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Abstract

Purpose The interaction between sleep and recovery is a fundamental issue for ultra-marathoners, especially after an ultra-
trail, but literatures on this matter remains are scarce. The main objectives were (1) to describe sleep parameters during the
nights following an ultra-endurance event in amateur trail runners, (2) to evaluate the recovery kinetics, and (3) to assess the
relationship between sleep parameters and recovery.

Methods Nineteen race finishers were tested daily, from 10 days before to 10 days after the Ultra-Trail du Mont-Blanc®
(UTMB®). Hooper Index (HI) was used to assess recovery and sleep parameters (total sleep time, TST and wake after sleep
onset, WASO) were monitored using a wrist-worn actigraph.

Results HI was higher than baseline until day 5 after the race (P <0.05) and younger athletes had a lower HI than older ones
during the recovery period (P <0.001). TST was not modified by the race, but there was a WASO peak on the second night
after. Positive correlations were found between WASO and muscle soreness (P < 0.001) and between TST and HI (P <0.05).
Conclusions In conclusion, participants needed 6 days for recovery after UTMB® and younger runners seemed to recover
faster than older ones. Post-race sleep quantity did not increase, but the second night was more fragmented, most likely
due to muscle soreness. Correlations between sleep and recovery parameters highlighted the key role of sleep for recovery.

Keywords Ultra endurance - Sleep deprivation - Hooper Index - Exercise

Introduction Trail du Mont-Blanc® (UTMB®, 170 km, 10,000 m eleva-

tion, time limit 46 h 30 min) is considered to be one of the

Ultramarathons have been growing more and more popular
among runners for the past 10 years. The term ultramarathon
refers to a running race longer than 42.195 km, on any type
of ground surface [26]. More precisely, the International
Trail Running Association defines ultra-trail running as a
pedestrian competition held in a natural environment, longer
than 80 km; nevertheless, the 100-mile-long races are the
most coveted events, with or without elevation. The Ultra
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world hardest mountain ultra-marathons (MUM).

The physiological effects of running are well documented
for distance below 42 km [7, 12], but remain to be fully
explored in MUM, due to the logistical issues involved in
monitoring runners in remote ecological conditions. However,
recent studies have significantly increased the knowledge about
the impact of these ultra-endurance races on sleep deprivation
[15, 16, 23], muscular and cardiorespiratory adaptations [24,
29] and physiological/psychological recovery [20, 21] in ama-
teur and elite athletes. As recovery may be defined as an intra-
and inter-individual multilevel (e.g., psychological, physio-
logical and social) process for the restoration of performance
abilities [18], a few papers highlighted 5-14 days as being
necessary for recovery after an ultra-marathon, depending on
the biological and physiological considered markers. Indeed,
a 5-day rest is necessary for returning to basal subjective val-
ues of fatigue and muscle soreness after a 100-miles MUM
(elevation 5500 m) [13]. After UTMB®, 9 days were needed
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for participants to recover maximum voluntary strength and to
return to basal values of muscle integrity and inflammation; in
the same manner, myoglobin concentration increased during
race returned to normal values 5 days after [20, 21]. After a
similar 24-h event, trail runners required 2 weeks post-race to
return levels of perceived stress and recovery levels back to ini-
tial values [22]. Finally, heart rate variability, another marker
for fatigue status, also remained lower for 2 weeks after the
event, with a predominance of sympathetic activity [20, 21].

Hence, these studies show that, after a MUM, a long
period of recovery is needed for a wide range of physiologi-
cal and psychological functions to return to pre-race lev-
els. In ultra-trail, participants must recover from a grueling
physical effort, but also from a significant sleep deprivation.
Unlike team sports in which players play a series of matches,
quick physical recovery for an ultra-amateur trailer may not
be the priority. However, a quick recovery of cognitive func-
tions seems necessary for safety and health, for example to
avoid road accidents, domestic or professional issues. In this
matter, it takes several days and nights of recovery to get
basal cognitive abilities back after sleep deprivation [3, 27].
However, to our knowledge, no study has described sleep
parameters during this post-race period and its potential sub-
sequent interactions with the recovery process. Two mecha-
nisms might come into play. On one hand, the physiological
strain of such a long race may have a negative impact on
sleep quantity and quality during the nights post-race and an
acute intensive period of exercise may produce concomitant
fatigue and muscle soreness, inducing sleep disorders during
recovery [17]. On the other hand, it is well established that
a “sleep rebound” follows a period of sleep deprivation [1,
2], that is, an increase in sleep quantity during the nights fol-
lowing sleep deprivation. Considering the key role of sleep
on sport recovery [10], a rise or a decrease in sleep quantity
after an ultra-trail may influence recovery kinetics.

Hence, in this study, the main objectives were (1) to
describe sleep parameters during the nights following an
ultra-endurance event in amateur trail runners, (2) to evalu-
ate the recovery kinetics and (3) to assess the relationship
between sleep parameters and recovery. The hypotheses
were, in amateur athletes, sleep quantity would be aug-
mented (“sleep rebound”) after a 170 km MUM (eleva-
tion 10,000 m) and sleep would have an effect on recovery
kinetics.

Methods
Experimental Design
This study took place during the 2019 UTMB®. The start

was at 6:00 PM on August 30th in Chamonix, France and
included cutoff time limits at 16 check points around the
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course (for nutrition and rest). Runners had 46.5 h to com-
plete the race. Sleep monitoring started 10 days before the
race using actigraph.

The study was approved by the UTMB® medical com-
mittee and by local ethics committee (n0o°2018220323)
and all participants gave written informed consent in
accordance with the Declaration of Helsinki [30].

Participants

Forty-four healthy male participants (age 43.1 + 6.2 years
old), all of whom had qualified for this event according
to UTMB® regulations [28], volunteered for this study.
Inclusion criteria for participant included being resident or
domiciled around the Greenwich Meridian, +2 h and not
taking medication which could impact sleep and cognitive
function.

Of the 44 trail runners, 29 completed the race within
the time limit and 19 were selected for further data anal-
yses (age 44.2 +7.0 years old, height 176 +6 cm, weight
78 +6 kg, fat mass percentage 13% +2%, body mass index
25.2+3.2 kg/m), as data were missing or lost for the ten
remaining runners. These 19 athletes finished the race in
43.2+1.8 h, with age group categories as follows: age
23-39 years: senior (S) (n=6), age 40-49 years: veteran
1 (V1) (n=38) and age 50-59 years: veteran 2 (V2) (n=35).

Sleep Parameters (Quality and Quantity)

Participants were asked to wear, for 3 weeks (10 days pre-
race, 10 days post-race and during race itself), a tri-axel
accelerometer (WGT3X-BT, Actigraph, Pensacola, Florida)
on the wrist of their non-dominant hand, to continuously
monitor the sleep—wake cycle. The data were retrieved and
analysed with Actilife 6.0 software, using Cole—Kripke algo-
rithm [5]: total sleep time, as the duration from sleep onset
to wake-up time (TST, min), wake after sleep onset, as the
duration of awake time between bedtime and wake-up time
(WASO, min), number of awaking as the number of awaken-
ings longer than one minute (NOA) and sleep fragmentation
index as the percentage of time spent moving during sleep,
which is an indicator of night-time restlessness (SFI, %).
Participants were also asked to complete a daily sleep—wake
log, in which they would report wake-up time, bedtime, nap
time and period when they did not wear the captor (shower,
safety issue).

During the race, at seven check points (29 km, 49 km,
77 km, 101 km, 131 km, 160 km and finish line), partici-
pants were asked if they had slept at any point between the
start line and the checkpoint, where the nap occurred and
how long it was.
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Physical and Psychological State: Hooper Index

Hooper index (HI) is a self-reported rating of well-being
and provides an efficient assessment of monitoring recovery
[14].

Participants were asked to complete the HI twice before
race day (7 and 1 day before) and every day after the race,
for 10 days, between 6:00 and 8:00 PM. It is the sum of four
subtest indexes about sleep quality, stress amount, fatigue
and muscle soreness. Each subtest consists of a scale from
1 (“very, very low” or “good”) to 7 (“very, very high” or
“bad”). The Hooper Index score ranges from 4 to 28, 4 refer-
ring to optimal well being.

Statistical Analysis

Basal values of TST, WASO and HI were defined as their
respective pre-race values.

Normality and variance homogeneity of data were veri-
fied by Shapiro—Wilk and a Levene tests, respectively.

Multiple analyses of variance (ANOVA) and post hoc
tests were then conducted to evaluate the effect of race on
TST, WASO, HI and HI subitems (pre-race vs. post-race)
and also to evaluate the evolution of each dependant variable
during post-race period.

Additional ANOVAs were performed to evaluate the
effect of age on each dependent variable. Finally, Pearson’s
correlation analyses were performed to establish potential
relationship between HI (and its subtests coefficients), sleep
parameters pre-, per- and post-race (TST, WASO) and race
performance.

The effect size was assessed for age group tests via #” for
ANOVA and Cohen’s d for 7 test. Statistical analyses were
performed using R Studio 1.3.1093 (RStudio, Inc., Boston,
USA), and statistical significance was set at P <0.05.

Results

Race values (mean + SD) of sleep and race performance by
age group are presented in Table 1.

There was no effect of age group on race time and no
effect of sleep quantity during race on race time.

Hooper Index (Figs. 1 and 2)

Post-race HI values were higher than pre-race (P <0.001),
until day 5 (P <0.05) (Fig. 1A).

More precisely, the post-race values of fatigue subitem
was higher until day 6 (P <0.001) and soreness until day 4
(P<0.001) than pre-race values (Fig. 1B).

There was an age effect on total HI score (P <0.001;
#*=0.076) and on each subitem during post-race HI (sleep,

Table 1 Sleep duration during race and overall race time (mean =+ SD,
minimal and maximal values between brackets) by age group (senior
S, veteran V1, veteran V2)

Age group Sleep duration Race time
(min) (h)

S 46.9+27.3 41.0+4.01
[0;85] [33.6;44.8]

\%! 26.9+20.9 44.0+1.37
[0;60] [41.4;45.4]

V2 26.7+46.2 42.9+1.88
[0;80] [40.8;44.2]

P<0.05, 772 =0.037; stress, P <0.001, 172 =0.114; fatigue,
P<0.05, 172 =0.055; soreness, P <0.001, 172 =0.129). Sen-
ior group had a lower HI than V1 group at days 3 and 4
(P<0.05, d=0.67 and d=0.55, respectively) and than the
V2 group at days 6 and 7 (P <0.05, d=0.82 and d=0.73,
respectively) (Fig. 2). Soreness scores in the senior group
were lower than V1 group for day 2 (P=0.017, d=0.55),
day 3 (P=0.026, d=0.67) and day 4 (P=0.049, d=0.84).
This subitem score was also lower for the senior group as
compared to V2 group from day 3 (P=0.048, d=0.67) to
day 10 (P=0.004, d=0.53).
No difference was found between V1 and V2 groups.

Sleep Parameters (Fig. 3)

There was no race effect on sleep parameters (TST, WASO,
NOA and SFI).

During post-race analysis, there was a day effect on
WASO (P <0.01). More precisely, WASO on night 2 was
higher than on night 8 (P <0.05), night 9 (P <0.05) and
night 10 (P <0.001) (Fig. 3).

Positive correlations were found between WASO and
muscle soreness (r=0.324, P<0.001) and between WASO
and HI (r=0.195, P <0.05). There were also negative cor-
relations between TST and sleep (r=— 0.240, P <0.001),
between TST and stress (r=— 0.190, P <0.05) and between
TST and HI (r=— 0.1935, P <0.05).

Discussion

Firstly, as expected, sleep deprivation during UTMB® was
significant, as previously observed [16, 23]. Secondly,
the combination of sleep deprivation and the long and
strenuous demand of a MUM produced a heavy physi-
cal and psychological impact for several days after the
race, illustrated by the duration of recovery. Hence, the
evolution of post-race Hooper Index highlighted a long
subjective recovery (Fig. 1A) in which muscle soreness
and fatigue played a key role. However, our data did not
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Fig.1 A (left). Values (mean=+SD) of daily Hooper Index after the
race, for 10 days. B (right). Values of daily Hooper Index subitems
after the race, for 10 days (sleep, black circles; fatigue, black trian-

Fig.2 Values of daily Hooper
Index after the race, for 10 days, 20 1
by age group (Senior, S, black

circles; Veteran 1, V1, black

triangles; Veteran 2, V2, black

squares). SD bars were removed

for a better clarity. *P <0.05 15
(vs. V1 group at the same day).
$P <0.05 (vs. V2 group at the
same day)

RACE - UTMB

Hooper ndex

Days

gles; soreness, black squares; stress, black rhombus). SD bars were
removed for a better clarity. *P <0.05 (vs. pre-race)

show the usual sleep rebound consistent with such a long
sleep deprivation (Fig. 3) and indicated a positive cor-
relation between WASO and muscle soreness. Indeed, the
Hooper Index and some of its subitems, the fatigue and the
muscle soreness, were augmented by the race (Fig. 1A, B)
and athletes required 6 days to return to baseline values,
hereby showing the deep and multidimensional fatigue
encountered by runners in ultra-endurance events. This is
in accordance with previous studies that focused on mus-
cle damage and inflammation after a MUM, where ath-
letes needed 9 days for a physiological recovery, although
no data were collected between the 5th and the 9th days
[20, 21]. Therefore, these data extracted from a subjective
marker, the Hooper Index, are consistent with objective
data and would even suggest a shorter recovery period.

@ Springer

Days

These results also indicate an age effect on recovery
kinetics, especially on perceived muscle soreness: seniors
recovered faster than veterans V1 and V2, whereas there was
no significant difference before the race or during the prepa-
ration phase. Indeed, the post-race Hooper Index was higher
in V1 and V2 than in the Senior group following the race,
whereas there was no difference before. The muscle soreness
component presented a similar trait, as V1 and V2 runners
were exhibiting a higher level of muscle pain after the race.
This findings also corroborate recent works suggesting that
athletes age should be taken into account for recovery kinet-
ics [4]: aging may produce an increased depletion of energy
substrates, greater muscle damage and an altered feeling of
fatigue after a race [8, 9, 25]. The rate of muscle protein
synthesis, measured 72 h after a MUM, is lower in older
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Fig.3 Values of total sleep time (min)
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athletes, suggesting less efficient “repair and remodelling”
mechanisms in these athletes [6]. Age is; therefore, an essen-
tial factor to consider when monitoring runners’ recovery
during training and post-race recovery phases.

The current literature surrounding sleep parameters after
long and strenuous exercise and its impact on sleep depri-
vation is scarce. Both acute and chronic sleep deprivation
negatively impact on reaction time and vigilance [3, 15].
During the UTMB® also, Hurdiel et al. [15] showed that
combined acute lack of sleep and strenuous exercise had
marked adverse effects on cognitive performances ranging
from mere lengthening of response time to serious symp-
toms, such as visual hallucinations independently of rest
duration in race and time in race. The following nights will
be important to recover of this sleep deprivation. This study
shows that total sleep time (TST) and wake after sleep onset
(WASO) were not significantly affected by participating
in the UTMB® trail event, despite a WASO peak on the
second night after race. Surprisingly, the amount of sleep
in trail runners was not increased over the ten nights fol-
lowing the race despite sleep deprivation during the event
(Fig. 3), whereas several studies showed an associated “sleep
rebound”, including longer phases of slow-wave and REM
sleep [1, 2]. In our study, sleep was measured by accelerom-
eter. Although actigraphic assessment of sleep parameters is
reliable, the accuracy for some sleep parameters is limited
[19]. Also, it is possible that “social synchronizers”, such as
professional duties and family commitments, did not allow
participants in this study to pay off this sleep debt as fast as
professional athletes would, with a more flexible daily time
schedule; unfortunately, social data are lacking to enable this
to be further investigated. Moreover, it is interesting to note
that during nights 6 and 7, corresponding to the first week-
end after the race, a small, albeit nonsignificant, increase
in TST was observed. It is unlikely that the minor WASO

Nights

increase observed on the second post-race night was caused
by the race-related circadian desynchronization [15]. Nev-
ertheless, these data highlight a correlation between WASO
and the level of muscle soreness: the latter may be the main
cause of sleep disturbance and the consecutive decline in
sleep quality during the second post-race night. In elite
rugby players, the use of probiotics decreased muscle sore-
ness and enhanced sleep quantity and quality [11], hereby
confirming the negative impact of muscle pain on sleep and
its subsequent consequence on recovery process.

Finally, additional correlations between Hooper Index
and sleep parameters were observed: the higher the HI,
the lower the TST and the higher the WASO. These fac-
tors underline the key role of sleep on subjective recovery,
already well reported [18]. Sleep quality and quantity should
be carefully monitored in amateur trail runners due to their
impact on recovery and on the capacity to properly complete
a training program over several weeks or months.

This study has some limitations. First, it was based on
a single UTMB® involving specific environmental condi-
tions (elevation, temperature, weather conditions); therefore,
conclusions are difficult to generalize for all MUM events.
Second, the limited number of participants in each age group
may explain a high effect size in these results. Third, the
presence of a control group would help to distinguish fatigue
from strenuous exercise and fatigue from sleep deprivation.
Further studies will benefit from the inclusion of female
athletes which may reveal potential differences in sleep and
recovery between men and women. The sole measure of
Hooper Index cannot fully and accurately assess the multi-
dimensional aspects of recovery. The use of additional strat-
egies during recovery period (e.g. compression garments)
and the clothes worn during the race were not controlled.
Lastly, these results on post-race sleep are interesting and
innovative, but must be taken with caution due to strong
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individual variability. In addition, although actigraphic sleep
measurements are validated, the gold standard for measuring
sleep parameters remains polysomnography. Accelerometry
is not able to retrieve information on sleep stages, especially
slow wave and REM sleep; despite its impractical use in
extreme environmental conditions, polysomnography, pol-
ygraphy or EEG devices would provide valuable informa-
tion on the relationship between sleep and recovery after
UTMB®. Moreover, in this study, information about latency
and sleep efficiency was missing because participants filled
a sleep diary with subjective bed and wake up hours and no
objective data was collected to confirm these declarations.

Conclusion

Performing a 100-mile MUM such as UTMB® produces deep
physiological and subjective impact on ultra-trail runners. A
6-day recovery seems necessary to return to pre-race values,
but is modulated by age, with recovery appearing to be faster
for younger athletes. Despite a substantial lack of sleep accumu-
lated during the race, participants did not quickly pay off their
sleep debt by sleeping longer or better; sleep quality was even
negatively impacted by muscle soreness. It may be possible that
social constraints did not allow participants to pay off this sleep
debt and can explain the absence of sleep rebound. Correlations
between sleep parameters and Hooper Index then confirm a key
role of sleep in a proper recovery.

This study provides some practical implications. On one
hand, from a performance point of view, ultra-trail gener-
ates a high physical fatigue which requires an adaptation of
training modalities during the weeks after the event. The
week immediately following the race should be devoted to
recovery. On the other hand, participating in an ultra-trail
can have an impact on personal and professional life during
the post-race weeks. Finally, it would be interesting to use
recovery strategies to limit muscle pain and thus improve
sleep.
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