Motriz, Rio Claro, v.18 n.2, p.291-297, abr./jun. 2012 doi:

Original Article
Autonomic correlates of Yo-Yo performance in soccer referees
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Abstract: We tested the hypothesis that: basal cardiac autonomic modulation (i.e. heart rate variability,
HRV) was associated with the parasympathetic withdrawal during, and overall Yo-Yo IR1 performance; and
therefore HRV could be used as a simple tool for specific fithess assessment. Nine sub-elite soccer
referees performed the Yo-Yo IR1 until exhaustion with simultaneous recording of heart rate with the
autonomic response during exercise calculated as the area under the curve (AUC). In the same week but
with at least 48 hrs between days, a night-time HR recording was obtained from participants for
determination of basal HRV. Correlation analysis demonstrated strong (r>0.83) relationships among Yo-Yo
IR1 performance, AUC and basal HRV. These results indicate that both nocturnal HRV and AUC can be
utilised as simple and valid monitoring tools of soccer referees” fitness.

Keywords: vagal modulation; Yo-Yo IR1; performance monitoring.

Correlatos autonémicos do desempenho no Yo-Yo em &rbitros de futebol

Resumo: Nos testamos a hipotese de: que a modulacdo autondmica cardiaca (i.e. variabilidade da
freqiiéncia cardiaca, VFC) esta associada com a retirada parassimpatica durante a execucdo do Yo-Yo
IR1; e que, portanto, a VFC poderia ser usada como uma ferramenta simples para a avaliagdo do
desempenho fisico especifico. Nove arbitros sub-elite de futebol executaram o Yo-Yo IR1 até a exaustédo
com registro simultdneo da frequéncia cardiaca e VFC para o calculo da &area sob a curva (ASC). Na
mesma semana, mas com minimo de 48 horas entre dias, obteve-se um registro noturno da FC dos
participantes para a determinacdo da VFC basal. As andlises de correlagdo demonstraram elevados
coeficientes (r>0,83) entre o desempenho no Yo-Yo IR1, a ASC e a VFC basal. Estes resultados indicam
gque a VFC noturna e a ASC podem ser empregadas como ferramentas simples e vélidas para o
monitoramento do desempenho de &rbitros de futebol.

Palavras-chave: modulacéo vagal; Yo-Yo IR1; monitoramento do desempenho.

sprint, the 200 m sprint (CASTAGNA et al., 2002)
and, more recently, the 6 x 40 m sprints and the
150 m intervals running test (MALLO et al.,
2009). While these tests have been

Introduction

Unlike most professional players within elite
and semi-elite sport, referees are typically

engaged as amateurs or semi-professionals with
limited time for training. Subsequently, this results
in a limited number of sessions per week for
physical conditioning (e.g. two-three sessions),
with even fewer sessions available if referees are
fatigued from exhaustive physical testing.
Therefore, it is important that simple, appropriate
and time-efficient methods of monitoring training
be utilized to assist referees and other similar
populations.

Previously, several studies have analysed the
appropriateness of field-based maximal tests for
soccer referees such as the 12 min running test
(CASAJUS & CASTAGNA, 2007), the 50 m

recommended by International Federation of
Football Associations (FIFA) for the evaluation of
referees fitness, other tests like the Yo-Yo
intermittent recovery test level 1 (Yo-Yo IR1)
have been demonstrated to be valid and easy to
apply in this population (CASTAGNA et al.,
2005). Further, the Yo-Yo IR1 has been
extensively studied in team sports for the
evaluation of high-intensity running capacity
confirming the appropriateness of this test for
soccer refereeing (KRUSTRUP et al.,, 20083;

CASTAGNA et al., 2007). While the Yo-Yo IR1

provides important information for referees, it
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does though require the completion of exhaustive
exercise that will limit referees’ weekly training.
Other tests or methods may therefore provide
alternate means to monitor referees progress
without significantly affecting training load.

One possible method of interest is the
oscillation in resting heart rate, termed heart rate
variability (HRV). This non-invasive indicator of
autonomic nervous system has been studied with
a range of athletes and was significantly
correlated with individuals’ fithess levels,
specifically VOomax (HAUTALA et al.,, 2009).
Further, running training guided by resting HRV
has been shown to be more effective than
standard training regimes without HRV monitoring
(KIVINIEMI et al., 2007). The intensity-dependent
nature of HRV after high-intensity intermittent
efforts may explain the effectiveness of HRV
guided training on cardiorespiratory fithess
(BUCHHEIT et al., 2009; Al Haddad et al., 2009).
Therefore, HRV and in particular night-time HRV,
may provide a simple and effective tool to
monitor training without significantly impacting on
training load, a key element for soccer referees
with limited training opportunities. From a
methodological point of view, HRV can also be
examined during exercise with the “area under
the HRV indices curve” method (AUC)
(PERANDINI et al., 2009). The AUC is obtained
by fitting a mono-exponential decay curve to
time-domain HRV indices and has been reported
to be highly related to the maximum velocity
achieved in the 30-15 Intermittent Fitness Test
(PERANDINI et al.,, 2009) and reflective of
parasympathetic withdrawal during incremental
exercise. Importantly, the AUC could be useful for
referees and athletes monitoring as it only
requires recording and analysis of HRV during
sub-maximal stages of the Yo-Yo IR1 (i.e. up to
85% of HRmax, LEWIS et al., 2007; PERANDINI
et al., 2009). In this manner, the AUC may
provide a simple means to assess HRV and
parasympathetic withdrawal during submaximal
exercise typically experienced by referees and
athletes during weekly training. Consequently,
night-time HRV and/or AUC may provide
important information to monitor referee’s training
without the need for exhaustive exercise
assessment and/or reduction of weekly training
load.

Therefore, the aim of this study was to
examine the relationship between HRV (night-
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time resting HRV and AUC) and high-intensity
intermittent performance of soccer referees. It
was hypothesized that night-time HRV and the
AUC index would be valid indicators of referees’
performance as reflected on distance covered or
exercise time during Yo-Yo |IR1, therefore
providing simple tools to monitor training
adaptations for referees.

Methods

Participants

Nine Spanish male soccer referees (24.1 + 3.3
years; 754 + 42 kg; 179 = 3 cm) of
national/regional (semi-elite) level and with a
minimum of 3 years of experience, volunteered
for this study. All of them were informed of the
procedures and provided informed written
consent. The estimated sample size required to
undertake this study was 9 athletes (Medcalc® v
9.2.1.0) based on a power of 0.80 and a of 0.05.
This study received the approval of the local
ethics committee (La Directiva del Colegio Oficial
de Arbitros de Fuatbol de Vigo en sesion
extraordinaria celebrada con fecha 24/01/2008).

Field testing session

Participants were instructed not to undertake
intense exercise on the day before testing with all
testing sessions performed during the afternoon
(i.,e. 17:00-19:00) within thermoneutral climatic
conditions. After 10 min of a running warm-up on
a soccer field of natural grass at an intensity of
60% of the maximum estimated HR (TANAKA et
al., 2001), participants performed the Yo-Yo IR1
(KRUSTRUP et al.,, 2003) with concurrent
recording of R-R intervals (RS800, Polar Electro
QY, Kempele, Finland) until volitional exhaustion.
The Yo-Yo IR1 consists of repeated 20 m
exercise bouts with changes of direction and
performed at progressively increasing speeds,
interspersed with 10-s active rest periods, and
performed until the subject achieves exhaustion.
Previously, top-class soccer referees exhibited a
Yo-Yo IR1 result of 1,874 (431) m, while low level
referees exhibited a mean performance of 1,271
(215) m (CASTAGNA et al., 2005). Immediately
following the Yo-Yo IR1, a blood lactate sample
was obtained from the fingertip and analysed with
a portable device (Lactate Scout, Senslab,
Germany) for the determination of maximal
lactate (LA). The AUC method was applied as
previously described (PERANDINI et al., 2009),
calculating the root mean square of successive
differences between normal sinus RR intervals
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(RMSSD), and the standard deviation of
instantaneous HRV (SD1) from Poincaré plots
during each minute of the Yo-Yo IRl
Subsequently, these parameters were fitted with a
first-order exponential decay curve (see below)
and AUC estimated through an integrate function
(Microcal Origin 6.0, Northampson, USA).

y=yo+Ae™

where, y = RMSSD or SD1 (ms); A = amplitude
(ms); x = time (s); T = time constant (s).

These SD1 and RMSSD were examined as
these parameters were not influenced by
breathing frequency or the non-stationarity of RR
interval data typical of progressive exercise
(PENTTILA et al., 2001; TULPPO et al., 1996).

Night-time HRV

Night R-R recordings of a rested day were
obtained in the same week of the field testing
session with a minimum of 48 hrs between the
night-time and Yo-Yo IR1 recordings. Participants
were advised to go to bed before 00:00 with a
minimum of 2 hours after the last meal. HR
recordings were manually filtered (Polar Pro
Trainer, v. 5.35.161, Finland) and exported for
HRV analysis using custom designed software
(Kubios HRV v2.0, University of Kuopio, Finland).
The HRV parameters calculated were the
RMSSD and the SD1 from the 00:00-05:00
interval WENNERBLOM et al., 2001).
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Statistical analysis

Descriptive data are shown as mean (SD). A
Kolmogorov-Smirnov test was performed to verify
the normal distribution of variables. Pearson
product moment correlation coefficients (r) were
employed for detection of significant (p<0.05)
relationships between selected parameters.

Results

Mean Yo-Yo IR1 performance was 1,122 (299)
m which is equivalent to ~ 9:24 (min:sec), with a
LA of 11.1 (2.7) mM-L". Due to excessive
artefacts during the Yo-Yo IR1, one participant
was excluded from the AUC analyses. AUC
values of 3541 (1016) ms-s for RMSSD and 3119
(817) ms:s for SD1 were obtained during the Yo-
Yo IR1. Mean night-time RMSSD and SD1 were
49.8 (23.4) ms, and 35.6 (16.5) ms, respectively.

Significant  correlations  were  observed
between night-time HRV parameters with Yo-Yo
IR1 performance (m) (r=0.835 and r=0.833;
p=0.005; for SD1 and RMSSD, respectively) and
final time (see Figure 1). The AUC for SD1 and
RMSSD until exhaustion were significantly and
highly correlated with Yo-Yo IR1 final time (see
Figure 2). Moreover, night-time HRV parameters
(RMSSD and SD1) and AUC indices were
significantly correlated among each other
(r=0.934 for SD1, r=0.938 for RMSSD; p<0.05).

y= 9384,6)(1‘1149

y = 8188,1x"0%

09:36 10:48 12:00 13:12 14:24

Time until exhaustion (min:sec)

Figure 1. Exponential regression (n = 9) of basal SD1 (dotted line; white circles) and RMSSD (thick line;
black circles) with exhaustion time in Yo-Yo intermittent recovery test level 1; r = Pearson product

correlation coefficients.
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Figure 2. Exponential regression (n = 8) of AUC for SD1 (dotted line; white circles) and RMSSD (thick line;
black circles) with exhaustion time in Yo-Yo intermittent recovery test level 1; r = Pearson product

correlation coefficients.

Discussion

As hypothesized, a significant and high
correlation was observed between night-time HRV
and Yo-Yo performance. Further, the AUC was
also highly correlated with basal HRV and the
incremental test indicating that referees with
greater parasympathetic modulation and slower
parasympathetic withdrawal (i.e. greater SD1 and
RMSSD) per each stage of the Yo-Yo IR1,
exhibited better exercise performance. Therefore,
greater resting autonomic control appears to be a
simple and valid indicator of greater Yo-Yo IR1
performance and lesser parasympathetic
withdrawal through this test.

This is the first time that a significant
correlation among HRV parameters and Yo-Yo
IR1 performance has been reported. Previously,
Lewis et al. (2007) showed that the HRV decay
constants for each power spectral component
were linearly related to maximal work rate
(r>0.71; p<0.001) during an incremental test in
cycle ergometer. More recently, Perandini et al.
(2009) reported moderate-to-strong correlations
(r=0.64-0.80; p<0.05) among the AUC indices and
the final velocity achieved in the 30-15
Intermittent Fitness Test (30-15 |¢1) in professional
handball players. Interestingly, they also reported
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moderate-to-high correlations between seated
HRV and the AUC indices, but not between
seated HRV and the final velocity in the field test
(PERANDINI et al., 2009). In contrast, we found
substantial correlations (r=0.83-0.93) among
nocturnal HRV, the AUC and performance during
the Yo-Yo IR1 indicating for the first time that
cardiac autonomic control assessed during rest
and/or intermittent exercise can be used to
estimate exercise performance of soccer
referees. The finding that basal HRV predicts
performance in the Yo-Yo IR1 but not in the 30-15
ieT IS interesting and may be due to the different
physiological impact of each test that warrants
further consideration. Based upon these findings,
we suggest that simple, night-time HRV
recordings could provide important information
about referees’ fitness without the need for
exercise assessment and/or reduction of weekly
training load. This practical training tool (i.e.
resting HRV) could reflect the fitness status of an
individual (i.e. Yo-Yo IR1 performance) without
the employment of sophisticated laboratory
instruments and/or exhaustive field tests.
Additionally, as the AUC has also been reported
to be related to field performance and basal HRV,
it may be suggested that submaximal bouts of Yo-

Motriz, Rio Claro, v.18, n.2, p.291-297, abr./jun. 2012



HRV in soccer referees

Yo IR1 could be performed for determining the
fitness status of referees without the need for
volitional exhaustion.

Previous reports of significant relationships
between basal HRV and VO,nax (HAUTALA et al.,
2009), and VOgmax improvements following HRV-
guided training (KIVINIEMI et al., 2007) support
the current results that enhanced parasympathetic
control may lead to enhanced aerobic
performance. More recently, Serpiello et al.
(2010) reported an 8% improvement in Yo-Yo IR1
performance after a repeated sprint training
regimen with concurrent improvements in VO peak,
HR recovery (HRR) and acceleration capacity
without changes for the lactate threshold. This
indicator of greater parasympathetic reactivation
(i.e. greater autonomic control) along with the
current and prior (BUCHHEIT et al., 2008;
BOULLOSA et al., 2009; RICARDO et al., 2010)
results provides further support that central
cardiac autonomic control contributes
substantially to training-induced adaptations (e.g.
VOomax). Although important, it is still not clear
whether the enhanced parasympathetic occurs
initially as a resultant of regular exercise or as a
resultant of other training-induced cardiovascular
changes such as enhanced stroke volume
(MIDGLEY et al., 2006). Though we suggest that
it may be a secondary response with exercise
training reported to significantly lower intrinsic HR
(SANT ANA et al., 2011) and resting HR without
concurrent HRV changes (LEICHT et al., 2003).
Importantly though, the greater HRV and lower
HR during rest and exercise exhibited by trained
individuals results in a greater capacity to
increase HR during exercise, delay the aerobic-
anaerobic transition (NAKAMURA et al., 2005)
and/or increase maximal cardiac output and
VO;max (BLOMQVIST & SALTIN, 1983).

The major limitation of this study was the
examination of a small number of referees.
Despite this, a great range of Yo-Yo IR1
performances was examined and allowed the
identification of significant correlations among
HRV and performance parameters. Additionally,
we did not examine the types of training
undertaken by referees and therefore do not know
the influence of specific training programs on both
Yo-Yo IR1 and HRV. Further longitudinal studies
may elaborate upon the impact of training on the
relationship between HRV and exercise
performance for the development of more
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sensitive training tools for referees. Furthermore,
as previous reports have suggested that
endurance training induce a greater resting HRV
and a slower parasympathetic withdrawal during
incremental exercise (HAUTALA et al., 2009;
NAKAMURA et al., 2005), while other studies
have showed that a greater resting HRV could
favor greater adaptations after a training period
(VESTERINEN et al., 2011), we do not know in
the current study if a greater resting HRV is a
consequence of the training background of the
subjects, or this could favor a greater adaptation
after a training period, with further studies
needed.

In summary, cardiac autonomic control
indicators during night-time (HRV) and exercise
(AUC) were significantly correlated with Yo-Yo IR1
performance in semi-elite soccer referees. Both
basal nocturnal HRV and AUC could be employed
as simple and easy tools to assess and monitor
training adaptations of soccer referees. Further
studies could elaborate on the significance of
HRV and AUC as monitoring tools for training
adaptations in athletes and referees of different
levels.
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