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Abstract:

The main aim of the present study was to determine the short- and ultra-short-term heart rate variability
(HRV) during different physical and physiological tests and to compare HRV to different performance levels.
The latter aim was to compare participants’ short- and ultra-short-term heart rate variability before-during-
post-tests. Our hypothesis was that there would be a significant difference between test performance and
HRYV parameters, and the high performing group would have significantly higher HRV parameters than the
low performing group. Fifty-three healthy men (M,,,,=26.9+4 years, M, =177.9+5.7 cm; M, ,,,,,=77.8+8.7
kg) were recruited in the current study. We completed the data collection procedure for each participant
in four consecutive days. On day-1, anthropometric measurements were conducted and then participants
performed isokinetic tests. On day-2, participants performed anaerobic tests; on day-3 equilibrium tests, and
on day-4 aerobic capacity tests. The HRV records of all participants were obtained before, during and after
all these tests. Based on the participants’ performance, they were divided into two groups: participants in G1
had lower performance and those in G2 higher performance. A two-way repeated measures ANOVA yielded
significant differences in HRV values obtained in the four different tests. There was a significant difference
between fitness test performance and the variation of short- and ultra-short-term HRV parameters. Also,
significant differences in HRV values before, during, and after the testing were observed.
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Introduction

Heart rate variability (HRV) is an objective
marker that helps to understand human perfor-
mance as a measure of the continuous interplay
between the sympathetic and parasympathetic influ-
ences on heart rate (Berntson, et al., 1997; Marek,
1996; Taralov, Terziyski, & Kostianev, 2015). Of
particular interest in performance contexts, human
performance can be indexed through the autonomic
nervous system in the form of HRV (Buchbheit, et
al., 2010; Giles & Draper, 2018; Mosley & Laborde,
2015).

Studies on ultra-short-term HRV using less than
S-minute data set have been performed according to
the increased demands for various practical appli-
cations by means of ambulatory heart rate (HR)
monitoring devices (Baek, et al., 2015; McNames
& Aboy, 2006; Nussinovitch, et al., 2011). There is
a considerable amount of research in short-term and
ultra-short-term HRV measurements that provide
consistent results during recovery after exercise
(Kiviniemi, Hautala, Kinnunen, & Tulppo, 2007;

Makivi¢, Niki¢ Djordjevi¢, & Willis, 2013; Seiler,
Haugen, & Kuffel, 2007) aiming to determine
the timing of achieving maximum performance
in athletes (Chalencon, et al., 2012; Manzi, et al.,
2009; Plews, Laursen, Kilding, & Buchheit, 2012).
Pichon, De Bisschop, Roulaud, Denjean, & Pape-
lier (2004) indicated that short-term HRV measure-
ment in time and frequency domains was a useful
tool for assessing healthy and trained males” HRV
parameters. In addition, Weippert, Behrens, Rieger,
Stoll, & Kreuzfeld. (2013) conducted a study using
static and dynamic exercises while monitoring
healthy male participants’ HRV. In their investiga-
tion, results of the blood pressure and HRV analysis
in time and frequency domain contributed to the
assumptions that static exercises at low heart rate
levels led to stronger vasoconstriction than dynamic
exercises and the vagal cardiac efferent activity was
enhanced during static exercise.

Researchers are continuing to link HRV
domains to physical performance under different
conditions and durations. On the other hand, the
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measurement of non-invasive HRV data is also
available and interpretable by coaches and athletes
in athletic performance setting (Tomes, Schram, &
Orr, 2020). Questions remain, however, regarding
the precise understanding of the effect of different
physical activities on HRV changes under different
durations such as short-term and ultra-short-term.

To our knowledge, this is the first study
conducted on serial physical performance test (pre-
test — test — post-test) while measuring the short and
ultra-short term HRV parameters. s there a differ-
ence of the short and ultra-short monitoring HRV
between the group whose performance is above
the average and the group below average? Does
HRYV changes before, during and after physical and
physiological tests? Our hypotheses are that 1) there
will be a significant difference in the short- and
ultra-short-time HRV between the two groups with
different performance level, and 2) there will be a
significant difference among HRV measured before,
during and after the tests. Therefore, the current
research aimed to address the differential effect of
physical tests on short- and ultra-short-term HRV
measures. More specifically, the main purpose of
this study is to determine the short- and ultra-short
HRYV for monitoring of healthy men during different
physical and physiological tests and to compare
HRV for different performance levels. The second
purpose is to compare pre-test, test and post-test
short- and ultra-short-term HRV.

Methods

Participants

Fifty-nine healthy males were recruited on a
volunteer basis through advertisement posters.
Six participants were excluded from the current
study due to their busy schedule. The final sample
comprised 53 individuals (M,,,=26.9+4 years,
M, =177.9£5.7 cm; M|, =77.8+8.7 kg). All
participants were reported being free from illness
and injury during the last six months and no medical
drugs were used in the week before the experiments
took place. Informed consent was obtained from all
participants. The experiments were approved by
the Eskisehir Osmangazi University research ethics
committee (Approval Number: 2019/73).

Data collection for each participant was
executed on weekdays during morning hours (i.e.
from 10:00 am to 12:00 am). Moderate drinking
water consumption was allowed for each participant
during the tests. All measurements were performed
in a quiet and air-conditioned (air temperature
22-24°C, air humidity 33-45%) experiment room.
The participants were warned not to perform any
physical activity the day before the test days and
not to use stimulants such as food and medicine or
coffee for two hours before the tests. The tests were
performed in groups of five or six participants in
four different phases so that HRV recordings did not
interact with each other (Table 1). On the first day,
anthropometric measurements and isokinetic domi-
nant knee force measurements (Phase I) took place.
On the second day, anaerobic power was measured
by Wingate Anaerobic Test (WAnNT) (Phase II). On
the third day, the equilibrium test was performed
(Phase I1I). Finally, on the fourth day, the Bruce
protocol was applied on the treadmill using the gas
analyzer to measure the aerobic capacity (Phase
IV). HRV recordings were collected at rest for 30
minutes. It was then recorded as 60 seconds before
the test for 30 seconds and 60 seconds after the test
for phase I-1I-111, five minutes pre-test for phase [V,
five minutes after-test. (Table 1).

Based on the results achieved in the perfor-
mance tests, participants were divided into two
groups as Gl (group with lower performance) and
G2 (group with higher performance) (ACSM, 2013;
Franklin, Whaley, & Howley, 2000; Zupan, et al.,
2009). HRV differences were observed between the
participants with high performance and those with
low performance.

After performing each test, those who achieved
above-average test scores for each test were clas-
sified into group 1 (G1), and those who performed
below average were categorized as group 2 (G2).

Measurements

The tests selected for the research are the tests
that are frequently used in determining the condi-
tional properties with either indirect or direct meas-
urement methods. The tests applied are laboratory
tests that give objective results due to the devices
used.

Table 1. Measuring times, duration of HRV records taken during the tests

Phase | Phase Il Phase Il Phase IV
Day 1 10:00/12:00 Day 2 10:00/12:00 Day 3 10:00/12:00 Day 4 10:00/12:00
Isokinetic Strength Anaerobic Test Equilibrium Test Aerobic Resistance Test
Test (WART) q (Bruce Protocol)
Monitoring HRV Ultra-short Ultra-short Ultra-short Short
Pre-test 60s 60s 60s 5 min
Test 30s 30s 30s during test
Post-test 60s 60s 60s 5 min
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Anthropometric measurements: Body height
of the participants was measured as recommended
by the International Society for the Advancement
of Kinanthropometry (ISAK) and with a 1/10 cm
sensitivity (Holtein Harpenden 601, Holtain Ltd.,
UK). Body weight of the participants were measured
with a scale of 1/10 kg using the scale model of the
InBody brand 270 models (Biospace Co., S. Korea)
body analyzer. To obtain the Body Mass Index
(BMI) values of the participants InBody brand 270
models (Biospace Co., S. Korea) body analyzer was
used, and measurements were performed according
to the procedure specified in the device manual. The
data obtained were recorded in %.

Isokinetic test: The flexion-extension isoki-
netic force measurement at 60 degrees angular
velocity on the dominant knee was performed
with Humac Norm device for 30 seconds (Humac
Norm, Computer Sports Medicine Inc., USA). The
dynamometer was calibrated before the start of
the study, according to the operating manual. The
weight of the leg was calculated. Participants were
seated in an upright position, with the backrest at
85°. The rotational axis of the knee was placed in
line with the dynamometer axis of rotation, and 0°
was determined as 0° knee extension. The lever
arm pad was secured just proximal to the medial
malleolus, so that movement of the ankle was
not constricted. Tests were performed in a prede-
fined ROM of 90°-0". To minimize compensatory
trunk movements during testing, participants were
secured using stabilizing straps, according to the
manufacturer’s manual. During this test, partici-
pants were encouraged verbally to exert maximal
effort. HRV was measured 60 seconds before the
test, 30 seconds during the test and 60 seconds after
the test.

Anaerobic test: The anaerobic power tests were
performed by Wattbike brand ergometer using
WANT (Wattbike WPM ModelB, Wattbike Ltd.,
UK). The reliability study for a 30-second run-
down sprinkle in Wattbike has already been done
(Driller, Argus, & Shing, 2013). It records a calcula-
tion of the average power in each 5-second interval
of'a 30-second test and provides a peak power value
based on the highest 5-second average as well as
a rate of deterioration. Participants completed the
same warm-up protocol as had been performed
during the orientation session and then immediately
began the WANT, a 30s maximal anaerobic exercise
test on a cycle ergometer against 7.5% of their body
mass (Bar-Or, 1987). During this test, participants
were encouraged verbally to exert maximal effort.
The mean power, peak power, and relative power
were measured by the WAnT. HRV was recorded
one minute before the test, 30 seconds during the
test and one minute after the test.

Equilibrium test: 30 seconds static equilibrium
was measured by Sigma (Sigma Platforma Balan-

sowa, AC International East SP Z O.0., Poland).
Subject step on the platform at the level of two feet
then looking at the screen for 30 seconds before
the beginning of the test. The platform is equipped
with an independent system for the assessment of
the swing angle using a specialized sensor that
detects any change in the position of the platform.
It processes these changes to the appropriate output
signal and transmits data wirelessly in real time to
a computer with the software. The area covered by
the test as a result of the test was recorded on the
data form. HRV was recorded 60 seconds before
the test, 30 seconds during the test and 60 seconds
after the test.

Aerobic test: The treadmill test with the gas
analyzer was used, which is accepted as the gold
standard for the determination of aerobic endur-
ance and maximal oxygen consumption. The Bruce
protocol (h/p/cosmos quasar med 170-190/65,
h/p/cosmos & medical GMBH, Germany) was
performed. The staged protocol began at 1.7 mph at
the 10% grade with work rate increased (speed and
grade) every three minutes until maximal oxygen
consumption (VO,max) was reached. Expired gas
fractions (oxygen and carbon dioxide) were collected
at the mouth and analyzed with a metabolic cart
(Cosmed Quark CPED metabolic cart, Roma, IT).
Measurements were processed in Omnia-Stan-
dalone software for Microsoft Windows version
1.4. The criteria for VO,max were predetermined
as two out of the following: if there was a plateau
in oxygen consumption despite an increased work
(2 mlLkg'.min™"); the respiratory exchange ratio of
>1.10; and a heart rate within ten beats of the age-
predicted maximum (220-age). Bruce protocol was
applied after a 10-minute warm-up period.

Heart rate variability measurement: To obtain
resting HRV measurements, HRV recordings were
taken from the volunteers while sitting before the
tests. HRV was measured by Polar V800 GPS
Sports Watch with Heart Rate Monitor and Polar H7
band (Polar Electro, Kempele, Finland). The Polar
V800 is valid to detect RR intervals with an error
0f 0.09% and an intra-class correlation coefficient of
>0.99 (Giles, Draper, & Neil, 2016). The heart rate
data were stored in a personal computer using Polar
FlowSync Software (version 3.0.0.1337). HRV anal-
yses were performed using Kubios HRV standard
heart rate variability analysis software for Mac
(Biosignal Analysis and Medical Imaging Group,
Department of Physics, University of Kuopio,
Finland, version 3.1.0.1) with time, frequency, and
nonlinear domain analysis. A sampling rate of 1000
Hz was chosen, and recordings were transferred to a
PC via v800 USB interface. Before the test exercise,
each subject was instructed to lie on the exercise
mat in a dimly controlled climate-controlled labo-
ratory for 10 minutes following the recommenda-
tions adopted (Marek, 1996). The heart rate range
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was recorded five minutes before and five minutes
after the test. The spectral response provided by the
system was broken down into three bands: very low
frequency (0.003-0.04 Hz), low frequency (0.04—
0.15 Hz), and high frequency (0.15-0.4 Hz). The
nonlinear analysis techniques used in this study
were the Poincaré plot and detrended fluctuation
analysis. The Poincaré diagrams were obtained by
plotting the RR values of n on the x-axis and the
RR values of n + 1 on the y-axis. The SD1 axis
indicates short-term variability, whereas the SD2
axis indicates long-term variability (Makivi¢, et
al., 2013). Recordings were subsequently imported
into Kubios HRV software (Biosignal Analysis and
Medical Imaging Group, Department of Physics,
University of Kuopio, Finland, version 3.1.0.1)
(Tarvainen, Niskanen, Lipponen, Ranta-Aho, &
Karjalainen, 2014) for offline analyses. Specifi-
cally, we computed heart rate (beats per minute)
as well as the mean of R-R intervals in millisec-
onds (Mean-RR), standard deviation of R-wave to
R-wave intervals (SDNN) and root mean square
of successive R-R intervals (RMSSD), the natural
logarithmic transformation of the square root of the
mean squared differences between successive R-R
intervals in milliseconds (LnRMSSD), percentage
of successive RR intervals that differ by more than
50 ms (PNN50), as three time-domain measures
of heart rate variability with the absolute power of
the low-frequency band (LF), absolute power of the
high-frequency band (HF), and the ratio of LF- to
HF-power (LF/HF).

Statistical analysis

Data are presented as means and standard
deviations (SD). The differences based on magni-
tudes (Batterham & Hopkins, 2006) were calcu-
lated to check the differences in the pre- and post-
test moments. Sample size was calculated with
G*power program (Ver.3.1.9.6) for a two-way
ANOVA with repeated measures. Repeated two-
factor analysis of variance (ANOVA) was used to
compare HRV parameters in the participants of the
two groups (3 times x 2 groups) for pre-test, test,
and post-test. In order to compare the intra-group
HRYV parameters, a repeated one-way analysis of
variance (ANOVA) was used during pre-test, test,
and post-test. Binary comparisons were determined
with Bonferroni test. The assumption of sphericity
was tested using Mauchly’s test and the Green-
house-Geiser correction factor to the degrees of
freedom was used for all positive tests. The Effect
Size was calculated, which was considered small
(0.01), medium (0.06) or large (>0.14). Eta-squared
(%) is a measure of effect size for use in ANOVA.
All calculations were made with SPSS version 22,
statistical software (SPSS Inc., Chicago, IL, USA),
and the level of significance was set at p<.05.

Results

Physical characteristics of the participants and
HRYV values for 30 minutes sitting quietly are shown
in Table 2.

Table 2. Physical characteristics of the subjects (n=53)

Physical characteristics Mean + SD
Age (years) 27.0 £+ 4.0
Height (cm) 1779 £ 5.7
Weight (kg) 778 + 8.7
BMI (kg.m) 246 + 26
Body fat (%) 18.5 £ 5.0
Mean-RR (bpm) 682.9 + 212
SDNN (ms) 58.5 + 38.6

After performing 3 (time) x 2 (group) ANOVA
analyses for the VO,max test, there was a signifi-
cant difference between the groups changes in the
Mean-RR (F=3.626*) and the ES was found to be
large (n=0.17). For the anaerobic test, between the
groups changes of Mean-RR (F=3.768%*) and the ES
was determined to be small (n>=0.01). Also, for the
isokinetic strength test between the groups changes
of Mean-RR (F=4.144%*) and the ES was determined
to be small (n?=0.02).

For the VO,max test, there was a significant
difference between the groups changes of SDNN
(F=2.365%), and the ES was determined to be small
(1?=0.05). For the equilibrium test, between the
groups changes of SDNN (F=5.379%), and the ES
was determined to be large (11>=0.13).

For the equilibrium test, there was a significant
difference between the groups changes of RMSSD
(F=4.599***) and the ES was determined to be
intermediate (n*=0.04).

For the VO,max test, there was a significant
difference between the groups changes of PNN50
(F=8.339*) and the ES was determined to be small
(1*=0.05), and for the anaerobic test, there was a
significant difference between the groups changes
of PNN50 (F=5.312*) and the ES was determined
to be intermediate (11>=0.10). Also, for the equilib-
rium test, there was a significant difference between
the groups changes of PNN50 (F=4.487%), and the
ES was determined to be intermediate (11>=0.08).

For the VO,max test, there was a significant
difference between the groups changes of LF
(F=4.520%*) and the ES was determined to be inter-
mediate (1>=0.08); for the equilibrium test there was
a significant difference between the groups changes
of LF (F=8.407%), and the ES was determined to
be small (n>=0.04); and for the isokinetic strength
test there was a significant difference between the
groups changes of LF (F=11.354*), and the ES was
determined to be small (?=0.03).
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Figurel. The change of HRV parameters of the groups in VO,max, anaerobic, balance and isokinetic tests before, during and after
the test. VGI= GI group’s VO,max mean values variation line. VG2= G1 group’s VO,max mean values variation line. AGI= G1
group’s anaerobic capacity mean values variation line. AG2= G2 group’s anaerobic capacity mean values variation line. EGI1=
G1 group’s equilibrium mean values variation line. EG2= G2 group’s equilibrium mean values variation line. IGI= G1 group’s
isokinetic strength mean values variation line. IG2= G2 group’s isokinetic strength mean values variation line.

For the VO,max test, there was a significant
difference between the groups changes of HF
(F=3.806%) and the ES was determined to be small
(n?=0.02). For the anaerobic test, there was a signifi-
cant difference between the groups changes of HF

(F=7.395*) and the ES was determined to be small
(1*=0.02), and for the equilibrium test, there was a
significant difference between the groups changes
of HF (F=14.933*) and the ES was determined to
be intermediate (1>=0.08). Also, for the isokinetic
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strength test, there was a significant difference
between the groups changes of HF (F=9.745%) and
the ES was determined to be small (1>=0.02).

For the VO,max test, there was a significant
difference between the groups changes of LF/HF
(F=8.603*), and the ES was determined to be inter-
mediate (n>=0.06). For the equilibrium test, there
was a significant difference between the groups
changes of LE/HF (F=17.053*) and the ES was deter-
mined to be small (117=0.03). Also, for the isoki-
netic strength test, there was a significant difference
between the groups changes of LF/HF (F=5.049%)
and the ES was determined to be small (1>=0.01).

Discussion and conclusions

The study was conducted to investigate the
availability of short-term and ultra-short-term HRV
as a supportive tool to determine physical fitness.
PubMed, Medline, and SPORTDiscus databases
were examined before the study was planned. The
novelty of this study is based on the lack of studies
to investigate the relationship between short- and
ultra-short-term HRV during different physical
fitness tests.

Previously, HRV was used and measured during
exercise (Lewis, Kingsley, Short, & Simpson,
2007; Sandercock & Brodie, 2006) alongside with
before and after exercise. Millar, Rakobowchuk,
McCartney, and MacDonald (2009) reported that
WAnNT may be useful in detecting changes in
HRYV frequency domain values more accurately in
recovery after WAnNT performed with one single
and four multiples with 10 young male partici-
pants. Furthermore, HRV can be used as a perfor-
mance diagnostic parameter in sports and as a
control parameter of stress intensity (Hottenrott,
Hoos, & Esperer, 2006). Studies have shown that
athletes with high HRV have superiority in compe-
tition (Nakamura, et al., 2015; Proietti et al., 2017).
This can be explained in part by VO,max found
in athletes with better HRV values (Esco, Flatt, &
Nakamura, 2016). At the onset of exercise, heart
rate increases mainly due to parasympathetic with-
drawal (Goldsmith, Bloomfield, & Rosenwinkel,
2000); this explains the dramatic decrease in HF
power observed at the beginning of the exercise.
Contradictory, sympathetic activity cannot be easily
isolated by LF power (Marek, 1996). However, it is
expected to increase with each subsequent training
session because the increase in heart rate during
exercise is a result of increased sympathetic stim-
ulation (Goldsmith, et al., 2000). Differences from
rest to exercise in HRV occur at the cell signal level
at which activation of the Bl receptor in cardiomy-
ocytes increases HR and heart automation during
exercise (Poehling, 2019).

In our study, G2 reached higher values in Mean-
RR, one of the time-domain parameters, during
and after the test in all the tests. This shows that

recovery of autonomic nervous system (ANS) is
faster for those with higher performance levels.
Likewise, there were similar results in SDNN, but
in G1 the SNNN increased dramatically in the equi-
librium test after testing. We argue that this shows
that stress factors of the participants also come to
the fore during the test stages for the groups deter-
mined according to performance.

In the VO,max test for the RMSSD parameter,
which is primarily used for sportive performance,
(32 started and finished with a higher value. In the
anaerobic capacity test, RMSSD increased for G2
until the beginning of the test and decreased signifi-
cantly in the 2 groups by the end of the test. In equi-
librium and isokinetic strength tests, G2 completed
again with a higher value. Tulppo, Makikallio,
Seppinen, Laukkanen, and Huikuri, (1998) found
that there was a relationship between the groups
they formed according to physical performance,
age, and cardiac vagal functions of the partici-
pants who had better physical fitness in bicycle test
(VO,Peak). Since the RMSSD variable is frequently
used in sports performance, it is also worth consid-
ering to look at the LnRMSSD value. While there
were similar results for isokinetic capacity test with
equilibrium in this variable, we obtained different
results from RMSSD for the anaerobic capacity test
with VO,max. Logarithmic transformation led us
to see different results for the present study. While
the PNNS50 value was higher in G1 than G2 before
the VO,max test, the two groups’ values approached
each other during the test and almost equalized after
the test.

While the higher performance group had better
values in aerobic and anaerobic capacity and isoki-
netic strength test results in time-domain variables,
higher values were also found in the low perfor-
mance group in the equilibrium test. Here, although
G1 shows a worse equilibrium performance, it
seems to be more effective in coping with stress.

One of the frequency domain parameters is
the LF that showed a faster decrease in G1 than in
(32 in tests requiring aerobic and anaerobic perfor-
mance. G2 was higher after testing. But there was
an opposite result in the equilibrium test. There
were similar results in HF. However, after the anaer-
obic test, HF was much higher in G1. LF / HF value
was much higher in G1 after the equilibrium test.
To support this study, previous results showed that
after exercise HRV values were higher, especially
in subjects with better physical fitness (Melanson,
2000; Ostojic, Stojanovic, & Calleja-Gonzalez,
2011; Seiler, et al., 2007; Somlev, Uzunova, &
Pavlova, 2012). However, Poehling (2019) did not
find a significant relationship between Mean-RR
and SDNN changes during submaximal and
maximal tests. Our study observed that those with
better performance in the equilibrium test did not
have better HRV values. Aras and Coskun (2016)
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did not find any significant relationship between the
changes in HRV values (SDNN, RMSSD, HF, LF /
HF) before and after exercise. However, in another
study, the intensity at the anaerobic threshold, 30s
after exercise, has been shown to primarily mediate
parasympathetic reactivation (Imai, et al., 1994).
We can say that the parasympathetic modulation
of the group is better adapted with higher perfor-
mance changes in the anaerobic test ultra-short-
term HRV values.

In previous studies on lower leg contraction with
23 male participants, significant changes in SDNN,
RMSSD and HF values were found during dynamic
strength exercises compared to static strength exer-
cises, and explained that dynamic exercises lower
HRYV values more (Weippert, et al., 2013). Simdes
et al. (2016) concluded that leg maximum repetition
(RM) and HRV are effective tools for estimating
the lactate threshold in discontinuous resistance
exercise, as a result of their study on subjects with
cardiovascular disease. These results may impact
the prescription of endurance resistance exercise in
the cardiovascular disease population since cardiac
vagal modulation is an essential indicator of cardi-
ovascular protection and overactivity of sympa-
thetic modulation is related to cardiovascular risk.
No previous studies have been found similar to our
research on isokinetic exercise.

As aresult of our study, cardiac vagal functions
reacted better in terms of short- and ultra-short-time
HRYV values in participants whose performance was
higher than average, according to their test results.
However, the equilibrium test has different results
than the other tests. Except for the equilibrium test,
we can accept our first hypothesis.

Our second hypothesis was that there would be
a relationship between HRV values before, during
and after the test. Previously, there were studies
that monitor HRV changes before and after the test
(Fortes, et al., 2017) or after the test (Mazzuco, et
al., 2017). In our study, short-time and ultra-short-
time HRV changes were observed before, during
and after the four different physical fitness tests .
Poehling (2019) examined HRV (SDNN) values and
submaximal and maximal HRV (SDNN) values
from rest to submaximum and maximum exercise
of 19-21 years old college runners. The researcher
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