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BACKGROUND: Spectral analysis (SA) of heart rate variability (HRV) is considered to be a non invasive method
for the quantification of autonomic cardiac activity in relationship to the sinoatrial node. It is well known that auto-
nomic regulation is affected by various stress factors such as anxiety and/or physical activity.

OBJECTIVE: The aim of the present study was to evaluate the effect of pre-competitive anxiety on the autonomic
nervous system (ANS) activity and, further, to monitor the time course of ANS recovery as well as perceived fatigue
during 24 hours of a post-half marathon period in amateur runners.

METHODS: The SA HRV method was used for the evaluation of autonomic cardiac regulation. ANS activity was
assessed one week before a competition and on the day of the competition. During the post-competition period ANS
activity was measured at the 1%, the 12, and the 24" hour. ANS activity was represented by the standard spectral
parameters and complex indexes of SA HRV. Precompetition anxiety was evaluated by means of a modified Likert
10 point scale. The competitors’ subjective feelings of fatigue were scored on a 6 point scale.

RESULTS: Perception of anxiety was significantly higher on the day of the competition than one week before the
competition. The significant decrease in the complex index of sympathovagal balance on day of the competition implies
1 for and testifies to an increase in sympathetic activity. No significant differences between any selected HRV variables
at the 12" hour as well as at the 24™ hour of recovery compared to both pre-competition levels were found. Perceived
fatigue remained significantly elevated up to the 24" hour of recovery.

CONCLUSION: Our study shows that elevated pre-competitive anxiety induced sympathetic predominance in auto-
nomic regulation particularly during the period of orthostatic stimulation. ANS activity returned to its pre-competition
level during the 12 hour after the finish of the competition. It is evident that the causes of soreness or fatigue do not

markedly affect ANS activity during a later phase of recovery.
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INTRODUCTION

Half marathon runs are ranked among competitions
with high participation by amateur athletes of different
age and performance levels. It is known that during the
pre-competition state, an increase in heart rate (HR),
blood pressure and/or oxygen uptake occurs as a reflec-
tion of changes in autonomic nervous system (ANS)
activity (Astrand et al., 2003). ANS activity also affects
the recovery process throughout the interaction between
the sympathetic and parasympathetic (n. vagus) system
which integrate homeostatic adjustment after exercise
(Aubert et al., 2003). Spectral analysis (SA) of heart
rate variability (HRV) is commonly considered to be
a non invasive method for the quantification of auto-
nomic cardiac activity in relationship to the sinoatrial
node (Akselrod et al., 1981). High power frequency
(P (0.15-0.5 Hz) is entirely modulated by vagal ac-
tivity (Warren et al., 1997). The spectral power of low
frequency (P, ) (0.05-0.15 Hz) is commonly associated

with baroreflex activity and the bilateral effect of sym-
pathetic and vagal activity, and the very low frequency
component (P, ) (0.02-0.05 Hz) is possibly related to,
e.g., the renin-angiotensin system, and thermoregulatory
peripheral blood flow adjustment (Task Force, 1996).
Earlier studies show that the time course of ANS recov-
ery depends mainly on exercise intensity (Arai et al.,
1989; Stejskal et al., 2001), or cardiovascular perform-
ance (Hautala et al., 2001). So far, studies have been
focused rather on assessing ANS activity during the
recovery period after a marathon (Botek et al., 2008;
Danitowicz-Szymanowicz et al., 2005), the 46 kilom-
eter wilderness trail run (Bernardi et al., 1997), or after
a 75 km cross country skiing run (Hautala et al., 2001).
Therefore, the aim of the present study was to evaluate
the effect of pre-competitive anxiety on autonomic regu-
lation, and further to monitor the time course of ANS
recovery during a 24 hour post-half marathon period
where there was concurrently assessed perceived fatigue.



METHOD

Participants

Eleven healthy and physically fit amateur male run-
ners volunteered to participate in the present study.
They were non smokers and none of the participants
were taking any medication. All tested subjects had
never run a half marathon before. The training prepa-
ration was carried out in an individual way without any
supervision. Characteristics of the athletes are presented
in TABLE 1. The study’s design was approved by the
Ethical Committee of the Faculty of Physical Culture
at Palacky University.

Experimental procedure

Before the study started, all participants were closely
informed about the study design. The subjects submitted
their written informed consent. One week before the
competition day, the tested subjects underwent, between
8 to 10 a. m., preliminary measurements in order to
preclude any medical or health limitations to perform-
ing the maximal exertion test. The participants were
required to avoid eating and drinking any substance af-
fecting ANS activity for minimally 2 hours before the
ANS measurement. Intensive exercise and alcohol were
strictly forbidden for two days before entrance testing.

ANS activity was assessed using the non invasive
method of the spectral analysis of heart rate variability
(SA HRV). The ANS activity assessment was scheduled
always in the morning one week before a race, and on
the day of competition, respectively. During the post-
competition period, ANS activity was measured at the
1%, the 12, and the 24™ hour of recovery. Electrocardio-

TABLE 1
Basic characteristics of the tested group
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graphic data were continually sampled in a quiet room
during a standardized ortho-clinostatic maneuver of
lying-standing-lying in accordance with the VarCor
PF 7 system (Salinger & Gwozdziewicz, 2008), which
records, for HRV analysis, both 300 R-R intervals and
300 s for each position. Frequency domain analyses were
performed according to the methods described by Salin-
ger et al. (1998). The amplitude density of the collected
signal was estimated using the fast Fourier transforma-
tion method with a partly modified Coarse-Graining
Spectral Analysis Algorithm (Yamamoto & Hughson,
1991). The power of mean spectral components were
calculated by integrating the area under the power spec-
tral density curve in the frequency ranges according to
Salinger et al. (1998): power very low frequency (P, )
0.02-0.05 Hz; power low frequency (P, ) 0.05-0.15 Hz,
power high frequency (P.) 0.15-0.5 Hz, and total pow-
er (P;) 0.02-0.5 Hz, respectively. The resting heart rate
(HRrest) was computed as a mean for 5 min in the
second lying position. Autonomic cardiac activity was
also expressed by complex indexes of SA HRV (Stejskal
et al., 2002): the complex index of the vagal activity
(VA), the complex index of the sympathovagal balance
(SVB) and the complex index of the total score (TS).
The reference values of SA HRV indexes range from
-5.0 to +5.0 points. The physiological values have been
established for both VA and SVB in range from -2.0 to
+2.0 points; for TS from -1.5 to +1.5 points (Stejskal,
Ptikryl, & Jakubec, 2004).

Preliminary testing also includes the measurement
of the basic anthropometrical characteristics of height
(cm) and weight (kg). The percentage of body fat was
investigated throughout the period of the use of the bio-

Athletes Age Height Weight BMI Body fat HRrest HRmax VO,peak
[years] [cm] [kgl [kg m’] [%] [BPM] [BPM] [ml kg™' min™']
M 30.41 181.47 83.97 25.30 15.03 54.24 189.60 52.74
SD 5.85 7.23 9.25 1.22 3.35 5.71 8.40 5.66
Legend:

BMI - body mass index, HRrest - resting heart rate, HRmax - maximal heart rate,

minute, M - mean, SD - standard deviation

VO,peak - peak oxygen uptake, BPM - beat per

TABLE 2
Basic characteristics of exercise intensity and achieved performance
HR. Exercise intensity Finish time . .
Athletes [BPM] [% HHR] [minutes] Final ranking
M 170.72 86.55 111.30 507.36
SD 8.42 1.78 7.24 150.01

Legend:

HR. - heart rate during competition, % HRR - percent of maximal heart rate reserve, BPM - beats per minute
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impedance method by means of using a device called In
Body 720 (from South Korea).

The maximal exertion test was performed on a tread-
mill (Lode Valliant, Netherlands) in order to establish
the peak oxygen uptake (VO,peak) and maximal heart
rate (HRmax). The protocol consisted of an 8 min warm
up period (4 min at 8km h 'and 4 min at 10km h!, re-
spectively) followed by an increase in elevation to 5.0%.
Thereafter the speed increased by 1km h-!'every min
until the subject was in a state of exhaustion. Ventila-
tion and gas exchange were continually analyzed (ZAN
600 Ergo USB, Germany) during the exercise and were
reported as a mean for 30 s. HR responses were moni-
tored (S810 Polar, Finland) continuously during all
maximal exercise tests.

A half marathon race taking place in Olomouc start-
ed at 7:00 p.m. During a competition, the HR responses
were continuously sampled by the HR monitor Polar
S810 (Finland). The level of fatigue ranged from 0 to
5 point(s), and was taken by means of questioning, usu-
ally before the ANS activity measurement. This scale
was developed only for this study, and therefore was
not validated.

Pre-competition anxiety was evaluated by using
a modified Linkert 9 point scale (0 - none; 9 - maxi-
mal anxiety level) (Martens, 1990). Amateur runners
assessed their actual psychological state every day dur-
ing the last week before the half marathon.

Statistical methods

Data were processed using software SPSS 17. The
normal Gaussian distribution of the analyzed data was
verified by means of the Kolmogorov-Smirnov test.
The course of perceived fatigue was tested during the
study by using one way repeated measures with the help
of ANOVA with the Fischer LSD post hoc test. The
Kruskal-Wallis H-test was followed by the Wilcoxon
test (post hoc analysis), which was conducted in order
to examine the effect of both precompetition anxiety,
and exercise on selected SA HRYV variables. Database,
tables, and figures were prepared using MS Excel 2003.

RESULTS

TABLE 2 shows that the mean finish time among
the athletes was 111.3 = 7.24 minutes. The mean HR dur-
ing the competition was 170.7 + 8.4 beats min~!, which is
equal to 86.5 = 1.8% of maximal heart rate reserve. The
coefficient of variation was 2.01% for HR compared to
6.50% for the finishing time.

Pre-competitive anxiety analyses revealed a signifi-
cantly higher perceived anxiety on the day of competi-
tion day than one week before the competition (Fig. 1).

The mean of the complex index of SVB was signifi-
cantly lower in the 2" compared to the 1% pre-competi-
tion assessment. A significant decrease in P, P, and
RR interval and a parallel increase in the ratio between
P, /P, and breath frequency (BF) compared to both
pre-competition levels was identified during the 1% hour
after the race (TABLE 3). Likewise, the mean value of
CS, and VA was significantly lower in the 1 post-com-
petition period than in both pre-competition measure-
ments (Fig. 2). No significant differences between any
selected HRYV variables at the 12 hour as well as at the
24" hour of recovery compared to both pre-competition
levels were found. Fig. 3 clearly shows that perceived fa-
tigue remained significantly elevated up to the 24™ hour
of recovery.

DISCUSSION

The main aim of this study was to assess the changes
in autonomic cardiac regulation induced by pre-compet-
itive anxiety, and further to compare the time course of
ANS recovery with the time course of perceived fatigue
during 24 hours of the post-competition period in ama-
teur endurance runners.

The psychological test used revealed a significant
increase in pre-competitive anxiety perception in ama-
teur runners approximately 10 hours before the start
of a competition. In addition, a significant reduction
in the complex index of SVB coupled with a constant
level of vagal activity indicates indirectly an increase
in sympathetic activity on the day of competition. In
this context, Blasquez, Font, and Ortis (2009) found
in elite swimmers, due to pre-competitive stress, a shift
towards sympathetic predominance as a result of para-
sympathetic withdrawal. We suppose that discrepancies
in these results are associated with different methods
used for HRV analysis. ANS activity has been, in the last
cited study, assessed according to spectral parameters
that were collected only in a supine position. In our
study, runners were additionally examined in the stand-
ing position, the ortho-clinostatic maneuver stimulated
both branches of the ANS and the complex indexes of
SA HRYV were used to evaluate the results of measure-
ments (Stejskal et al., 2002). These indexes were cre-
ated from age dependent standard spectral parameters.
In this context, Stejskal (2008) supposes that complex
indexes of SA HRV are more sensitive for the evaluation
of discrete changes in ANS activity than standardly used
parameters obtained in the supine position.

Results of some previous studies show that the re-
turn of ANS activity to the base line depends on exercise
intensity (Arai et al., 1989; Perini et al., 1990). In our
study we found that amateur runners overcame a 21 km
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TABLE 3
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Statistical analysis of spectral variables in second lying position

Parameter [unit] PreC, PreC, R, R, R,,
P, 282.31 £ 180.28 334.30 £223.02 202.54 +183.94 335.74 £ 519.68 227.27 + 178.27
[ms?] NS NS NS NS
P, 921.09 + 938.56 826.91 £ 643.68 260.19 £ 204.41 1043.78 + 987.74 688.13 £ 674.30
[ms?] NS §t NS NS
P 1333.71 £ 979.90 1371.95 £ 1093.27 784.52 £ 836.41 1493.52 + 2172.22 1194.94 + 1029.00
[ms?] NS §t NS NS
P, 2537.12 + 1475.88 2533.16 £ 1551.50 1247.26 + 1445.38 2873.04 + 3163.75 2110.33 £ 1315.85
[ms?] NS §t NS NS
P, /P, 0.33£0.29 0.39£0.32 0.92 +£0.91 0.33£0.42 0.54 £ 0.71
NS §t NS NS
P /P, 1.03+1.22 0.92 £0.77 1.47 £ 1.12 1.23 £ 1.01 0.98 £ 0.85
NS NS NS NS
RR 1.10 £ 0.13 1.08 £ 0.12 0.85£0.15 1.06 £ 0.14 1.11 £0.12
[ms] NS §t NS NS
BF 11.41 £ 0.95 12.25 + 1.34 14.29 +£2.50 11.99 £ 2.04 11.86 +2.28
[breath min'] NS §t NS NS

Legend: P

VLF

interval; BF - breath frequency; PreC - precompetition measurement; R

1, 12,24

- power very low frequency; P, - power low frequency; P, - power high frequency; P - total power; RR - beat to beat
- measurement at the 1%; 12'; and the 24" hour post-run;

§ (P <0.05) vs PreC; 1 (P < 0.05) vs PreC, (Kruskal-Wallis H-test followed by Wilcoxon test post hoc analysis), NS - nonsignificant;
values are expressed as Mean (£SD)

Fig. 1

Perceived anxiety during precompetition period

[points]

6

7 days before competition

competition day
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Fig. 2
A time course of recovery in complex indexes of SA HRV
[points] 21 6- 28. 6. 28. 6. 29. 6. 29. 6.
4,00 8:00 a.m. 8:00 a.m. 10:00 p.m. 9:00 a.m. 9:00 p.m.
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Legend: PreC - precompetition measurement; R 1224

- measurement at the 1% 12%; and the 24™ hour post-run; TS - complex index of

total score; VA - complex index of vagal activity; SVB - complex index of sympatovagal balance; * (P < 0.05) for TS; # (P < 0.05) for
SVB, 1 (P £0.05) for VA (Kruskal-Wallis H-test followed by Wilcoxon test post hoc analysis); NS - nonsignificant

Fig. 3
Statistical analysis of differences in perceived fatigue in athletes
. 21. 6. 28. 6. 28. 6. 29. 6. 29. 6.
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Legend: PreC - precompetition measurement; R
followed by Fischer LSD post hoc test) for R

1,12,24

112,24

- measurement at the 1%; the 12%; and the 24" hour post-run; *** P <0.001 (ANOVA
Vs PreCl, and PreCz, respectively; NS - nonsignificant
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distance in a finishing time which varied more among
athletes than their exercise intensity during the run. This
highly similar vigorous exercise intensity induced a sig-
nificant decrease in the standard spectral parameters
of P ., P,., and P_ as well as in the indexes of CS and
VA as a sign of attenuated vagal activity in the 1% hour
of recovery. In addition, significant increased HR and
BF, an elevated ratio of PVLF/ PHF, and an nonsignificant
reduction in the SVB index demonstrated a persisting
sympathetic predominance in autonomic regulation up
to one hour after exercise.

After 12 hours of recovery, the return of both HR,
and BF was observed at the baseline. Further, an insig-
nificant increase in certain spectral parameters (P,
P,..and P_) obtained in the supine postion could be
considered to be the supercompensatory state of vagal
activity in some athletes. Interestingly, the means of VA
and CS were still insignificantly reduced in the 12" hour
of recovery, whereas the SVB index returned to a level
identified several days before the competition. It was
above this level on the day of competition. The above
mentioned results indicate that ANS activity seems to
be recovered and/or even supercompensated for dur-
ing clinostatic stimulation, but orthostatic stimulation
revealed a persisting reduction in vagal activity. The as-
sessment of ANS activity in the 24" hour of recovery
brought results similar to a previous measurement.

A high variability in the dynamics of both standard
spectral variables and the complex index of SA HRV
provides evidence that the time course of ANS recov-
ery after vigorous exercise depends on several factors
such as aerobic capacity, exercise intensity, basal ANS
activity level, and/or the subjective perception of local
muscle fatigue. For instance Hautala et al. (2001) have
presented to us that the recovery time of the reduced
vagal outflow depends on individual cardiorespiratory
performance (r = -.712; P < 0.016). In this context, Seil-
er et al. (2007) concluded that the time course for ANS
recovery is linked to the level of training status. Authors
found that the return of ANS activity after exercise for
< or =120 min at the level of the second ventilatory
threshold (~85% VO,max) occurred within 90 minutes
in trained athletes (VO,max = 60 = 5Sml min"' kg™'). In
highly trained athletes (VO,max = 72 + 5ml min™' kg™'),
ANS activity returned to the pre-exercise level within
5-10 minutes. In our study, the values of VO peak were
within a range from 42.5 to 58.9 ml min~! kg~!. There-
fore, there is no surprise that a similar exercise intensity
and duration induced a delay of ANS recovery in the
amateur athletes compared to elite endurance trained
athletes. Nevertheless, an insufficient recovery of ANS
after exercise shows itself during orthostatic rather than
during clinostatic stimulation.

Our results further show that perceived fatigue was
significantly raised up to 24 hours after the finish of the
run. There is no relationship between the time course of
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ANS recovery and perceived fatigue. We suppose that
the prolongation of the fatigue or of pain perception
could be associated rather with local muscle fatigue, the
shortening of hard worked muscle groups of the lower
extremities, edemas, and/or post-exercise joint soreness
than with changes in ANS regulation. Similarly, Iellamo
et al. (1999) concluded that vagal reactivation and its
stronger effect on the sinoatrial node leads to afall in
HR in the earlier phases of recovery, in spite of the
persistent local muscle ischemia.

CONCLUSION

In conclusion, we can state that elevated pre-com-
petitive anxiety induced the sympathetic predominance
in autonomic regulation, particularly during orthostatic
stimulation. Over the recovery period, vagal activity re-
mained still reduced during orthostasis, while the mean
values of standard spectral variables obtained in a lying
position achieved a baseline within the 12" hour of the
recovery period. The rate of ANS recovery markedly
contrasts with fatigue perception which was significantly
elevated in the 12" hour as well as in the 24" hour after
the finishing of a competition. It stands to reason that
the causes of soreness or fatigue do not markedly affect
ANS activity during the later phase of recovery.
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HODNOCENI AKTIVITY
AUTONOMNIHO NERVOVEHO
SYSTEMU U REKREACNICH UCASTNIKU
PULMARATONSKEHO BEHU
(Souhrn anglického textu)

VYCHODISKA: Spektralni analyza (SA) variability
srde¢ni frekvence (VSF) je povazovana za neinvazivni
metodu kvantifikace autonomni kardialni regulace si-
noatrialniho uzlu. Je znamo, Ze autonomni regulace je
ovliviiovana rliznymi stresory jako napfiklad nervozitou
nebo télesnou praci.

CIL: Cilem pfedlozené studie bylo zhodnotit vliv
predstartovniho stavu na aktivitu autonomniho nervo-
vého systému (ANS) a dale pak monitorovat ¢asovy pri-
béh zotaveni ANS paraleln€ se subjektivné vnimanou
unavou v pribéhu 24 hodin od ukonéeni piilmaratonu
u amatérskych bézct.

METODY: Autonomni kardialni regulace byla po-
suzovana pomoci metody SA VSF. Aktivita ANS byla
hodnocena jeden tyden pfed zdvodem a v den zavodu.
Po ukonceni zavodu prob&hla méfeni aktivity ANS
v 1., 12. a 24. hodin€. Aktivita ANS byla reprezentovana
standardnimi spektralnimi parametry a také komplexni-
mi indexy SA HRV. K hodnoceni velikosti predstartovni
nervozity byla vyuZzita modifikovana Likertova 10bodo-
va §kala. Subjektivné vnimana inava byla hodnocena
na 6bodové skale.
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VYSLEDKY: Vnimani nervozity bylo signifikantné
vy$§§i v den zavodu nez tyden pied zavody. Signifikant-
ni pokles komplexniho indexu sympatovagové balance
v den zavodu nepiimo svédcil o vzestupu aktivity sym-
patiku. Ve 12. ani 24. hodiné zotaveni se jiZ Zadny ze sle-
dovanych parametrti VSF signifikantné neliSil od obou
vstupnich vySetfeni. Subjektivn€ vnimana unava zlstala
zvySena jest€ 24 hodin od ukonceni zavodu.

ZAVERY: Nase prace ukazala, Ze zvysena predza-
vodni nervozita vede k pfevaze sympatiku v autonomni
regulaci zejména béhem orthostatické stimulace. Dale
bylo zjiSténo, Ze aktivita ANS se navratila na predza-
téZovou uroven béhem 12. hodiny od ukonceni zavo-
du. Ukazuje se, ze priiny pocitl bolesti nebo unavy se
v prib&hu pomalé faze zotaveni do zmén aktivity ANS
jiZ vyrazn€ji nepromitaji.

Klicova slova: variabilita srdecni frekvence, vyléceni, vizkost
pocitovand pred soutéZi, cviceni, iinava, vykonnost.
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