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Abstract We investigated the prevalence of exercise-
associated hyponatremia (EAH) in 145 male ultra-mara-
thoners at the ‘100-km ultra-run’ in Biel, Switzerland.
Changes in body mass, urinary specific gravity, haemo-
globin, haematocrit, plasma [Na'], and plasma volume
were determined. Seven runners (4.8%) developed
asymptomatic EAH. Body mass, haematocrit and haemo-
globin decreased, plasma [Na*] remained unchanged and
plasma volume increased. A body mass correlated with
both post race plasma [Na*] and A plasma [Na™*]. A plasma
volume was associated with post race plasma [Na']. The
athletes consumed 0.65 (0.30) L/h; fluid intake correlated
significantly and negatively (r = —0.50, p < 0.0001) to
race time. Fluid intake was neither associated with post
race plasma [Na'] nor with A plasma [Na™], but was
related to A body mass. To conclude, the prevalence of
EAH was low at ~5% in these male 100 km ultra-mara-
thoners. EAH was asymptomatic and would not have been
detected without the measurement of plasma [Na't].
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Introduction

Exercise-associated hyponatremia (EAH)—defined as serum
[Na'] <135 mmol/L and described first in 1985 by Noakes
et al. (1985) as being due to ‘water intoxication’—is a well
known and well described fluid and electrolyte disorder in
marathoners, where the prevalence of EAH amounts to
~22% depending upon the number of investigated ath-
letes, their gender and fitness level (Almond et al. 2005;
Chorley et al. 2007; Davis et al. 2001; Hew 2005; Hew
et al. 2003; Kipps et al. 2009; Reid et al. 2004). Risk
factors for EAH are weight gain, exercise duration of more
than 4 h, a slow exercise pace, female gender, a low body
mass, excessive drinking of more than 1.5 L/h while racing,
pre-exercise hyperhydration, abundant availability of
drinking fluids at the event, nonsteroidal anti-inflammatory
drugs, and an extremely hot or cold environment (Hew-
Butler et al. 2005; 2008a; Irving et al. 1991; Noakes et al.
2005; Rosner 2009; Rosner and Kirven 2007). In a data
analysis of 2,135 athletes, weight gain as a consequence of
excessive fluid consumption was the principal cause of a
reduced serum [Na™] after exercise (Noakes et al. 2005). In
recent years, non-osmotic secretion of arginine-vasopres-
sin, combined with high fluid availability, plus sustained
fluid intake, has been hypothesised as leading to an
increase in EAH (Hew-Butler 2010; Rosner 2009). Other
potential mechanisms in the pathogenesis of EAH include
sweat sodium loss, inability to mobilise exchangeable
sodium stores, metabolic water production, and impaired
renal blood flow and glomerular filtration rate (Rosner
2009).

While there is abundant literature about the prevalence
of EAH in marathoners (Almond et al. 2005; Chorley et al.
2007; Davis et al. 2001; Hew et al. 2003; Kipps et al.
2009), studies investigating EAH in ultra-marathoners are
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rare (Fallon et al. 1999; Glace et al. 2002; Noakes and
Carter 1976; Noakes et al. 1990; Page et al. 2007; Reid and
King 2007). Since ultra-marathoners run at a slow pace
(Glace et al. 2002; Knechtle et al. 2009a; Knechtle et al.
2010), they may be at an especially high risk of fluid
overload, and subsequently developing EAH (Hew-Butler
et al. 2005, 2008a; Rosner 2009; Rosner and Kirven 2007).
In a recent study of 45 male ultra-marathoners in a 161 km
ultra-marathon, 51.2% of the finishers presented with EAH
(Lebus et al. 2010). The authors discussed the significantly
longer nature of a 161 km ultra-marathon as a main reason
for the increased prevalence of EAH.

Studies investigating EAH in ultra-marathoners have
been conducted in South Africa (Irving et al. 1991; Noakes
et al. 1990; Noakes and Carter 1976), United States of
America (Glace et al. 2002; Lebus et al. 2010; Stuempfle
et al. 2003), Australia (Fallon et al. 1999; Reid and King
2007), and New Zealand (Page et al. 2007). However,
no study has investigated the prevalence of EAH in a
European ultra-marathon. The aim of this study was to
investigate the prevalence rate of EAH in male ultra-mar-
athoners in the ‘100-km ultra-run’ in Biel, Switzerland.
This race is the most famous 100 km ultra-marathon in
Europe with ~ 1,200 finishers each year from all over
Europe.

Methods
Subjects

Data were collected over four consecutive years in a
100 km ultra-run; the ‘100-km run’ in Biel, Switzerland, in
order to increase the sample size. The Race Director con-
tacted all the participants, in the years 2007-2010, via a
separate newsletter at the time of inscription, in which they
were asked to participate in the study. In 2007, 1,118 male
runners finished, in 2008 1,993, in 2009 1,090 and in 2010
1,059, respectively. A total of 157 male ultra-runners
volunteered to participate in our investigation over this
4 year period. The athletes were informed of the proce-
dures and gave their informed written consent. The study
was approved by the Institutional Review Board for use of
Human Subjects of St. Gallen, Switzerland. Age, anthro-
pometry, training and pre race experience of the subjects is
represented in Table 1.

Race
The ‘100-km run’ in Biel, Berne, Switzerland, generally
takes place during the night of the first weekend in June.

The athletes start the 100 km run on Friday at 10:00 p.m.
They have to climb a total altitude of 645 metres. During
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Table 1 Age, anthropometry, training and pre race experience of the
145 finishers

Characteristics of subjects

Age (years) 45.7 (9.6)
Body mass (kg) 74.5 (9.2)
Body height (m) 1.78 (0.06)
Body mass index (kg/mz) 23.4 (2.1)
Years as active runner 11.3 (7.9)
Weekly running hours 7.7 (6.7)
Weekly running kilometres 70.9 (28.3)
Speed in running during training (km/h) 10.7 (1.5)
Number of completed marathons (n = 138) 29.4 (47.5)
Personal best marathon time (min) 206 (30)
Number of completed 100 km runs (n = 98) 6.2 (8.3)
Personal best time in a 100 km run (min) 675 (124)

Results are presented as mean (SD)

these 100 km, the organiser provides a total of 17 aid
stations offering an abundant variety of food and beverages
(see Table 2). The athletes are allowed to be supported by a
cyclist in order to have additional food and clothing, if
necessary. In all 4 years, the general weather conditions
were comparable, with the temperature at the start being
15-18°C, night lows of 8-10°C, and daily highs of
25-28°C the following day. There was no rain or wind.

Measurements and calculations

Before the start of the race, and after arrival at the finish
line, every subject underwent determination of body mass,
and the collection of capillary blood and urinary samples.
Body mass was measured using a commercial scale
(Beurer BF 15, Beurer GmbH, Ulm, Germany) to the
nearest 0.1 kg. Body height was determined using a stadi-
ometer to the nearest 0.01 m. Capillary blood samples were
taken from the fingertip; plasma [Na*], haemoglobin and
haematocrit were analysed using the i-STAT® 1 System
(Abbott Laboratories, Abbott Park, IL, USA). Standardi-
sation of posture prior to blood collection was respected
since postural changes can influence blood volume and
therefore haemoglobin concentration and haematocrit
(Strauss et al. 1951). The percentage change in plasma
volume (%APV) was calculated from pre- and post-race
levels of haematocrit (Hct) following the equation of
van Beaumont (1972). Urinary specific gravity was ana-
lysed using Clinitek Atlas® Automated Urine Chemistry
Analyzer (Siemens Healthcare Diagnostics, Deerfield, IL,
USA). During the race, the athletes recorded their fluid
intake on a sheet of paper which they carried with them
during the run. At each aid station, they marked the number
of consumed cups. In addition, all supplemental fluid intake
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Table 3 Comparison of
anthropometry, pre race
experience, fluid intake and
performance between
hyponatremic and non-
hyponatremic finishers

Results are presented as mean
(SD). No differences were
found between hyponatremic

Hyponatremic Non-hyponatremic p value

finishers (n = 7) finishers (n = 138)
Age (years) 47.7 (12.5) 45.6 (9.5) n.s.
Body mass (kg) 70.2 (7.6) 74.8 (9.3) n.s.
Body height (m) 1.76 (0.07) 1.79 (0.07) n.s.
Body mass index (kg/mz) 22.6 (1.7) 234 (2.2) n.s.
Years as active runner (years) 6.7 (5.0) 11.5 (8.0) n.s.
Weekly running hours (h) 8.9 (4.1) 7.6 (6.8) n.s.
Weekly running kilometres (km) 88.6 (27.5) 70.0 (28.1) n.s.
Speed in running during training (km/h) 10.7 (0.9) 10.7 (1.5) n.s.
Number of completed marathons (7) 20.5 (30.3) (n = 6) 29.8 (48.2) (n = 132) n.s.
Personal best marathon time (min) 192 (10) 207 (31) n.s.
Number of completed 100 km runs (n) 9.7 (13.3) (n = 3) 6.0 (8.2) (n =94) n.s.
Personal best time in a 100 km run (min) 616 (36) 677 (125) n.s.
Fluid intake (L) 6.2 (2.3) 7.3 (3.1) n.s.
Fluid intake (L/h) 0.58 (0.23) 0.65 (0.30) n.s.
Fluid intake (mL/h/kg body mass) 8.3 (3.3) 8.7 (4.3) n.s.
Race time (min) 640 (74) 710 (120) n.s.
Running speed in the race (km/h) 9.4 (0.9) 8.7 (1.4) n.s.

and non-hyponatremic finishers
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Fig. 1 Fluid intake correlated significantly and negatively with race
time for the 145 finishers (r = —0.50, p < 0.0001)

and significantly to race time (see Fig. 1). Hyponatremic
finishers were drinking no more compared with non-hyp-
onatremic ones (see Table 3). For all 145 finishers, body
mass decreased, plasma [Na'] remained stable, haemato-
crit and haemoglobin decreased and urinary specific grav-
ity increased (see Table 4). In both hyponatremic and
non-hyponatremic finishers, haematocrit and haemoglobin
decreased, and urinary specific gravity increased (see
Table 5). Plasma [Na'], however, decreased in the
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hyponatremic finishers, but not in the non-hyponatremic
finishers. Plasma volume increased by 6.1 (15.6) % for all
finishers. In the hyponatremic finishers, plasma volume
increased significantly higher by 15.2 (9.7) %; in the non-
hyponatremic finishers, by 5.5 (12.6) % (p < 0.05).

A body mass correlated to both post race plasma [Na™]
(see Fig. 2) and A plasma [Na™*] (see Fig. 3) but not to
finishing time (see Fig. 4). Post race plasma [Na'*] corre-
lated positively and significantly with A plasma [Na™]
(r = 0.73, p < 0.0001). Fluid intake was neither associated
with post race plasma [Na'] nor with A plasma [Na™].
Fluid intake was related to A body mass (see Fig. 5), but
not to post race body mass. Fluid intake showed no cor-
relation to post race urinary specific gravity, A urinary
specific gravity or A plasma volume. A plasma volume was
associated with post race plasma [Na'] (r = —0.29,
p = 0.0375), but not with A [Na™], post race body mass, or
A body mass. Race time showed no association with post
race body mass, A body mass, post race plasma [Na*], A
plasma [Na'], post race urinary specific gravity or A uri-
nary specific gravity.

Discussion

The aim of this study was to investigate the prevalence of
EAH in male ultra-marathoners in a European ultra-mara-
thon. Seven runners (4.8%) developed asymptomatic EAH.
Regarding the existing literature on EAH in ultra-mara-
thoners, the prevalence of EAH seems generally to be
lower in ultra-marathoners compared to marathoners,
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Table 4 Changes in body

mass, haematologic and urinary Pre race Post race Change (absolute) Change (%)
parameters for the 145 finishers g4y mags (kg) 745 (9.2) 727 9.1 1.8 (1.4) ##x —24(18)
Plasma [Na*] (mmol/L) 138.0 (2.3) 1385 2.7) 105 (3.4) 104 (2.5)
Haematocrit (%) 453 (4.2) 44.0 (3.4) ~1.3 (3.2) #*x —2.4 (6.6)
?Seg‘)ﬂts are presented as mean Haemoglobin (g/dL) 15.3 (1.5) 15.0 (2.5) 0.3 (2.4) ®* ~1.6 (15.5)
o5 < 0,001 Urinary specific gravity (/mL)  1.014 (0.008)  1.024 (0.006) +0.009 (0.007) *** 10.98 (0.74)

Table 5 Comparison of changes in body mass, haematologic and urinary parameters within hyponatremic and non-hyponatremic finishers

Hyponatremic finishers (n = 7)

Non-Hyponatremic Finishers (n = 138)

Pre race Post race A (post—pre) Pre race Post race A (post—pre)
Body mass (kg) 70. 2 (7.6) 68.4 (7.3)* —1.8 (0.9) 74.8 (9.3) 73.0 (9.1)* —-1.8 (1.4)
Plasma [Na*] (mmol/L) 137.0 (3.6) 133.1 (1.5)* -39 (3.1)* 138.1 (2.2) 138.8 (2.5) +0.7 (3.3)
Haematocrit (%) 45.0 3.7) 41.6 (3.3)* —3.4 (22" 453 (4.2) 44.2 (3.3)* —-1.1 3.2)
Haemoglobin (g/dL) 15.3 (1.3) 14.1 (1.1)* —1.2 (0.7)* 153 (1.4) 14.9 (1.2)* —-0.4 (1.0)

Urinary specific gravity (g/mL) 1.007 (0.004) 1.020 (0.009)*

+0.013 (0.006)

1.015 (0.007) 1.025 (0.008)* +0.010 (0.007)

Results are presented as mean (SD)
* Significant difference within the group

# Significant difference between the groups
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Fig. 2 The change in body mass was significantly and negatively
associated with post race plasma [Na™] in the 145 finishers (r =
—0.35, p < 0.0001)

although Stuempfle et al. (2002) described a prevalence of
44% of EAH in ultra-marathoners and Lebus et al. (2010)
of 51.2%. Noakes et al. (1990) found symptomatic EAH in
0.3% of ultra-marathoners finishing a 90 km ultra-mara-
thon with a total of 18,031 finishers. In a 161 km race,
however, no case of EAH occurred, although decreased
plasma [Na'] after the race was due to fluid overload
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Fig. 3 The change in body mass was significantly and negatively
associated with the change in plasma [Na*] in the 145 finishers
(r=-0.34, p < 0.0001)

caused by excessive fluid consumption (Stuempfle et al.
2003). Also Reid and King (2007) and Glace et al. (2002)
found no case of EAH in ultra-marathoners.

In a very recent study of 161 km ultra-marathoners,
however, the prevalence of EAH amounted to ~50%
(Lebus et al. 2010). The 45 athletes in that study competed

@ Springer
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Fig. 4 The change in body mass was not related to finishing times
(r = 0.03, p > 0.05) for the 145 finishers
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Fig. 5 Fluid intake was significantly and positively related to the
change body mass (r = 0.21, p = 0.012) in the 145 finishers

for ~26 h, considerably longer compared to our ultra-
runners who completed the 100 km within ~ 12 h. Lebus
et al. (2010) discussed the significantly longer nature of a
161 km ultra-marathon, compared to a marathon, as a main
risk factor for the high prevalence of EAH. The considerably
larger difference of ~5% EAH in our 100 km ultra-mara-
thoners compared to ~50% EAH in the 161 km ultra-mar-
athoners of Lebus et al. (2010) is, however, striking. A reason
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for the notably higher prevalence of EAH in Lebus et al.
(2010) could be the higher ambient temperature at the ‘Rio
Del Lago 100-Mile Endurance Run’ of 12.2-37.6°C, com-
pared with the lower temperatures at Biel, Switzerland. An
extremely hot or cold environment is considered as a risk
factor for EAH (Hew-Butler et al. 2005, 2008a; Rosner 2009;
Rosner and Kirven 2007).

Considering the aid stations and the nutrition provided,
the two races were comparable. Lebus et al. (2010), how-
ever, acknowledged that their investigation was limited
since fluid and nutrition intake was not recorded. In the
‘Rio Del Lago 100-Mile Endurance Run’, 24 aid stations
were offered at ~7 km; in the ‘100-km run’ in Biel, the
athletes could feed at 17 aid stations at ~6 km. In both
races salt was offered. In the ‘Rio Del Lago 100-Mile
Endurance Run’ salty snacks were provided; in the ‘100-
km run’ in Biel the athletes could drink soup. In contrast to
Lebus et al. (2010), we were able to determine fluid intake,
however, the sodium intake would also be interesting. It
has been shown that the risk of EAH can be minimised by
the use of replacement fluids of high sodium concentrations
while running for 4 h (Twerenbold et al. 2003). However,
studies at ultra-endurance races such as an Ironman tri-
athlon showed that oral sodium supplementation was not
necessary to prevent hyponatremia (Hew-Butler et al.
2006; Speedy et al. 2002). Also sodium ingestion may not
be of much advantage when athletes replace only ~50% of
their fluid loss during performances at 32°C (Sanders et al.
1999). Sodium supplementation might, however, be of
importance in a hot environment. When fluid intake mat-
ches sweat loss, sodium intake during prolonged exercise
in the heat, at 30°C, plays a significant role in preventing
sodium losses that may lead to hyponatremia (Anastasiou
et al. 2009). At 30°C, saline intake, however, was not
associated with significantly higher plasma sodium during
exercise compared to water intake (Barr et al. 1991). Sweat
loss might be of importance at high ambient temperatures
regarding the risk of EAH. At 34°C, decreased plasma
sodium concentration can result from replacing sweat loss
with plain water, when sweat losses are large, and can
precipitate the development of hyponatremia (Vrijens and
Rehrer 1999).

A further reason for the different findings in plasma
[Na*] in Lebus et al. (2010) compared to our results might
be the device used in the determination of plasma [Na*]. In
both investigations, however, the i-STAT® 1 System
(Abbott Laboratories, Abbott Park, IL,, USA) was used to
determine plasma [Na']. Lebus et al. (2010) reported
malfunctions in the pre race determination of plasma
[Na™], whereas we had no malfunctions. The reason for the
malfunctions might have been the higher ambient tem-
perature at the ‘Rio Del Lago 100-Mile Endurance Run’
compared to our race.
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Fluid overload due to overdrinking is the main risk
factor for EAH (Hew-Butler et al. 2005, 2008a; Irving et al.
1991; Noakes et al. 2005; Rosner 2009; Rosner and Kirven
2007). Weight gain, as a consequence of excessive fluid
consumption, was the principal cause of a reduced serum
[Na'] after exercise when 2,135 athletes were analysed
(Noakes et al. 2005). The way to minimise the risk of EAH
is not to overdrink during exercise (Beltrami et al. 2008).
This is clearly shown by all the studies in which athletes
are advised not to overdrink during exercise. In those races,
the risk of EAH is negligible. Examples are the 90 km
Comrades Marathon in South Africa (Noakes and Carter
1976; Noakes et al. 1990), the Ironman South Africa
(Sharwood et al. 2002; Sharwood et al. 2004) and the
Ironman New Zealand (Speedy et al. 2000) where the
advice to reduce fluid intake reduced the incidence of EAH
dramatically.

In this race, the athletes were offered 17 refreshment
points over the 100 km, on average every 5.9 km. Our
ultra-marathoners consumed—despite the increased avail-
ability of aid stations—on average 0.65 (0.30) L/h. In the
‘Position Statement’ of IMMDA, marathoners should drink
no more than 400-800 mL/h ad libitum, according to their
thirst (Noakes 2003). These ultra-marathoners met—with a
mean fluid intake rate of 0.65 (0.30) L/h—the recommen-
dations of IMMDA exactly. An interesting finding was the
fact that fluid intake was significantly and negatively
related to race time where faster runners were consuming
more fluids than slower ones. In marathoners, EAH was
associated with increased fluid consumption during the
race because slower athletes showed a higher drinking
frequency compared with faster ones (Almond et al. 2005;
Kipps et al. 2009; Mettler et al. 2008). Although our faster
athletes consumed significantly more fluids, race time was
neither associated with post race plasma [Na™] nor with A
plasma [Na™]. This is in contrast to the opinion that high
fluid consumption leads to dilutional hyponatremia
(Verbalis 2007). The athletes in this race, compared to a
marathon race, had the opportunity of being followed by a
support crew member, mainly a cyclist. This cyclist can
carry food and drinks as well as clothes. We assume that
the faster runners were followed by a support crew pro-
viding fluids between the aid stations so the athlete did not
have to stop at aid stations to get a drink. Presumably, a
runner finishing in the top 10 will not stop at the refresh-
ment points, but rather consume fluids from the support
crew while running. For example, one athlete finishing
within 504 min (8 h 24 min) drank 9.8 L of fluids, equal to
1.34 L/h. Experienced ultra-runners with a fast race time
were obviously able to consume rather large amounts of
fluids so that neither dehydration nor fluid overload
occurred. Alternatively, the faster runners had greater

sweat rates, due to the higher speed, than the slower run-
ners and, therefore, consumed more fluids.

In case of fluid overload, we expected an increase in
body mass and a decrease in plasma [Na*] (Hew-Butler
et al. 2005, 2008a; Rosner 2009; Rosner and Kirven 2007).
Fluid intake was related to A body mass in these ultra-
marathoners, but not to post race body mass. Furthermore,
fluid intake was neither related to post race plasma [Na™]
nor to A plasma [Nat]. Glace et al. (2002) described a
significant and negative relationship between fluid intake
and post race plasma [Na™] in their ultra-marathoners; high
fluid intakes were correlated with lower post race plasma
[Na™*]. Their ultra-runners consumed 19.4 (5.6) L during
the 26.2 (0.4) h, on average 0.74 L/h. This was slightly
more compared with our runners consumption of 0.65
(0.30) L/h and might be the reason for the lower post race
plasma [Na™] concentration. Weight gain during endurance
exercise is associated with EAH (Hew-Butler et al. 2005,
2008a; Noakes et al. 2005; Rosner 2009; Rosner and
Kirven 2007). The determination of A body mass is a
useful measure of both fluid intake (Almond et al. 2005)
and fluid retention (Siegel et al. 2007). These ultra-mara-
thoners, however, lost ~ 1.8 kg body mass. A decrease in
body mass is—apart from other parameters—a marker of
dehydration (Shirreffs 2003; Kavouras 2002) and we
assume that these ultra-marathoners were rather dehydrated
than overhydrated. A loss of 2 kg body mass could also be
purely due to energy loss and fluid associated with glyco-
gen. Those athletes who lost 2 kg body mass would
probably not have shown any change in their total body
water. Nolte et al. (2010) showed recently that a reduction
in body mass of 1.4% was not associated with a reduction
in total body water in 15 soldiers performing a 16.4 km
route march. Body mass change, however, is not always a
reliable measure of changes in hydration status, and sub-
stantial loss of mass may occur without an effective net
negative fluid balance (Maughan et al. 2007). Following
the ‘Statement of the Consensus Conference’ and the large
data analysis of 2,135 athletes, a loss of ~2% body mass
seems to be preventative against EAH (Hew-Butler et al.
2008a; Noakes et al. 2005). Body mass changes correlated
with both post race plasma [Na'] and A plasma [Na*].
This is in line with the recent findings of the marathon
runners of Mettler et al. (2008), where A body mass cor-
related with both post race plasma [Na®] and A plasma
[Na®]. Post race plasma [Na'] correlated to A plasma
[Na'] in their marathoners as has been found in our ultra-
marathoners. Mettler et al. (2008) demonstrated a signifi-
cant association between both post race plasma [Na'] and
post race plasma osmolality, and they speculated that the
increased plasma osmolality might be due to an increased
activity of vasopressin.

@ Springer



1014

Eur J Appl Physiol (2011) 111:1007-1016

Haematocrit decreased during this ultra-marathon and
plasma volume increased by 6.0 (12.6) %. During a mar-
athon, however, plasma volume decreased (Maughan et al.
1985; Whithing et al. 1984), as has also been found in an
ultra-marathon over 67 km (Rehrer et al. 1992). In longer
ultra-endurance races, however, plasma volume increased
(Hew-Butler et al. 2007; Stuempfle et al. 2003). Hew-
Butler et al. (2007) assumed that the intensity was
responsible for these disparate findings since marathoners
compete faster compared with ultra-marathoners. Ultra-
endurance athletes may preserve a ‘fluid reserve’ in the
interstitial fluid of the extracellular fluid compartment. An
interesting finding in our subjects was the fact that hae-
matocrit and haemoglobin decreased significantly more in
hyponatremic finishers compared to non-hyponatremic
ones and that plasma [Na'] decreased in hyponatremic
finishers, whereas plasma [Na'] remained stable in non-
hyponatremic finishers. Plasma volume increased more in
hyponatremic compared with non-hyponatremic finishers.
This increase in plasma volume might, however, also be
due to an increased activity of aldosterone during a 100 km
run (Keul et al. 1981). Fellmann et al. (1999) concluded
that the increase in plasma volume after an ultra-endurance
race was mainly due to sodium retention. In a 24 h race,
they found an increase in plasma volume, aldosterone and
vasopressin (Fellmann et al. 1989). Stuempfle et al. (2003)
showed an increased activity of both aldosterone and
vasopressin after an ultra-endurance race. Presumably, the
increase in plasma volume is due to an increased activity of
both vasopressin and aldosterone.

Changes in body mass and urinary specific gravity are
considered as reliable markers of change in hydration sta-
tus (Shirreffs 2003; Kavouras, 2002). The post race urinary
specific gravity of >1.020 mg/L indicated dehydration; the
loss of ~2.4% body mass (~ 1.8 kg body mass) indicated
minimal dehydration (Kavouras 2002). These ultra-runners
were dehydrated, with a decrease in body mass and with
post race urinary specific gravity >1.020 mg/L, according
to the concept of determination of hydration status
(Kavouras 2002; Shirreffs 2003). The decrease in body
mass might, however, also be due to a decrease in solid
mass such as fat mass and skeletal muscle mass, as has
been shown in recent studies of ultra-runners (Knechtle
et al. 2009c; Knechtle et al. 2010). Considering the asso-
ciations of A body mass with both post race plasma [Na™]
and A plasma [Na™], and respecting recent literature, body
fluid must have been increased. Fluid intake was not
related to A plasma [Na'] and other factors might be
responsible for fluid regulation in ultra-endurance runners.
We assume that other factors maintained body fluid
homeostasis during this ultra-marathon, such as a hormonal
regulation by vasopressin and aldosterone (Fellmann et al.
1989; Stuempfle et al. 2003). In recent studies of
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marathoners (Siegel et al. 2007) and ultra-marathoners over
56 km (Hew-Butler et al. 2008b), the activity of vaso-
pressin was measured in addition to body mass, plasma
[Na*], osmolality and fluid intake. Recent findings sug-
gested that EAH was not only due to fluid overload but also
to an increased activity in vasopressin (Hew-Butler 2010;
Verbalis 2007). In future studies of 100 km ultra-runners
the activity of vasopressin should also be investigated.
Since sodium retention was the major factor in the increase
in plasma volume (Fellmann et al. 1999), and aldosterone
was increased after an ultra-endurance race (Stuempfle
et al. 2003), the activity of aldosterone should also be
determined. Furthermore, changes in total body water
should be determined (Nolte et al. 2010). This might pro-
vide more insight into fluid and electrolyte regulation in
ultra-marathoners.

Event inexperience is one of the athlete-related risk
factors for EAH (Hew-Butler et al. 2005, 2008a; Rosner
2009; Rosner and Kirven 2007). In marathoners, the
number of pre race completed marathons varied between
one and eight races (Almond et al. 2005; Chorley et al.
2007; Kipps et al. 2009; Mettler et al. 2008) and non-
hyponatremic finishers in a marathon had completed more
marathons compared to non-hyponatremic finishers
(Almond et al. 2005). In these studies, the prevalence rate
of EAH amounted to ~22% (Almond et al. 2005; Chorley
et al. 2007; Kipps et al. 2009; Mettler et al. 2008). Our
100 km ultra-runners had completed ~ 30 marathons pre
race and 98 athletes (67%) had already completed ~6
100 km ultra-runs. Interestingly, both hyponatremic and
non-hyponatremic finishers showed no differences regard-
ing the number and the personal best times in both mara-
thons and 100 km ultra-marathons. Due to the low
prevalence of EAH in our ultra-marathoners, we assume
that pre race experience is an important determinant in
minimising the risk of EAH (Kruseman et al. 2005). The
personal best time in a 100 km ultra-run showed about the
same correlation coefficient (r = 0.77) compared to a
personal best marathon time (r = 0.71) with the 100 km
race time. A personal best marathon time might be an
independent predictor variable for an ultra-running per-
formance; in a 24 h run, the personal best marathon time
was related to total running kilometres (Knechtle et al.
2009b).

A limitation of this study is that only 145 out of 5,260
finishers (2.7% of the finishers) were included. Although
the number of investigated finishers is relatively high, a
selection bias can probably not be excluded. We did not
ask about the intake of nonsteroidal anti-inflammatory
medication, which is also considered as a risk factor for
EAH (Hew-Butler et al. 2008a). The use of nonsteroidal
anti-inflammatory drugs might influence renal function
(Reid et al. 2004) and increase the risk of exercise-
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associated hyponatremia (Page et al. 2007). A further
limitation is that we did not determine plasma [N at]in the
non-finishers, so if any of these 12 non-finishers did suffer
from EAH the prevalence of EAH would have doubled.

Conclusions

To summarise, the prevalence of EAH in 100 km ultra-
marathoners was lower compared to reports on marathon-
ers and a recent report on 161 km ultra-marathoners. EAH
was asymptomatic and would not have been detected
without the measurements of plasma sodium concentra-
tions. Plasma volume increased and plasma [Na®] was
maintained although body mass decreased. Fluid intake
showed no association with the increase in plasma volume,
post race plasma [Nat] and A plasma [Na™]. Hydration
status was adequately maintained as has been found in
other ultra-endurance races (Tam et al. 2009; Hew-Butler
et al. 2007; Rose and Peters, 2008). The determination of
changes in total body water and of the activity of both
aldosterone and vasopressin in ultra-marathoners might
give more insight into maintaining body fluid homeostasis
in ultra-endurance performances.

Acknowledgments We thank the crew of the ‘100-km Biel’ for
their generous support and the athletes for their promptness in the
collection of data during the race. For her help in translation, we thank
Mary Miller from Stockton-on-Tees, Cleveland, England.

Conflict of interest The authors have no conflict of interest and
received no external funding.

References

Almond CS, Shin AY, Fortescue EB, Mannix RC, Wypij D, Binstadt
BA, Duncan CN, Olson DP, Salerno AE, Newburger JW,
Greenes DS (2005) Hyponatremia among runners in the Boston
Marathon. N Engl J Med 252:1550-1556

Anastasiou CA, Kavouras SA, Arnaoutis G, Gioxari A, Kollia M,
Botoula E, Sidossis LS (2009) Sodium replacement and plasma
sodium drop during exercise in the heat when fluid intake
matches fluid loss. J Athl Train 44:117-123

Barr SI, Costill DL, Fink WJ (1991) Fluid replacement during
prolonged exercise: effects of water, saline, or no fluid. Med Sci
Sports Exerc 23:811-817

Beltrami FG, Hew-Butler T, Noakes TD (2008) Drinking policies and
exercise-associated hyponatremia: is anyone still promoting
overdrinking? Br J Sports Med 42:796-501

Chorley J, Cianca J, Divine J (2007) Risk factors for exercise-
associated hyponatremia in non-elite marathon-runners. Clin J
Sport Med 17:471-477

Davis DP, Videen JS, Marino A, Vilke GM, Dunford JV, Van Camp
SP, Maharam LG (2001) Exercise-associated hyponatremia
in marathon runners: a two-year experience. J Emerg Med
21:47-57

Fallon KE, Sivyer G, Sivyer K, Dare A (1999) The biochemistry of
runners in a 1,600 km ultramarathon. Br J Sports Med 33:264—
269

Fellmann N, Bedu M, Giry J, Pharmakis-Amadieu M, Bezou MJ,
Barlet JP, Coudert J (1989) Hormonal, fluid, and electrolyte
changes during a 72-h recovery from a 24-h endurance run. Int J
Sports Med 10:406—412

Fellmann N, Ritz P, Ribeyre J, Beaufrére B, Delaitre M, Coudert J
(1999) Intracellular hyperhydration induced by a 7-day endur-
ance race. Eur J Appl Physiol 80:353-359

Glace BW, Murphy CA, McHugh MP (2002) Food intake and
electrolyte status of ultramarathoners competing in extreme heat.
J Am Coll Nutr 21:553-559

Hew TD (2005) Women hydrate more than men during a marathon
race: hyponatremia in the Houston marathon: a report on 60
cases. Clin J Sport Med 15:148-153

Hew TD, Chorley JN, Cianca JC, Divine JG (2003) The incidence,
risk factors and clinical manifestations of hyponatremia in
marathon runners. Clin J Sport Med 13:41-47

Hew-Butler T (2010) Arginine vasopressin, fluid balance and
exercise: is exercise-associated hyponatraemia a disorder of
arginine vasopressin secretion? Sports Med 40:459-479

Hew-Butler T, Almond C, Ayus JC, Dugas J, Meeuwisse W, Noakes
T, Reid S, Siegel A, Speedy D, Stuempfle K, Verbalis J,
Weschler L, Exercise-Associated Hyponatremia (EAH) Consen-
sus Panel (2005) Consensus statement of the Ist International
Exercise-Associated Hyponatremia Consensus Development
Conference, Cape Town, South Africa 2005. Clin J Sport Med
15:208-213

Hew-Butler TD, Sharwood K, Collins M, Speedy D, Noakes T (2006)
Sodium supplementation is not required to maintain serum
sodium concentrations during an Ironman triathlon. Br J Sports
Med 40:255-259

Hew-Butler T, Collins M, Bosch A, Sharwood K, Wilson G,
Armstrong M, Jennings C, Swart J, Noakes T (2007) Mainte-
nance of plasma volume and serum sodium concentration despite
body weight loss in ironman triathletes. Clin J Sport Med
17:116-122

Hew-Butler T, Ayus JC, Kipps C, Maughan RJ, Mettler S, Meeuwisse
WH, Page AJ, Reid SA, Rehrer NJ, Roberts WO, Rogers IR,
Rosner MH, Siegel AJ, Speedy DB, Stuempfle KJ, Verbalis JG,
Weschler LB, Wharam P (2008a) Statement of the Second
International Exercise-Associated Hyponatremia Consensus
Development Conference, New Zealand, 2007. Clin J Sport
Med 18:111-121

Hew-Butler T, Jordaan E, Stuempfle KJ, Speedy DB, Siegel AJ,
Noakes TD, Soldin SJ, Verbalis JG (2008b) Osmotic and
nonosmotic regulation of arginine vasopressin during prolonged
endurance exercise. J Clin Endocrinol Metab 93:2072-2078

Irving RA, Noakes TD, Buck R, van Zyl Smit R, Raine E, Godlonton
J, Norman RJ (1991) Evaluation of renal function and fluid
homeostasis during recovery from exercise-induced hyponatre-
mia. J Appl Physiol 70:342-348

Kavouras SA (2002) Assessing hydration status. Curr Opin Clin Nutr
Metab Care 5:519-524

Keul J, Kohler B, von Glutz G, Liithi U, Berg A, Howald H (1981)
Biochemical changes in a 100 km run: carbohydrates, lipds, and
hormones in serum. Eur J Appl Physiol 47:181-189

Kipps C, Sharma S, Tunstall Pedoe D (2009) The incidence of
exercise-associated hyponatremia in the London Marathon. Br J
Sports Med. doi:10.1136/bjsm.2009.059535

Knechtle B, Duff B, Schulze I, Rosemann T, Senn O (2009a)
Anthropometry and pre-race experience of finishers and non-
finishers in a multistage ultra-endurance run—Deutschlandlauf
2007. Percept Mot Skills 109:105-118

@ Springer


http://dx.doi.org/10.1136/bjsm.2009.059535

1016

Eur J Appl Physiol (2011) 111:1007-1016

Knechtle B, Wirth A, Knechtle P, Zimmermann K, Kohler G (2009b)
Personal best marathon performance is associated with perfor-
mance in a 24-h run and not anthropometry or training volume.
Br J Sports Med 43:836-839

Knechtle B, Wirth A, Knechtle P, Rosemann T (2009¢) Increase of
total body water with decrease of body mass while running
100 km nonstop—formation of edema? Res Q Exerc Sport
80:593-603

Knechtle B, Wirth A, Knechtle P, Rosemann T, Senn O (2010) Do
ultra-runners in a 24-h run really dehydrate? Ir J Med Sci [Epub
ahead of print]

Kruseman M, Bucher S, Bovard M, Kayser B, Bovier PA (2005)
Nutrient intake and performance during a mountain marathon: an
observational study. Eur J Appl Physiol 94:151-157

Lebus DK, Casazza GA, Hoffman MD, Van Loan MD (2010) Can
changes in body mass and total body water accurately predict
hyponatremia after a 161-km running race? Clin J Sport Med
20:193-199

Maughan RJ, Whiting PH, Davidson RJ (1985) Estimation of plasma
volume changes during marathon running. Br J Sports Med
19:138-141

Maughan RJ, Shirreffs SM, Leiper JB (2007) Errors in the estimation
of hydration status from changes in body mass. J Sports Sci
25:797-804

Mettler S, Rusch C, Frey WO, Bestmann L, Wenk C, Colombani PC
(2008) Hyponatremia among runners in the Zurich Marathon.
Clin J Sport Med 18:344-349

Noakes T (2003) Fluid replacement during marathon running. Clin J
Sport Med 13:309-319

Noakes TD, Carter JW (1976) Biochemical parameters in athletes
before and after having run 160 kilometres. S Afr Med J
50:1562-1566

Noakes TD, Goodwin N, Rayner BL, Branken T, Taylor RK (1985)
Water intoxication: a possible complication during endurance
exercise. Med Sci Sports Exerc 17:370-375

Noakes TD, Norman RJ, Buck RH, Godlonton J, Stevenson K,
Pittaway D (1990) The incidence of hyponatremia during
prolonged ultraendurance exercise. Med Sci Sports Exerc
22:165-170

Noakes TD, Sharwood K, Speedy D, Hew T, Reid S, Dugas J,
Almond C, Wharam P, Weschler L (2005) Three independent
biological mechanisms cause exercise-associated hyponatremia:
evidence from 2, 135 weighed competitive athletic perfor-
mances. Proc Natl Acad Sci USA 102:18550-18555

Nolte H, Noakes TD, van Vuuren B (2010) Ad libitum fluid
replacement in military personnel during a 4 hour route march.
Med Sci Sports Exerc 42(9):1675-1680

Page AJ, Reid SA, Speedy DB, Mulligan GP, Thompson J (2007)
Exercise-associated hyponatremia, renal function, and nonste-
roidal anti-inflammatory drug use in an ultraendurance mountain
run. Clin J Sport Med 17:43-48

Rehrer NJ, Brouns F, Beckers EJ, Frey WO, Villiger B, Riddoch CJ,
Menheere PP, Saris WH (1992) Physiological changes and
gastro-intestinal symptoms as a result of ultra-endurance
running. Eur J Appl Physiol 64:1-8

Reid SA, King MJ (2007) Serum biochemistry and morbidity among
runners presenting for medical care after an Australian mountain
ultramarathon. Clin J Sport Med 17:307-310

Reid SA, Speedy DB, Thompson JM, Noakes TD, Mulligan G, Page
T, Campbell RG, Milne C (2004) Study of haematological and

@ Springer

biochemical parameters in runners completing a standard
marathon. Clin J Sport Med 14:344-353

Rose SC, Peters EM (2008) Ad libitum adjustments to fluid intake in
cool environmental conditions maintain hydration status in a
three-day mountain bike race. Br J Sports Med. doi:10.1136/
bjsm.2008.049551

Rosner MH (2009) Exercise-associated hyponatremia. Semin Nephrol
29:271-281

Rosner MH, Kirven J (2007) Exercise-associated hyponatremia. Clin
J Am Soc Nephrol 2:151-161

Sanders B, Noakes TD, Dennis SC (1999) Water and electrolyte shifts
with partial fluid replacement during exercise. Eur J Appl
Physiol Occup Physiol 80:318-323

Sharwood K, Collins M, Goedecke J, Wilson G, Noakes T (2002)
Weight changes, sodium levels, and performance in the South
African Ironman triathlon. Clin J Sport Med 12:391-399

Sharwood KA, Collins M, Goedecke JH, Wilson G, Noakes TD
(2004) Weight changes, medical complications, and performance
during an Ironman triathlon. Br J Sports Med 38:718-724

Shirreffs SM (2003) Markers of hydration status. Eur J Clin Nutr
57:S6-S9

Siegel AJ, Verbalis JG, Clement S, Mendelson JH, Mello NK, Adner
M, Shirey T, Glowacki J, Lee-Lewandrowski E, Lewandrowski
KB (2007) Hyponatremia in marathon runners due to inappro-
priate arginine vasopressin secretion. Am J Med 120:461-467

Speedy DB, Rogers IR, Noakes TD, Thompson JM, Guirey J, Safih S,
Boswell DR (2000) Diagnosis and prevention of hyponatremia at
an ultradistance triathlon. Clin J Sport Med 10:52-58

Speedy DB, Thompson JMD, Rodgers I, Collins M, Sharwood K
(2002) Oral salt Supplementation during ultradistance exercise.
Clin J Sport Med 12:279-284

Strauss MB, Davies RK, Rosenbaum JD, Rossmeisl EC (1951) Water
diuresis produced during recumbency by the intravenous infu-
sion of isotonic saline solution. J Clin Invest 30:862—-868

Stuempfle KJ, Lehmann DR, Case HS, Bailey S, Hughes SL,
McKenzie J, Evans D (2002) Hyponatremia in a cold weather
ultraendurance race. Alaska Med 44:51-55

Stuempfle KJ, Lehmann DR, Case HS, Hughes SL, Evans D (2003)
Change in serum sodium concentration during a cold weather
ultradistance race. Clin J Sport Med 13:171-175

Tam N, Hew-Butler T, Papadopoulou E, Nolte H, Noakes TD (2009)
Fluid intake and changes in blood chemistry, running speed and
body mass during an 80 kg mountain trail race. Med Sport
13:108-115

Twerenbold R, Knechtle B, Kakebeeke TH, Eser P, Miiller G, von
Arx P, Knecht H (2003) Effects of different sodium concentra-
tions in replacement fluids during prolonged exercise in women.
Br J Sports Med 37:300-303

van Beaumont W (1972) Evaluation of hemoconcentration from
hematocrit measurements. J Appl Physiol 32(5):712-713

Verbalis JG (2007) Renal function and vasopressin during marathon
running. Sports Med 37:455-458

Vrijens DM, Rehrer NJ (1999) Sodium-free fluid ingestion decreases
plasma sodium during exercise in the heat. J Appl Physiol
86:1847-1851

Whithing PH, Maughan RJ, Miller JD (1984) Dehydration and serum
biochemical changes in marathon runners. Eur J Appl Physiol
52:183-187


http://dx.doi.org/10.1136/bjsm.2008.049551
http://dx.doi.org/10.1136/bjsm.2008.049551

	Low prevalence of exercise-associated hyponatremia in male 100 km ultra-marathon runners in Switzerland
	Abstract
	Introduction
	Methods
	Subjects
	Race
	Measurements and calculations
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


