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Abstract  
Multiday ultra-endurance races present athletes with a 
significant number of physiological and psychological 
challenges. We examined emotions, the perceived func-
tionality (optimal-dysfunctional) of emotions, strategies to 
regulate emotions, sleep quality, and energy intake-
expenditure in a four-man team participating in the Race 
Across AMerica (RAAM); a 4856km continuous cycle 
race. Cyclists reported experiencing an optimal emotional 
state for less than 50% of total competition, with emo-
tional states differing significantly between each cyclist 
over time. Coupled with this emotional disturbance, each 
cyclist experienced progressively worsening sleep depri-
vation and daily negative energy balances throughout the 
RAAM. Cyclists managed less than one hour of continu-
ous sleep per sleep episode, high sleep latency and high 
percentage moving time. Of note, actual sleep and sleep 
efficiency were better maintained during longer rest peri-
ods, highlighting the importance of a race strategy that 
seeks to optimise the balance between average cycling 
velocity and sleep time. Our data suggests that future 
RAAM cyclists and crew should: 1) identify beliefs on 
the perceived functionality of emotions in relation to best 
(functional-optimal) and worst (dysfunctional) perform-
ance as the starting point to intervention work; 2) create a 
plan for support sufficient sleep and recovery; 3) create 
nutritional strategies that maintain energy intake and thus 
reduce energy deficits; and 4) prepare for the deleterious 
effects of sleep deprivation so that they are able to appro-
priately respond to unexpected stressors and foster func-
tional working interpersonal relationships. 
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Introduction 
 
The Race Across AMerica (RAAM) is a continuous bicy-
cle race in which competitors cover over 4,800 km in 
under 12 days. Regardless of whether cyclists ride the 
RAAM as a solo competitor or part of a relay team, it 
requires cyclists to exercise at a relatively high intensity 

continuously for consecutive days. Multiday, ultra-
endurance athletes routinely encounter a number of acute 
physiological and environmental challenges that may 
include insufficient energy intake (Knechtle et al., 2005; 
Hulton et al., 2010), dehydration (Bowen et al., 2006), 
elevations in biomarkers of sympathetic stress 
(Schumacher et al., 2011) and cardiac damage (Williams 
et al., 2011), sleep deprivation (Knechtle et al., 2005; 
Smith et al., 1998), and intense unwanted emotions (Lane 
and Wilson, 2011; Pedlar et al., 2007). A recent study 
examining the same four-man RAAM team reported in 
the present study, found that each cyclist was in a nega-
tive energy state throughout the event, and cyclists con-
sumed significantly less energy in the first three days 
compared to the later days of the race (Hulton et al., 
2010). This was despite making a conscious effort to 
maintain nutrition and hydration strategies based upon 
recommendations for ultra-endurance exercise (Burke, 
2001; Jeukendrup et al., 1997; 2005; Walsh et al., 1994). 

Few studies have used a multidisciplinary approach 
to examine changes in emotions, sleep quality and nutri-
tional status during ultra-endurance events (Pedlar et al., 
2007). Appropriate emotional responses might be benefi-
cial to an athlete by, for example, improving the economy 
of movement (Beedie et al., 2012), improving the quality 
of interaction with teammates, and reducing the risk of 
injury (see Lane et al., 2012 for review). Evidence indi-
cates emotions associate with performance (Beedie et al., 
2000) and that athletes are more likely to try to regulate 
an emotion if they believe that doing so will facilitate 
performance (Lane et al., 2011; 2012).  

Emotion-performance relationships tend to be 
highly individualized (Hanin, 2010). Research has found 
that pleasant emotions are not always associated with 
optimal-functional performance and unpleasant emotions 
associated with unsuccessful or dysfunctional perform-
ance (Beedie et al., 2000). Hanin (2010) has used a meth-
odology that identifies emotions that are subjectively 
meaningful in terms of the individual's past performance 
history and significant emotional experiences. For exam-
ple, an athlete will be asked how he/she felt before and 
during an optimal-functional performance and compare 
and contrast these emotional experiences with a dysfunc-
tional performance. For example, some athletes report 
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that they felt anger and/or anxiety when performing suc-
cessfully, and develop beliefs that feeling this way helps 
performance. If such an athlete is not feeling anxious, 
he/she might engage in strategies to try to increase anxi-
ety or anger until he/she is feeling at the optimal level. 
Equally, the athlete might wish to associate feeling ener-
gised with performing successfully, and if he/she was less 
energised than he/she would like, then the individual 
might engage in using an emotion regulation strategy. The 
implications of these findings to practice suggest an ideo-
graphic approach is likely to be the most fruitful ap-
proach.  

However, despite the potential performance-
benefits, evidence also shows that deliberate or intentional 
acts to regulate emotions has been found to be an effortful 
process that use physiological substrates such as glucose 
(Gailliot and Baumeister, 2007; Hagger et al., 2010; 
Niven et al., 2013). Economic use of energy should be 
prioritised when performing in ultra-endurance events. A 
recent study tested the effects of manipulating feedback 
on performance in a 10-mile time-trial to induce unpleas-
ant emotions and therefore encourage usage of strategies 
to regulate emotions (Beedie et al., 2012). Beedie et al. 
used false negative and false positive feedback to manipu-
late unpleasant and pleasant emotions, respectively. They 
found no differences in performance, but did find that 
positive beliefs regarding performance were associated 
with higher blood glucose scores, lower oxygen uptake, 
and reduced effort to regulate emotion. Thus, it appears 
that when an athlete develops beliefs that performance is 
either improving or deteriorating, this activates emotion 
regulation strategies in line with the change in emotion, 
and this process has an effect on energy utilisation.  

Since ultra-endurance events may last several days, 
strategies that promote effective recovery should be estab-
lished including effective use of emotion regulation 
strategies. Previous work by our group (Hulton et al., 
2010) examined the relationship between sleep and en-
ergy intake compared to energy expenditure. Sleep may 
have restorative functions, as high-quality sleep associates 
with not only low energy use (Adam and Oswald, 1983; 
Driver and Taylor, 2000), but may also allow for the 
replenishment of energy proposed to be lost through acts 
of self-control (Gailliot and Baumeister, 2007). It should 
be noted that relationships between emotion and emotion 
regulation in ultra-endurance athletes who are sleep de-
prived and in a negative energy state have not been fully 
examined. Consequently, the aim of this investigation was 
to explore the potential consequences of energy defi-
ciency and sleep deprivation upon emotional responses in 
cyclists competing in the RAAM.  
 
Methods 
 
Participants 
Following obtaining ethical approval from the institution 
of the first author’s research ethics committee, four well-
trained, experienced ultra-endurance cyclists volunteered 
to participate in this study. The four participants (mean ± 
SD; age: 37.5 ± 4.1 y, height: 1.82 ± 0.08 m; body mass: 
80.8 ± 6.6 kg) competed as a four-man team.  

Race strategy 
The four cyclists were split into pairs (pair 1, cyclists 1 
and 3; and pair 2, cyclists 2 and 4). Each pair followed a 
pre-set 24h strategy of either cycling (ON) or resting 
(OFF); consisting of two consecutive 3h ON / 3h OFF 
periods, and one 6h ON / 6h OFF period. The non-active 
pair would rest, sleep and eat in a recreational vehicle 
during their OFF periods.  When riding, pairs would al-
ternate 15 min ON / 15 min OFF. The cyclist’s would 
rest, refuel and rehydrate in a support vehicle during these 
15 min OFF periods. These tactics were employed to help 
cyclists maintain a target average speed of 20 mph 
throughout the race.  

 
Emotional state and emotion regulation 
One month before competition, participants provided 
emotional profiles associated with their optimal perform-
ance and their worst or most dysfunctional performance 
(Hanin, 2010). Athletes were completed the Brunel Mood 
Scale (BRUMS) (Terry et al., 2003) in relation to how 
they had performed in relation to their best performance 
(functional-optimal performance) and also in relation to 
their worst performance (dysfunctional performance). 
These procedures are based on the stepwise procedures 
used by Hanin (2010) other than a standardized scale was 
used (see Devonport et al., 2005).  

During the RAAM, participants completed meas-
ures of emotion after each three or six-hour  interval by 
responding to psychological items designed to assess 
anger, fatigue, tension, depression, and vigour scales from 
the Brunel Mood Scale (BRUMS) (Terry et al., 2003). We 
also assessed happiness and calmness by including items 
from the (UWIST) (Matthews et al., 1990). Items are 
rated on a five-point likert scale anchored by “not at all” 
(0) to “extremely” (4).   

In addition, participants provided free text 
responses to describe any other emotions and experiences. 
This approach was seen as complementary to assessing 
emotions using fixed-responses (Hanin, 2010). 
Participants were also asked to describe any strategies that 
they had used to regulate their emotions. The rationale for 
using open-ended methods was to facilitate capturing 
situational specific features related to emotional responses 
(Devonport et al., 2005; 2011). 

 
Sleep 
Sleep was monitored continuously using an actigraph 
(AW4®, Cambridge Neurotechnology Ltd, Cambridge, 
UK) worn on the right ankle (Johansson et al., 2006), and 
sleep data were downloaded using Sleepwatch software 
(Version 5.28; Cambridge Neurotechnology Ltd, Cam-
bridge, UK). Actigraphy provides a relatively objective 
non-invasive method of direct measurement of movement 
and indirect assessment of sleep (Ancoli-Israel et al., 
2003). The recording epoch was set to one minute to 
allow sufficient memory storage for the entire race. The 
AW4 has previously been shown to be a relatively accu-
rate instrument compared to polysomnography for meas-
uring sleep/wake parameters (Sadeh et al., 1995). 

The following sleep parameters were examined for 
every 24-h period and per sleep episode (automatically 
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calculated from the software): 1) Actual sleep time - sleep 
start to sleep end minus wake time; 2) Sleep efficiency - 
the percentage of time spent asleep from sleep onset cal-
culated by ((sleep duration – wake time)/sleep duration) x 
100); 3) Sleep latency (time from bed time to sleep onset); 
and 4) Percentage moving time - the time spent moving as 
a percentage of the assumed sleep time, which is derived 
from the number of epochs where scores greater than zero 
were recorded ((sum of duration of moving time epochs  > 
0)/sleep duration) x 100) and is an indicator of restless-
ness.  

 
Energy balance 
Energy balance was assessed by calculating differences 
between energy intake and energy expenditure. Energy 
intake was assessed via the use of weighed food diaries 
which were recorded by support staff prior to each meal 
throughout the duration of the event. Energy expenditure 
was determined by using the Doubly Labelled Water 
method as reported previously (Hulton et al., 2010).  
 
Statistical analyses 
MANOVA was used to examine changes in emotion over 
time with the expectation that there would be significant 
differences. Emotion data were compared against func-
tional  and   dysfunctional  data  and  analysed  using  chi- 

squared. Qualitative data were analysed by coding into 
themes. 
 
Results 
 
The cyclists completed the 4856 km race distance in a 
time of six days 10 hours and 51 minutes, finishing in 
third place. As a result of a mechanical failure that oc-
curred in an actigraph before the start of the race there 
was no actigraphy data for cyclist four in pair two, there-
fore, that cyclist was excluded from all analyses. 
MANOVA results indicated that emotional states differed 
significantly between each cyclist over time (Wilks 
lambda 56,135 = 0.06, p = 0.006, Partial Eta2 = 0.34). To 
account for individual differences, we examined how 
emotions compared with each cyclists self-assessment of 
their optimal emotional state (Figure 1). Cyclist 1 and 
cyclist 2 reported that optimal performance was associ-
ated with experiencing moderate scores for vigour, calm-
ness and happiness. In contrast, cyclist 3 reported optimal 
performance associated with feeling high vigour, happi-
ness and calmness coupled with moderate anger and ten-
sion. In terms of emotions associated with dysfunctional 
performance, there was a common profile of reporting 
low vigour, calmness, happiness coupled with high scores  
of anger, confusion, depression, fatigue and tension.

 
 

 
 
 

 
 
 

 

 

Figure 1. Emotions that riders experienced when performing successfully (Optimal-Functional) and 
unsuccessfully (Dysfunctional).  
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Figure 2. Percentage of assessment in either an Functional and Dysfunctional emotional states 
experienced during the RAAM. 

 
When emotional states were examined over the 

course of the RAAM, that is, each time a rider completed 
the emotion measure; results indicated that cyclists re-
ported experiencing an optimal emotional state for less 
than 50% of total competition (see Figure 2). Further, 
emotions changed significantly each day (X2 = 13.2, p = 
.04). The most dramatic change occurred between days 
one and two in which cyclists reported an emotional pro-
file similar to the one reported for dysfunctional perform-
ance (Figure 2). 

Qualitative data provide accounts of the acute chal-
lenges presented by the demands of the race.  Quotes are 
used to illustrate the key themes. Cyclists reported antici-
pated emotions in relation to demands of the event and 
how they would cope with riding 12 h per day for a 
seven-day period. For example: 

“Yeah, it was tough, you get on thinking I've had 
six hours recovery I'll be alright, within a minute (of 
riding) you’re screwed again, you just have to sit on the 
rivet, to pretend it’s going to be easy but it is bloody mis-
erable” 

“Very very good, big important session, Appala-
chian toughest part of race, really worked well as a team, 
depleted in numbers when X had to stop early due to 
fatigue. Everything came together really good result” 

 
Riders also expressed aspects of the race where 

they experienced pleasant emotions. For example: 
 “Outstanding, best session so far, felt the strong-

est throughout the whole race, got lost but we worked 
really hard, closing the gap on the people in front” 

“My first big decent downhill in California - 
25miles of hairpin madness. 62miles per hour - lost the 
support vehicle behind - overtook 30 cars on the wrong 
side of the road - no pedaling - flat out pure joy - so much 
gravel on the road almost went down once - very scary, in 
fact the closest I have ever come to death without exag-
geration - but still the most memorable experience on a 
bike going downhill in my life - just magic” 

  
A source of intense emotions came from cyclists 

having difficulty regulating emotions when interacting 

with members of the support crew and other team cyclists. 
Incidents tended to occur around food and sleep related 
issues. For example, one cyclist expressed the following 
quote after being offered a meal that was not the food he 
requested.  

“Pure rage - how could the f***ers not understand 
that cyclists needed food – then they are taking the piss 
out of me just because I wanted proper food.” 

Cyclists also indicated how relationships with other 
members could influence their emotions. For example, 
following the incident from the quote above where the 
cyclist visibly lost his temper, the cyclist expressed the 
following quote: 

“I went to bed hungry and pissed off. The only per-
son who I found comfort from was XX (support crew) – 
they did not say a word, just made me some toast and 
rubbed my calves. Just a nod was good enough for me to 
realise that he knew what I was going through and that 
next time he would take control and get this done.” 

 
The importance of team building is illustrated 

through the following two quotes. Here the cyclist speaks 
about the perceived sense of support from another cyclist 
motivating him. Whereas in the second quote speaks 
about anticipatory anger based on how other cyclists and 
support members might be judging him.  

 “My interaction with my crew and cyclist X. I had 
such a joyous time that I can put my hand on my heart 
and say that we did not have one cross word. When I was 
bolloxed cyclist X and crew would encourage me and vice 
versa”.  

“After my first three hour ride I felt very sick and 
started to be very ill and vomit. I could only drink water 
and not any of the energy drink - however, I was about to 
start my 1st 6hr night shift and felt very nervous that I 
wouldn't make it through as I felt the pace of the firstthree 
hours. My fear is being thought of as not doing my share 
and shirking any riding time, because if someone else did 
that it would make me annoyed” 

 
Sleep measures 
On  average  cyclists  managed less than 2.4 h of sleep per 
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day. Furthermore, actual sleep time and efficiency of 
sleep during the RAAM were low in relation to baseline 
values (sleep time = 130 ± 17 vs. 431 ± 21 min; sleep 
efficiency = 24 ± 4 vs. 84 ± 2 %), whereas sleep latency 
and percentage moving time values increased (sleep la-
tency = 19 ± 12 vs. 83 ± 6 min; % moving time = 47 ± 4 
vs. 21 ± 5%) (Figure 3 and Table 1). Cyclists attained an 
almost three-fold increase in the amount of actual sleep 
and higher sleep efficiency during long compared to short 
sleep episodes (Table 1). Actual sleep and sleep effi-
ciency (Figure 4) were maintained better in these long 
sleep episodes as the race progressed, with greater dete-
riorations in sleep quality and quantity during short sleep 
episodes. Although the amount of sleep and sleep effi-
ciency recorded declined as the event progressed (Figures 
3 and 4), there was considerable intra-individual varia-
tion. For example, in the last six sleep attempts cyclist 2 
recorded just nine minutes of sleep in contrast to 129 and 
173 min for cyclists 1 and 3. 
 

 

 
 

Figure 3. Actual sleep (min) at baseline and on each race day 
over the RAAM (C1= Cyclist 1, C2 = Cyclist 2, and 
C3=Cyclist 3). 
 
Discussion 
 
The  present  study  examined  the  emotional responses 
of  cyclists  when  competing  in  a  four-man  team  in the 
RAAM. All cyclists were found to be in a sleep deprived 
and negative energy balance state from the first day of the 
race (Hulton et al., 2010). The fluctuation of emotions 
documented  throughout the RAAM is consistent  previ-
ous  research  that  has  examined  emotional  profiles   in  
 

multistage ultra-endurance athletes (Lane and Wilson, 
2011; Pedlar et al., 2007). In the present study, we exam-
ined emotional state in relation to whether cyclists were 
close to their self-reported optimal emotional state. Con-
sistent with previous research (Hanin, 2010), optimal-
functional emotional states were individualised. As Figure 
1 indicates, cyclist three indicated that moderately high 
scores of anger and tension were associated with optimal 
performance. He also reported scores that were close to 
the maximum score on the self-report scale for the same 
two emotions when he performed poorly (Hanin, 2010; 
Lane et al., 2011); hence there was a small difference in 
intensity of anger and tension between optimal and dys-
functional performance.  
 

 

 
 

Figure 4. Sleep efficiency at baseline and on each race day 
over the RAAM (C1= Cyclist 1, C2 = Cyclist 2, and 
C3=Cyclist 3). 
 
The individualised nature of beliefs related to emotional 
states associated with functional performance presents a 
challenge for an athlete or member of a support crew 
wishing to help athlete manage emotional states. We 
suggest that identification of emotions that athletes be-
lieve are functional represents a starting point for applied 
work designed to help emotion regulation. However, it is 
worth noting that there was greater consistency between 
the three cyclists for emotional profiles associated with 
dysfunctional performance, consistent with an inverse 
iceberg profile (Raglin and Morgan, 1994).  

Qualitative results indicated that there were in-
stances where cyclists anticipated physiological sensa-
tions as an indication of effort made towards attaining

                         Table 1. Mean (±SD) values for sleep measures for RAAM cyclists. 
 Baseline Daily Average Short sleep 

(≤ 3 h) 
Long sleep 

(≥ 3 h) 
Cyclist 1     
Actual Sleep time (min) 436.0 (39.6) 138.6 (68.8) 24.5 (27.0) 108.5 (11.4) 
Sleep Efficiency (%) 84.5 (4.0) 25.0 (12.0) 20.1 (13.0) 31.6 (6.9) 
Sleep Latency (min) 32.0 (15.6) 85.2 (43.1) 77.4 (43.0) 95.7 (44.7) 
% Moving time (%) 21.3 (3.4) 51.4 (14.1) 49.7 (20.4) 53.7 (8.9) 
Cyclist 2     
Actual Sleep time (min) 408.0 (28.6) 110.1 (76.6) 16.5 (20.2) 92.7 (30.3) 
Sleep Efficiency (%) 81.6 (2.7) 19.6 (11.0) 14.1 (10.2) 26.9 (7.4) 
Sleep Latency (min) 12.3 (6.0) 86.8 (56.1) 82.6 (57.1) 92.3 (59.7) 
% Moving time (%) 24.9 (3.1) 46.3 (29.3) 43.6 (29.3) 50.1 (31.6) 
Cyclist 3     
Actual Sleep time (min) 449.0 (35.2) 140.1 (55.6) 33.2 (24.8) 91.7 (21.5) 
Sleep Efficiency (%) 85.2 (3.2) 26.3 (6.9) 25.1 (6.6) 28.0 (7.7) 
Sleep Latency (min) 11.3 (8.0) 76.1 (50.3) 73.4 (37.6) 67.5 (73.3) 
% Moving time (%) 15.2 (4.9) 44.6 (17.3) 38.5 (16.3) 53.6 (15.7) 
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personal goals. If a cyclist perceived he was likely to 
attain performance goals, then sensations of fatigue coin-
cided with also experiencing pleasant emotions (Beedie et 
al., 2012; Lane and Wilson, 2011). However, fatigue did 
not always correlate with feeling pleasant emotions, but 
also coupled an increase in unpleasant emotions in certain 
situations. In such instances, frustration resulted when 
cyclists began to interpret sensations of fatigue as being 
indicative of their inability to cope (Beedie et al., 2012). 
The incident when the cyclist became angry over the food 
prepared for him is indicative of this point. The cyclist 
held firm beliefs that one type of food would be beneficial 
for recovery and the discrepancy with what was provided 
served to engender a belief that he would not be able to 
perform adequately in the next ride. Qualitative comments 
indicate that cyclists held beliefs on the need to maintain 
the race pacing strategy and anticipated the emotional 
states of other cyclists. In short, each cyclist expressed the 
idea of not performing poorly so as not to let the other 
cyclist down and such thoughts were accompanied by 
unpleasant emotions. 

Qualitative data also indicate how cyclists regu-
lated their emotions against a backdrop of insufficient 
sleep and difficulties maintaining energy requirements. 
Extrapolating arguments within the strength model (Gail-
liot and Baumeister, 2007), acts of self-control should 
have been progressively more difficult as the event con-
tinued. During the RAAM, cyclists experienced dysfunc-
tional emotions during the early and later stages of the 
event. However, research has emphasised the role of 
motivational factors on self-control. Beedie and Lane 
(2011) recently proposed a resource allocation model, 
arguing that individuals will seek to recruit more re-
sources if situational demands require them. Qualitative 
results indicate the importance of maintaining the race 
strategy and how cyclists sought to allocate resources 
required to ride at the proposed intensity for the riding 
itself. Accordingly, strong beliefs in emotional control 
associate with regulating emotional states at an optimal 
intensity, requiring fewer resources (Niven et al., 2013). 
Therefore, strategies that promote developing strong be-
liefs in being able to control emotions may be beneficial 
for athletes wishing to participate in multiday ultra-
endurance events. 

Possibly the most important variable impacting 
upon multiday ultra-endurance performance is recovery 
between bouts. The present study demonstrates progres-
sive sleep disruption for all cyclists, evidenced by the low 
sleep efficiency, and high sleep latency and percentage 
moving times (Table 1). Yet the most controllable factor 
affecting sleep is how the cyclists approached the cycle to 
rest strategy. The cycle to rest and sleep strategy was 
designed to promote sufficient recovery and maintain the 
target speed (8.94 m·s-1 or 20 mph), constructed by two 
sets of 3h blocks and one 6h block of cycling time. Re-
sults demonstrated that cyclists attained an almost three-
fold increase in the amount of actual sleep and higher 
sleep efficiency during 6h rest periods compared to 3h 
rest periods. Thus, the strategy of two 3h work periods 
during the day may have in fact increased the possibility 
of increasing physiological and psychological fatigue 

caused by a lack of both non-Rapid Eye Movement 
(REM) and REM sleep.  
In normal conditions as sleep progresses, the amount of 
time spent in non-REM decreases, whilst REMsleep sig-
nificantly increases (Horne, 2000). Yet when sleep is 
partially deprived (< 4h), the duration of REM decreases 
(Belenky et al., 2003). Given the low actual sleep times 
observed during the two daily 3h rest bouts, it is reason-
able to assume that non-REM sleep would have been 
severely impacted and REM sleep would have been ex-
tremely low throughout the RAAM. During Non-REM 
sleep, brain and core body temperature decrease, provid-
ing several responses including lowering energy utilisa-
tion, and reducing cerebral metabolism, protecting the 
brain against the sustained high temperatures of wakeful-
ness, and facilitation of immune defense processes 
(McGinty and Szymusiak, 1990). Therefore, given the 
cyclists sleep deprived states, the proposed thermoregula-
tory and potential energy restoration benefits of non-REM 
sleep are potentially lost, resulting in cyclists experienc-
ing greater energy losses and decreased feeding drives as 
a consequence of REM deprivation.  

The second factor affecting emotion regulation is 
based upon cyclists trying to sleep/recover during day-
light hours, thus attempting sleeping at unfavorable times 
during the circadian cycle. When sleep is attempted at a 
time during the circadian cycle not optimal for a major 
sleep episode, i.e. when core body temperature is high and 
levels of circulating melatonin are low, the consequence 
can be either difficulty falling asleep (increased sleep 
latency), or early morning awakenings (Lack and Wright, 
2007a). Either result has the ultimate effect of lowering 
the total amount of sleep time (Lack and Wright, 2007b). 
All cyclists experienced increased sleep latencies com-
pared to baseline levels, consistent with the effects of a 
desynchronisation between endogenous circadian rhythm 
and sleep-wake cycles (Liu et al., 2000). It is also note-
worthy that not only did cyclist two (Figure 3) have the 
lowest amount of actual sleep (Table 1), but also had the 
greatest difficulty falling asleep.  

When seen collectively, results demonstrate poor 
sleep duration and quality, and inadequate energy intake, 
all of which may have impacted upon the cyclist’s emo-
tional regulation. Our data suggests that RAAM strategies 
should focus upon lengthening sleep periods promoting 
REM sleep, to potentially decrease wakefulness and sleep 
latency leading to the possibility of improved physiologi-
cal recovery, enhanced emotion regulation, improved 
feeding strategies and most importantly, increased aver-
age velocity.  

There are two limitations to the present study. The 
first limitation is the small sample size, although it should 
be noted that other studies have used small sample sizes 
(Pedlar et al., 2007; Smith et al., 1998). Secondly, our 
data do not generalise to women and may not be represen-
tative of female endurance cyclists; who represent a grow-
ing athletic population that require further investigation in 
their own right. The intention of the present study was not 
to suggest findings that generalise to other ultra-
endurance groups, but offer a case study that illustrates 
intra-individual differences. The case in point is clearly 
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illustrated by the results that show beliefs on the per-
ceived functionality of emotions are highly individualised 
(see Figure 1). 
 
Conclusion 
 
Multiday ultra-endurance races such as the RAAM pre-
sent athletes with a significant number of physiological 
and psychological challenges. Cyclists reported experi-
encing an optimal emotional state for less than 50% of 
total competition, with emotional states differing signifi-
cantly between each cyclist over time. Coupled with this 
emotional disturbance was a progressively worsening 
sleep deprivation and negative energy balance throughout 
the RAAM. Cyclists managed less than one hour of con-
tinuous sleep per sleep episode, high sleep latency and 
high percentage moving time. Importantly, our data dem-
onstrates that actual sleep and sleep efficiency was better 
maintained during longer rest periods, highlighting the 
importance of a correct cycling performance strategy, 
augmenting both average cycling velocity and sleep time. 
Our data appears to suggest that future RAAM cyclists 
and crew should 1) plan for enhanced sleep and recovery 
not just plan and train for maintaining a high average 
velocity, 2) create practical nutritional feeding strategies 
that encourage a greater energy intake, thus reducing 
energy deficits, and finally, 3) psychologically prepare 
cyclists and crew for the deleterious effects of sleep dep-
rivation. 
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Key points 
 
• Completing the Race Across AMerica (RAAM); a 

4856km continuous cycle race associated with sleep 
disturbance, an energy-deficient state, and experi-
encing intense unwanted emotions.  

• Cyclists reported experiencing an optimal emotional 
state for less than 50% of total competition and ac-
tual sleep and sleep efficiency was better maintained 
during longer rest periods. 

• We suggest that future RAAM cyclists and crew 
should:  

1. Identify individual beliefs on the perceived 
functionality of emotional states in relation to best 
(optimal) and worst (dysfunctional) performance 
as the starting point to identifying if emotion regu-
lation strategies should be initiated. 
2. Plan for enhanced sleep and recovery not just 
plan and train for maintaining a high average ve-
locity;  
3. Create nutritional strategies that maintain en-
ergy intake and thus reduce energy deficits;  
4. Psychologically prepare cyclists and crew for 
the deleterious effects of sleep deprivation so that 
they both are able to appropriately respond to un-
expected stressors and foster functional interper-
sonal working relationships. 
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