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Abstract

Previous studies have demonstrated that exercise training results in adaptations of the
autonomic nervous system by increasing the parasympathetic nervous system (PNS)
activity at rest, which is an indicator of a good health profile. On the other hand,
physical inactivity has been associated with decreased PNS activity and a risk factor
for cardiovascular diseases. Heart rate variability (HRV) is a non-invasive valid
method and has been widely used to assess the activity of the autonomic nervous
system and as well as an indicator of cardiovascular health problems. The aim of the
present study was to examine the differences that might appear in HRV among
runners as well as non-athletic subjects prior to, during, and after a submaximal test of
aerobic capacity. Methods: All participants underwent the same experimental protocol
which consisted of questionnaires concerning their health history and physical
activity, anthropometric measurements and the 6 minute walk test (6MWT). HRV
measurements were recorded prior to the test at rest for five minutes, during the
6MWT and throughout the recovery time, which was divided into two 5-min
intervals, using a Polar PS800CX (Polar Electro Oy, Kempele, Finland). The HRV
indices studied were the root mean square of differences of successive R-R intervals
(rMSSD) for the time domain, as well as the ratio (LF/HF) of the low (LF) and high
frequency (HF) for the frequency domain. Results: The main results of the present
study were the statistically significant differences found between the two groups in
the rMSSD (p<0.05) in the 5-min interval before the 6mwt at rest and the first 5-min
interval during recovery, with runners demonstrating higher values than non-runners.
Conclusions: Our study suggests that runners have a cardiovascular autonomic

adaptation with higher HRV and PNS activation than non-runners. This may indicate



that endurance training is associated with a lower risk of cardiovascular diseases in

the future.
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activity, heart rate variability,



IHepiinyn

[Tponyobueveg peAéteg éxovv odeilel OTL 1 ACKNOY TPOKAAElL TPOGUPUOYEC OTO
OLTOVOHO VELPIKO GLGTNHO ALEAVOVTAG TNV OPACT) TOL TOPACLUTAONTIKOD VELPIKOV
ovotnuatog (IINX) oty npepia, to omoio ivar emdekviel KaAd Tpoeid vyeiag. Amod
™V GAAN TAELPA, M EAAEYT QUOIKNG OPACTNPLOTNTOC £XEL GUGYETIOTEL L PEIOUEVT
dpactnpromra tov TINE ko emiong mpodidbeomn oo kapdayyelokd voonuato. H
dtakvpavon kapdakng ocvyvotros (AKYE) eivon pio un mopepfotikny kot £yxopn
péBodog kot £xel ypnoyomombel evpémg yio v agloAdynon g OpacTnPLOTNTOS TOV
OLTOVOHOV VELPIKOD GULOTNUATOS KOODC Kot ¢ OglKTnNg Yoo NV Oldyvemon
Kapolayyelok®mv mpoPAnudtov vysioc. O okomdg ™ mopovcos HEAETNS NTav va
€EeTAOTOVV 01 010POopég OV prmopet va Tpokbyovy otnv AKX peta&d dpopémv kabmg
Kot un aBAnToOV Tpv, Kotd T O1dpKeln Kot ETEITA Ao £VO VTOUEYIOTO TECT aepOPiog
wavotntag. Meboooioyio: Ohot 01 cuPETEYOVTES VTTOPANONKAV GTO 1010 TEWPAUATIKO
TPOTOKOALO TO OTO10 AMOTEAOVVTAY OO EPMOTNUUTOAOYIN TOL APOPOVGE TO UTPIKO
1OTOPIKO TOVE KO TO EMMEON PLGIKNG TOVS JPACTNPIOTNTOS, TNV KOTOYPOPT TMV
AVOPOTOUETPIKOV TOVG YOPOKINPIOTIKGOV Kot v e&dAentn Odokiacio Paoiong
(6MWT). H xoataypapn ™c AKX mpoypotomomdnke mptv 10 TEOT G€ Mpepia,
olapKewg mEVTE AEMT®V, KOTA TN owdpkew tov 6MWT kor katd TN @don g
OmOKATAGTAONG EMEITO OO TO TEGT, 1) OO0 KATAYPUPY| YOPIGTNKE G OVO YPOVIKA
OWOTANOTO TV TEVIE AEMTAOV, YPNOWOTOIOVTAG TO Kopdlocvyvouetpo Polar
PS800CX (Polar Electro Oy, Kempele, Finland). Ot oé¢ciktec g AKX mov
peAetOnkov Mtav n péon teTpayoviky pia tov deopdv HeTalD Ol0d0YIKOV
dwomudtov R-R (tMSSD), kot o Adyog (LF/HF) g youning (LF) xar vyming
ovyvomtag (HF). Amotedéouora: Ta wopuo amoteléopata g mapodcos UEAETNG

NTOV Ol GTATICTIKA CNUAVTIKES Opopég mov Ppédnkav petald towv dvo opddwv



(0popelg, pun-opopeig). Ot dapopég avTég avTiotoryovy otov deiktn rMSSD (p<0.05)
otV kataypapn AKX oe npepia mpwv v epappoyn tov 6MWT kot 610 mpdTO
YPOVIKO Oldotnua TG amobeparneiog, emdetkviovtag 6Tt o1 dpopelg lyav vYNAOTEPES
TILES TOV TPOAVOPEPOUEVOD OEIKTN GE GYECT WE TOVG UN-0pouels. Loumepdouara: H
OLYKEKPLLEV £PEVVO DTTOONAMVEL OTL 01 OPOLEIS EXOVV TPOCAPUOYES TOV AVTOVOUOL
VEVPIKOD GLOTAUOTOG KOl TNG KOPOWKNG Asrtovpyiog pe vyniotepn AKE ko
dpaoctnpronoinon tov IINX oe oyéon pe Tovg uUn Opopeic. Avtd upmopel va
VTOOEIKVOEL OTL 1| TPOTOVNON avTOYNG oxeTileTon pe younAdtepn mpodiabeon yo

KOPOLOYYELOKG VOCT|LOTOL GTO HUEAAOV.

Aééers Klerowd: dpopeis, abintéc, un-0bANnTéC, AoKNOoMN, QLOIKY OPACTNPIOTNTA,

TPOTOHVNOT AVTOYNG, OIKVLOVGT KOPOIKNG CLYVOTNTOG
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Introduction

It is widely known that half marathon runners (21,100 meters) and marathon runners
(42,195 meters) usually have a very good health status and aerobic fitness. This
typically results in having high heart rate variability (HRV) (Kiss et al., 2016).Several
studies have also shown that endurance training is found to cause increased vagal tone
with a lowered heart rate compared to normal population (Verlinde, Beckers,
Ramaekers, & Aubert, 2001) as long as increased parasympathetic activity compared
with other type of training (Abad et al., 2014). It is also estimated that in their elderly
life they will have less health problems than people who did not exercise regularly;
ending up having a better quality of life than non-athletes (Sotiriou, Kouidi, Samaras,

& Deligiannis, 2013).

On the other hand, scientific evidence indicates that physical inactivity and therefore
sedentary lifestyle can be the lead cause of most chronic diseases (Booth, 2012). As a
matter of fact, physical inactivity is associated with decreased vagal tone, which is a
risk factor for cardiovascular disease (Rennie et al., 2003) and it is also associated
generally with a more poor health profile than those who are training regularly.
Moreover, it has been shown that overweight or obese individuals have reduced HRV
(Yadav et al., 2017) along with a higher risk of developing health problems later in
life, including cardiovascular disease (Kaikkonen et al., 2014). Given the fact that the
negative outcomes of sedentary life and physical inactivity are well established up to
day, it would be very important to develop a practical and non-invasive method to

detect early-in-advance predisposition for cardiovascular pathologies.

The method of assessing HRV is a promising candidate for detecting early-in-advance

predisposition for cardiovascular pathologies. HRV is a straightforward and cost



effective technique to foresee health issues of cardiovascular nature and can be used
to predict in advance smoking-induced health effects that may arise in the future
(Hayano et al, 1990). Indeed, HRV abnormalities are linked with many
cardiovascular diseases, including ischemic disease (Camm et al., 2004) and heart
failure (Bilchick et al.,, 2002), and provide prognostic information for adverse
outcomes (Tapanainen et al., 2002). However, there is a lack in the literature
concerning the indices of the HRV before and after a submaximal test, while
measuring heart rate at rest and recovery between runners and non-runners. This
information will be valuable to strengthen the knowledge of public health as well as to

scientists and physicians.

Heart rate variability (HRV)

Heart rate variability describes the variations of the R-R intervals, which is the time
elapsing of R waves (from the QRS complex) between two consecutive heart beats
throughout various recordings of an electrocardiogram (Electrophysiology, 1996). It
is a valid technique and has been widely used as a non-invasive method to assess the
activity of the autonomic nervous system (Agnieszka Zygmunt & Jerzy Stanczyk,
2010). The autonomic nervous system is divided into the sympathetic nervous system
(SNS) and the parasympathetic nervous system (PNS) which they have generally
opposing actions (Gordan, Gwathmey, & Xie, 2015). The SNS and the PNS (the
autonomic nervous system) are regulating the heart rate, the rhythm and the
contractility of the heart (Franciosi et al., 2017; Gordan et al., 2015). As a matter of
fact, the sympathetic activation increases heart rate and myocardial contractility while
the parasympathetic stimulation decreases heart rate (Gordan et al., 2015). The SNS is
interceded primarily through the actions of the neurotransmitter norepinephrine

(noradrenaline) while the PNS is mediated primarily through acetylcholine activation

7



(Gordan et al., 2015; Shivkumar et al., 2016). It has been shown that an increase of
the sympathetic nervous system that maybe along with or without a reduction in the
parasympathetic nervous system can end up to ventricular tachycardia, subsequent
arrhythmias, and in some severe cases, cardiac death (Franciosi et al., 2017).
Furthermore, increased sympathetic activity may have accordance with reduced HRV
(La Rovere et al., 2003). As following, low HRV is considered as a marker of less
good health profile (Dekker et al., 2000), indeed reduced HRV has been shown to be a
predictor of mortality after an acute myocardial infraction (Bigger et al., 1992) and
also of mortality from all causes (Dekker et al., 1997). Moreover, it has been
associated with increased risk of coronary heart disease (Dekker et al., 2000) and with
risk for cardiac event (Tsuji et al., 1996). While on the other hand higher HRV is
associated with healthy longevity (Zulfigar, Jurivich, Gao, & Singer, 2010) and PNS

activation at rest an indicator of a good health profile.

Exercise and HRV

It is well established that exercise training results in adaptations of the autonomic
nervous system by increasing the PNS activity and decreasing SNS activity
(Yamamoto, Miyachi, Saitoh, Yoshioka, & Onodera, 2001). Numerous studies have
evaluated the autonomic nervous activity by studying the effect of physical activity on
the HRV which is a valid and non-invasive method that reflects the autonomic
nervous system activity. Moderate to vigorous activity has been associated with an
increase in the vagal tone and a decrease in the resting heart rate (Carter, Banister, &
Blaber, 2003) especially in endurance-trained athletes compared with sedentary
subjects (Verlinde et al., 2001) while the opposite happens with physical inactivity
which is associated with decreased vagal tone and a risk factor for cardiovascular

disease (Rennie et al., 2003). It has been also found that long term endurance training
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prevents the natural decrease of the HRV with age (Antelmi et al., 2004; Zhang,
2007) in elderly people (Galetta et al., 2005). Moreover, there are some studies held
that when a 24h electrocardiogram monitoring was performed they are suggesting that
athletes had higher time domain parameters of HRV than sedentary people (Kiss et
al., 2016; Sotiriou et al., 2013) which shows increased parasympathetic adaptation.
Furthermore, the parameters of HRV have also been investigated during an exercise
protocol showing that the time domain parameters and the frequency domain were
higher in endurance athletes rather than non-athletes (Kaltsatou, Kouidi, Fotiou, &
Deligiannis, 2011). Finally, it can be implied that the endurance exercise and aerobic
physical training can lead to a cardiovascular health development throughout the

population.

Purpose

The aim of this study was to investigate the differences, if any, that may exist in heart
rate variability among runners as well as individuals with normal or high (i.e.,
overweight/obese) body mass index (BMI) prior to, during, and after a submaximal

test of aerobic capacity (6-min walk test).

Null Hypothesis

Heart rate variability will not have statistically differences between the two groups.

Alternative Hypothesis

Heart rate variability will differ statistically important between runners and non-

runners.



METHODS

Participants

Fifteen healthy adults consented to participate voluntarily in the study from which
they were divided into two groups, runners (7 male: age 32.3+4.9 years, BMI
24.9+3.6 kg/m? total body fat percentage 22+5.7%) and non-runners (4 male: age
34.75+3.4 years, BMI 25.8+3.2 kg/m?, total body fat percentage 30.3+10.9% and 4
female: age 31.5+4 vyears, BMI 20.843.6 kg/m? total body fat percentage
32.7£11.4%). The physical characteristics of the participants can be seen as well in

Table 1.

Table 1 Physical characteristics of the study population (meansz SD)

BMI £ SD Total fat £ SD
Groups n Age = SD (year) 2
(kg/m?) (%)
Runners 7 32.3+4.9 249+3.6 22.1+5.7
Non-runners 8 33.1+39 23.3+4.2 31.5+10.4

Runners were considered the ones that were training regularly (>3 times/week) in
long distance running and have completed a half marathon or marathon within the

past 12 months.

Non-runners were considered the ones that did not train regularly (<3 times/week)
and who had not completed a half marathon or marathon within the past 12 months.
Two participants in this group had thyroid and were included since they had had their
medication under control for the last past years before they perform the measurements

of the study.

10



Inclusion criteria included: Males and females were able to participate in the

present study of ages between 20 and 40 years old, from any ethnicity.

Exclusion criteria included: Smoking within the last 2 years, pregnancy, recent
muscle/joint/bone problems or injuries, upper respiratory illness or gastroenteritis,
diabetes or any other chronic disease, current medications or stimulants including
antidepressants, diuretics, antihypertensives, antihistamines, Ma Huang, ephedra, or
pseudoephedrine, neurological illness with known Autonomic Nervous system
effects, unstable angina and myocardial infarction during the previous month, resting
heart rate of more than 120, a systolic blood pressure of more than 180 mmHg, a

diastolic blood pressure of more than 100 mmHg.

The study was conducted in the Laboratory of Environmental Physiology, in the
department of Physical Education and Sport Science at the University of Thessaly,
Trikala, Greece. All participants prior the initiation of the measurements for the
purposes of the present investigation they were informed about the procedure and the
purpose of it and signed an informed consent form which was approved as long as the

experimental protocol by the ethical review board at the University of Thessaly.

Procedures

All measurements were performed within the arrival of the participants at the
laboratory in a random order between 1:00 and 18:30 am. An initial discussion about
the experiment was organized with each participant to ensure complete understanding
of the protocols and the procedures, benefits and associated risk of the study prior to
their participation. During this discussion, which was made orally over the phone by
an investigator, each subject was also instructed to have a full eight-hour sleep before
running the experimental protocol, moreover to not perform any training activities or
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any form of exercise for 24 hours before each measurement, as well as abstain from
alcohol, caffeine and passive smoking for at least 15 hours before their arrival at the

laboratory, further avoid consumption of food for 6 hours before their measurements.

Participants in both groups were also permitted ad libitum water ingestion prior to the

initiation of the experimental protocol to promote euhydration.

Last but not least concerning their instruction as far as concerning the clothing they
were notified to use appropriate shoes for walking, additionally wear comfortable
clothing without any metallic detail on them for the correct interpretation of the

DEXA analysis.

During their visit, all participants completed three questionnaires that were about
assessing their health history and physical activity which were completed in the form
of an interview by the same researcher to eliminate the chance of unfulfilled answers
or misinterpretation of any question. Those consisted of the Fame Lab questionnaire
which is a form of medical history developed by the Fame laboratory itself and
approved by the ethical committee of the University of Thessaly. Further they
completed the Physical Activity Readiness Questionnaire for Everyone (Parq)
(Thomas, Reading, & Shephard, 1992) to examine their health history and the
International Physical Activity Questionnaire (IPAQ) (Papathanasiou et al., 2009) to
assess the level of their physical activity throughout a typical week. The volunteers
also underwent anthropometric measurements that included the assessment of weight,
height and body composition analysis with DEXA. The same day they also performed
the 6-min walk test (6MWT) and heart rate variability was recorded 10 minutes at rest
prior to, during, as well as 10 minutes following the test. During the recordings of

HRYV participants were sitting on a chair and were instructed to remain silent and as
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calm as possible succeeding to relax and breathe at a natural rate (Penttila et al., 2001)
throughout the data collection. The resting HRV data collection took place in a quiet
room while being observed by an investigator to reassure the obedience of the
participants to the instructions that were given. Also, arterial blood pressure was
recorded prior as well as following the test throughout the recovery phase. The
experimental protocol was conducted by the same order from everyone like it was

mentioned above and its duration was approximately 70 minutes.

Anthropometric measurements

Body height and weight data were collected using standardized techniques and
instruments. In particular, the height was recorded to the nearest centimeter. The
measurement of the weight was carried out (precision to the nearest of 0.001 kg) with
precise weight scale (KernDE 150K2D, KERN&SOHNGmbH, Balingen, Germany).

Percent of body fat, body composition was assessed with DEXA analysis.

6-Minute Walk Test (6MWT)

The 6MWT was performed indoors along a 20m long flat, straight, enclosed corridor
with a hard surface that is seldom traveled. The length of the corridor was marked
every 2 meters. The turnaround points were marked with a bright colored tape as long
as the starting line which coincides with the beginning and the end of each 40m lap

(Laboratories, 2002).

For the purposes of the study a 30m long corridor was not found necessary, even
though it may affect the outcome of the total score of this test, hence the objective in
this case is the comparison between two different population groups during a
submaximal form of exercise-or test on their HRV and not the implementation of the

total score-distance covered from each group. Also, other investigations using 6MWT
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have had the execution of the test in a corridor with less than 30 meters (Lipkin,

Scriven, Crake, & Poole-Wilson, 1986), (Troosters, Gosselink, & Decramer, 1999).

Hear Rate Variability (HRV) Measurements

Participants were outfitted with a heart rate chest strap, and HRV data were being
sampled for 10 min prior to, during, as well as for 10 min following the 6MWT
through short-range telemetry at 1,000 Hz with a Polar RS800CX (Polar Electro,
Kempele, Finland). Data collected during each phase were split into three recordings
of 5-min intervals and one recording of 6-min interval for the 6MWT. The heart rate
monitor signal was being transferred after each session to the Polar Precision
Performance Software (release 3.00; Polar Electro Oy), and R-R intervals (beat-to-
beat interval) were to be analysed in order to assess the modulation of sympathetic
and parasympathetic activities as previously described (Flouris & Cheung, 2009). A
computer software Kubios version 1.1 (Finland: Biomedical Signal Analysis Group,
Department of Applied Physics, University of Kuopio, Finland 2002) was used to
perform the HRV analysis in both the time domain and frequency domain. The
indices studied for the time domain were the root mean square of successive
differences (rMSSD) with a normative value of 27+ 12 ms which describes short-term
variation and thus reflects parasympathetic activity (A. Zygmunt & J. Stanczyk, 2010)
and also because it can be used to investigate recordings of short durations and has
better statistical properties than other HRV indices (Electrophysiology, 1996).
Additionally, the frequency domain variables examined were as well the LF/HF ratio
(low frequency range, high frequency range) expressed in normalised units, which is
considered to mirror sympathovagal balance (Electrophysiology, 1996) with a normal
power of 1.2 + 1 (Freeman, Dewey, Hadley, Myers, & Froelicher, 2006) and

according to the HRV standards of measurement 5 min recordings are suggested and
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enough for addressing the LF, HF component and as a result the ratio of LF/HF

(Electrophysiology, 1996).

Body composition

A DEXA system (Lunar model DPX Madison, WI) was used to assess the
participants’ body composition indicatively to measure the participant’s whole-body
fat and lean body mass. The risk associated with DXA testing is diminutive. The
radiation dose from Dual Energy Absorptiometry is very low 0.02 uGy (<1% CV)
which the volunteers where exposed to, when comparing this exposure with a dental
X-ray which is ImRem and an X-ray of the thorax which is 6mRem. Participants
were also placed in the supine position in order to be scanned from head to toe while
lying on their back with their arms at their side. Standard scanning setup procedures
(recommended by the manufacturer) were used. The scan time for each subject was

approximately 15 minutes.

Statistical Analysis

For the analysis of HRV we took the values from the second 5-min interval recorded
(5-min pre) at rest prior to the 6MWT and we split the 10-min recording of the
recovery time after the 6MWT into two 5-min intervals (5-min postl, 5-min post2).
We performed the test of homogeneity between the variables and the time intervals
and it was found that the values are non-normally distributed. Taking that into
consideration we made all the statistical analysis with non-parametric tests for
examining the HRV variables throughout the time intervals for the entire sample and

between the groups.

Primarily a Kruskal-Wallis analysis was conducted for rMSSD and LF/HF ratio to

examine if any differences would appear throughout the entire sample between the
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time intervals, the same test was conducted individually per group to examine further
where the differences that might appear from the previous Kruskal-Wallis test come
from. In addition, a Wilcoxon test (W) was conducted in order to examine the
differences that might appear in the whole sample or in the groups separately within
each time interval in the values of RMSSD and LF/HF. Last but not least a Mann-
Witney (U) test was conducted in order to compare the two variables rMSSD and
LF/HF in each time interval individually between the two groups (runners, non-
runners). All the statistical analysis were completed using SPSS 22.0 and the level of

significance was set at p<0.05.
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RESULTS

The HRYV indices that were studied are show in Figure 1 and 2. To begin with the
results from the Kruskal-Wallis test were calculated and showed that there were
statistically significant differences in the HRV variable of rMSSD (x* = 19.085, df =
3, p<0.001 or p<0.005?), and of LF/HF (x* = 17.271, df = 3, p<0.005) between the

time intervals throughout the whole sample.

The results of the Wilcoxon test that was performed for the whole sample as well,
showed that there were statistically significant differences in both rMSSD and LF/HF
ratio within most of the time intervals (p<0.05) except for the differences found
between the 5-min postl and the 5-min post2 intervals which they were not

statistically significant (p>0.05) for both of the pre-mentioned variables.

Further, statistically significant differences were found separately in the group of
runners when interpreting the Kruskal-Wallis analysis between the time intervals and
the rMSSD value (x* = 16.938, df = 3, p<0.005), as well as for the LF/HF value (x* =

15.169, df = 3, p<0.005).

The Wilcoxon test that was performed individually for the group of runners showed
some statistically significant differences once again between the time intervals for

both variables of HRV for runners.

In more detail, the value LF/HF showed statistically significant differences in most of
the time intervals (p<0.05), except for the time interval 5-min postl and the 5-min
post2 that when being compared they didn’t show any statistically significant

differences with each other (p>0.05) unlike the rest of the time intervals (fig.2).
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Concerning the rMSSD variable statistically significant differences were found
between the time intervals 6mwt and 5-min pre, 5-min post2 and 5-min pre, 5min
postl and 6mwt and last but not least between the 5-min post2 and the 6mwt
(p<0.05). The differences found within 5-min post two time interval and 5-min postl
were not statistically significant (p>0.05), as well for the 5-min postl and the 5-min
pre but in this case a trend appears towards statistically significant differences

(p=0.063) (fig.1).

On the contrary, the Kruskal-Wallis test that was conducted for the group of non-
runners there were not found statistically significant differences between both values
rMSSD (x* = 4.503, df = 3, p>0.005) and LF/HF (x* = 5.070, df = 3, p>0.050) within

the time intervals respectively.

The analysis that were done with the Wilcoxon test separately for the group of non-
runners comparing the rMSSD within the time intervals showed non-significant
differences in most of them (p>0.05) except for the comparison between the time
intervals 5-min postl and the 5-min interval pre, the 5-min post2 and also the 5-min

interval pre that statistically significant differences were found (p<0.05) (fig.1).

The analysis made for the LF/HF variable showed that between most of the time
intervals there were not found statistically significant differences (p>0.05) except for
the time intervals between the first 5-min recording after the 6MWT (5-min postl)
and the recording prior to the 6MWT (5-min pre), as well as when comparing the
6MWT and the second 5-min interval during recovery (5-min post2) which

statistically significant differences were found (p<0.05) (fig.2).

The results of the Mann-Whitney (U) analysis demonstrated statistically significant

differences in the rMSSD value when comparing the group of runners and the group
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of non- runners at the 5-min pre time and at the 5-min postl intervals (p<0.05). A
trend to statistically significant differences also appeared (p= 0.94) when comparing
once again the two groups with the same variable (rMSSD) at the 5-min post2 time
interval (fig.1). Additionally, for the LF/HF variable there were not any statistically
differences between the two groups for any time interval throughout the recordings

(p>0.05) (fig.2).
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Figure 1. RMSSD HRYV Index in runners and non-runners.

*Significant different from runners at the same time point; *Significant different from

5-min pre at the same group; *Significant different from 6MWT at the same group

Figure 2. LF/HF HRV Index in runners and non-runners.

*Significant different from 5-min pre at the same group; $Significant different from

6MWT at the same group
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DISCUSSION

The purpose of this study was to examine the differences that might appear on HRV
measurements prior (at rest), during a submaximal test for aerobic capacity (6MWT)
and after the exercise test (during recovery). Other studies have compared these two
subgroups of population at rest using 24hour electrocardiogram recorded with Holter
(Kiss et al., 2016; Sotiriou et al., 2013), during exercise protocols (Kaltsatou et al.,
2011; Martinelli et al., 2005). However, there is a lack in the literature considering
short-term HRV recordings prior, during and after exercise protocols; hence there are
not yet standard measurements for the length of the time recordings and the exercise
intensity. Although the non-standard exercise protocols for HRV measurements, this
is the first time there is such an experimental protocol between endurance athletes and
non-athletes that are undergoing a 6MWT and comparing the indices of HRV prior

during and after the test throughout the recordings of HRV with polar.

Our results indicate that endurance training increases the parasympathetic modulation
in the runners by increasing the time domain rMSSD variable of the HRV at rest (5-
min recording prior the 6mwt) and recovery (post 5-min recording) since it has been
linked with the parasympathetic activation (A. Zygmunt & J. Stanczyk, 2010) while
supporting the hypothesis that there would be differences on HRV between runners
and non-runners at rest and throughout the recovery time of the heart rate, presenting
that runners had a faster heart rate recovery rate than non-runners. Other studies had
similar findings with higher rMSSD values in athletes compared with non-athletes
(Martinelli et al., 2005) while most of them suggest that this outcome is supporting
the PNS enhancement at rest as a result of the increased endurance physical activity

throughout different time recordings (Kiss et al., 2016; Sotiriou et al., 2013).
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On the contrary, there were not found any statistical differences between the two
groups in the LF/HF ratio which indicates the sympatho-vagal balance
(Electrophysiology, 1996), throughout the recordings of HRV in the time intervals.
Similar results found in another study with endurance athletes and sedentary people
(Martinelli et al., 2005) which commonly they found an increase in the time domain
parameters of the HRV (rMSSD) in endurance athletes but they did not correspond
with the differences in the frequency domain parameters such as LF/HF ratio. One
suggestion is that this outcome is related to intrinsic adaptations of endurance athletes

in the sinus node instead of autonomic cardiovascular alterations.

Further research need to be done to study the association of the LF/HF ratio between

endurance trained athletes and non-athletes.

Limitations of the study

One strong limitation of the present study would be the size of the sample. The
specific size of the participants does not ensure 100% of statistical power. Moreover,
the fact that there were not found statistically significant differences between the
groups throughout some time intervals and between the LF/HF indice of HRV may be
possibly due to the small sample size. Another limitation would be the male/female
ratio in this study. Evidence in the literature show that it is needed to take into
consideration the gender influences when performing analysis of the HRV since a
relationship in gender and HRV indices in the short-term monitoring could be

observed (Voss, Schroeder, Heitmann, Peters, & Perz, 2015).

Additional limitation would be the protocol used for the recording of the heart rate at
rest. The method used, (polar with chest strap while seated) is not the most valid,

since the best conditions would be for the participants to lie down on a supine position
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in an isolated room to eliminate the possibility of strong movements or abnormal
breathing caused by the environmental disturbances (noise etc.) that could interfere
with the results. Furthermore, another drawback is the lack of confidence on whether
our volunteers followed strictly the instructions considering the pre-measurement
period. If someone for example would consume caffeine in the morning before their
arrival at the lab that would interfere with the results without being aware of that.
Finally, a restriction would be the fact that two female participants had thyroid
problem and they were under treatment. Although we were informed they have been
having their hormones under control and stable the last years once again there is no
certainty that it did not alter our results in any level, since according to previous
studies thyroid hyper/hypoactivity might affect the autonomic nervous system and it
has been showed that hypothyroidism is associated with a decreased sympatho-vagal

modulation of the heart rate (Foley, McAllister, & Hasser, 2001; Galetta et al., 2008).

Conclusions

Our results demonstrate that the time domain indicator of HRV, rMSSD is higher in
athletes compared to the group of non-athletes during rest and at recovery after the
submaximal test of 6MWT, showing a faster cardiovascular recovery time than non-
runners. This may indicate the cardiovascular autonomic adaptation of the runners
with higher PNS activation based on their endurance training compared with the

group of non-runners at a similar age.

We failed to show an accordance of the time domain variable (rMSSD) and the
frequency domain (LF/HF). Further research needs to be done to reveal the
underlying association between time domain variable (rMSSD) and the frequency

domain (LF/HF) in the endurance athletes (runners) and non-athletes.
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Our study suggests that aerobic physical activity is associated with a better health
profile and a higher HRV in runners and with a lower risk of cardiovascular diseases

in the future.
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