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Abstract

v

The purpose of this study is to examine the effects
of the “Marathon of Sands” (MS), a 7-day, self-
sufficient-diet, multi-stage running race across a
section of the Moroccan desert, on body weight
and plasma volume variation (PVV) and the rela-
tionship of these factors to performance in ath-
letes who are well-trained in endurance. Sixteen
MS runners agreed to participate in this study.
Weight and body composition were measured
and venous blood samples were taken before
the first stage (D), after the third stage (D3) and
at the end of the MS (after the sixth stage: Dg).
Haematocrit and haemoglobin were used to

calculate PVV at (Dg, D3, and D6). No significant
plasma volume decrease was observed through-
out the race. Significant decreases in total body
weight (BW), fat-free mass (FFM) and fat mass
(FM) were observed in D3 and Dg (-4.3%, —=3.5%,
-0.8%; and -6.1%, —-5%, —1.1%, respectively, for
BW, FFM and FM at D5 and Dg). This study clearly
shows that, despite extreme conditions, the MS
did not lead to a significant PV decrease in ath-
letes well-trained in endurance. This study also
supports the hypothesis that significant body
weight loss may not systematically affect per-
formances during long duration multiple-stage
races.

Introduction

v

It is now well known that prolonged aerobic
exercise is accompanied by important variations
in body fluid and electrolytes [10]. Indeed, a
decrease of plasma volume (PV) is frequently
observed at the end of prolonged aerobic exer-
cise. This decrease of PV is mainly due to perspi-
ration [12], osmolarity [21] and sweat loss
induced by exercise. This fluid loss depends on
several factors, such as the intensity and the
nature of the exercise [3,12], the ambient condi-
tions [14], the posture of the subjects before and
during the exercise [26], their training level, and
their degree of hydration, as well as their level of
acclimatization to heat [14].

Several studies state that dehydration during
long-term exercise is detrimental to physical
performance [2,28,29]. However, other authors
argue that it is the presence of thirst that pro-
duces this effect rather than dehydration per se
[25,29]. It is also stated that adequate fluid
replacement during exercise is important to
replace sweat loss. In this way, exercise capacity
is maintained by avoiding dehydration and a

decline in thermoregulation [2]. In fact, numer-
ous studies show that prolonged aerobic exercise
performed in warm weather induces a decrease
in endurance performance, an increase in osmo-
larity, and an increase in heart rate as well as an
increase in the central temperature of dehydrated
subjects compared to normally hydrated subjects
[2,14]. Recently, hydration guidelines suggested
that athletes should drink sufficiently before and
during exercise to prevent excessive (>2% body
weight loss from water deficit) dehydration and
excessive changes in electrolyte balance compro-
mising performance and health [2]. However, one
can note that the majority of these last conclu-
sions are based on laboratory studies focusing on
physiological changes during exercise [25]. These
studies are often performed under conditions
that are less stressful than the conditions of com-
petition realized in the desert. Hence, in all these
studies no substantive health complications as a
consequence of dehydration have been docu-
mented [27,32]. For several authors [23,24,25,
26,31,32], this is a “foundation myth”. In fact,
several studies conducted in real outdoor condi-
tions, such as the South Africa Ironman Triathlon
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(SAIT) (3.8 km swimming, 180 km cycling and 42.2 km running),
show that there is no evidence that more severe levels of weight
loss or dehydration are related to either higher body tempera-
ture or impaired performance [24,31,32]. In that way, one study
[31] observes that some of the most successful athletes com-
pleted the race with body weight loss percentages greater than
those considered to be incapacitating [1]. Hence, during SAIT,
the athlete with the greatest individual weight loss (8.2%) had
one of the fastest 42km marathon times (213 min). Moreover,
since the triathletes who were the most dehydrated at the end of
the SAIT were also among the fastest to finish the race, some
authors [35] suggested that there is no apparent negative effect
of high levels of dehydration during long-term endurance events.
More recently, Kao et al. [16] observe that weight loss is posi-
tively associated with performance in a 24-h race.

All these new findings were drawn from studies conducted dur-
ing an isolated long-term exercise (224km Ironman Triathlon)
performed without food restriction. Thus, one can assume that
responses may be very different during a long duration stage
race. In this study, we hypothesize that repetition of long dura-
tion stages under extreme conditions (heat, under-hydration,
etc.) such as the Marathon of Sands (MS), which takes place in
the Moroccan desert (self-sufficient diet and restricted water
intake) could induce an important variation firstly in body
weight and secondarily in PV, which may significantly reduce
performance: the best athletes would be those who lost the least
weight, whereas those who lost the most weight performed the
worst. To test this hypothesis, we focused our study on the per-
formance related to the body weight changes and to the varia-
tion of PV levels measured after the third and the sixth stage of
the MS competition in 16 subjects well-trained in endurance.

Materials and Methods

v

Approval for the study was obtained from the consultative com-
mittee of the protection of the persons in biomedical researches
(CCPPRB) of the University of Rennes 1.

Subjects

Sixteen healthy male volunteers participating in regular running
exercises were involved in this study. All the athletes have been
involved in endurance training since the age of 10-22 years, and
this was their first participation in the Marathon of Sands. All
the subjects gave their written consent prior to participating in
this study after the design and risks had been described to them.
The subjects had no major medical illnesses.

The Marathon of Sands (MS)

The MS consists of six exhaustive and long stages divided into
seven days. During the MS, all athletes carry their own food
(12000kcal minimum) and equipment, which weighs between
5 and 15kg at the beginning of the competition. Those athletes

who run for the victory depart with the minimum 12 000 kcal to
avoid excessive ballasting. Infractions of rules against shedding
unused provisions are carefully monitored during each of the six
stages of the race. The organization provides only the water,
which is restricted to 9-10.5L per day according to the distance.
These quantities were chosen taking into account the advice of
the medical organization (DOC TROTTER) and the experiences of
organizers and runners.

The competition took place from the 7™ to the 13t of April in
2002. All the athletes completed the 230km during the week.
The MS competition consisted of six stages according to the fol-
lowing protocol. During the first three days, subjects ran 26, 36
and 31km per day, respectively. The distance of the fourth stage
[day 4] was 71 km. Day 5 was a rest day. Stages 5 and 6 on day 6
and day 7 were 42km and 20km, respectively. All the races
began at 9:00 am.

© Table 1 illustrates the ambient conditions and the distance of
each stage. Conditions were mostly dry and windy except during
stage 4 when it rained. One can note that conditions were excep-
tionally mild at that time.

A certain amount of water was given to each athlete every 24 h.
This volume of mineral water provided by the organization dur-
ing each race was restricted to 91 (stages 1, 2, 3 and 6) and 10.51
(stage 4) according to the race distance. An additional overnight
supply of 3L was provided at the campsite for the evening’s
recovery including food preparation and toilet. It is of impor-
tance to note that the athletes generally drank according to
thirst.

Experimental procedure

The subjects came to the laboratory 3 days before the beginning
of the race (Dy). The first blood sample was drawn between 9:00
and 10:00 am from the antecubital vein at rest. Height, weight
and percentage of body fat were determined according to the
method of Durnin and Rahaman [8]. Body-fat percent was esti-
mated from 4 skin folds (biceps, triceps, sub-scapular and supra-
iliac). Fat-free mass (FFM) was calculated by subtracting total
body fat from body weight. After a 5-min warm-up, subjects
performed a continuous, progressive treadmill program to
determine their maximal oxygen uptake (VO,max). After the
warm-up, speed was increased by 2km.h™! every 2min until
exhaustion. An open circuit technique was used to determine
VO,max (breath-by-breath automated exercise metabolic sys-
tem: CPX, Medical Graphics, St. Paul, Minnesota).

At D5 and Dg, anthropometric measurements (weight, percent-
age of fat mass and FFM) and blood sample collection were per-
formed in the Moroccan desert.

Blood samples

All the blood samples were obtained while the subjects were
resting in a sitting position. 3 mL of resting venous blood sam-
ples were collected into ETDA vacutainers at Dy, D3 and Dg (for
D3 and Dg 2-3 h after the end of the race) to determine haemat-

Table 1 Program of the MS and meteorological conditions.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6
date April 7th April 8th April 9th April 10t . 11th April 12th April 13th
distance km) 26 36 31 71 42 24
temperature (°C) 20° 22° 20° 22° 25° 25°-30°
weather strong wind strong wind strong wind strong wind moderate moderate

weather: dry weather: dry weather: dry raining wind wind
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Table 2 Morphological and physiological characteristics of the athletes before the MS.

Subjects Age (years) Height (cm) VO,max
(L/min)
before MS 40.3+1.7 174.5+1.7 4+0.1

Values are means + SEM
VO.max: Maximal oxygen uptake
MAV: maximal aerobic velocity

VO,max 42 km Marathon MAV (km/h)
(mL/kg/min) personal best (min)
58.7+0.7 187.5+6.4 17.4+0.3

Table 3 Morphological characteristics and body composition of the subjects determined before the MS (Do), after the third stage (D3) and after the sixth stage

(De)-

Weight (kg) % body fat (%)
before MS (Dg) 69.2+2.3 16.9+0.4
after race 3 (Ds) 66.2"+2.2 16.1*£0.4
after race 6 (Dg) 65%$+2.3 15.8$+0.5

*Significant difference between rest and D3; p<0.05
$ Significant difference between rest and Dg; p<0.05

ocrit (Ht), haemoglobin (Hb) and blood lactate concentration.
Determinations of both Ht and Hb were realized in order to cal-
culate plasma volume changes (APV) and expressed as%APV
[34]:

1-Ht, x1072
%AVP:1OO[HbB (*‘)]— 00

X
Hb, (1-Ht;x107%)

B: Value measured 3 days before the MS, at rest at Dy
A: Value measured after the end of race (D3 or Dg)
Ht: haematocrit in%

Hb: haemoglobin in g/100mL/100mL

Analyses and measurements

For the Ht measurements, whole blood samples were collected
into micro Ht tubes, which were then centrifuged for 3 min
(Hema-C, Jouan, France). Ht measurements were done in tripli-
cate.

For hemoglobin determination, 20uL of whole blood was ana-
lyzed with an automate (Hemocue B-haemoglobin, Hemocue®,
UK).

Statistical analyses

Data are presented as mean and the standard error of the mean
(x £SEM). Statistical differences of time course between the
three races were made by one-way analysis of variance for
repeated measures (RM-ANOVA). When the distribution of the
values was not normal, an ANOVA on the ranks for repeated
measure was performed. The limit of significance was set at
p<0.05.

Results

v

Morphological and physiological characteristics of the
subjects (o Table 2)

The morphological and physiological characteristics of the sub-
jects determined before the MS are presented in © Table 2.
Anthropometric measurements realized at D3 and Dg are pre-
sented in © Table 3. A significant decrease in body weight was
observed at D3 (-4.3%) and Dg (-6.1%) accompanied by a sig-

Fat free mass (kg) Fat mass (kg)
57.5£0.1 11.7+0.4

55.5%£1.8 10.7* 0.5

54.6$+1.8 10.3$+0.6

Table 4 Performances of the 16 subjects during the MS competition.

FINAL RANKING

Subject Rank Performance Average Speed (km/[h)
1 6 22h41'21" 9.96
2 7 22h44'44" 9.94
3 11 23h17'59" 9.7
4 29 25h32'13" 8.85
5 48 26h47'20" 8.44
6 64 27h31'33" 8.21
7 75 28h06'42" 8.04
8 88 28h32'20" 7.92
9 98 28h51'33" 7.83

10 99 28h54'34" 7.82

11 180 32h01'15” 7.06

12 184 32h11'02" 7.02

13 291 30h22'32" 6.21

14 291 30h22'32" 6.21

15 321 37h35'49" 6.01

16 351 38h46'14” 5.83

nificant decrease of FFM and FM at D3 (-3.5% and - 0.8 % respec-
tively) and D6 (-5% and -1.1% respectively).

Performances and classification of the subjects during
the MS (¢ Table 4)

All subjects finished in the top 54% of the field, and 10 of 16
finished in the top 100 with a further three subjects among the
top 11 finishers out of a total of 650 participants.

Haematocrit and haemoglobin variation during the MS

Haematocrit variations during the MS appear in © Table 5. This
competition induced a significant decrease of haematocrit at Dg
compared to D5 or Dg.

No significant variation of haemoglobin concentration was noted
throughout the race (© Table 5).

Plasma volume variations (PVV) during the MS

As shown in © Fig. 1, PV did not significantly vary throughout
the race. Only a slight and insignificant decrease of PVV was
observed at D5 (-4.7+3.9%). The end of the MS (Dg) was associ-
ated with a restoration of the plasma volume (0.5+2.9%).
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Table 5 Lactatemia, haematocrit and haemogmobin values determined at
rest before the Marathon of Sands (Dy), 2-3 h after the third stage (D) and 2
to 3 h after the sixth stage (Dg).

Lactatemia Haemat- Haemoglobin
(mmol.LT) ocrit (%) (g/100ml of blood)
before MS (D) 1.7£0.6 43.2+0.4 14.1£0.1
after race 3 (D) 1.4+0.9 452+1.9 14.6+0.2
after race 6 (Dg) 1.8+0.2 40.7+x0.4*$ 14.9%+0.3
*Significant difference between Dy and Dg; p<0.05
$Significant difference between D3 and Dg; p<0.05
6 - Plasma volume variation (%)
4 4 -
2
0 T 1
2] T 1
4
6 l
-8
210 -
Race 3 Race 6
Fig. 1 Plasma Volume Variation.

Significant relationships between starting body mass and
VO,max (ml/min) (r=0.85; p<0.0001) and between the mean
speed during the Marathon of Sands of our athletes and their
body weight determined at D, (r=- 0.52; p<0.05) at D5 (r=- 0.57;
p<0.05) and at Dg (r=-0.51; p<0.05).

Discussion

v

This study demonstrated that during the “Marathon of Sands”,
athletes well-trained in endurance exhibited significant loss of
body weight but no significant variation in plasma volume. No
medical complications or decreases in performance were
observed. These results are in accordance with recent studies
[16,31,32] that also reported no effect of weight changes on per-
formance during the South Africa Ironman Triathlon.

In this study all the athletes completed the competition. Ten
were among the first 100 competitors and 5 among the first 50
in a field of 650 participants. This reflects the high level of per-
formance of the group as well as the adequate level of the prepa-
ration for this competition.

The MS induced a significant decrease in the athletes’ body mass,
which was more pronounced at the end of the competition
(Dg: —6.1%) compared to the middle of the MS (D3: —4.3%). This
decrease was observed in all athletes and was associated with a
significant decrease of FFM and FM, which was again more pro-
nounced at Dg (-5% and -1.1%, respectively for FM and FFM)
compared to D3 (-3.5% and -0.8%, respectively FM and FFM).
Hence, significant relationships were observed between starting
body mass and VO2max and between the mean speed during
the Marathon of Sands of our athletes and their body weight
determined at Dy D3 and Dg. In addition, it is important to note
that the athlete with the greatest weight changes (5 and 9% of
body weight lost at D; and Dg respectively) was the fastest one.
He terminated the MS in the 6™ place from a total of 650 par-
ticipants. These changes in body weight are among the highest
reported, greatly exceeding peak values measured in laboratory
trials. However, these results are similar to those reported by
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Speedy et al. [32] who observed ranges of weight changes (-12
to+6%) in the New Zealand Ironman Triathlon. These body mass
losses observed in response to endurance exercise are often
explained partially by a loss of water stored [26]. Our results do
not support the hypothesis that is also proposed by classical
studies, which suggests that a weight loss of 7% or more pro-
duces the symptoms and signs of dehydration, which causes
exhaustion thus preventing further exercises. Indeed, some of
our athletes were able to continue the MS (three more long-last-
ing stages) without apparent deficiency, even though their per-
centage of weight loss exceeded that value. Similar results have
been previously reported [32]. As suggested by these last authors,
new data supports the idea that the percentage of body loss at
which exercise must terminate is probably influenced by both
environmental and individual factors. Furthermore, a popular
statement is that levels of dehydration greater than 2.5% are
associated with linear impairments of exercise performance
from 20 to 55% [2,6]. This prediction is incompatible with our
findings and those of a previous study [16,32]. In fact, based on
the data of Craig and Cummings [6] the 6% weight loss that we
measured would have led to a reduction of performance by 48-
132%.

Haematocrit values measured at rest are comparable to those
observed in literature for marathon runners [7,26]. Indeed, hae-
matocrit values increased slightly at the end of the 3rd stage
after 93km and decreased significantly at the end of the MS.
These results are similar to those observed in the literature.
Indeed, several studies show that the exercise repetitions which
develop endurance induced a decrease of haematocrit [3,30].
Others observe that the haematocrit values of trained subjects
are always lower than those of untrained ones [7]. This decrease
of haematocrit in response to endurance training due to a dis-
proportional increase of plasma volume compared to the
increase of the red blood cells is well known as sportsman’s
anaemia [11]. For Selby and Eichner [35], this “pseudo anaemia”
must be considered as a physiological adaptation rather than a
pathological adaptation.

Haemoglobin rest values are in the range of literature data noted
for endurance trained males [9,26]. As in response to an acute
running session, we did not observe any variation of haemoglo-
binemia in response to the MS [9, 26].

Surprisingly, we did not observe any significant variations in PV
despite extreme conditions. Indeed, the MS is an unusual run-
ning competition. Taking into account the extremely long dura-
tion of each stage, the number of stages, the climatic conditions
and the restriction of water intake, we hypothesized that such
competition would lead to significant PV decrease. However, we
did not observe any significant variation of PVV throughout the
competition. Our results are different from those of several stud-
ies [5,19,26] that reported a decrease of PV after different types
of prolonged exercise. These differences can be explained by the
different intensity and duration of exercises (walking vs. run-
ning and isolated exercise vs. repetition), by the environmental
conditions (Europe vs. Africa) or by the hydration conditions
(restricted vs. unrestricted).

Classically, when a PV decrease is observed in response to exer-
cise, this change is explained by different mechanisms. The first
one is represented by the increase of the blood pressure and by
the increase of the hydrostatic pressure, which induce plasma
filtration towards extra-vascular compartments [14]. The sec-
ond one which could explain haemoconcentration is the accu-
mulation of some metabolites such as lactate, ammonium or



potassium in the working muscles, which increase the intracel-
lular osmotic pressure and induce water movement from the
blood towards the muscular cells [13]. The third mechanism is
sweat production, which decreases plasma volume. This sweat
production depends on exercise intensity, the training level of
the subjects [4] and the environmental conditions.

In our study, the lack of significant PVV may be explained as fol-
lows. First, the delay between the end of the race and the blood
samplings (2-3 h) may explain in part our results. Indeed, after
an acute bout of exercise (marathon or longer-duration exercise)
the PV returns to its initial value after one hour of recovery
[5,9,19]. This result suggests that the PV of our marathon run-
ners was even lower than values measured 2-3 h after the race.
However, since we did not measure other factors such as ammo-
nium and potassium, we cannot incriminate this factor to explain
our results. The second explanation could be the environmental
conditions. Indeed, we hypothesised that the PV of the athlete
would decrease throughout the week since water was restricted
and environmental conditions are tough in the Moroccan desert.
However, it is important to note that this 13t edition of the MS
took place in 2002 under relatively inclement temperatures
(range 20-30°C). Thirdly, we can explain the non-variation of
PV by the adaptation of some mechanisms that may occur after
repetition of exercises. Indeed, a restoration or even an increase
of PV is often observed after a succession of long-term exercises
of moderate intensity [5,9]. The same observation was noted by
a previous study [15] which observed in male subjects a 19.8%
increase of the PV after 3 times 3.33 miles running in 5 days. The
more important increase observed in this last study compared to
the increase observed between the third stage and the sixth
stage [+8.4+7.9%] is probably due to the intensity of the exer-
cise. Indeed, in this study [15] the subjects ran at higher relative
intensity than our subjects during the MS. In the same way,
another work [18] noted in physically active men a 10% increase
in PV after the third day of walking in a period of seven days.
Fellmann [9] also observed a progressive increase in the PV dur-
ing a seven-day period of cross-country skiing. The correspond-
ing increase reached a value of 4% after day 1 and levelling to
33% on day 5, and then the value stabilized. A movement of
water from the intracellular environment towards the extracel-
lular environment could explain the slight increase in the PV
observed in our study between D3 and Dg in the desert, despite
the limited water intake [18]. Indeed, it has been demonstrated
that during long-duration exercises or during heat exposition
when the losses of water are important, the PVV tends to remain
constant or increases slightly while the intracellular volume
decreases [4]. This relatively small change in extracellular vol-
ume is probably due to the lack of the Na*ions exchanged and to
the activation of the hormonal system especially the renin-
aldosterone system [20]. Another possible mechanism able to
explain this PV restoration is represented by the increase in the
protein mass in the vascular space in response to long-term
exercises [17]. Indeed, the proteins’ entrance into the vascular
space facilitates the liberation of water, which accumulates in
the active muscles, then goes into the plasma. Another parame-
ter to consider which may explain the return of PV to normal
levels is the production of metabolic water, which is linked to
the oxidation of the fatty acids and carbohydrates and to the lib-
eration of water during the glycogen degradation in the muscle
and in the liver [26].

Concerning PVV, body weight loss and performance, we did not
observe in this study any relationship between these parame-
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ters. The limited number of blood sampling (at rest, at the mid-
dle and at the end of the MS) could mask some possible
relationships.

In conclusion, this study demonstrates that despite a succession
of long-duration exercises performed in tough conditions of
recovery, our athletes exhibited a significant weight loss which
can be explained by loss of fat and/or fat-free mass. The findings
from this study show that high levels of weight loss may not sig-
nificantly affect performance. Hence, as previously suggested
[16,25,32] these results provide compelling evidence that the
doctrine that “weight loss during exercise must be less than 2 %”
needs to be properly evaluated in prospective trials of competi-
tive events lasting longer than a few minutes.
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