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Abstract

Exercise-associated hyponatremia (EAH) has mainly been investigated in runners and triathletes.
In mountain bikers, EAH was studied in two multi-stage races, but not in a single stage race.  The aim
of this study was to investigate the prevalence of EAH in a single-stage mountain bike ultra-marathon.
In the ‘Swiss Bike Masters’ over 120 km with a climb of ~ 5,000 m in altitude, we determined pre and post
race body mass, hematocrit, plasma sodium concentration ([Na+]), and urinary specific gravity in 37
cyclists.  Athletes recorded their fluid intake while racing.  No athlete developed EAH.  The cyclists drank
on average (means ± SD) 0.7 ± 0.2 l/h.  Fluid intake was significantly and negatively related to race time
(r = -0.41, P < 0.05), but showed no association with post race plasma [Na+], the change in plasma [Na+],
post race body mass, or the change in body mass.  The athletes lost 1.4 kg body mass (P < 0.05), plasma
[Na+] decreased by 0.7% (P < 0.05), plasma volume increased by 1.4% and urinary specific gravity in-
creased by 0.4% (P < 0.05).  The change in body mass was neither related to post race plasma [Na+] nor
to the change in plasma [Na+].  The decrease in plasma [Na+] was not related to fluid intake.  The change
in plasma [Na+] was related to post race plasma [Na+] (r = 0.40, P < 0.01).  Ad libitum fluid intake showed
no case of EAH in a single-stage mountain bike ultra-marathon.  In contrast to previous findings, the
faster athletes drank more than the slower ones.
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Introduction

Exercise-associated hyponatremia (EAH), de-
fined as serum sodium concentration ([Na+]) < 135
M and described first in 1985 by Noakes et al. (23) as
being due to ‘water intoxication’, is a well known
and a well investigated fluid and electrolyte disorder
in marathoners (1, 4, 5, 12, 17, 21, 27), ultra-
marathoners (6, 7, 25, 26, 37, 38) and Ironman
triathletes (13, 22, 31, 34).  In marathoners, the in-
cidence of EAH amounts to about 22% depending
upon the number of investigated athletes, gender and
fitness level (1, 4, 12, 17, 21).

Regarding other endurance disciplines such as

mountain bike cycling, two recent studies investi-
gated fluid intake and electrolyte metabolism in
mountain bikers in multi-stage races (28, 30), but
not in a single stage mountain bike ultra-marathon.  In
the 3-day race of Rose and Peters (28), athletes
completed distances between 71 km and 90 km within
4:18 h:min and 7:06 h:min, respectively; in the 8-day
race of Schenk et al. (30), the cyclists had to com-
plete distances between 62 km and 122 km within
3:53 h:min and 7:50 h:min, respectively.  While in
the 3-day race over 248 km no change in altitude
was indicated (28), the athletes in the 8-day race had
to climb a total of 21,691 m of altitude during the
665.4 km with 3,930 m of altitude being the highest
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altitude to climb in the steepest stage (30).  In both
multi-stage races, no cases of EAH were documented
(28, 30).

A slow running pace and excessive drinking
behaviour (10, 11) with high frequency of fluid con-
sumption (1) are considered as the main risk factor for
fluid overload, and subsequently developing EAH.
Cyclists are able to take several drinking bottles and
backpack type hydration packs containing several
litres of fluids with them while riding in contrast to
marathon runners.  Based upon this knowledge, we
expected that the prevalence of EAH would be higher
in these ultra-endurance mountain bikers compared
to existing reports on marathoners.

To date, no study investigated the prevalence of
EAH in a single stage mountain bike ultra-marathon.
The aim of this study was to explore the prevalence of
EAH in male mountain bike ultra-endurance cyclists
in the ‘Swiss Bike Masters’, a single stage mountain
bike ultra-race.  This race is the most famous single
day mountain bike ultra-marathon in Europe with the
longest tradition and is still among the five toughest
mountain-bike ultra-marathons in Europe.  The ath-
letes have to cover a total distance of 120 km with a
climb of ~ 5,000 m in altitude and 12 aid stations were
offered.  We hypothesized that prevalence of EAH
would be higher compared to reports on marathoners.
In cases of excessive fluid intake (11, 29, 33, 34),
body mass would increase (24, 33) and plasma [Na+]
decrease (8, 24, 33, 35).

Materials and Methods

Subjects

The organiser of the 15th event of the ‘Swiss
Bike Masters’ contacted all participants of the race in
2008 and asked them to participate.  Forty-two athletes
were interested and volunteered to participate.  The
study subjects were given information about the ex-
perimental risks and they gave their informed written
consent.  The study was approved by the Institutional
Review Board for the Use of Human Subjects of the
Canton of St. Gallen, Switzerland.  Thirty-seven
subjects with (means ± SD) 38.8 ± 9.0 years, 74.8 ±
7.7 kg body mass, 1.79 ± 0.06 m body height and a
body mass index of 23.2 ± 1.9 kg/m2 finished within
the time limit.  Five athletes had to give up due to
medical complications (exhaustion) while no athlete
suffered an injury due to an accident.

Race

The 15th running of the ‘Swiss Bike Masters’ took
place on 20 July 2008.  This race was the first mountain
bike ultra-marathon in Europe, and is still one of the

five toughest mountain-bike ultra-marathons in Europe.
The athletes had to cover a total distance of 120 km
with a total climb of about 5,000 m in altitude with start
and arrival at Küblis at 814 m above sea level.  Fluids
such as hypotonic sports drinks, Coca Cola® and water
were provided at 12 aid stations.  Furthermore, soup
was offered at three stations.  Solid food such as energy
bars, bananas and bread were supplied at six aid stations.
The athletes were also allowed to carry along liquids in
backpack type hydration packs.  In the morning at the
start at 06:35 a.m. the temperature was 11° Celsius and
the weather was fine.  At noon, the sky became cloudy
and in the afternoon, after some showers, there were
heavy thunderstorms with lightning.  At the highest
point ‘Caschina’ at 2,236 m above sea level the tem-
perature was 5° Celsius, with fog.

Measurements and Calculations

Before the start of the race, and immediately
after arrival at the finish line, every subject underwent
determination of body mass and the collection of
blood and urinary samples in order to measure hema-
tocrit, plasma volume, plasma [Na+], and urinary
specific gravity.  Body mass was measured using a
commercial balance Beurer BF15 (Beurer GmBh,
Ulm, Germany) to the nearest 0.1 kg.  Athletes were
weighed after voiding their urinary bladder in their
cycling dress, without shoes or other equipment.  After
weighing, capillary blood samples of 80 µl were
drawn from a fingertip and both hematocrit and
plasma [Na+] were analysed using the i-STAT® 1
System (Abbott Laboratories, Abbott Park, IL, USA).
Changes in plasma volume were calculated from the
pre and post race hematocrit values according to
Beaumont (3).  Urinary specific gravity was analysed
using Clinitek Atlas® Automated Urine Chemistry
Analyzer (Siemens Healthcare Diagnostics, Deerfield,
IL, USA).  During the race, the athletes recorded their
fluid intake.  At each aid station, the competitor wrote
down the number of cups or drink bottles he consumed
and the total fluid intake was calculated.  Fluid intake
immediately before the start and after the finish was
added to the fluid intake during the race.  Upon arrival
at the investigators post race, athletes were asked for
symptoms of EAH (10, 11, 29).

Statistical Analysis

Results are presented as means ± standard devia-
tion.  The one sample Wilcoxon signed rank test was
used to check for significant changes in the parameters
during the race and correlation analysis was applied
to check for associations between the parameters.  For
all statistical tests, significance was set at a level of
0.05.
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Results

A total of 265 male cyclists entered the race,
231 (87%) finished within the time limit.  The winner
finished in 5:49 h:min; the last finisher took 12:13
h:min.  Thirty-seven (88%) out of our 42 subjects fin-
ished.  Our fastest subjects finished in 6:46 h:min, the
slowest in 12:13 h:min.  On average, our subjects
completed the race within 540 ± 80 min.

No athlete developed EAH (see Table 1).  The
cyclists drank a total of 6.5 ± 1.8 l of fluids during the
race, on average 0.7 ± 0.2 l/h.  Fluid intake correlated
to race time (see Fig. 1) but showed no association
with post race plasma [Na+], the change in plasma
[Na+], post race body mass or the change in body
mass.  Post race plasma [Na+] and the change in
plasma [Na+] were not related to race time.

The athletes lost 1.4 kg in body mass, equal to
1.9% (see Table 1). Plasma [Na+] decreased signi-
ficantly by 0.7% (P < 0.05), plasma volume increased
by 1.4% and urinary specific gravity increased signi-
ficantly by 0.4% (P < 0.05).  The change in body mass
was neither related to post race plasma [Na+] nor to

the change in plasma [Na+].  The decrease in plasma
[Na+] was not related to fluid intake.  The change in
plasma [Na+], however, was related to post race plasma
[Na+] (see Fig. 2).

Discussion

The aim of this study was to investigate the pre-
valence of EAH in male mountain bike ultra-endurance
cyclists in the ‘Swiss Bike Masters’, and we hypothesised
that the prevalence of EAH would be higher in these
ultra-endurance athletes compared to existing reports
on marathoners.  The most important finding was,
however, that no mountain biker developed EAH in
this single stage mountain bike ultra-marathon, as has
already been described by Rose and Peters (28) and
Schenk et al. (30) in multi-stage mountain bike races.

Fluid Intake and Prevalence of Exercise-Associated
Hyponatremia

Fluid overload during endurance performance
is considered as the main risk factor in developing

Table 1. Mean values and standard deviation of body mass and laboratory parameters before and after the race
for the 37 athletes (*P < 0.05; **P < 0.01)

Pre Race Post Race Change Change
Absolute In %

Body Mass (kg) 74.4 ± 7.5 73.0 ± 7.3 -1.4 ± 1.2** -1.9 ± 1.6**
Hematocrit (%) 44.9 ± 2.4 44.8 ± 2.9 -0.1 ± 3.0 -0.2 ± 6.6
Plasma [Na+] (mM) 138.3 ± 2.1 137.3 ± 1.5 -1.0 ± 2.4* -0.7 ± 1.7*
Urinary Specific Gravity (g/ml) 1.010 ± 0.007 1.014 ± 0.007 +0.004 ± 0.009* +0.37 ± 0.98*

Fig. 1. Fluid intake was related to race time (n = 37) (r = -0.41,
P < 0.05).
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Fig. 2. The change in plasma [Na+] was related to post race
plasma [Na+] (n = 37) (r = 0.50, P < 0.01)
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EAH (10, 11).  In marathoners, hyponatremic athletes
reported significantly larger fluid intakes than non-
hyponatremic finishers (1, 17).  Hyponatremic mara-
thoners consume fluids at a higher rate (0.84 l/h)
compared to non-hyponatremic runners (0.45 l/h)
(17).  Furthermore, fluid intake correlated significantly
with plasma [Na+] change between the start and the
finish of the race in marathoners (21).

In these mountain bikers, however, fluid intake
was relatively high with 0.7 ± 0.2 l/h compared to
marathoners (17) and no athlete developed EAH.
This volume is still within the hourly drinking volume
limits of 0.8 l/h recommended for endurance exercise
(2, 22).  Also in the multi-stage mountain bike race
of Schenk et al. (30), fluid intake did not exceed 0.75
l/h.  In the multi-stage mountain bike race of Rose
and Peters (28), fluid intake was even lower ranging
between 0.34 l/h and 0.55 l/h.  In our subjects and the
subjects in the multi-stage races (28, 30), no case of
EAH occurred in mountain bikers.

The common opinion of EAH is that slower
athletes drink more than faster ones (10, 11) thus lead-
ing to fluid overload.  In these mountain bikers, how-
ever, we found the opposite.  Fluid intake correlated
to racing speed; the faster athletes drank more than
the slower ones.  It is difficult to explain these con-
tradictory findings.  The low mean fluid intake of
our athletes, as well as the even lower fluid intake in
the multi-stage mountain bikers, may be the reason
that neither in our single stage bikers, nor in the
multi-stage bikers, any case of EAH was found.  Schenk
et al. (30) hypothesised that the high intensity, the
difficult terrain, the impossibility of drafting and
the descents were the main reasons that mountain
bikers drink rather little compared to other ultra-
endurance athletes such as Ironman triathletes (34).
Recent findings suggest that an increased activity of
vasopressin is associated with an increased risk of
EAH (9, 14).

Interestingly fluid intake was neither related to
post race plasma [Na+] or to ∆ in plasma [Na+].  Serum
[Na+] changes are not directly related to total fluid
intake because of the gastric emptying time.  When
blood samples are taken immediately post exercise, a
change in serum [Na+] would not yet have been
detected; it takes at least 30 min for fluid to leave the
stomach when pure water has been ingested.

While Schenk et al. (30) found five and four
cases, respectively, of asymptomatic hypernatremia,
defined as plasma [Na+] > 145 M, at the finish of stages
5 and 6, no athlete in our study developed hypernatre-
mia.  The highest post race plasma [Na+] was 141 M
in one athlete.  Presumably the rather higher fluid in-
take in our athletes prevented from hypernatremia.

Change in Body Mass and Plasma Sodium

A second hypothesis was that body mass would
increase and plasma [Na+] decrease in cases of ex-
cessive fluid intake.  In endurance athletes, an associa-
tion between ∆ in body mass and both post race
plasma [Na+] and ∆ in plasma [Na+] has been found
(21, 31).  In marathoners developing EAH, ∆ in body
mass correlated with both post race plasma [Na+] and
∆ in plasma [Na+] (21).

In these ultra mountain bikers, body mass
decreased, plasma sodium decreased and urinary
specific gravity increased.  ∆ in body mass was neither
related to post race plasma [Na+] nor to ∆ in plasma
[Na+].  The decrease in body mass and the increase in
urinary specific gravity indicated dehydration (16,
32), rather than hyperhydration.  Mettler et al. (21)
showed an association between ∆ in body mass and ∆
in both post race plasma [Na+] and ∆ in plasma [Na+],
and an association between post race plasma [Na+]
and ∆ in plasma [Na+] in marathoners.  While we
could not confirm their first finding, we were able to
replicate their second finding.  The decrease in body
mass might, however, also be due to a decrease in
solid masses as has been found in ultra-runners (20)
and ultra-cyclists (18, 19) where fat mass (19, 20) and
muscle mass (18) decreased in ultra-endurance ath-
letes.

Fluid intake showed no association with post
race body mass or ∆ in body mass.  In case of fluid
overload with development of EAH, we would have
expected an increase in body mass as has been found
in marathon runners (1, 17).  Body mass, however,
decreased in these athletes by 1.9%.  The mean fluid
intake of 0.7 ± 0.2 l/h prevented obviously from
weight gain and development of EAH (10, 11), but
the decrease in body mass and the increase in uri-
nary specific gravity indicated dehydration (16, 32).
Following the ‘Position Stand’ of the American
College of Sports Medicine for ‘Exercise and Fluid
Replacement’ (2), a fluid intake between 0.4 to 0.8
l/h is recommended for marathoners.  Obviously,
these ultra-cyclists met exactly these recommenda-
tions.  The use of urinary specific gravity as a marker
of hydration status is time-dependent and shows only
chronic dehydration, but not acute dehydration (2).

A limitation of this investigation is the fact that
we did not determine sodium content in the ingested
fluids; sodium intake might be associated with post
race plasma [Na+].  However, two studies with Ironman
triathletes showed that sodium supplementation is
not required to maintain plasma [Na+] (15) or to
prevent from EAH (36).

To summarise, ad libitum fluid intake in athletes
in a single stage mountain bike ultra-marathon showed
no case of EAH, as has already been described in
multi-stage mountain bike ultra-marathons of three
and eight stages.  In contrast to previous reports of
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EAH, where slower athletes drank more than faster
athletes, faster mountain bikers drank more than slower
ones.  Future studies might show why faster athletes
drink more than slower ones and yet no EAH occurs
in ultra-endurance mountain bikers.
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