
Vol.:(0123456789)1 3

European Journal of Applied Physiology (2019) 119:2001–2009 
https://doi.org/10.1007/s00421-019-04187-6

ORIGINAL ARTICLE

The effect of an ultra‑endurance running race on heart rate variability

Lewis A. Fazackerley1   · James W. Fell1   · Cecilia M. Kitic1 

Received: 22 November 2018 / Accepted: 8 July 2019 / Published online: 18 July 2019 
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract
Purpose  The aim of this study was to investigate the effect of an ultra-marathon on heart rate variability (HRV) and psycho-
metric indices in endurance runners. In addition, we aimed to determine the magnitude of change and subsequent recovery 
for 7 days following the race.
Methods  Recreationally trained runners (n = 13 (8M); age = 36.6 ± 7.6 years; height = 174 ± 9 cm; weight = 70.5 ± 9.3 kg) 
completed measures of HRV upon waking in the morning for 1 week prior to and 1 week following a 64-km running race. 
Profile of mood states, wellbeing, and muscular soreness were also measured throughout the study period to further con-
textualise recovery.
Results  An increase in heart rate accompanied by decreased LnSDNN, LnRMSSD, LnLF, LnHF, and LnLF/HF from baseline 
were observed 1 day post-race (p < 0.05). Indices of HRV had returned to baseline on day 2 of recovery. Perceptual fatigue 
and muscle soreness increased post-race (immediately following and on day 1 of recovery) (p < 0.05) and took until day 5 
of recovery to return to baseline.
Conclusion  The results indicate that cardiac autonomic control is significantly altered in response to a 64 km ultra-mara-
thon. Specifically, parasympathetic activity is suppressed. The change in autonomic control was relatively short-lived, and 
parasympathetic-related indices had returned to baseline 2 days after the event. Subjective measures of fatigue and wellbeing 
suggest that athletes were not completely recovered until day 5 post-event, with muscular soreness remaining prominent 
during this period. A combination of physiological and psychological parameters is important to contextualise recovery in 
ultra-endurance runners.
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Abbreviations
ANOVA	� Analysis of variance
ANS	� Autonomic nervous system
AU	� Arbitrary unit
HF	� High frequency
HRV	� Heart rate variability
LF	� Low frequency
Ln	� Natural logarithm

POMS	� Profile of mood states
RMSSD	� Root mean square of successive differences 

between R–R intervals
RPE	� Rating of perceived exertion
SDNN	� Standard deviation of the normal-to-normal 

sinus-initiated inter-beat intervals

Introduction

Over the past 2 decades, ultra-endurance events, defined as 
endurance performance exceeding 6 h (Zaryski and Smith 
2005), have become increasingly popular (Da Fonseca-
Engelhardt et al. 2013). The unique characteristics of ultra-
endurance events have enticed endurance enthusiasts to chal-
lenge themselves both physiologically and psychologically 
(Whyte 2014). Optimising training load for ultra-endurance 
athletes who compete in multiple events throughout the 
year requires a delicate balance between training stress and 
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recovery and as such monitoring tools that may reflect readi-
ness to train are of considerable value. One tool that may be 
utilised to reflect the functional state of physiological control 
systems, informing measures of training stress or fatigue, 
is heart rate variability (HRV). While changes in HRV fol-
lowing chronic training may not reflect cardiac autonomic 
alterations (Herzig et al. 2018), there is good evidence that 
short-term alterations in HRV reflect changes in the auto-
nomic nervous system (ANS) that provide valuable informa-
tion of acute training loads (Plews et al. 2013a, b). While 
fatigue responses and recovery kinetics in response to short- 
and medium-duration endurance exercise have been charac-
terised (Michael et al. 2017), the magnitude of disruption to 
homeostasis, in particular autonomic function, in response to 
ultra-endurance exercise requires greater description.

As vagal tone has been considered a novel index of stress 
vulnerability and reactivity, monitoring the parasympathetic 
nervous system provides a mechanism to assess exercise-
induced stress (Porges 1992). For a single aerobic exercise 
session at threshold intensity but less than 2 h, complete car-
diac autonomic recovery takes approximately 24–48 h (Stan-
ley et al. 2013). In the few studies that have monitored HRV 
during defined recovery periods following ultra-endurance 
exercise, findings have been heterogeneous with complete 
autonomic recovery occurring at 24 h (Bernardi et al. 1997), 
30 h (Mertová et al. 2017) and 72 h (Gratze et al. 2005) post-
event. A consideration in the interpretation of the findings 
of these ultra-endurance studies is that baseline data were 
measured either 24 h pre-race or the morning of the event. 
Pre-race anxiety and other exercise-related stressors related 
to associated travel and sleep disturbances may have likely 
reduced parasympathetic activity (Meerlo et al. 2008). Con-
sequently, the magnitude of cardiac parasympathetic sup-
pression following the ultra-endurance exercise may have 
been underestimated.

Literature suggests that during periods of high-training 
stress, subjective measures of exercise stress, fatigue, and 
muscle soreness increase (Meeusen et al. 2013). In combina-
tion with indices of cardiac autonomic function, psychomet-
ric measures and perceived muscle soreness and wellbeing 
may provide insight into the athlete’s ability to participate 
in training that day (Saw et al. 2016). Assessment of these 
measures of fatigue and recovery in response to an ultra-
endurance event may inform the optimal time to return to 
training and aid in the prescription of training intensity, to 
optimise physiological adaptation in athletes as they pre-
pare for their next event. With a view to better understand 
competition stress and recovery for ultra-endurance athletes, 
this study aimed to (1) investigate HRV and psychometric 
indices following a 64 km ultra-marathon, and (2) determine 
the temporal dynamics of recovery in HRV and psychomet-
ric indices over the 7 days post-race. It is hypothesised that 
cardiac autonomic function and psychometric indices would 

be altered from baseline following the race, with a reduction 
in parasympathetic activity, and an increase in mood distur-
bance, fatigue, and muscle soreness. It is also hypothesised 
that such indices will follow a similar time course to return 
to baseline within the week post-race.

Methodology

Participants

Thirteen ultra-endurance runners volunteered for 
this study (n = 13 (8 male); age = 36.6 ± 7.6  years; 
height = 174.7 ± 9.3 cm; weight = 70.5 ± 9.3 kg). Participants 
were recruited by social media with the following inclusion 
criteria: competing in the 2017 Bruny Island Ultra-Mara-
thon, had access to the required smartphone application and 
had previous ultra-endurance experience. Prior to participa-
tion in the study, all participants provided written informed 
consent. Ethics approval for this study was granted by the 
Human Research Ethics Committee of The University of 
Tasmania.

Study design

Physiological and psychological variables were measured 
in participants over 13 days between the 27th of Novem-
ber and the 9th of December 2017, a period inclusive of 
the Bruny Island Ultra-Marathon on the 2nd of December 
(day 6). The event required all participants to have at least 
one support crew and each runner was responsible for their 
food and water provisions. Participants in this study had 
previously competed in ultra-endurance events and had 
their own nutrition plan for the race, completing the race 
without illness or injury. Participants had staggered starting 
times between 0500 and 0730 h, and covered 64 km with 
1572 m of accumulative altitude change (836 m ascending 
and 736 m descending) (Suunto Spartan Ultra GPS watch, 
Suunto, Vantaa, Finland). Temperature ranged from 10.8 to 
13.0 °C with relative humidity ranging from 82 to 85%, with 
scattered rain showers throughout the day.

HRV data were recorded upon waking on days 1–5, and 
days 7–13. Heart rate measures were not recorded on the 
day of the event as literature suggests that HRV data may 
be affected by pre-race anxiety (Stanley et al. 2013). In 
addition, the early start time may have disturbed sleep, and 
could be a factor affecting HRV data (Meerlo et al. 2008). 
Perceived fatigue and wellbeing data were recorded on days 
1 through 13, with a profile of mood state (POMS) question-
naire completed in the evening of days 2, 4, 6, 8, and 11. 
Throughout the study period, participants completed a train-
ing diary in which they recorded the duration (minutes) and 
rating of perceived exertion (RPE) of each training session 
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completed. RPE was measured using a modified CR-10 scale 
(Foster et al. 2001). A single arbitrary unit (AU) represents 
training load, calculated by multiplying duration with RPE. 
Training load was not controlled during the period of this 
study. All runners tapered their training in the preparation 
period and resumed training with a gradual increase in train-
ing load, despite variance in absolute training load.

Heart rate variability measurement

Upon waking at home, participants attached a Polar H7 heart 
rate sensor (Polar Electro, Kempele, Finland), and recorded 
data for 5 min while lying in a supine position, using a 
smartphone application (Heart Rate Variability Logger; 
Marco Altini 2013). Currently, these conditions reflect the 
best practice for athletes in field settings (Buchheit 2014). 
The application recorded R–R interval length and was vali-
dated prior to the data collection period against the Polar 
RS800cx (Polar Electro, Kempele, Finland). Interclass cor-
relation coefficient was 0.999–1.000 for time-domain indices 
and 0.985–1.000 for frequency-domain indices. Following 
HRV recording, the data were uploaded from the smartphone 
application directly to a secure online Dropbox. Participants 
were asked to leave the chest strap within arm’s reach to 
minimise disturbances when applying the apparatus each 
morning. Breathing was not controlled during the recording. 
Conscious involvement in controlled breathing may result in 
HRV measures not being truly reflective of ANS activity and 
spontaneous breathing is, therefore, considered appropriate 
for resting measures (Sasaki and Maruyama 2014). Prior 
to the start date, all participants completed a familiarisa-
tion exercise to confirm data which were being recorded and 
uploaded correctly.

HRV data were analysed using Kubios HRV software 
(version 2.2, Biomedical Signal Analysis Group, Department 
of Applied Physics, University of Eastern Finland, Finland). 
The first and final 30 s of each recording were removed to 
minimise the impact of noise. Each data file were visually 
inspected for artefacts which were manually corrected by 
interpolation from surrounding R–R intervals. In the time-
domain, mean R–R intervals, standard deviation of the nor-
mal-to-normal sinus-initiated inter-beat intervals (SDNN), 
and the root mean square of successive differences between 
R-R intervals (RMSSD) were used as key indices. Literature 
suggests that they are the most accurate marker of parasym-
pathetic activity, specifically RMSSD, particularly under 
resting conditions (Buchheit 2014). Frequency-domain data 
were quantified with the Fast Fourier Transformed method. 
The power spectral density was measured by frequency 
bands in ms2 Hz−1 and the spectral power was expressed in 
ms2. For spectral analysis bands were 0.04–0.15 Hz for low 
frequency (LF) and 0.15–0.4 Hz for high frequency (HF). 
HF activity is considered representative of parasympathetic 

activity, whereas that of the LF band reflects both sympa-
thetic and parasympathetic control. Consequently, the LF/
HF ratio is an index of the sympatho-vagal balance (Bosquet 
et al. 2008).

Psychological measures

Immediately after heart rate variability measurement, a 
perceptual fatigue and wellbeing questionnaire was com-
pleted. The only exception to this was on day 6, where 
only subjective measures were taken upon waking. The 
fatigue and wellbeing questionnaire (McLean et al. 2010) 
assessed the participants’ perceived fatigue, sleep quality, 
stress levels, and mood on a five-point Likert scale ranging 
from one to five (e.g., for perceived fatigue: one = always 
tired, and five = very fresh). A total score out of 20 was then 
calculated. In addition, a 10 cm visual analogue scale was 
used to assess muscular soreness. The participants were 
to place a dash along a 10 cm line (left = no soreness and 
right = extremely sore) that was then converted to a score 
out of 10. An abbreviated POMS questionnaire (Grove and 
Prapavessis 1992) was completed that assessed 40 wellbeing 
variables on a scale between 0 (not at all) and 4 (extremely) 
to calculate total mood disturbance. Fatigue and vigour 
subcomponents of the POMS questionnaire were extracted, 
as they appear the most sensitive marker of training status 
(Meeusen et al. 2013).

Statistical analysis

Prior to analysis, a Shapiro–Wilk test was used to exam-
ine the distribution of each variable. When HRV data were 
skewed, data were transformed by taking the natural loga-
rithm (Ln), and once normal distribution was confirmed, 
parametric statistical comparison was performed. Con-
sequently, SDNN, RMSSD, LF, HF, and LF/HF were log 
transformed. Parametric variables were training load, rest-
ing heart rate, LnSDNN, LnRMSSD, LnLF, LnHF, LnLF/
HF, fatigue (POMS), and vigour (POMS). Non-parametric 
variables were mean R-R, fatigue, sleep, stress, mood, total 
wellbeing score, muscle soreness, and total mood distur-
bance (POMS). A post priori power analysis was performed 
for key outcomes variables of heart rate, mean R–R, and 
SDNN. Days 1–5 of baseline data collection (pre-race) are 
presented as days − 5 to − 1. Days 7–13 following the race 
are presented as day 1 to day 7. Baseline for HRV indices 
was calculated using the average of day − 4, day − 3, and 
day − 2. The first day of measuring was excluded as this 
was considered another familiarisation with the measuring 
and uploading process (Plews et al. 2013a, b). Subjective 
measures were averaged across the same period with the 
exception of POMS, where baseline was calculated using 
the average of day − 4 and day − 2.
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To assess the acute change in HRV and psychometric 
variables from baseline to post-race (day 1), a paired t 
test or Wilcoxon signed-rank test was used. Relationships 
between the magnitude of change (%) in R–R, LnSDNN, 
LnRMSSD. LnLF and LnHF from baseline to day 1 and 
race time were determined using a Pearson correlation. To 
assess recovery of variables during the post-race period 
(day 1–7), a one-way ANOVA or Friedman test was 
used with a Tukey’s or Dunn’s post hoc test. Magnitude-
based inferences were used to determine the magnitude 
of effect (Batterham and Hopkins 2006), which involved 
calculating 90% confidence intervals that defined a range 
representing the uncertainty in the true value. A three-
level scale of substantially positive, trivial, substantially 
negative was defined by the smallest worthwhile change. 
Chances that the true value were substantial were calcu-
lated by comparing the confidence interval to the three-
level scale. If the chance of substantially positive or sub-
stantially negative were both > 5%, the true value was 
deemed as unclear. Otherwise, the chances were labelled 
quantitatively as follows: 25–75%, possibly; 75–95%, 
likely; 95–99.5%, very likely; and > 99.5%, most likely 
(Hopkins et al. 2009). For each participant, intra-individ-
ual standard deviation (SD) was calculated for each HRV 
variable over days − 4, − 3, and − 2. The smallest worth-
while change for difference was set as the pooled SD 
calculated from all intra-individual SD (Buchheit 2014). 
Data are presented as mean ± SD for parametric variables, 
and median and 90% confidence interval (lower to upper 
range) for non-parametric variables. Statistical analyses 
were performed using GraphPad Prism 7 for Mac OS X 
(version 7.0d, GraphPad Software, Inc.) and significance 
was set at p < 0.05.

Results

Training load

Average training load (and number of athletes training each 
day) throughout the baseline period (days − 5 to − 1) was 
382 ± 525 AU (4), 297 ± 225 AU (8), 306 ± 155 AU (8), 
123 ± 73 AU (3), and 130 ± 45 AU (3), respectively. Partici-
pants completed the race in 6 h and 32 min (± 42 min) and 
reported an RPE of 8.4 ± 1.3 with a race load of 3293 ± 435 
AU. During the recovery period of days 1–7, average train-
ing load (and participating athletes) was 60 AU (1), 145 ± 77 
AU (2), 440 ± 228 AU (4), 289 ± 127 AU (7), 457 ± 388 AU 
(5), 165 ± 73 AU (6), and 441 ± 315 AU (9), respectively. 
During baseline and the recovery, period modes of exercise 
included walking, running and cycling.

Heart rate variability indices

Table 1 presents indices of heart rate variability during base-
line and the recovery period, and Fig. 1 presents the mag-
nitude of change in these values. In the time-domain, there 
was a very likely increase in resting heart rate from baseline 
to post-race (day 1) (p = 0.015). There was a significant main 
effect of day (baseline and recovery period) on resting heart 
rate (p = 0.013); however, no days were statistically signifi-
cantly different from one another. There was a very likely 
decrease in mean R–R interval from baseline to post-race 
(day 1) (p = 0.014) and a significant main effect of day (base-
line and recovery period) on R-R (p = 0.015), although there 
were no significant post hoc tests. A very likely decrease in 
LnSDNN was observed from baseline to post-race (day 1) 
(p = 0.007). There was a significant main effect of day (base-
line and the recovery period) on LnSDNN (p = 0.012), with 

Table 1   Heart rate and HRV indices from baseline and post-race recovery period (days 1–7)

All data except R–R are presented as mean ± standard deviation, where R–R is presented as median and 90% confidence interval (lower range to 
upper range)
*Indicates a significant change from baseline (p < 0.05)

Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

HR (bpm) 50.3 ± 5.9 54.9 ± 6.4* 51.3 ± 4.8 50.6 ± 4.6 51.5 ± 5.0 50.1 ± 4.5 50.8 ± 5.2 52.3 ± 5.1
R-R (ms) 1190.3 (1139–

1289)
1073.6 (1026–

1130)*
1156.6 (1099–

1279)
1192.1 (1119–

1257)
1171.7 (1138–

1216)
1233.8 (1143–

1266)
1231.7 (1119–

1249)
1153.7 (1081–

1269)*
LnSDNN 

(ms)
4.5 ± 0.3 4.2 ± 0.4* 4.5 ± 0.4 4.5 ± 0.3 4.5 ± 0.3 4.4 ± 0.3 4.4 ± 0.3 4.4 ± 0.2

LnRMSSD 
(ms)

4.2 ± 0.5 3.9 ± 0.5* 4.2 ± 0.6 4.3 ± 0.5 4.2 ± 0.6 4.2 ± 0.5 4.2 ± 0.5 4.1 ± 0.5*

LnLF (ms2) 7.6 ± 1.0 6.9 ± 1.1* 7.5 ± 1.3 7.3 ± 1.0 7.5 ± 1.0 7.7 ± 0.8 7.4 ± 0.9 7.3 ± 0.7
LnHF (ms2) 7.1 ± 1.0 6.4 ± 1.0* 6.9 ± 1.0 7.1 ± 0.9 7.1 ± 0.9 7.1 ± 1.2 7.3 ± 1.0 6.9 ± 1.2*
LnLF/HF 

(ms2)
0.6 ± 0.8 0.4 ± 1.1 0.6 ± 0.8 0.2 ± 0.8 0.4 ± 0.6 0.4 ± 1.2 − 0.2 ± 1.2* 0.3 ± 1.1
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Fig. 1   Changes in resting heart rate and heart rate variability indices 
from baseline during the recovery period (days 1–7). Δ = difference 
between actual value and the baseline average. Shaded area denotes 
trivial changes and was based on the smallest worthwhile change. A 

three-level scale of substantially positive, trivial, substantially nega-
tive was defined by the smallest worthwhile change. ↑ = substantial 
increase, ↓ = substantial decrease. Values are presented as mean and 
90% confidence interval
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post hoc testing revealing a significant increase from day 1 
to day 2 (p = 0.009). Finally, there was a likely decrease in 
LnRMSSD from baseline to post-race (day 1) (p = 0.006). 
There was a significant main effect of day (baseline and 
the recovery period) on LnRMSSD (p = 0.002), with post 
hoc testing revealing significant increases from day 1 
to day 3 (p = 0.001), day 1 to day 5 (p = 0.022), and day 
1–6 (p = 0.007). For the outcome variables of heart rate, 
mean R–R and LnSDNN power were 0.42, 0.48, and 0.49, 
respectively.

In the frequency domain, there was a likely decrease in 
LnLF from baseline to post-race (day 1) (p = 0.027) (Table 1 
and Fig. 1) but no main effect of day (baseline and the recov-
ery period) (p = 0.127). LnHF decreased (very likely) from 
baseline to post-race (day 1) (p = 0.011), with a signifi-
cant main effect of day (baseline and the recovery period) 
(p = 0.025). Post hoc testing revealed significant increases 
from day 1 to day 2 (p = 0.041), day 1 to day 3 (p = 0.003), 
and day 1 to day 6 (p = 0.034). Together, there was a pos-
sible decrease in LnLF/HF from baseline to post-race (day 
1) (p = 0.028); however, there was no main effect of day 
(baseline and the recovery period) on LnLF/HF (p = 0.093).

Race time was significantly negatively correlated with 
the percentage change from baseline to day 1 of LnSDNN 
(r = − 0.68, p = 0.01), while there were moderate, non-sig-
nificant correlations between race time and the change in 
LnRMSSD (r = − 0.51, p = 0.075) and LnHF (r = − 0.55, 

p = 0.052). Only weak relationships were observed between 
the change in R–R and LnLF with race time (both r < − 0.29, 
p > 0.34).

There was no significant correlation between race time 
and change in LnSDNN from baseline to day 2–7 (r = − 0.38 
to 0.09, p > 0.20) or LnRMSSD on days 2–5 and day 7 
(r = − 0.46 to 0.49, p > 0.088). There was a moderate posi-
tive correlation on day 6, although this was not significant 
(r = 0.54, p = 0.057).

Muscle soreness

There was a significant increase in muscle soreness from 
baseline to post-race (day 1) (p = 0.0002) (Table 2). There 
was a significant main effect of day (baseline and recovery 
period) on muscle soreness (p < 0.0001), with post hoc test-
ing revealing a significant increase in muscle soreness from 
baseline to day 1 (p < 0.0001), baseline to day 2 (p = 0.002), 
and baseline to day 3 (p = 0.036).

Profile of mood states

There was no change from baseline to post-race in total 
mood disturbance (p = 0.123) and components of vigour 
(p = 0.199); however, there was a significant increase in 
fatigue components (p = 0.031) (Table 3). There was no 
main effect of day (baseline and recovery) on total mood 

Table 2   Subjective measures of fatigue and wellbeing from baseline and post-race recovery period (days 1–7)

Data are presented as median and 90% confidence interval (lower range to upper range)
*Indicates a significant difference from baseline (p < 0.05)

Baseline Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Fatigue 3.0 (2.3–3.3) 2.0 (2.0–3.0) 3.0 (2.0–4.0) 3.0 (2.5–3.5) 3.0 (2.0–4.0) 3.0 (3.0–4.0) 3.0 (3.0–4.0) 3.0 (3.0–4.0)
Sleep 3.7 (3.0–4.0) 4.0 (2.0–4.0) 4.0 (4.0–4.0) 4.0 (3.0–4.0) 4.0 (4.0–4.0) 4.0 (4.0–4.0) 4.0 (4.0–4.0) 4.0 (3.0–4.0)
Stress 3.7 (2.7–4.0) 4.0 (4.0–4.0) 4.0 (3.0–4.0) 4.0 (3.20–4.0) 4.0 (3.0–4.0) 4.0 (3.0–4.0) 3.0 (3.0–4.0) 4.0 (3.0–4.0)
Mood 4.0 (3.7–4.0) 4.0 (4.0–5.0) 4.0 (4.0–4.0) 4.0 (4.0–4.0) 4.0 (4.0–4.0) 4.0 (4.0–4.0) 4.0 (4.0–4.0) 4.0 (3.0–4.0)
Total score 13.0 (12.0–

15.3)
14.0 (13.0–
15.0)

14.0 (13.0–
16.0)

14.0 (12.0–
16.0)

14.0 (13.0–
16.0)

15.0 (13.0–
16.0)

15.0 (13.0–
16.0)

15.0 
(12.0–16.0)

Muscle sore-
ness

1.4 (0.8–1.5) 7.3 (7.2–8.2)* 6.0 (4.4–6.3)* 4.9 (2.7–6.5)* 3.4 (2.6–4.4)* 1.8 (1.1–4.1) 1.7 (0.3–2.7) 1.0 (0.4–2.5)

Table 3   Profile of mood 
states total mood disturbance 
and components of fatigue 
and vigour from baseline to 
immediately after the event, and 
days 2 and 5 of recovery

Data are presented as mean (± standard deviation) for individual components fatigue and vigour. For the 
total mood disturbance, data are presented as median and 90% confidence interval (lower range to upper 
range)
*Indicates a significant difference from baseline (p < 0.05)

Baseline Post-event Day 2 Day 5

Total mood 
disturbance

− 3.5 (− 10.0 to 4.0) − 10.0 (− 11.0 to 
− 7.0)

− 11.0 (− 15.0 to 
− 4.0)

− 6.0 (− 12.0 to 0)

Fatigue 6.4 ± 3.9 9.7 ± 5.1* 8.5 ± 4.4* 6.4 ± 4.2
Vigour 7.2 ± 2.0 6.0 ± 3.2 5.5 ± 2.0 5.5 ± 1.9
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disturbance (p = 0.313) or vigour (p = 0.1038). There was 
a main effect of day (baseline and recovery) on fatigue 
(p = 0.047); however, post hoc testing revealed no days were 
statistically significantly different from one another.

Fatigue and wellbeing

There was no change from baseline to post-race (day 1) in 
fatigue (p = 0.2271), sleep (p > 0.999), stress (p = 0.0625), 
mood (p = 0.234), or total score (p = 0.3301) (Table 2). There 
was no significant main effect of day (baseline and recovery 
period) on fatigue (p = 0.0703) and stress (p = 0.2651). There 
was a significant main effect of day (baseline and recovery 
period) on sleep (p = 0.0162), mood (p = 0.004) and total 
score (p = 0.0253); however, post hoc testing revealed that 
no days were statistically significantly different from one 
another.

Discussion

This study aimed to contribute to the understanding of car-
diac autonomic adjustments and changes in psychometric 
indices following an ultra-endurance running event. As 
hypothesised, the race was associated with a significant 
reduction in parasympathetic activity accompanied by sig-
nificant increases in fatigue and muscle soreness. While 
cardiac autonomic function was disturbed, this returned 
to baseline values within 2 days following the race, with 
a longer time course for recovery identified for fatigue and 
muscular soreness which took until 5 days post-race to return 
to baseline. The temporal dynamics of recovery oppose our 
hypothesis, where our findings support contextualising 
cardiac autonomic recovery following an ultra-endurance 
event with perceptual measures to determine optimal train-
ing stress-recovery balance.

Disturbances in autonomic function were evident approx-
imately 20 h following the 64 km run with resting heart 
rate significantly increased from baseline and reductions 
in vagally mediated indices of HRV. Reductions in STD-
RR have been reported immediately following a competi-
tive 46 km high-altitude trail run (Bernardi et al. 1997) 
(44.3 ± 4.7 to 19.0 ± 3.6 ms; p < 0.001) in a similar endur-
ance trained population (13 male and 4 female), with val-
ues returning to baseline within 24 h post-race. However, 
as baseline values were taken in a laboratory the evening 
(14:00–19:00) prior to the altitude run (Bernardi et  al. 
1997), it is possible that the true magnitude of suppression 
may have been underestimated. Research in competitive 
swimmers has shown STD-RR is significantly supressed 
in athletes presenting high competition associated anxiety 
(57.9 ± 25.2 ms) when compared to athletes with low com-
petition anxiety (66.1 ± 22.3 ms) (p < 0.01; effect size = 0.6) 

(Fortes et al. 2017). HRV measures taken close (within 24 h) 
to the start of a competitive event may be influenced by anxi-
ety or other pre-race stressors (including travel and sleep 
disturbances) which would affect baseline parasympathetic 
activity (Stanley et al. 2013). Ideally, standardised timing 
of measures should be employed to reduce the influence of 
diurnal fluctuations in HRV (Kim et al. 2014). Mertová et al. 
(2017) which have reported post-race vagal activity to be 
recovered 30 h (21:00–22:00) following a high-altitude mar-
athon of similar duration to the present study (338 min vs 
392 min, respectively); however, measures were compared 
to a baseline measure taken 06:00–08:00 the morning of 
the race. In the present study, we implemented consistency 
in the timing of HRV measures (upon waking each morn-
ing), and as such, HRV was monitored in 24 h intervals. The 
exercise stress elevated resting heart rate and impacted time-
domain indices of HRV, suggesting that cardiac autonomic 
balance was not restored 1 day following the race.

The 64 km ultra-marathon competitors in the present 
study also experienced a reduction in HRV frequency-
domain indices of low- and high-frequency power that led 
to a possible decrease in LnLF/HF ratio. Limited research 
has monitored the response of high-frequency HRV indices 
during defined recovery periods following ultra-endurance 
competition. Immediately following a 46 km high-altitude 
trail run (Bernardi et al. 1997) and a high-altitude mara-
thon (Mertová et al. 2017), reductions in LF and HF power 
were observed, conversely, there was an increase in LF/HF 
ratio. Frequency-domain measures had returned to baseline 
24 h post-race following the 46 km high-altitude trail run 
(Bernardi et al. 1997), and 30 h following the high-alti-
tude marathon (Mertová et al. 2017). The inconsistencies 
between post-race HRV timings may explain the disagree-
ment in recovery kinetics between the studies. It is interest-
ing to note the opposing directions of LF/HF ratio between 
the studies. However, care must be taken when interpret-
ing these results as the LF component of the ANS reflect 
some unknown interactions between both sympathetic and 
parasympathetic components (Billman 2006), and the use 
of LF/HF as a measure of sympatho-vagal balance is based 
on four interrelated assumptions (Billman 2013). However, 
the response of time- and frequency-domain indices in our 
study suggest that the post-event increase in resting heart 
rate on day 1 of recovery was associated with continued 
withdrawal of vagal activity and a possible attenuation of 
sympathetic modulation. The results establish that cardiac 
autonomic function is significantly altered in response to a 
64 km ultra-marathon in endurance trained athletes.

By day 2 of recovery from the 64 km race, changes in 
time-domain indices from baseline were trivial. A slight 
increase in resting heart rate and a reduction in mean R–R 
were observed; however, these changes were not significant. 
Given these findings, it appears that parasympathetic-related 
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indices of HRV recovered between day 1 and day 2 follow-
ing completion of the event. However, the frequency-domain 
indices of LnLF and LnLF/HF ratio remained unstable 
during the recovery period. Of note, the LnLF/HF ratio 
increased on day 6 of recovery and may be attributable to 
the large increase in training load from day 4 (289 ± 127 AU) 
to day 5 (457 ± 388 AU). The fluctuations suggest that the 
sympatho-vagal balance may have been sensitive to pertur-
bation from baseline during the defined recovery period, and 
despite HRV indices returning to baseline on day 2 of recov-
ery, these results suggest athletes may have been vulnerable 
to greater training-induced cardiac autonomic imbalances, 
potentially influenced by only partial perceptual recovery 
and persisting muscle soreness.

There is evidence that the magnitude of reduction in HRV 
post-race is associated with training status, and indeed, our 
findings of the acute post-race HRV response lend support 
to this as runners with longer race times experienced the 
greatest reductions in LnSDNN and LnRMSSD. In older 
(> 45 years) first-time long-distance runners completing a 
30 km run, SDNN measured continuously for 4 days follow-
ing the race was reduced from baseline (obtained from 48 
to 24 h prior to the race) for 64 h post-race (Aagaard et al. 
2014). A greater magnitude of disturbance in autonomic 
function was associated with higher levels of cardiac damage 
marker troponin, with less fit runners experiencing greater 
post-race decreases in HRV (Aagaard et al. 2014). An impact 
of training status on the time course of HRV recovery is 
also supported by Hautala et al. (2001) report of more rapid 
recovery of altered autonomic function following a 75 km 
cross country skiing race in those with higher VO2max com-
pared to those of lower aerobic fitness. The magnitude of 
HRV response of an individual to an ultra-endurance race 
may provide a valuable benchmark for determining exercise-
induced perturbations and to inform subsequent training load 
in the days following.

Literature is scarce on the response of subjective meas-
ures of fatigue and wellbeing following an ultra-endurance 
event, so these were included in our study to further con-
textualise recovery status (Bellenger et al. 2016). A small 
decrease in fatigue determined from the fatigue and well-
being questionnaire was observed on day 1 of recovery, 
which was balanced by small improvements in sleep and 
stress components to maintain a relatively stable total score 
(Table 3). The more comprehensive POMS questionnaire 
appeared sensitive to change in athlete’s wellbeing. Litera-
ture suggests that during periods of high-training stress, sub-
jective measures of exercise stress, fatigue, and muscle sore-
ness increase (Meeusen et al. 2013). For 1–4 days post-race, 
muscle soreness was elevated from baseline, with similar 
post-exercise values to those reported by male and female 
triathletes competing in an Ironman World Championship 
(Stearns et al. 2018). Despite HRV returning to baseline on 

day 2 of recovery, it is evident that subjective measures of 
fatigue and wellbeing took considerably longer to return to 
baseline levels than HRV indices. Future research may ben-
efit from investigating a multifactorial model, consisting of 
HRV and perceptual measures of fatigue and muscle sore-
ness, to enhance the transition from ultra-endurance compe-
tition to training. In addition, other physiological parameters, 
such as neuromuscular and hormonal measures, may also 
help to contextualise recovery status of athletes.

Whilst the methodology of this study reflects the cur-
rent recommendations of monitoring HRV in field settings 
(Buchheit 2014), there are inherent limitations including 
disturbances which may have included unpredicted noises, 
quality and quantity of sleep (Hynynen et al. 2006), psycho-
logical stress (Lehmann et al. 1992), and temperature (Bos-
quet et al. 2008). However, post-race changes in HRV were 
greater than baseline variability indicative of a true change. 
It is worth noting that the restoration of blood plasma via 
hydration following the event may have played a key role in 
parasympathetic recovery. Reductions in blood plasma stim-
ulate the arterial-baroreflex and Bainbridge reflex, result-
ing in decreased parasympathetic activity (Buchheit et al. 
2009), and subsequently, blood volume expansion is likely to 
inhibit response of baroreceptor reflex activation (Buchheit 
et al. 2009). Monitoring body mass changes and post-event 
hydration would be a valuable addition to future studies to 
contextualise the recovery dynamics of HRV.

Conclusion

In conclusion, the findings of this study suggest that cardiac 
autonomic control is significantly altered in response to a 
64 km ultra-marathon. However, the change in autonomic 
control was relatively short-lived, and returned to baseline 
2 days following the race, suggesting parasympathetic activ-
ity completely recovers between 20 and 44 h following ultra-
endurance exercise of this nature. Whilst autonomic function 
is recovered within 2 days following a 64-km run, subjec-
tive measures of fatigue and wellbeing suggest that athletes 
were not completely recovered until day 5 post-event, with 
muscular soreness remaining prominent during this period. 
Future research may benefit from investigating a multifacto-
rial model, consisting of HRV and perceptual measures of 
fatigue and muscle soreness, to enhance the transition from 
ultra-endurance competition to training. In addition, other 
physiological parameters, such as neuromuscular and hor-
monal measures, may also help to contextualise the recov-
ery status of athletes. This may allow informed decisions 
regarding the optimal time to return to training, and aid in 
intensity and volume prescription to optimise physiological 
adaptations in athletes as they prepare for their next event.
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