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ORIGINAL ARTICLE

Characterisation of baroreflex sensitivity of recreational
ultra-endurance athletes
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SARAH A. CHARLESWORTH1,3, SHANNON S. D. BREDIN3, JAMIE F. BURR1,3,
CHIPMAN TAYLOR DRURY1,2,3, SHIRLEY NGAI4, RENEE J. FOUGERE1,3,
ADAM C. IVEY1,3, & DARREN E. R. WARBURTON1,2,3

1Cardiovascular Physiology and Rehabilitation Laboratory, University of British Columbia, Vancouver, BC, Canada,
2Experimental Medicine Program, Faculty of Medicine, University of British Columbia, Vancouver, BC, Canada, 3Physical
Activity Promotion and Chronic Disease Prevention Unit, University of British Columbia, Vancouver, BC, Canada,
4Department of Rehabilitation Sciences, Hong Kong Polytechnic University, Hong Kong, China

Abstract
Altered autonomic function has been identified following ultra-endurance event participation among elite world-class
athletes. Despite dramatic increases in recreational athlete participation in these ultra-endurance events, the physiological
effects on these athletes are less known. This investigation sought to characterise changes in surrogate measures of
autonomic function: heart rate variability (HRV), blood pressure variability (BPV) and baroreceptor sensitivity (BRS)
following ultra-endurance race participation. Further, we sought to compare baseline measures among ultra-endurance
athletes and recreationally active controls not participating in the ultra-endurance race. Recreational ultra-endurance
athletes (n = 25, 44.6 ± 8.2 years, 8 females) and recreationally active age, sex and body mass index matched controls (n =
25) were evaluated. Measurements of HRV, BPV and BRS were collected pre- and post-race for recreational ultra-
endurance athletes and at baseline, for recreationally active controls. Post-race, ultra-endurance athletes demonstrated
significantly greater sympathetic modulation [low frequency (LF) power HRV: 50.3 ± 21.6 normalised units (n.u.) to 65.9 ±
20.4 n.u., p = 0.01] and significantly lower parasympathetic modulation [high frequency (HF) power HRV: 45.0 ± 22.4
n.u. to 23.9 ± 13.1 n.u., p < 0.001] and BRS. Baseline measurements BRS (spectral: 13.96 ± 10.82 ms·mmHg−1 vs.
11.39 ± 5.33 ms·mmHg−1) were similar among recreational ultra-endurance athletes and recreationally active controls,
though recreational ultra-endurance athletes demonstrated greater parasympathetic modulation of some HRV and BPV
measures. Recreational ultra-endurance athletes experienced increased sympathetic tone and declines in BRS post-race, similar
to previously reported elite world-class ultra-endurance athletes, though still within normal population ranges.

Keywords: Endurance, physiology, cardiovascular/cardiorespiratory

Introduction

The autonomic nervous system plays a central role
in regulating cardiovascular function during and
following exercise (Iellamo, 2001). Specifically, the
cardiovagal baroreflex is responsible for controlling
blood pressure oscillations through reflex changes in
heart rate (Martin-Vazquez & Reyes Del Paso,
2010). Continuous recordings of resting heart rate
and blood pressure have been widely used to

estimate spontaneous cardiovagal baroreflex sensit-
ivity (BRS) response to exercise (Raczak et al., 2006;
Scott et al., 2009). Alterations in BRS, including
increased sympathetic and decreased parasympath-
etic modulations, have been associated with cardio-
vascular diseases including coronary artery disease,
cardiac arrhythmias and infarctions (Martin-Vazquez
& Reyes Del Paso, 2010). Elevated blood pressure
variability (BPV), an expression of the vascular
efferent sympathetic regulation (Manzi et al.,
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2009), or decreased heart rate variability (HRV), an
expression of cardiac autonomic modulation (Task-
force, 1996), is associated with poorer prognosis
among stroke and hypertension patients (Kleiger,
Stein, & Bigger, 2005).

Exercise, in single bouts or long-term training,
results in improvements in BRS (Raczak et al.,
2006). However, prolonged endurance exercise has
been found to cause transient impairments of several
cardiovascular markers, including cardiac fatigue
(George et al., 2011; Oxborough et al., 2011).
Although hundreds of ultra-endurance events are
held annually around the world and numbers of
recreational ultra-endurance athletes have increased
dramatically in recent years, the impacts of this
duration of exercise on cardiovascular measures,
namely, autonomic control of the cardiovascular
system are not well established (Knechtle, Knechtle,
& Lepers, 2010). The limited research to date has
shown altered measures of autonomic indices; how-
ever, these studies focused on elite world-class
athletes (Gratze et al., 2005; Scott et al., 2009).
The increased popularity of these types of events in
non-elite runners, and considering the significant
age increase, warrants a better understanding of the
impacts and safety of this type of exercise on
cardiovascular autonomic function in recreational
ultra-endurance athletes (Knechtle et al., 2010).
Accordingly, the objective of this investigation was
to characterise changes in HRV, BPV and BRS,
following ultra-endurance race participation in recre-
ational ultra-endurance athletes. As recreational
athletes may differ in training regimes, changes in
BRS were also evaluated relative to training char-
acteristics. Second, our objective was to compare the
baseline HRV, BPV and BRS measures among
recreational ultra-endurance athletes to that of
recreationally active controls not participating in
the ultra-endurance race to determine if recreational
ultra-endurance athletes achieve levels of autonomic
function beyond that of the recreationally active
general population. It was hypothesised that pro-
longed exercise would lead to reduced BRS with
corresponding alterations in HRV and BPV mea-
sures in recreational ultra-endurance athletes.

Materials and methods

Participants and procedure

A total of 25 (8 females, age = 44.6 ± 8.3 yrs)
recreational ultra-endurance athletes competing in
one of two simultaneous ultra-endurance trail
races with a common finish line, 15 participants
(7 females) in the 120 km race and 10 participants
(1 female) of the 195 km race, were evaluated pre-
and post-race. As the accepted definition of an ultra-

marathon is a minimum distance of 50 km, both
groups were pooled for our analysis. The races took
place in July in a mountainous terrain, including four
climb ascents (peak 2300 m and low 600 m). During
the race, ambient temperature ranged from a low of
6°C (42.8°F) to a high of 30°C (86°F). Race partici-
pants attended pre-race evaluations, completed an
ultra-endurance distance and were assessed immedi-
ately post-race. Excluded individuals did not complete
the ultra-endurance distance race or could not obtain
at least 180 s of clean continuous beat-by-beat blood
pressure data both pre- and post-race. An additional
25 (8 females, age = 44.9 ± 9.7 yrs) age-, sex- and body
mass index (BMI)-matched recreationally active con-
trols not participating in the ultra-endurance event or
undertaking endurance training were evaluated at
baseline only and assessed at the Cardiovascular
Physiology and Rehabilitation Laboratory.

The ultra-endurance competitors were initially
evaluated 1–4 days prior to the race and immediately
following race completion. All testing was conducted
in a dedicated research facility with controlled tem-
perature and humidity. Written informed consent was
obtained from each participant prior to the initial
evaluation. Ethical approval was obtained through
the Clinical Research Ethics Board at the University
of British Columbia. A questionnaire was used to
collect demographic information as well as training
and competition history. Height and body mass were
collected in addition to seated resting blood pressure
following 3 minutes of seated rest (BP-TRU, VSM
Medical, Vancouver, BC). Immediately following race
cessation, participants were met at the finish line.
Following 5 minutes of seated rest, seated blood
pressure and post-race body mass were measured.
Participants were then shuttled in a research vehicle to
the testing facility approximately 800maway (approxi-
mately 2 to 3 minutes’ drive) for the vascular assess-
ment. The initiation of post-race assessments typically
occurred 20–30 minutes from crossing the finish line.

Autonomic measures

Autonomic function was evaluated following 5 min-
utes of supine rest. At least 5 minutes of beat-by-beat
blood pressure data were collected using finger
photoplethysmography (Finapres, Ohmeda Inc,
Englewood, CO) with three lead ECG (I, II and
III) on Chart software (Version 5.5.6). During this
assessment, participants remained supine while
wearing industrial strength ear muffs. The entire
length of collected beat-by-beat blood pressure data
was analysed with a minimum of 180 s of continuous
cardiac cycles evaluated in the determination of
HRV, BPV and BRS (average 6 min 1.42 s ± 1
min 24.44 s). Off-line power spectral evaluations of
BRS, HRV and BPV, as well as spontaneous
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baroreflex activity were conducted by the same
investigator using Nevrokard BRS software (Version
6.1.0, Nevrokard Kiauta, d.o.o, Slovenia).

Heart rate and BPV analyses included both time
and frequency domain measures, according to speci-
fications by the Task Force of European Society of
Cardiology and theNorth American Society of Pacing
and Electrophysiology (Taskforce, 1996). Power
spectral analysis evaluated the harmonic components
of RR interval (RRI) and BPV using a Fast Fournier
transformation in the Hanning window. Low fre-
quency (LF) was defined as components 0.04–0.15
Hz, while high frequency (HF), synchronous with
respiration and reflecting respiratory modulation of
the sinoatrial node, was defined as components 0.15–
0.40Hz (Taskforce, 1996). Power densities of spectral
components were calculated in both absolute and
normalised units (n.u.), determined by dividing the
LF or HF by the total power, subtracting very LF
(<0.04Hz) andmultiplying by 100 (Taskforce, 1996).
Measures of mean normal-to-normal (NN) interval of
RRI, SBP andDBP, as well as SDNN and square root
of the mean squared successive differences (RMSSD)
between adjacent RRI and SBP were identified.

Spontaneous baroreflex activity was analysed
through the sequence method. Sequences were
considered a baroreflex action if there were at least
three consecutive cardiac beats of increased or
decreased systolic arterial pressure with a parallel
change in RRI exceeding a correlation coefficient of
0.85 (Iellamo et al., 2002). Each individual sequence
was evaluated using linear regression (Bertinieri
et al., 1988). A measure of the integrated BRS was
obtained by averaging the slopes of all sequences
evaluated, as well as examining up and down
direction slopes specifically (Bertinieri et al., 1988).
These results were interpreted to represent the
vagally mediated baroreceptor-cardiac responses
(Iellamo et al., 2002).

Statistical analysis

Statistical analyses were performed using Statistica
9.0 (StatsSoft, Tulsa, OK). Overall comparisons of
pre- and post-race cardiovascular variables were
conducted using Paired Samples T-tests. Repeated
Measures ANOVA analysis was used to evaluate the
change in BRS relative to subsets of participants,
based on training and participant correlates. The
relationship between discrete correlates and changes
in BRS was evaluated using ANCOVA analysis of
post-race BRS measures after adjusting for pre-race
BRS measure differences. Multiple regression ana-
lysis was used to compare the relationship between
continuous correlates and BRS changes. Differences
in characteristics and measures between recreational
ultra-endurance athletes and recreationally active

controls were evaluated using t-tests for independent
samples. The level of significance was set a priori at
P < 0.05.

Results

The ultra-endurance competition included a total of
21 participants (8 females) in the 125 km race and
37 participants in the 195 km race (11 females).
From the entrants, 31 participants were initially
recruited to participate in this investigation, includ-
ing 16 in the 120-km race and 15 in the 195-km
race. Four of these participants were lost to follow up
and a sufficient length of continuous beat-by-beat
blood pressure BRS data could not be obtained on
two participants. A final sample of 25 ultra-endur-
ance competitors were evaluated pre- and post-race
for changes in HRV, BPV and BRS, including 15
from the 120-km event and 10 from the 195-km
event. Participants were evaluated pre-race between
11 am and 7 pm with the 195-km participants
evaluated first. Post-race evaluations took place
over 22 hours, from 2 am to 12 am, as the first
120-km participants completed the race in less than
20 hours, while the last 195-km participants com-
pleted in just less than 42 hours.

Recreational ultra-endurance athlete race details,
ultra-endurance experience and tapering are out-
lined in Table I. These participants were generally
middle-aged, with normal BMI and blood pressures.
Participation in ultra-endurance events generally
spanned several years and an average of four events
per year.

Following the ultra-endurance race, significant
changes in HRV, BPV and BRS were observed
(Table II). Mean NN interval of HRV significantly
decreased as well as SDNN and RRI RMSSD.
Increases in LF HRV power and decreases in HF
HRV power, resulted in an increase in the ratio of
LF:HF. BPV changes were similar including an
overall decrease in diastolic blood pressure with
non-significant declines in systolic blood pressure
and increases in LF BPV. Decreases in both spectral
and sequence (up, down and overall) method BRS
were observed over the course of the race.

Some differences in HRV and BPV were observed
between ultra-endurance athletes and controls, as
outlined on Table II. For HRV mean NN interval
and SDNN at baseline were significantly greater
among ultra-endurance athletes compared to con-
trols. Recreational ultra-endurance athletes may also
have greater RMSSD (p = 0.06). However, LF and
HF powers and LF/HF of HRV were similar
between groups. Systolic SDNN of BPV was sig-
nificantly lower among controls relative to ultra-
endurance competitors. All other measures of
BPV were similar between the two groups.
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Ultra-endurance athletes and controls had similar
levels of baseline BRS.

Changes in spectral and sequence analysis BRS
with race correlates were also examined (Table III).
Decreases in spectral and sequence BRS were
observed from pre- to post-race for all correlates,
with most changes being statistically significant. The
changes in BRS were not found to vary with sex, as
outlined on Figure 1, where both sexes demon-
strated similar decreases in BRS post-race. Similarly,

participants who included hill or speed training in
their training regime also experienced similar
decreases in BRS to those who did not include hill
or speed training. Changes in BRS, through either
spectral or sequence method, were not found to be
related to select continuous correlates variables
including age, resting heart rate, change in heart
rate or body mass with race participation, training
volume, race pace or race time and ultra-endurance
experience.

Table I. Baseline characteristics of recreational ultra-endurance athletes (mean ± SD), n (%)

Characteristic Recreational ultra-endurance athletes (n = 25)

Age (year) 44.6 ± 8.2
Female n (%) 8 (32.0)
Height (cm) 172.5 ± 8.9
Body mass (kg) 70.5 ± 10.3
BMI (kg·m−2) 23.8 ± 2.1
Systolic blood pressure (mmHg) 121.6 ± 14.9
Diastolic blood pressure (mmHg) 78.5 ± 7.8
Heart rate (beats·min−1) 55.3 ± 9.4
Maximal aerobic fitness (mL·kg−1·min−1) 49.7 ± 7.8
Exercise/training frequency (days·week−1) 5.17 ± 1.09
Average race pace (km·h−1) 4.81 ± 0.89
Average race time (h) 30.6 ± 6.9
Ultra-experience (years) 4.5 ± 2.7
Ultra-experience (events) 18.6 ± 23.3
Tapering (days) 15.5 ± 10.8

Note: SD, standard deviation except for number of female participants.

Table II. Changes in body mass, HRV, BPV and BRS with ultra-endurance race participation, among recreational ultra-endurance athletes
and in comparison to recreationally active controls (mean ± SD)

Recreational ultra-endurance athletes

Pre-race Post-race P value†
Recreationally
active controls P value‡

Body mass (kg) 70.5 ± 10.3 68.9 ± 9.8 0.03
HRV
Mean NN (ms) 1086.8 ± 167.6 843.2 ± 135.1 <0.001 930.7 ± 11.9 <0.001
SDNN (ms) 46.2 ± 29.3 22.0 ± 22.5 <0.001 29.8 ± 24.9 0.04
RMSSD (ms) 62.1 ± 40.2 36.2 ± 41.5 0.01 42.1 ± 33.2 0.06
LF Power (n.u.) 50.3 ± 21.6 65.9 ± 20.4 0.01 53.3 ± 17.9 0.58
HF Power (n.u.) 45.0 ± 22.4 23.9 ± 13.1 0.0002 36.6 ± 15.5 0.13
LF/HF 1.70 ± 1.34 5.43 ± 7.80 0.02 2.05 ± 2.11 0.49
BPV
Systolic mean NN (mmHg) 124.5 ± 11.9 119.4 ± 16.7 0.2 122.5 ± 16.5 0.62
Diastolic mean NN (mmHg) 72.8 ± 9.4 67.1 ± 12.5 0.03 74.6 ± 11.6 0.56
Systolic SDNN (mmHg) 2.42 ± 1.16 2.85 ± 1.25 0.2 1.85 ± 0.55 0.03
Systolic RMSSD (mmHg) 3.23 ± 1.57 3.95 ± 1.89 0.16 2.74 ± 0.91 0.16
LF Power (n.u.) 66.3 ± 18.9 75.9 ± 12.3 0.04 70.3 ± 14.5 0.41
BRS
Spectral (ms·mmHg−1) 13.96 ± 10.83 5.93 ± 3.87 0.001 11.08 ± 5.60 0.24
Sequence (ms·mmHg−1) 21.43 ± 13.45 8.93 ± 6.01 <0.001 18.39 ± 10.78 0.4
Up sequence (ms·mmHg−1) 23.00 ± 17.70 9.07 ± 6.87 0.001 17.47 ± 13.45 0.28
Down sequence (ms·mmHg−1) 21.49 ± 11.60 9.69 ± 7.03 <0.001 17.09 ± 8.90 0.25

Notes: HF, high frequency; LF, low frequency; n.u., normalized units; SD, standard deviation.
†Pre-race vs. post-race; ‡Pre-race vs. recreationally active controls.
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Discussion

This investigation is unique in examining the auto-
nomic profile in recreational ultra-endurance ath-
letes participating in an ultra-endurance running
event. Recreational ultra-endurance athletes were
found to have decreased parasympathetic tone and
cardiovagal baroreflex sensitivity after ultra-mara-
thon competition with corresponding increases in
sympathovagal balance, indicating significantly
greater sympathetic modulation post-race than
that found among the general population. When
comparing our ultra-endurance participants to
recreationally active controls, our athlete group
demonstrated some indications of greater parasym-
pathetic balance in their autonomic profiles at
baseline.

Our recreational ultra-endurance athletes were
older, heavier and had greater BMI measures than
previous investigations examining participation in
elite world-class ultra-endurance races (Gratze et al.,
2005; Hoffman, 2008; Scott et al., 2009). Our
participants also demonstrated slower overall paces
compared to elite world-class ultra-endurance run-
ning athletes (Hoffman, 2008). However, our parti-
cipants were similar to recreational ultra-endurance
athletes previously evaluated (Knechtle, Knechtle,
Rosemann, & Senn, 2011).

Baroreceptor sensitivity (BRS) was found to sig-
nificantly decrease after the ultra-endurance race, as
expected as vagal activity is found to progressively
withdraw during exercise (Arai et al., 1989). As
acute changes in vagal tone directly influence

sensitivity of the cardiovagal baroreflex (Ogoh,
Yoshiga, Secher, & Raven, 2006), the withdrawal of
vagal discharge during exercise would alter the
subsequent BRS values (Arai et al., 1989). The
increase in sympathovagal balance following race
participation reflects the shift to increased sympath-
etic modulation over the course of race participation,
as expected following exercise participation
(Taskforce, 1996). The lower absolute measure of
sympathovagal balance among recreational ultra-
endurance athletes at baseline reflects a level of
sympathovagal balance associated with lower cardiac
risks (Bernardi et al., 1992).

Decreases in BRS immediately following exercise
have been reported among endurance exercise
including: cycling (Heffernan, Collier, Kelly, Jae, &
Fernhall, 2007) and ironman triathlon participation
(Gratze et al., 2005). However, greater sympathetic
modulation has been linked to slower race perform-
ance, supporting our recreational ultra-endurance
athletes as recreational compared to elite world-class
athletes (Gratze, Mayer, Luft, & Skrabal, 2008).
Among marathon runners and world-class athletes,
improved BRS and autonomic measures are
observed with increased training to a point, where
high intensity training at 100% intensity resulted in
poorer autonomic profiles from both baseline and
75% intensity training levels (Iellamo et al., 2002;
Manzi et al., 2009). A similar trend among our
recreational ultra-endurance athletes may be the
result of greater training volume by these individuals
potentially counteracting the improved autonomic

Table III. The relationship of change in BRS with select correlate variables (mean ± SD)

Spectral analysis Sequence analysis

β or Pre-race SE or Post-race β or Pre-race SE or Post-race

Correlate β SE P value β SE P value

Continuous correlates
Age (years) −0.150 0.206 0.48 0.036 0.229 0.88
Pre resting heart rate (beats/min) 0.043 0.229 0.85 0.160 0.247 0.53
Change in heart rate (beats/min) −0.109 0.207 0.60 −0.164 0.226 0.48
Change in weight (kg) 0.330 0.197 0.11 0.325 0.217 0.15
Training volume (km/week) −0.051 0.213 0.81 −0.156 0.233 0.51
Average pace (km/h) −0.112 0.207 0.60 −0.117 0.228 0.61
Average race time (h) 0.123 0.207 0.60 −0.021 0.229 0.93
Ultra-endurance experience (years) 0.075 0.208 0.72 −0.011 0.229 0.96
Ultra-endurance experience (events) 0.044 0.208 0.83 0.062 0.229 0.79

Discrete correlates Pre-race Post-race Pre-race Post-race
Report speed training (n = 11) 13.96 ± 7.60 7.49 ± 4.49 0.03 23.39 ± 11.04 11.09 ± 7.37 0.01
No reported speed training (n = 14) 13.95 ± 13.11 4.71 ± 2.90 0.02 19.91 ± 15.31 6.95 ± 3.73 0.01
Difference in change between groups 0.08 0.10
Report hill training (n = 19) 14.58 ± 11.71 6.29 ± 3.99 0.01 21.67 ± 14.52 8.64 ± 4.66 0.001
No reported hill training (n = 5) 10.10 ± 7.19 3.84 ± 2.92 0.16 16.63 ± 5.28 5.49 ± 2.51 0.06
Difference in change between groups 0.25 0.28

Notes: SD, standard deviation; SE, standard error.
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profile normally obtained from training. Further, as
training at 100% intensity has been associated with
overall decreases in both HRV and BRS measures
relative to baseline (Iellamo et al., 2002), our
recreational ultra-endurance athletes may have
decreased autonomic function at our pre-race testing
time compared to other times of the year. However,
tapering prior to the race, as reported by the majority
of participants, may have mitigated these decreases
in autonomic function and BRS due to higher
training loads (Kardos et al., 2001). Both recre-
ational ultra-endurance athletes and recreationally
active controls were found to have generally healthy
measures of BRS (Kardos et al., 2001).

Following the race, recreational ultra-endurance
athletes experienced changes in HRV and BPV.
Parasympathetic indices, RMSSD and HF segment
of HRV, were found to decrease from pre- to post-
race. The corresponding sympathetic indicators, LF
segments of HRV and BPV, were found to increase

after the competition. These changes support a shift
from parasympathetic to more sympathetic control
of heart rate and blood pressure (Taskforce, 1996).
These reduced parasympathetic and increased sym-
pathetic indices have previously been reported with
elite world-class participation in a similar distance
160-km ultra-endurance race (Scott et al., 2009),
and among shorter distance mountain marathons
(Murrell et al., 2007). Post-race reductions in dia-
stolic blood pressure were observed, along with non-
significant decreases in systolic blood pressure. This
decrease occurred despite increases in sympathetic
modulation, as previously reported (Gratze et al.,
2005), and has been linked to locally mediated
vasodilation following strenuous exercise caused by
the increased metabolic demands of the skeletal
muscles (Clifford & Hellsten, 2004).

Changes in BRS pre- to post-race were not found
to be associated with age, sex, changes in heart rate
or body mass with race participation, overall training

Figure 1. Changes in spectral (A) and sequence (B) BRS with ultra-endurance race participation among male (black circle) and female
(white circle) recreational ultra-endurance athletes. *Indicates significant change from pre-race, p < 0.05.
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volume, ultra-endurance race experience, overall
race pace or overall race time. Our observed declines
in BRS are similar to those reported with over-
training (Baumert et al., 2006). These similarities
suggest our participants were physically fatigued
(Whyte et al., 2000). Further, the psychological
stress (Dishman et al., 2000) and acute sleep
deprivation (Zhong et al., 2005) required to endure
such an extreme distance event may have contrib-
uted to the declines in BRS we observed. The
greater absolute declines in HRV measures we
observed, compared to the changes observed in elite
world-class athletes (Scott et al., 2009) may also be
the result of increased race time, and thus greater
sleep deprivation (Zhong et al., 2005).

Our recreationally active controls demonstrated
healthy autonomic profiles (Aubert, Seps, & Beck-
ers, 2003). Considering we compared our recre-
ational ultra-endurance athletes to active controls,
this likely explains the smaller differences we
observed between groups, compared to previous
reports between sedentary controls and aerobically
trained athletes (Aubert et al., 2003). However,
some autonomic values measured among the recre-
ational ultra-endurance athletes, including HRV
mean NN and HRV and systolic BPV SDNN values,
may reflect their somewhat elevated training status,
relative to recreationally active controls. As HRV
measures, including LF, HF and LF:HF ratio, have
been shown to have prognostic value for future
cardiovascular events, it appears that participants
who train for and compete in ultra-endurance
competitions as a recreational athlete may experi-
ence a reduced risk of cardiovascular disease relative
to the general population (Lahiri, Kannankeril, &
Goldberger, 2008). Additionally, though changes in
autonomic modulation were observed post-race, the
post-race measures still fell within the normal range
for general populations (Kardos et al., 2001). These
findings support ultra-endurance race participation
as a safe competition for recreational ultra-endurance
athletes. Additionally, the similarity in sympathovagal
balance between recreational ultra-endurance athletes
and recreationally active controls suggests these recre-
ational ultra-endurance athletes may maintain a nor-
mal risk for atrial fibrillation (Coumel, 1994; Mont
et al., 2002). However, as long-term intensive endur-
ance training has been associated with cardiac
arrhythmogenic remodelling of cardiac fibrosis and
changes in ventricular function (Benito et al., 2011),
further research evaluating cardiac measures among
these athletes is required to better understand their
risk of cardiac arrhythmias.

This field-based research design evaluated partici-
pants at a semi-remote race location. Given the
varied physiological state of participants upon race
completion, we were unable to standardise the post-

race assessment time. No one was assessed less than
20 minutes post-race (the most volatile time period
in recovery), thus we do not expect the variation in
post-race assessments would have been a factor in
our results (Niemela et al., 2008; Terziotti, Schena,
Gulli, & Cevese, 2001). This ecologically valid
approach meant overcoming challenging race and
travel logistics precluding the measurement of recov-
ery of BRS post-race or any mid-race assessments. As
ultra-endurance events represent a large range of
distances, further investigations should evaluate the
effects of varying prolonged distances to better under-
stand the safety and impacts of these events. Periodic
measurement of BRS during the race along with
global positioning system mapping to determine pace
and distance throughout the race would also advise
the changes occurring with changes in pace and
increases in fatigue throughout the race duration.

Conclusion

Acute ultra-endurance race participation among
recreational ultra-endurance athletes was associated
with increased sympathovagal balance, similar to
previously reported elite world-class athletes. Parti-
cipation in ultra-endurance events by recreational
ultra-endurance athletes maintained autonomic
function measures within normal ranges, supporting
this participation as safe from an autonomic function
perspective.
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