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Objective: The objective of this study was to identify the main determinants of
heart rate variability (HRV) in male athletes aged 14 to 21 years who practice
competitive contact sports and to integrate these determinants with the aim
of defining normative values of short-term HRV in the time and frequency
domains.

Methods: Participants (n = 369) were aged 14 to 21 years and included 221
football players and 148 ice hockey players. HRV was measured for 5 min at
rest, and standard HRV parameters in the time and frequency domains were
calculated. Heart rate (HR), age, body mass index (BMI), number of sports
weekly practices (WSP) and concussion history (mTBI) were considered
determinants potentially able to influence HRV.

Results: Multiple regression analysis revealed that HR was the primary
determinant of standard HRV parameters. The models accounted for 13% to
55% of the total variance of HRV and the contribution of HR to this model
was the strongest (8 ranged from -0.34 to -0.75). HR was the only
determinant that significantly contributes to all HRV parameters. To
counteract this dependence, we calculated HRV corrected by the mean RR
interval (RRm). Such corrections do not remove any physiological differences
in HRV; they simply remove the mathematical bias. HRV parameters were
therefore normalized, and their normative limits were developed relative to
the mean heart rate. After correction, the correlation coefficients between
HR and all corrected HRV parameters were not statistically significant and
ranged from —0.001 to 0.045 (p>0.40 for all). The automatically corrected
HRV calculator, which recalculates standard HRV parameters and converts
them into corrected parameters in addition to determining whether a given
value is within normal limits, facilitates clinical interpretation.
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Conclusion: This study provides for the first time corrected normative values of short-
term and resting state HRV parameters in competitive contact sport athletes aged 14 to
21 years. These values were developed independently of the major determinants of HRV.
The baseline values for HRV parameters given here could be used in clinical practice
when assessing and monitoring cerebral concussions. They may assist in decision
making for a safe return to play.

KEYWORDS

heart rate variability, normative values, heart rate correction, concussion, sports-related
concussion, diagnosis, management, treatment biomarkers.

Introduction

A healthy heart is subject to complex and constant variations
of its electrical rhythm. These oscillations allow the heart to
rapidly adapt to environmental and psychological challenges to
help achieve body homeostasis and optimal performance.
Those cardiac oscillations, better known as HRV, are the
fluctuation in the time intervals between successive heartbeats
(the variation in cardiac cycle lengths, RR intervals) (1, 2). The
HRV measurement is considered a standard, reliable and
noninvasive tool that provides a quantitative assessment of
autonomic control of cardiovascular function and offers insight
into the balance of influences of the sympathetic (SNS) and
(PNS) (2, 3). Indeed,
although our heart is an organ capable of functioning and

parasympathetic nervous systems
reacting independently of neural control systems through the
sinoatrial node, the genesis of cardiac automatism, its activities
are strongly influenced by the functions of the autonomic
(ANS)  with
parasympathetic branches (4). These influences are known to

nervous  system its  sympathetic  and
be antagonistic. On one hand, sympathetic activity is primarily
related to preparing the body for response in demanding or
alarming situations, commonly referred to as the “fight or
flight” response (5). On the other hand, parasympathetic
activity is generally identified with the “rest and digest”
response (5). Thus, the role of the sympathetic branch is to
increase the chronotropic (heart rate) and inotropic (force of
contraction) responses, and cardiac output therefore becomes
greater in order to accommodate emergencies or exercise. In
contrast to the sympathetic system, the parasympathetic branch
works in more restful situations and slows down the effects of
sympathetic activity with the consequence of restoring and
maintaining a balanced state (1). The relationship between the
sympathetic and parasympathetic branches is more complex
and should not be described as a zero-sum system. Increased
PNS activity may be associated with decreased, increased or no
change in SNS activity (6, 7). However, HRV can be viewed as
a mirror of the interactions between the SNS and PNS. The
clinical utility of HRV as an indicator of SNS activity has been
explored in numerous health studies subjects including diabetes

(8, 9), hypertension (10, 11), cardiovascular pathophysiology
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(12, 13) and physiology (14) as well as in the assessment and
management of psychological stress (15), psychopathology and
neurocognitive disorders (16). In recent years, links have been
made between HRV and traumatic brain injury (TBI) (17-21),
mostly in research involving populations with moderate to
severe TBI. In these studies, HRV was used to provide clues to
the dysregulation of the ANS following trauma and monitor
the evolution of autonomic parameters during post-traumatic
in post-TBI HRV
associated  with severity,

recovery. The

has
intracranial pressure, functional outcomes and survival in both
adults and children (21-29). The effectiveness of using HRV in
the assessment and monitoring of TBI rehabilitation has

degree of alterations

parameters been trauma

encouraged other investigators to explore its effectiveness in the
assessment of concussions (CC) (30-38).

At the 5th international conference on concussion in sport (39),
guidelines were proposed emphasizing the need for diagnostic
biomarkers such as advanced neuroimaging, fluid biomarkers and
genetic testing. HRV could be a promising physiological non-
invasive biomarker to help consolidate the multidimensional
approach needed in the management of CC. Indeed, although CC
is being at the “mild” end of the continuum of severity for
craniocerebral injury, it has been described as a complex health
problem that causes neurological, psychological and cognitive
disorders that may manifest as symptoms such as headaches (40),
difficulty concentrating, organizational problems, sleep problems
(41-43), slowed information processing (44) and psychological
problems including depression, anxiety and frustration (45, 46).
While these symptoms are often transient (10-14 days), their
resolution may not always coincide with physiological recovery,
resulting in a potential window of brain vulnerability and risk of
exposure to secondary injury (47, 48). In several studies, this
vulnerability is reflected by a lower HRV attributed to impaired
autonomic modulation as a likely contribution (33-38). Thus,
HRV could be a promising clinical tool and an effective
biomarker in the assessment and management of CC. However,
in terms of clinical use, normative data must be established that
consider the specifics of the study population and the
methodological factors that may influence HRV interpretation.
These factors include age (49), sex (50), physical activity level (51,
52), body mass index (BMI) (53, 54), breathing (55), the position
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of the individual during measurement (56), time of measurement
(57), measurement times (1), sleep (58, 59), and stress level (60).
It is therefore important to try to control for these factors in
order to minimize biases that may complicate the interpretation
of results. To date, no studies have reported specific normative
reference values for athletic populations in contact sports such as
football and ice hockey, which are characterized by a higher risk
of CC. Indeed, in Canada, ice hockey is among the sports with
the highest number of CCs in children and young people aged 5-
19 vyears, accounting for up to 44% of all injuries that occur
during play (61). In Ontario and Alberta, the rate of ice hockey
CCs recorded in the emergency department in 2017-18 increased
significantly in boys aged 10 to 14 years and reached 203.7 per
100,000 people (62). Ice hockey remains the category responsible
for the majority of CCs associated with sports and recreation
among boys aged 15-19 years (150.7 per 100,000 persons),
followed closely by football (119.2 per 100,000 persons) (62).
Marar et al. (63) report that out of 20 sports evaluated during
2008-2010, 47.1% of CCs were recorded in football. On the other
hand, some athletes may have experienced CC without
necessarily realizing it. In fact, 70% of football players reported
experiencing symptoms of CC in a single season without being
diagnosed with CC (64).

Despite significant advances in the assessment of CCs,
clinicians face considerable challenges when using HRV to assess
and treat this condition, particularly when the study population
has specific characteristics. These features limit the effectiveness
of using general normative population values when assessing
and treating contact sport athletes. Thus, there is a concern with
establishing normative values for HRV parameters specific to
this particular population, values that take into account said
population’s  anthropometric ~ characteristics and  follow
standardized methodological guidelines that minimize the risk of
influencing HRV interpretation.

The objectives of this study were (1) to identify the main
determinants of HRV in athletes from competitive contact
14-21 and (2) to these
determinants in order to define normative values of short-

sports aged years, integrate

term HRV in the time and frequency domain.

Materials and methods
Study population

The study group consisted of 464 competitive athletes from the
Mauricie Quebec Student Sport Network (Réseau Sport Etudiant
Québec-Mauricie). Data were collected at the start of the 2018-
19 and 2019-20 competitive seasons. Male football players (n =
286) and male ice hockey players (n =178) were evaluated. The
Université du Québec a Trois-Rivieres Human Research Ethics
Board approved the research protocol, and all participants
signed a written consent prior to participation (CER-16-230-
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07.16). To be eligible for this study, a player had to meet the
following criteria: be a competitive football or ice hockey athlete;
be aged 14 to 21 years; have suffered no CC during the six
months prior to enrollment; with no moderate or severe TBIs
have no medical contraindication
(Physical ~Activity Readiness
Questionnaire, (PAR-Q) (65); and have no diseases and/or was

and/or skull fracture;
regarding physical exertion
taking no regular medications that affect the cardiopulmonary
system and/or interfere with the autonomic nervous system. 95
participants (65 football players and 30 ice hockey players) were
excluded from the analysis because of failure to comply with the
methodological restrictions required by our experimental
protocol. Data from 369 participants (221 football players and
148 ice hockey players) were included in the final analysis.

Procedure

Two days before the assessment, participants received an
email explaining the restrictions to observe in keeping with
our experimental protocol. Regarding the time prior to
evaluation, the restrictions prohibited physical exercise for
48 h (66, 67); alcohol for 24 h (68, 69); smoking for 12 h (70,
71); caffeine or energy drinks for 6 h (72, 73); and heavy
meals for 4 h (74, 75).

All measurements were made in the afternoon between 1
and 6 pm in a classroom at the sports team’s educational
facility (57, 76). Environmental conditions were maintained at
20.2+0.8°C temperature, 24.6+4% humidity, and 100.9 +
0.7 kPa pressure (Cole-Parmer Digital Barometer, model RS-
232) (77). Participants’ anthropometric data were measured
(body mass and height) and computed (body mass index).
Before starting the HRV measurement, participants were
instructed to empty their bladders in the toilet to avoid
bladder distention (78-80) and were instructed not to drink
more water until the measurements were completed (81-83).
Each participant signed the consent form and completed a
recruitment questionnaire. The questionnaire was used to
determine the participants’ profile, ie., history of CCs,
frequency of weekly training (84-86), quality and number of
hours of sleep the night before the measurements (58, 59),
and whether the participant was under medical treatment or
suffered from chronic migraines or attention deficit disorder
with or without hyperactivity (ADHD). After the completed
questionnaires were reviewed, the data from 95 participants
were rejected for non-compliance with control items (65
football players and 30 ice hockey players). Most of these
players had not abstained from physical activity during the
48 h preceding the tests (64.2%) (66, 67), had consumed
caffeine during the 6h preceding the evaluation (14.7%)
(72, 73), had eaten a meal during the 4h preceding the
evaluation (10.5%) (74, 75), had taken medication for a health
problem (8.4%) and had consumed alcohol during the 24 h
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preceding the evaluation (2.1%) (68, 69). After completing the
questionnaires, each participant was fitted with a chest heart
rate belt (POLAR Team2 Pro transmitter, Polar Electro Oy,
Kempele, Finland). A check was made to ensure that the
electrode areas of the belt were properly wetted and the belt
was properly fitted and felt comfortable. The installation of
the belt at the beginning of the protocol allowed the
participant to become familiar with the equipment (73, 87).
This first step also enabled the stabilization of physiological
variables in the same body position that would be used for
the HRV measurement (73, 88, 89).

Recording and analysis of heart rate
variability

First, participants were asked to count their spontaneous
breaths for one minute to measure respiratory rate (RR) and
record it on the recruitment questionnaire (55, 90, 91). To
eliminate the risk of interference with HRV data collection,
participants removed clothing that could generate small static
discharges and performed the data collection shirtless. For the
same reasons, all participants’ electronic equipment was
(73). To
standardize the HRV measurements, each participant was
seated in a rigid chair with feet flat and knees bent at 90°,
back straight and resting firmly on the backrest, arm resting
desk at 90°, (56, 92). Al
measurements were made in waves of 20 participants. Indeed,
to measure HRV, we used the POLAR Team?2 Pro device,
Polar Electro Oy, Kempele, Finland, which can collect data

turned off (phones, watches, computers, etc.)

on the and eyes closed

from 80 participants at the same time (93-95). This tool
digitizes the electrocardiogram at a resolution of 1,000 Hz and
determines the RR interval to the nearest millisecond. These
technical characteristics are above the minimum required by
expert consensus for HRV analysis (1, 93-95). During the
7 min of measurement, transmitter is attached to the Team?2
transmitter strap, and the strap is secured around player’s
chest. The transmitter of each player tested records HR and
HRV data and transmits it to the PC using Bluetooth. A
visual check of the signal was made in real-time. A repeat of
the measurements was made for participants who gave an
unstable signal. From the 7 min of recording, only the last
5 min were retained for analysis, the first two minutes of
recording allowing the attainment of a steady state for
physiological parameters such as HR, RF and HRV (96, 97).
No attempt was made to control the participants’ respiratory
rate or tidal breathing volume (98). Time-and frequency-
domain HRV analyses were performed using Kubios HRV
Standard 3.3.0 software (University of Eastern Finland,
Kuopio, Finland) (99, 100). This software supports several
input data formats for electrocardiogram (ECG) and RR
beat-to-beat interval recordings. It calculates all time-and-
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frequency-domain HRV parameters and even several non-
linear parameters. The software includes an adaptive QRS
detection algorithm and analysis sample selection and artifact
correction tools. Thus, RR interval data were entered into
Kubios, the appropriate correction threshold was selected by
visual inspection of the tachogram to ensure the correction
removed artifacts but did not distort the normal RR intervals.
When the correction was applied, detected artifact beats were
automatically replaced by cubic spline interpolation (99). Less
than 1% of RR intervals were corrected for our participants.
The results of the RR interval-time-domain component
analysis were expressed as the standard deviation of RR
intervals (SDNN), square root of the mean of the sum of
squared differences between adjacent RR intervals (RMSSD),
percentage of RR intervals >50ms from the previous
(pNN50). Frequency-domain analyses were performed by fast
Fourier transform (FFT) and autoregressive (AR) modelling.
The very low frequency (VLF, 0-0.04 Hz), the low frequency
(LF, 0.04-0.15Hz), the high frequency (HF, 0.15-0.40 Hz)
and the total power according to its two forms, ie., TP 1
(VLF + LF + HF, 0-0.5 Hz) and TP 2 (LF + HF, 0.04-0.50 Hz)]
were expressed in absolute values (ms2). The LF / HF ratio
was also calculated. The normalized (nu) powers of the LF
and HF bands (nLF and nHF) were calculated as follows: nLF
(the normalized LF power)=LF/[total power (ms2)—VLF
(ms2)] and nHF (the normalized HF power)=HF/[total
power (ms2)—VLF (ms2)], respectively (1).

Normalization of heart rate variability to
the average heart rate

HRV is significantly associated with mean HR through the
influence of physiological phenomena and mathematical
constraints. The physiological phenomenon arises from the
activity of the autonomic nervous system and its control of
the heartbeat (1). The mathematical determinant is caused by
the inverted nonlinear relationship between the RR interval
and HR (101). Thus, when analyzing RR intervals, the same
changes in HR cause much higher fluctuations in RR intervals
for slow average HR compared to fast average HR (101). This
phenomenon mathematically amplifies the effect of ANS
influence on HRV and can cause an artificial difference in
HRV parameters to appear in patients with different mean
HR only through mathematical constraint (101). This makes
the standard HRV analysis mathematically biased, especially if
patients differ in terms of their mean HR (101-103).
However, this bias can be excluded by a simple mathematical
modification of normalizing RR fluctuations to the mean. This
is done by multiplying or dividing the standard HRV indices
by the corresponding average RR intervals (101-103). Thus, if
HRV parameters are negatively related to HR, they should be
divided by the appropriate mean RR power to become
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independent of HR. Conversely, if HRV parameters are
positively related to HR, they should be multiplied by the
appropriate average RR power. This technique has been
shown to be effective for eliminating the mathematical
dependence of HRV on HR and has allowed for exploration
of a true clinical value of HR and its variability (104).

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics v. 27. The corrected HRV normative value calculator
was created with Microsoft Excel 365.

With reference to to previous studies aimed at determining
normative values for HRV, heart rate (HR), age, body mass
index, number of sports practices per week and CC history
were considered determinants that could potentially influence
HRV (51, 105-110).

The normality of the distributions of each HRV parameter
and of the potential determinants of HRV parameters was
tested using the one-sample Kolmogorov-Smirnov test before
and after log transformation. Variables that did not show a
normal distribution were natural log-transformed because of
their positive skewness. Conclusions about the normality of
the variables were reinforced by checking the values of z(gl)
for skewness and z(g2) kurtosis (+3), as well as by visual
interpretation of the normal Q-Q plot and the histogram
graph. Normally distributed parameter values are presented as
mean + standard deviation, whereas abnormally distributed
values are presented as median and 25th—75th percentiles.
The significant level is p <0.05.

Because some of the HRV parameters and predictors did not
pass the normality test even after log transformation,
nonparametric tests were used. Thus, to establish the
relationship between the different HRV predictors, we used the
Spearman correlation coefficient (rS). To test for significant
differences between variables, we used the Wilcoxon-Mann-
Whitney test. For comparisons of more than 2 groups, we used

TABLE 1 Association between variables selected as potential
independent predictors of standard HRV parameters.

Parameter Mean Age BMI n.mTBl  WSP
HR

Mean HR 1

(min™Y)

Age (years) —0.21%%% 1

BMI (kg/m?) —0.140% | 0450 1

n. mTBI -0.07 0.14** 0.1 1

WSP —0.2%* 0.36** | 027 0.15% 1

Mean HR, mean heart rate; BMI, body mass index; n.mTBI, number of mild
traumatic brain injury; and WSP, weekly sport practice.
**p <0.01; ***p <0.001.
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the Kruskal-Wallis (K-W) test. Standard multiple regression
analysis was performed with all standard and adjusted HRV
variables to determine significant predictors of HRV. To avoid
collinearity, we checked the correlation between all predictors,
validating the absence of collinearity in each regression with
Python variance inflation factor values (VIF<10). The effect
size of each predictor and the entire regression model for each
variable is calculated separately with Cohen’s f2 index.
According to Cohen’s scale, f2>0.02, f2>0.15 and f2>0.35
represent a weak, medium and strong effect size, respectively.

Results

A total of 369 participants (221 football players and 148 ice
hockey players) aged 14-21 years were included in the analysis.
Group characteristics were presented as median, 25th to 75th
percentiles as follows: age 17.8; (16.1-19.1 years); body mass,
77.1kg (68-88.5kg), height; 1.78m (1.73-183 m); BMI,
24.3 kg/m® (21.9-26.8 kg/m?); history of CCs, 0 (0-1); and
weekly sports practices, 5 (4-6). Mean HR was 714+
10.1 bpm and mean RF was 13.9 £2.9 rpm.

The Kolmogorov-Smirnov test was used to assess the
normality of the data distribution. Of the variables initially
chosen as potential determinants of standard HRV parameters
in contact sport athletes (HR, heart rate, BMI, body mass index,
n.mTBI, number of mild traumatic brain injury and WSP,
weekly sport practice), only HR showed a normal distribution.
Age, BMI, n. mTBI, and WSP were not normally distributed.
Correlation analysis between these predictors revealed that all
variables had a significant relationship with each other except
for n.mTBI, which was not statistically significantly correlated
with HR and BMI (Table 1). In these analyses, the strongest
correlation was between age and BMI with R=0.45; p <0.001.
All predictors did not show a collinearity effect between them,
which was confirmed by the collinearity test where the values
were not just below 10 but even <1.33; 1.03>. A VIF under 1.5
indicates the total absence of collinearity. The strong significant
value obtained between the protector (Table 1) was due to the
natural relationship between the variables and the sensibility of
the test with the number of participants (1 =369). On the other
hand, correlation analysis between these predictors and HRV
showed that all HRV parameters correlated significantly with
HR. Next, BMI correlated with 14 out of 19 HRV parameters.
The n.mTIB showed a significant correlation only with two
parameters (LF and VLF). Although WSP and age did not
show a significant correlation with HRV, they were mentioned
based on the respective closeness of their correlation coefficient
with HRV parameters (Table 2).

The results of the multiple regression analysis for time-and-
frequency-domain HRV parameters calculated with FFT,
including HR, age, BMI, n.mTBI and WSP are presented in
Table 3. The results of this analysis show that HR was the

frontiersin.org


https://doi.org/10.3389/fspor.2022.730401
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Ziadia et al. 10.3389/fspor.2022.730401

TABLE 2 Correlations of standard time and frequency-domain HRV parameters with mean heart rate, age, body mass index, number of mild
traumatic brain injury and weekly sport practice.

Standard HRV Parameter Age BMI (kg/mz)
(months)
R P

SDNN (ms) —0.48 <0.001 0.01 0.79 0.09 0.07 0.09 0.08 0.07 0.17
RMSSD (ms) —0.64 <0.001 0.01 0.83 0.14 <0.01 0.05 032 0.07 0.18
PNN50 (%) —0.67 <0.001 0.02 0.67 0.15 <0.001 0.06 027 0.07 0.18
FFT VLF (ms?) -0.32 <0.001 0.07 0.16 0.09 0.10 0.08 0.13 0.08 0.14
FFT LF (ms?) -0.30 <0.001 0.04 045 -0.01 0.85 0.09 0.09 0.06 0.24
FFT HF (ms?) —0.70 <0.001 0.04 0.44 0.14 <0.01 0.04 0.44 0.07 0.19
FFT TP1 (ms?) —0.61 <0.001 0.05 0.30 0.10 <0.05 0.07 0.21 0.08 0.10
FFT TP2 (ms?) —0.61 <0.001 0.05 033 0.10 <0.05 0.07 0.20 0.08 0.12
FFT LE/HF 0.56 <0.001 0.01 0.99 —0.20 <0.001 0.01 0.86 -0.01 0.78
FFT nLF (nu) 0.56 <0.001 0.01 097 —0.20 <0.001 0.01 0.87 -0.01 0.78
FFT nHF (nu) —0.56 <0.001 0.01 0.98 0.20 <0.001 —0.01 0.84 0.01 0.80
AR VLF (ms?) —0.47 <0.001 0.07 0.18 0.07 0.17 0.10 <0.05 0.07 0.18
AR LF (ms?) -0.25 <0.001 0.05 0.31 0.03 0.51 0.11 <0.04 0.10 0.06
AR HF (ms?) -0.72 <0.001 0.03 055 0.15 <0.01 0.04 045 0.06 0.22
AR TPI (ms?) —0.63 <0.001 0.06 0.24 0.13 <0.05 0.08 0.15 0.10 0.06
AR TP2 (ms?) —0.62 <0.001 0.06 027 0.13 <0.05 0.07 0.16 0.10 0.07
AR LF/HF 0.57 <0.001 0.02 0.67 -0.15 <0.01 0.05 036 0.03 0.56
AR nLF (nu) 0.57 <0.001 0.02 0.67 —0.14 <0.01 0.05 037 0.03 0.55
AR nHF (nu) —0.57 <0.001 -0.02 0.67 0.15 <0.01 —0.05 036 -0.03 0.56

Mean HR, mean heart rate, BMI, body mass index, n.mTBI, nhumber of mild traumatic brain injury and WSP, weekly sport practice. FFT denotes that a given HRV
parameter was calculated by using Fast Fourier Transform, while AR indicates that the HRV spectrum was calculated with autoregressive method. R, Spearman’s
rank correlation coefficient. nu, normal units.

strongest determinant for all HRV parameters for the entire to the following HR quartiles: 1st quartile (Q1l: <25%), 48.9-
group as well as for all age subgroups (Table 3 and the table 63.7 bpm; 2nd quartile (Q2: 25%-50%), >63.7-71.4 bpm; 3rd
in Supplementary Appendix SA1 and SA3-10). The models quartile (Q3: 50%-75%), >71.4-78.4 bpm; and 4th quartile

accounted for 13%-55% of the total variance in HRV. The (Q4: >75%), >78.4-107.7 bpm. The number of participants in
contribution of HR to this model was significant (8 ranged each subgroup ranged from 92 to 93. Comparison of these
from —0.34 to —0.75). The group was divided into four groups revealed there was a significant difference between all

years; and (3) 18 <age <20 years and (4) 20 < age <22 years. Kruskal-Wallis rank test ranged from 32.75 to 160.78 with
The number of football (F) and ice hockey (H) players in P <0.001 for all comparisons.

subgroups by age: (1) 14 < age <16 years; (2) 16 < age <18 HRV parameters based on the four HR quartiles. The

consecutive age subgroups was 89 (F:44/H:45), 113 (69 / 44), Multiple regression models involving potential variables
120 (84/36), and 47 (24/23). The four age subgroups show a capable of influencing HRV parameters (HR, age, BMI,
similarity in standard HRV parameters, where the Kruskall- n. mTBI, and WSP) revealed that HR was the strongest
Wallis test was higher than 0.05 for all. determinant for influencing HRV parameters. To counteract

The standard values of HRV parameters in the time-and- this dependence, we calculated HRV corrected by the mean
frequency domain of the general group and its four subgroups RR interval (RRm). This correction method consists of
are presented in Table 4 as median, 5th to 95th percentiles. dividing or multiplying the HRV parameters by RRm power
Indeed, because HRV is significantly associated with HR, and (104). Such corrections do not remove any physiological
HR is the strongest determinant for all its standard differences in HRV between heart rates and different mean
parameters, they were classified into four subgroups according HRs; they simply remove the mathematical bias (101, 111).
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TABLE 3 Determinants of standard time and frequency-domain HRV parameters calculated with fast-Fourier transform.

Standard HRV parameter Determinant Parameters of multiple regression analysis
Partial correlation Multiple R® F-test
SDNN (In) Mean HR -0.52 <0.001 —0.51 027 26.75 <0.001
Age (In) —0.14 <0.01 —0.12
BMI (In) 0.06 027 0.05
n.mTIB 0.06 0.19 0.06
WSP (In) -0.02 0.76 —0.01
RMSSD (In) Mean HR —0.71 <0.001 —0.68 0.48 67.51 <0.001
Age (In) —0.17 <0.001 —0.15
BMI (In) 0.10 <0.05 0.09
n.mTIB 0.04 034 0.04
WSP (In) —0.06 0.17 —0.05
PNNS50 (In) Mean HR -0.72 <0.001 ~0.69 0.50 71.39 <0.001
Age (In) —0.18 <0.001 -0.15
BMI (In) 0.12 <0.01 0.10
n.mTIB 0.05 0.16 0.05
WSP (In) —0.09 <0.05 —0.08
VLF (In) Mean HR -0.35 <0.001 —0.34 0.13 11.15 <0.001
Age (In) 0.00 0.99 0.00
BMI (In) 0.01 0.84 0.01
n.mTIB 0.05 033 0.05
WSP (In) 0.02 0.75 0.02
LF (In) Mean HR —0.34 <0.001 —0.33 0.13 10.41 <0.001
Age (In) —0.02 0.68 —0.02
BMI (In) —0.10 0.06 —0.09
n.mTIB 0.06 024 0.06
WSP (In) 0.02 0.75 0.02
HF (In) Mean HR -0.75 <0.001 -0.73 055 88.10 <0.001
Age (In) —0.16 <0.001 -0.13
BMI (In) 0.12 <0.001 0.11
n.mTIB 0.02 0.57 0.02
WSP (In) —0.08 <0.05 —0.07
TP1 (In) Mean HR —0.66 <0.001 —0.64 0.42 51.75 <0.001
Age (In) —0.12 <0.01 ~0.10
BMI (In) 0.04 033 0.04
n.mTIB 0.04 035 0.04
WSP (In) —0.04 037 —0.04
TP2 (In) Mean HR —0.66 <0.001 —0.64 0.42 51.75 <0.001
Age (In) —0.12 <0.01 —0.10
(continued)
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TABLE 3 Continued

Standard HRV parameter Determinant

10.3389/fspor.2022.730401

Parameters of multiple regression analysis

Partial correlation Multiple R® F-test
BMI (In) 0.04 0.34 0.04
n.mTIB 0.04 0.34 0.04
WSP (In) —0.04 0.34 —0.04
LF/HF (In) Mean HR 0.62 <0.001 0.60 0.41 50.35 <0.001
Age (In) 0.17 <0.001 0.15
BMI (In) -0.25 <0.001 -0.22
n.mTIB 0.03 0.45 0.03
WSP (In) 0.11 <0.01 0.11
nLF Mean HR 0.61 <0.001 0.59 0.41 49.45 <0.001
Age (In) 0.18 <0.001 0.15
BMI (In) —0.25 <0.001 -0.22
n.mTIB 0.02 0.55 0.02
WSP (In) 0.12 <0.01 0.11
nHF Mean HR —0.61 <0.001 -0.59 0.40 48.97 <0.001
Age (In) -0.18 <0.001 -0.15
BMI (In) 0.25 <0.001 022
n.mTIB —0.03 0.53 -0.03
WSP (In) -0.12 <0.01 -0.11

Ln, natural logarithm.

Thus, the standard time-domain HRV parameters SDNN,
RMSSD, and pNN50 lost their dependence on HR after being
divided by RRm to the power of 1.2; 2 and 4.35, respectively.
In the frequency domain analysis, the VLF, LF, HF, TP1, TP2,
and nHF parameters obtained by FFT lost their CF
dependencies after being divided by RRm at the powers 2.1;
1.55; 4.5; 3.1; 3.1; and 1.33, respectively. The remaining
standard HRV parameters obtained by FFT (LF / HF and
nLF) lost their CF dependencies after being multiplied by
RRm at power 3.1 and 1.6, respectively. For the frequency
domain analysis obtained by AR, the VLF, LF, HF, TP1, TP2,
and nHF parameters were divided by RRm at powers 2; 1.45;
4.65; 3.15; 3.25; and 1.4, respectively. LF / HF and nLF were
multiplied by RRm to the power 3.4 and 1.85, respectively
(113). With these simple mathematical corrections, we were
able to obtain new normative HRV values independent of
mean HR that were termed corrected HRV (HRV,,,). After
correction, the correlation coefficients between HR and all
corrected HRV parameters were not statistically significant
and ranged from —0.001 to 0.045 (p > 0.40 for all).

After correction, multiple regression analysis involving age,
BMI, n. mTBI and WSP revealed that age was the strongest
determinant that could influence HRV,,,, parameters in the
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time and frequency domain calculated with FFT and AR
(Table 5
However, the calculated patterns accounted for only 1%-13%

and Supplementary Appendix SA2 Table).

of the total variance of the HRV,,, indices. The contribution
of age to this model was quite small (8 ranged from —0.001
to —0.23). In addition, the effect size for the combined model
as well as for the individual variables (age, BMI, n. mTBI and
WSP) was small (f2<0.01 for all). CC history was the only
variable that showed no influence on HRV parameters. These
results reflect the exclusion of any dependence of HRV,, on
other model parameters, which allowed us to establish
corrected normative values of HRV parameters and their
normal limits (Table 6). The normative values in Table 6 are
presented in their scientific forms to eliminate the long
number of digits after the decimal point due to division by
the high powers of mean RR.

Discussion

The present study aimed to identify the main determinants
of HRV in competitive contact sport athletes aged 14-21 years
and integrate these determinants so as to define normative
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TABLE 4 Normative standard time and frequency-domain HRV parameters values for overall study group and according to heart rate quartiles are
presented as median, 5th-95th percentiles.

Standard HRV

Overall study

Quartiles according to HR

Parameter group (n: 369) Q2 (n: 92) Q3 (n: 92) Q4 (n: 92)
SDNN (ms) 53 (29-92) 62 (40-107) 56 (32-92) 49 (29-83) 43 (24-71)
RMSSD (ms) 37 (17-77) 53 (32-90) 43 (24-68) 33 (20-57) 26 (13-47)
PNN50 (%) 12 (1-47) 27 (9-57) 16 (3-41) 9 (2-28) 5 (0-16)
FFT VLF (ms?) 88 (21-369) 123 (41-601) 108 (29-381) 83 (20-279) 66 (13-236)

FFT LF (ms?)

1,479 (426-4,415)

1,834 (632-5,786)

1,746 (612-4,408)

1,368 (393-4,349)

1,088 (280-3,095)

FFT HF (ms?)

1,818 (307-7,851)

4,062 (1,528-11,718)

2,335 (843-5,896)

1,357 (382-3,913)

818 (159-2,737)

FFT TP1 (ms?)

3,733 (913-11,217)

6,353 (2,368-15,699)

4,387 (1,629-10,001)

2,930 (980-8,145)

2,058 (659-5,559)

FFT TP2 (ms?)

3,525 (868-10,993)

6,199 (2,266-15,567)

4,271 (1,575-9,728)

2,892 (899-8,019)

1,957 (643-5,363)

FFT LE/HF 0 (0-2) 0.46 (0.14-1.48) 0.73 (0.28-1.61) 1.32 (0.27-2.61) 1.43 (0.4-4.31)
FFT nLF (nu) 47 (17-73) 31 (12-59) 42 (22-61) 56 (21-71) 58 (28-81)
FFT nHF (nu) 52 (26-82) 68 (40-86) 57 (38-77) 42 (27-78) 40 (18-71)

AR VLF (ms?)

268 (81-647)

372 (123-791)

296 (113-690)

236 (87-599)

165 (55-461)

AR LF (ms?)

1,302 (345-4,476)

1,584 (570-6,021)

1,482 (406-4,476)

1,105 (277-4,430)

1,016 (225-2,957)

AR HF (ms?)

1,861 (316-8,168)

4,237 (1,511-11,578)

2,473 (875-6,448)

1,493 (463-3,502)

765 (171-2,701)

AR TP1 (ms?)

3,768 (1,030-12,466)

6,304 (2,776-15,790)

4,358 (1,517-10,472)

3,048 (1,009-8,068)

2,116 (627-5,749)

AR TP2 (ms?)

3,414 (884-11,925)

5,861 (2,570-15,117)

4,097 (1,340-9,844)

2,710 (897-7,633)

1,971 (561-5,392)

AR LF/HF 0 (0-2) 0.4 (0.11-1.29) 0.64 (0.22-1.75) 0.98 (0.23-2.03) 1.29 (0.26-3.7)
AR nLF (nu) 43 (13-71) 28 (10-56) 38 (18-63) 49 (18-66) 56 (20-78)
AR nHF (nu) 56 (27-85) 70 (43-89) 60 (36-81) 50 (32-80) 43 (21-79)

FFT denotes that a given HRV parameter was calculated by using Fast Fourier Transform, while AR indicates that the HRV spectrum was calculated with autoregressive
method. HR quartiles for overall study group: (Q1), 48.9-63.7 bpm; (Q2), >63.7-71.4 bpm; (Q3), >71.4-78.4 bpm; (Q4), >78.4-107.7 bpm. nu, normal units.

values of short-term HRV in the time-and-frequency domain.
These normative values could be used in clinical practice as a
reference during evaluation of CC and follow-up to
rehabilitation. Indeed, HRV is commonly used as an index for
assessing ANS function and its control on the myocardium
(112). A high HRV promotes
transmission between the ANS and the

improved information
myocardium,
reflecting good behavioural adaptation and high cognitive
flexibility. In contrast, low HRV reflects less interaction
between these two components and does not reproduce
essential information related to environmental changes (97,
113). Following CC, low resting HRVs have been reported
during the acute recovery phase, which could persist beyond
return to the subacute play phase (31, 34). Senthinathan et al.
(34) in fact report disruptions in HRV (HFnu and LFnu) at
rest, at 7 days after CC and even after the athletes returned to
play, suggesting persistent disruptions in the ANS balance
beyond symptom resolution. Purkayastha et al. (31) report
that HRV (pNN50) was significantly lower at 3 days after CC
in contact sport athletes compared to the healthy control
group. The pNN50 value had become comparable to that of
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the control group by day 21 post-injury. These observations
highlight the value of assessing HRV during the clinical
management of CC and during validation of return to play.
However, to be used clinically, normative data specific to the
study group must be established that consider the key factors
that can influence HRV, such as mean resting HR, age, BMI,
physical activity level and CC history in addition to the
techniques and methods used during assessment. The present
study provides the first baseline values for corrected resting
and short-term HRV parameters specific to competitive
contact sport athletes aged 14-21 years.

Correlation analysis between factors that may influence
HRV (mean resting HR, age, BMI, physical activity level and
CC history) showed that all variables were significantly
correlated with each other except for n.mTBI, which was
nonsignificant with HR and BMI. The strongest correlation
was between age and BMI (R =0.45; p <0.001). However, this
relationship did not show a collinearity effect. Similar values
were recorded in the study by Gasior et al. (106), where a
correlation between age and BMI was validated (R=0.44; p<
0.001). In the latter study, however, BMI was considered
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TABLE 5 Determinants and Cohen’s f2 indexes for corrected time- and frequency-domain HRV parameters calculated with fast-Fourier transform.

Standard HRV  Determinant Parameters of multiple regression analysis Cohen'’s f
parameter P Partial Multiple F- Local Combined
correlation R? test
Corr-SDNN Age (months) —0.13 | <0.05 —0.12 0.019 1.742 0.140 0.014 <0.001
BMI 0.04 0.47 0.04 0.001
n.mTIB 0.08 0.14 0.08 0.006
WSP —0.01 0.93 0.001 0.000
Corr-RMSSD Age (months) 020 | <0.001 —0.18 0.045 4.28 <0.01 0.032 <0.01
BMI 0.10 0.07 0.09 0.009
n.mTIB 0.06 0.26 0.06 0.003
WSP —0.06 0.26 —0.06 0.003
Corr-pNN50 Age (months) —0.19 | <0.001 -0.16 0.047 453 <0.001 | 0.028 <0.01
BMI 0.13 <0.05 0.12 0.014
n.mTIB 0.06 0.26 0.06 0.003
WSP —0.09 0.10 —0.08 0.007
Corr-VLF Age (months) 0.01 0.90 0.01 0.005 043 0.787 0.000 <0.001
BMI 0.02 0.75 0.02 0.000
n.mTIB 0.04 0.49 0.04 0.001
WSP 0.04 0.46 0.04 0.002
Corr-LF Age (months) 0.00 0.98 0.00 0.012 112 0.348 0.000 <0.001
BMI —0.08 0.15 —0.08 0.006
n.mTIB 0.07 0.16 0.07 0.005
WSP 0.03 0.60 0.03 0.001
Corr-HF Age (months) —0.21 <0.001 —0.18 0.054 5.18 <0.001 0.035 <0.01
BMI 0.16 <0.01 0.14 0.021
n.mTIB 0.04 0.46 0.04 0.001
WSP —0.07 0.18 —0.07 0.005
Corr-TP1 Age (months) —0.12 | <0.05 ~0.10 0.015 142 0228 0.011 <0.001
BMI 0.04 0.49 0.04 0.001
n.mTIB 0.07 021 0.07 0.004
WSP —0.02 0.73 —0.02 0.000
Corr-TP2 Age (months) —-0.12 | <0.05 —0.10 0.016 1.44 0219 0.011 <0.001
BMI 0.04 0.49 0.04 0.001
n.mTIB 0.07 021 0.07 0.004
WSP —0.02 0.71 —0.02 0.000
Corr-LF/HF Age (months) 0.16 | <0.001 0.14 0.080 7.94 <0.001 | 0.021 <0.01
BMI —025 | <0.001 -0.23 0.054
n.mTIB 0.04 0.46 0.04 0.001
WSP 0.14 <0.01 0.13 0.017
Corr-nLF Age (months) 0.18 | <0.001 0.15 0.085 8.43 <0.001 | 0.025 <0.01
(continued)
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TABLE 5 Continued

10.3389/fspor.2022.730401

Standard Determinant Parameters of multiple regression analysis Cohen’s f2
parameter . ) ]
P Partial Multiple F- Local Combined
correlation R? test
BMI —027 | <0.001 —0.25 0.066
n.mTIB 0.03 0.60 0.03 0.001
WSP 0.12 <0.05 0.11 0.012
Corr-nHF Age (months) —0.21 <0.001 —0.18 0.117 12.02 <0.001 0.034 <0.05
BMI 032 | <0.001 0.29 0.092
n.mTIB —0.03 0.61 —0.03 0.001
WSP —0.15 | <0.01 -0.13 0.018

Corrected HRV rameters were calculated as follows: corr-SDNN, SDNN/mRRA1.2; corr-RMSSD, RMSSD/mRRA2.0; corrpNN50, pNN50/mRRA4.35; for FFT: corr-VLF,
VLF/mRRA2.1; corr-LF, LF/mRRAL1.55; corr-HF, HF/mRRA4.5; corr-TP1, TP1/mRRA3.1; corr-TP2, TP2/mRRA3.1; corr-LF/HF, LF/HF mRRA3.1; corr-nLF, nLF mRRAL.6;
and corr-nHF, nHF/mRRAL.33. for AR: corr-VLF, VLF/mRRA2.0; corr-LF, LF/mRRA1.45; corr-HF, HF/mRRA4.65; corr-TP1, TP1/mRRA3.15; corr-TP2, TP2/mRRA3.25;

corr-LF/HF, LF/HF mRRA3.4; corr-nLF, nLF mRRA1.85; and corr-nHF, nHF/mRRAL.4.

redundant because of its collinearity with age, and age alone was
included in the multivariate analysis. The purpose of the study
by Gasior et al. (106) was to validate normative values of
HRVcorr parameters in 312 nonathletic, male and female,
school-aged children (6-13 years). Although the number of
participants in the latter study was comparable to ours, the
collinearity results between age and BMI differed. We believe
these differences are due to the specific characteristics of our
participants, especially the football players who represented
60% of the Indeed, the
anthropometric characteristics of football players, particularly
BMI, differ according to the position of play (114), which
may artificially influence the relationship between BMI and

general study population.

age. In our study group, the BMI of football players was
higher than that of ice hockey players (median; 5th to 95th
percentiles, respectively, 25.1; 18.8 to 37.4 kg/m” and 22.9;
18.1 to 28.5 kg/m*). This difference was primarily influenced
by a high BMI in 20% of the football players, which was
greater than 28.5 kg/m* (95th percentiles of the BMI of ice
hockey players). These results support the need to focus on
the anthropometric specificities of the study population when
assessing HRV.

The results of multiple regression analysis of HRV
parameters with HR, age, BMI, n.mTBI and WSP showed that
HR was the strongest determinant for all HRV parameters for
the general group (Table 3 and Supplementary Table SA1)
and for all age subgroups (Supplementary Table SA3-10).
Recent studies, in fact, consider standard HRV analysis to be
mathematically biased because of the nonlinear relationship
between RR interval and HR, especially if patients differ in
terms of their mean HR (101-103). To overcome this bias
while retaining the physiological and clinical significance of
HRYV, HRV parameters were calculated relative to the mean
RR value, i.e., fluctuations were normalized to the mean (101,
102, 104). This normalization is particularly important if
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HRV is compared in patients with a different mean HR or
during interventions that result in a change in HR (6). This
approach was developed to improve or completely remove the
influence of HR, the strongest determinant that can influence
HRV (1, 106, 115). Thus, the baseline values of HRVcorr
parameters provided by the present study can be used in
clinical practice as a benchmark during CC assessment and
the rehabilitation period. In addition to determining whether
a given value is within normal limits, the automatic HRVcorr
calculator that recalculates standard HRV parameters and
converts them into corrected parameters facilitates its clinical
interpretation (Supplementary Appendix: Excel sheet) (106).
Such a correction therefore allows for the exploration of
accurate clinical values reflecting the actual physiological
alterations related to the traumatic brain injury, which
minimizes the risk of bias during clinical interpretation.
Although age was a significant predictor of the majority of
HRVcorr parameters, multiple regression analysis showed that
its contribution was small. The models accounted for only
1%-13%
contribution of age to these models was quite limited (8

of the total variance in HRVcorr indices, the

ranged from —0.001 to —0.23), and its effect size was very
small (f2 <0.043). Therefore, there was virtually no reason to
establish normative values for age, and normal limits for
HRVcorr were calculated for the entire study group (Table 5).
Gasior et al. (106) found similar results. In their models, age
accounted for at most 9% of the variance in HRVcorr, the
role of age was limited (8 varied between —0.29 and 0.13),
and its effect size was small (f2 <0.091) (106). Like us, Gasior
et al. (106) did not establish normative values for age, and
only HR was included in the correction. Moreover, the
normative values presented in the above-mentioned study can
be used as reference values for the assessment and clinical
follow-up of sedentary male and female children aged
between 6 and 13 years when assessing and monitoring CC.
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TABLE 6 Normative values for corrected HRV parameters for the
whole study group.

Standard HRV

Normative values

Parameter ] ]
Median  5th percentile 95th
percentile
corr-SDNN (ms) 1.60 x 1072 9.63%x 107 2.62%x1072
corr-RMSSD (ms) 525x107° 320x107° 8.69x 1077
corr-pNN50 (%) 228x 107" 421x107" 597 x 107"
FFT corr-VLF (ms?) | 6.46x107° 1.68x107° 245%x107*
FFT corr-LF (ms®) | 4.19x1072 1.32x1072 1.24x107"
FFT corr-HF (ms?) | 1.19x 107" 3.41x107" 3.17x107"°
FFT corr-TP1 (ms?) | 3.05x107° 1.02x10°° 7.61x107°
FFT corr-TP2 (ms®) |  2.93E x 9.88 x 1077 7.39x107°
107°
FFT corr-LF/HF 1.04 x 10° 3.34x10° 2.63 x 10°
FFT corr-nLF (nu) | 2.20x10° 1.02 x 10° 3.33x10°
FFT corr-nHF (nu) | 6.67x 107> 4.03%x107° 1.00x 1072
AR corr-VLF (ms?) | 3.75x107* 1.30x107* 8.80x 107*
AR corr-LF (ms?) 7.27 %1072 2.05x 107> 2.30x 107"
AR corr-HF (ms?) | 439x 107" 1.55x 107" 124x107°
AR corr-TP1 (ms®) | 2.17x107° 7.68x 1077 539%x107°
AR corr-TP2 (ms®) | 1.01x107° 3.50x 1077 2.66 x 107°
AR corr-LF/HF 6.88 x 10° 1.91x 10° 1.73x 10"
AR corr-nLF (nu) 1.09 x 107 4.45 % 10° 1.72x 107
AR corr-nHF (nu) | 4.40x107° 2.65%x107° 6.60 x 10>

FFT denotes that a given HRV parameter was calculated by using Fast Fourier
Transform, while AR indicates that the HRV spectrum was calculated with
autoregressive method. Corrected HRV parameters were calculated as
follows: corr-SDNN, SDNN/mRRAL1.2; corr-RMSSD, RMSSD/mRRA2.0;
corrpNN50, pNN50/mRRA4.35; for FFT: corr-VLF, VLF/mRRA2.1; corr-LF, LF/
MRRALS55; corr-HF, HF/mRRA4.5; corr-TP1, TP1/mRRA3.1; corr-TP2, TP2/
MRRA3.1; corr-LF/HF, LF/HF mRRA3.1; corr-nLF, nLF mRRAL1.6; and corr-
nHF, NnHF/mRRAL.33. for AR: corr-VLF, VLF/mRRA2.0; corr-LF, LF/mRRA1.45;
corr-HF, HF/mRRA4.65; corr-TP1, TP1/mRRA3.15; corr-TP2, TP2/mRRA3.25;
corr-LF/HF, LF/HF mRRA3.4; corr-nLF, nLF mRRA1.85; and corr-nHF, nHF/
mMRRA1.4. nu, normal units.

Thus, our study can be viewed as a complement to that of
Gasior et al. (106), since it provides normative values for
participants aged between 14 and 21 years. It remains to be
stated that our participants were male competitive contact
sport athletes whereas, in the study by Gasior et al. (106), the
sample consisted of sedentary male and female children.

In recent years, there has been a growing movement in the
scientific community to standardize the methodological
approach to the HRV measurement, suggesting a need for
detailed explanations of the techniques and equipment used
to obtain reliable and reproducible results for (73, 88, 97,
116). In this study, we aimed to provide essential details that
may help clinicians reproduce our measurements. Indeed, the
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restrictions to follow were imposed on participants before and
during the experiment. A control questionnaire was used to
validate compliance with these restrictions. To measure HRV,
we chose the “Team2 Pro by POLAR”, a piece of equipment
frequently used by sports scientists that enables the collection
of data for several athletes at once. Thus, the ready availability
of this equipment facilitates the assessment of HRV by
clinicians and sport health professionals. Our experimental
protocol, moreover, may provide support for sports teams
looking to establish specific HRV values for each of their
athletes. These measurements could be made during annual
pre-season evaluations and serve as a reference for evaluating
and monitoring athletes in the event of CC. For HRV
analysis, we chose “Kubios HRV” Standard, a free software
commonly used by the scientific community (99, 100) which
is very easy to access and use, thus facilitating HRV analysis.
However, interpretation of the analysis results calls for certain
skills on the part of health care professionals.

Strengths, limitations and future
recommendations

To our knowledge, no studies have yet been performed to
establish corrected normative values for short-term, resting-
state. HRV parameters specific to male athletes in contact
sports. Contact sports are characterized by a high risk of CC,
and our normative HRV values could help clinicians analyze
accurate clinical values that reflect the actual physiological
alterations related to head injury, thus minimizing the risk of
bias in clinical interpretation. Nevertheless, our study has a
number of limitations. For one thing, we did not collect
respiratory rate or tidal volume data in parallel with the HRV
measurement, which could influence HRV estimates. We took
care, however, to ask participants to count their spontaneous
breaths for one minute of time before measuring HRV in
order to ensure that the spontaneous respiratory rate had no
values below 8 breaths per minute (0.15 Hz) that should not
be interpreted. That the study population consisted of male
athletes only was a second limitation. Further studies are
needed to establish normative HRV values specific to a female
population.

Conclusion

This study provides for the first time corrected normative
values of short-term and resting-state HRV parameters in
competitive contact sport male athletes aged between 14 and
21 years. These values were developed independently of the
main determinants of HRYV, in particular mean HR. The
baseline values for HRV parameters provided herein can be
used in clinical practice when assessing and monitoring CCs
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and can assist in decision making for safe return to play. The
detailed explanation of the methods and materials used in this
study could help clinicians and sports teams establish specific
HRYV baseline values for each of their athletes. The automatic
HRV, ., calculator that converts standard HRV parameters
into corrected parameters and determines whether a given

value is within normal limits facilitates its clinical interpretation.
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