln-RMSSD during
each week of training presented lower perturbation of the cardiac autonomic
system®, and athletes with lower fitness or higher perceived fatigue demonstrated
greater reductions in Ln-RMSSD throughout training". Ln-RIMSSD may be
used as an indirect measure of the endurance fitness of female futsal players since
the results suggested that the players with the lowest endurance performance
level presented lower values of the vagal index during two consecutive days in
the preseason. This information can be useful when interpreting individual
Ln-RMSSD responses throughout training for managing player fatigue.

Specifically, Ln-RMSSD changes were positively correlated with changes in
Yo-Yo IR1 performance in professional futsal players®. The basal HRV indices
may reflect positive changes in parallel to the improvement in Yo-Yo IR1 test
performance and high-intensity intermittent activity in futsal players. This
concomitant improvement may provide an important and simple monitoring
tool for training optimization in futsal and other team sports, avoiding the
need for frequent maximal testing®. An increase in Ln-RMSSD should be
one of the objectives of the futsal preseason as previous work showed that
important physiological adaptations related to performance in specific field
tests occur in parallel to the increase in cardiac vagal activity’. Chronically

Rev Bras Cineantropom Desempenho Hum 2021, 23: €73799

6/11



Heart rate variability and relation with endurance performance

altered vagal HRV indices with increasing or decreasing trends throughout
training have been associated with fatigue and overtraining®®. That a down-
regulation of the sympathetic nervous system and/or changes in the balance
between parasympathetic and sympathetic tone was related to overreaching
symptoms™*. Thus, during training periods individual HRV values and Yo-Yo
IR1 performance can be useful in detecting players who do not follow the
expected responses of the training routine.

Inclusion of individual HRV responses is needed to discern how athletes are
tolerating training on a personal level'’, as well as may be useful to detect players
deviating from expected responses to training®. This may be explained by higher
fitness levels conferring more rapid cardiac-parasympathetic recovery following
intense training®, overall lower homeostatic disturbances from the imposed
training load", or a combination of both'’. High HRV vagal indices at rest are
thought to represent a well-recovered state from the previous training sessions
and may indicate a preparedness state to cope with subsequent training stimuli'®.

Resting HRV is an important tool that has been used as an indicator of
recovery status in various athletic populations®. Our data on resting HRV are
useful for individualizing training programmed at the beginning of a futsal
preseason because it is possible to identify the athletes that possibly present a
good recovery between training days. Thus, the analysis of HRV during the
training phases can be important to assess the evolution or involution of the
athletes’ performance and, thus, make the necessary adjustments to the external
training loads'®. Moreover, the use of the time domain related to the vagal
activity is highly reliable and considered adequate for short-term evaluations
when compared to HRV spectral indexes**. The Ln-RMSSD is the most
used index of the HRV in studies that involve monitoring in athletes due to its
relationship with changes in physical performance®”?*# being able to identify
a state of fatigue and help in the prevention of non-functional overreaching'>1¢.
In environments where athletic performance is sought, athletes constantly
strive to adjust external training load, particularly the frequency, duration, and
intensity of training. In this perspective, external training loads are adjusted
at various times during the training cycle to control fatigue, depending on the
training phase'.

Among the results of the present study, the ICC presented acceptable
reliability. It is important to consider that this index does not have the sensitivity
to measure the variability between data, but the ability to detect differences
between individuals**?. To assess variability, the typical measurement error
(expressed as the CV) is the most appropriate measure®?, with a variation of
15.8% and 0.12 ms in the Bland-Altman method. These levels of variability
between the two consecutive days of training (Ln-RMSSD1 =4.2 + 0.5 ms and
Ln-RMSSD2 =3.9 £ 0.5 ms; CV = 15.8% and Bland Altman = 0.30 ms) show
a high inter-individual difference, probably due to the effect of a training session
between measurements. These data are supported by a meta-analysis, which
showed that athletes with a higher training level presented faster parasympathetic
reactivation after exercise compared to athletes with a lower training level®.
Although large CVs can decrease the signal-to-noise ratio’, these findings
corroborate a previous study, involving moderately trained men, who presented
a CV of 12.3% when evaluated on four different occasions separated by seven
days®!. Thus, it is possible to assume that the reproducibility of HRV should
be further studied in female futsal players, considering a slightly longer time
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interval and a period other than the beginning of pre-season for the players
be less susceptible to changes resulting from participation in training sessions
during evaluations.

As a practical application, it was shown that the method is reliable to be used
as an instrument for the acute monitoring of internal training load during the
initial phase of the preseason. These results may help coaches, physical trainers,
physiologists, and sports scientists to use the vagal index in training control
in female futsal players. Indices vagal of HRV can be useful to monitor the
effects of futsal players external training/competitive loads on parasympathetic
modulation, being sensitive to both individual characteristics and periods of
stress and recovery, and the maintenance and/or increase in HRV seems to be
a desirable condition to keep the player able to tolerate training and matches
and exhibit optimal performance throughout the season®*%.

Some limitations in this study should be considered, such as the data
collection of HRV performed on only two days and the lack of comparison
with other phases of training, and the lack of other HRV indexes (e.g., SDNN,
PNNS50). Additionally, in the case of futsal players, we can take as a limitation
the fact that we do not control the use of oral contraceptives. Lastly, a sample
size calculation was not performed to carry out the research, however, it is
known that the sample size is limited within the sports context. So, despite the
possible limitation in the generalizability of the present results, the findings
of the present research can contribute to sports sciences in scenarios similar
to the one studied.

CONCLUSION

The current study demonstrated a strong positive correlation between Ln-
RMSSD and endurance performance, and despite the acceptable values of
intrasubject reliability, HRV at rest presented high inter-individual variability
in female futsal players.
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