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Purpose: The purpose of this observational study was to examine the incidence of

exercise-associated hyponatremia (EAH) in a 246-km continuous ultra-marathon.

Methods: Over 2 years, 63 male finishers of the annual Spartathlon ultra-marathon

foot race from Athens to Sparta, Greece were included in the data analysis. A blood

sample was drawn from an antecubital vein the day before the race as well as within

15min post-race and analyzed for sodium concentration. During the second year of data

collection, blood was also drawn at the 93-km checkpoint (n = 29). Height and weight

were measured pre and post-race.

Results: Mean race time of all subjects was 33 ± 3 h with a range of 23.5 and

36.0 h. Of the 63 finishers recruited, nine began the race with values indicative of mild

hyponatremia. Seven runners were classified as hyponatremic at the 93-km checkpoint,

three of whom had sodium levels of severe hyponatremia. After the race, 41 total finishers

(65%) developed either mild (n = 27, 43%) or severe hyponatremia (n = 14, 22%).

Mean change in bodyweight percentage and serum sodium from pre-race to post-race

was −3.6 ± 2.7% (−2.5 ± 1.9 kg) and −6.6 ± 5.6 mmol·L−1, respectively. Pre-race

serum sodium level was not a significant predictor of post-race serum sodium levels (β

= 0.08, R2 = 0.07, P = 0.698), however, there was a significant negative association

between change in bodyweight percentage and post-race serum sodium concentration

(β = −0.79, R2 = 0.29, P = 0.011).

Conclusion: The incidence of EAH of 52 and 65%, when excluding or including these

individuals with pre-race hyponatremia, was the highest reported in current literature.

Keywords: dehydration, fluid balance, electrolyte balance, hypohydration, sweat, sodium, heat, thermoregulation

INTRODUCTION

With the increasing popularity of ultra-marathon foot races (more than 42-km), recent studies
have begun to examine the concomitant pervasiveness of exercise-associated hyponatremia (EAH)
in these events (1–5). This condition is defined as a serum sodium concentration <135 mmol·L−1

during or after 24 h of exercise. EAH usually occurs as result of excessive hypotonic fluid intake
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coupled with high rates of sweat sodium excretion; however,
other potential risk factors have been identified including the
composition of ingested fluid, race time, body mass index,
and the non-osmotic stimulation of the hormone vasopressin
(1, 6). The decrease in plasma sodium causes a shift of
fluid into the intracellular space resulting in possible cell
swelling and the associated symptoms of nausea, vomiting,
confusion, lung congestion, and increased intracranial pressure
(7). Under normal conditions, serum sodium should be corrected
by the renal system; however, during exercise increase in
renal sympathetic nerve activity and activation of the renin-
angiotensin system reduce urine flow. This reduction in urine
impedes the ability of the renal system to excrete hypotonic fluids
and correct the decrease of plasma sodium (7).

Varying results have been reported regarding the Incidence
of EAH in ultra-endurance events. In 2015 and 2016, Chlibkova
et al. reported ∼11.5% of competitors in ultra-endurance
events developed EAH. Both of these studies yielded positive
correlations between body mass loss and plasma sodium (4,
5). However, in a 2014 study by the same group, the authors
reported a Incidence rate of only 5.7% (3). In 2015, Cairns and
Hew-Butler investigated the Great North Walk 100-mile ultra-
marathon and reported an EAH rate of 27% (8). Conversely,
Lebus et al. reported over 50% of competitors in the 161-km
Rio Del Lago endurance run developed EAH, representing the
highest Incidence recorded at a single event in current literature
(9). In this study, there was no significant association between
change in body mass and post-race serum sodium.

Numerous data exist outlining increased cardiovascular strain
and performance decrements seen with >2% dehydration
in warm/hot environments, even in the absence of thirst
perception (10–12). Additionally, a recent study using real-time
observations during a 120-km ultra-marathon showed runners
failed to match fluid intake to fluid loss resulting in an average
of 3.6 ± 2.3% dehydration (13). As mentioned earlier, this
could affect performance in endurance events, thus indicating
competitors should prevent dehydration more than 2% of body
mass. However, excessive consumption of hypotonic fluids at
a rate greater than fluid loss is a risk factor for development
of EAH. A 2002 study published in the New England Journal
of Medicine examined 488 runners in the Boston marathon.
The researchers reported the risk of mild (<135 mmol·L−1)
and severe (<130 mmol·L−1) hyponatremia was 30 and 70%
greater in runners who gained 3–4.9 kg during the 42-km
race (1). Therefore, careful consideration should be given to
match fluid intake to sweat loss without over-drinking during
ultra-marathons, especially for those runners with high sweat
sodium content. In such circumstances, it has been proposed
that sodium supplementation may help maintain sodium levels,
thereby attenuating the risk of EAH (14–16). Vrijens and
Rehrer examined plasma sodium concentrations in individuals
performing a 3 h cycling protocol at low intensity. After 3 h,
participants ingesting a beverage containing sodium had higher
plasma sodium concentrations as compared to a water only
group (17). Additionally, Koenders et al. found that participants
following a diet with higher sodium before an endurance
exercise event maintained plasma sodium concentrations more

effectively as compared to those following a lower sodium
diet (18).

Although most studies support the intake of sodium as a
necessary measure during prolonged exercise, some recent data
suggest sodium supplementation is not necessary during ultra-
endurance events due to innate homeostatic mechanisms (19).
However, these data were collected in cooler environments not
conducive to excessive sweat rates. Hoffman and Stuemplfle
examined the effects of sodium supplementation in athletes
competing in a 161-km foot race with temperatures reaching
39◦C. In this study, data revealed a weak positive correlation
between post-race serum sodium and supplemental sodium
intake; however, only 6–8% of the variability in post-race serum
sodium was explained by sodium intake (20).

Contrasting data such as these may highlight the difference
in individual needs throughout longer extreme endurance
events. Sodium concentration in sweat can vary greatly between
individuals (20–80 mmol·L−1) due to genetic factors and
heat acclimation, with acclimated individuals losing less
sodium (14, 21, 22). Considering variability in sweat sodium
concentration, individualized sodium intake before and during
extreme ultra-marathons may be pertinent to the reduction
of EAH. McDermott et al. in the National Athletic Trainer’s
Association position statement, indicate that participation in
events under intense environments may necessitate sodium
supplementation, especially in individuals with sweat sodium
concentrations >60 mEq·L−1. Therefore, the authors conclude
assessment of sweat-electrolyte concentration should be
performed before an individualized sodium supplementation
plan is implemented (23).

Although numerous data exist regarding the Incidence
of EAH in more popular shorter races, to the author’s
knowledge few studies have examined the Incidence of EAH
in extreme ultra-marathons. Therefore, the purpose of this
observational study was to examine the Incidence of EAH
in a 246-km continuous ultra-marathon. It was hypothesized
that due to the tremendous length and wide range of ambient
conditions encountered in this particular ultra-marathon, the
Incidence rate of hyponatremia would be high as compared to
previous literature.

MATERIALS AND METHODS

Over the span of 2 years, we recruited 164 runners of the 246-km
Spartathlon ultra-marathon foot race (http://www.spartathlon.
gr/en). From the 164 originally recruited, only 63 runners (males,
age: 41.9± 7.8 y, height: 1.74± 0.07m, weight: 68.1± 6.6 kg) that
completed the race (38% completion rate) were included in the
data analysis. This race takes place annually in Greece during the
last week of September. It begins every year from Athens on the
last Friday of September at 7:00 am and finishes in Sparta by
Saturday 7:00 pm. The Spartathlon is a point-to-point race with
elevation ranging from sea level to 1,200meters over tarmac road,
trail, and mountain footpath. Around the midpoint point of the
race lays a segment where runners climb 960m over a span of 13-
km. During the race, athletes must cover the first 81-, 124-, 148-,
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172-, and 195-km of the race within 9:30, 15:30, 19:30, 23:30,
and 27:00 h, respectively, to avoid being forced out of the race.
To be considered a finisher, the 246-km course must be covered
within 36 h. Ambient temperatures in this region ranged between
5◦C at night and 36◦C during the day. High carbohydrate
food including bread, cookies, fruits, cereal bars, rice, yogurt,
and pasta along with various beverages were consumed ad
libitum from checkpoints at 75 locations throughout the
246-km course.

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Written informed consent was

FIGURE 1 | Mean pre- and post-race serum sodium in 63 finishers.

*statistically significant different from pre-race values. Error bars depict

standard error of the mean.

obtained from all volunteers prior to their participation in
the study.

Height and weight were measured before the race in shorts
and t-shirts without shoes using a stadiometer accurate to
0.5 cm and digital body mass scale accurate to 100 g. Body
mass was also measured within 15min post-race. A 10-mL
blood sample was drawn from an antecubital vein the day
before the race as well as within 15min post-race. During
the second year of data collection, blood was also drawn at
the 93-km checkpoint (n = 29). Serum sodium was measured
by selective electrode conductivity in an automated analyzer
(Ektachem DT60 II system; Eastman Kodak Co, Rochester,
NY). Biochemical EAH was defined as serum sodium levels
<135 mmol·L−1.

Results are presented as means± standard deviation. Shapiro-
Wilk test was used to ensure normality before analysis. Paired
t-tests were used to compare pre and post-race values and simple
regression analysis was used to define the relationship between
percent change in body mass and pre and post-race serum
sodium levels as well as pre and post-race serum sodium. For
all statistical tests, significance was set at P < 0.05. All statistical
analysis was performed using JMP Pro 13 statistical software
(version 13.0, SAS Inc., Cary, NC, USA).

RESULTS

Only data from runners who finished the race are presented.
Mean race time of all subjects was 33 ± 3 h with a range
of 23.5 and 36.0 h. Mean serum sodium post-race was 133
mmol·L−1 (Figure 1). The incidence of hyponatremia at the 93-
km checkpoint (second year of data collection) and post-race
(both years) were 23 and 65%, respectively (Figure 2). Of the
63 finishers recruited, nine (14%) began the race with values

FIGURE 2 | Incidence of biochemical exercise associated hyponatremia. Biochemical exercise associated hyponatremia defined as serum sodium <135 mmol·L−1.
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FIGURE 3 | Change in bodyweight. Biochemical exercise associated hyponatremia defined as serum sodium <135 mmol·L−1. Eunatremia defined as serum sodium

≥135 mmol·L−1. *significantly different from eunatremic participants.

FIGURE 4 | Relation of post-race serum sodium and change in bodyweight.

Biochemical exercise associated hyponatremia defined as serum sodium

<135 mmol·L−1. Eunatremia defined as serum sodium ≥135 mmol·L−1.

indicative of biochemical hyponatremia (<135mmol·L−1). Eight
of these 9 runners finished the race with serum sodium levels
<135 mmol·L−1. Excluding these 8 runners from the total
Incidence rate of EAH would reduce the Incidence rate to
approximately 52%. Seven of 29 runners were classified as
biochemically hyponatremic at the 93-km checkpoint, three
of whom had sodium levels <130 mmol·L−1 (127, 124, 118
mmol·L−1). In total, 41 finishers after the race developed
biochemical EAH (<135 mmol·L−1; n = 27, 43%; <130

mmol·L−1; n= 14, 22%) hyponatremia. Of the 63 finishers, none
needed hospitalization or treatment for EAH related symptoms.
Change in bodyweight and serum sodium from pre-race to post-
race was−3.6± 2.7% (−2.5± 1.9 kg) and−6.6± 5.6 mmol·L−1,
respectively. Bodyweight loss in hyponatremic competitors
(−2.06 kg) was significantly smaller than bodyweight loss in
eunatremic competitors (−3.36 kg) (P < 0.05, Figure 3).

Pre-race serum sodium level was not a significant predictor of
post-race serum sodium levels (β = 0.08, R2 = 0.07, P = 0.698);
however, there was a significant negative association between
change in bodyweight percentage and post-race serum sodium
concentration (β =−0.79, R2 = 0.29, P = 0.011; Figure 4).

DISCUSSION

To the authors’ knowledge, the observed 65% EAH Incidence
rate is the highest recorded during a single event in existing
literature. It is important to emphasize the extreme length,
ambient conditions, and terrain undulations of the Spartathlon
race as compared to other races. Although other ultramarathons
feature harsher ambient conditions and steeper terrains (24, 25),
the Spartathlon is considered one of the toughest ultramarathons.
This most likely contributed to the rate of EAH beyond what
exists in current literature.

Considering the observed Incidence rate and individual
differences in sodium concentrations of sweat (7), individualized
supplementation during extended ultra-marathons such as the
Spartathlon may be beneficial in partially attenuating sweat
sodium losses. As evident in the regression line of Figure 4,
competitors who drank enough fluid to avoid significant
dehydration and did not overhydrate (−2 thru 0% change in
bodyweight) would still be classified as mildly hyponatremic with
serum sodium levels of 131–133 mmol·L−1. Two studies have
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indicated ingestion of sodium during exercise may attenuate
sweat sodium losses (16, 17). One of these, conducted by
Anastasiou et al., examined differences in serum sodium
as cyclists were provided beverages with differing sodium
levels. Although in this study the timeframe of exercise
was only 4.5 h, athletes ingesting beverages with a sodium
concentration of 36.2 mmol·L−1 were able to maintain higher
serum sodium concentrations as compared to a placebo
beverage and plain water (16). However, contradictory studies
have indicated ingestion of sodium during endurance events
resulted in no differences in serum sodium as compared to
competitors not ingesting sodium (19). Considering most sport
drinks are hypotonic as compared to serum, overconsumption
of these drinks can contribute to situations of dilutional
hyponatremia (26).

Based on previous literature we can make a theoretical
estimation of sweat sodium losses during an extreme event
such as Spartathlon. Consider a runner who finished the race
in 30 h with a mean sweat rate of 1 L·h−1 and total sweat
loss of 30 L. If we assume our runner has a relatively low
sweat sodium concentration of 40 mmol·L−1 (27), this would
yield ∼1.2mol (30 L × 40 mmol·L−1) or 27.6 g (1.2mol ×

23 g·mol−1) of lost sodium throughout the event. Although
this estimation does not account for all manners of sodium
change, to replace this amount of sodium, athletes would need
to consume 70 g of salt since 1 g of salt contains 0.39 g of
sodium. This amount of sodium replacement is not feasible
during a competitive race, however; smaller amounts of sodium
ingestion may help partially attenuate sodium losses, especially
in competitors with higher concentrations of sweat sodium
(7, 16, 17). Please note that the amount of sodium loss
does not include urinary or fecal losses of sodium, and these
numbers represent only a moderate sweat rate and low sweat
concentration. Additionally, mobilization of sodium stores from
non-osmotically active stores (bone, skin, cartilage) has been
proposed as a factor in the pathogenesis of EAH (28), however;
this factor was not considered as this mechanism remains
speculative (29).

The Spartathlon ultra-marathon is an extremely long
course that has to be completed within 36 h. Additionally,
the rules require the first 100-km of the race be completed
within 10 h. Considering this requirement, the first
section of the race is usually performed faster, and pace
is significantly lowered as runners meet the 10 h distance
requirement. In previous literature, increased race time
was identified as a risk factor for development of EAH in
shorter races (1, 26). Our data in the longer ultra-endurance
Spartathlon align with previous evidence considering the
large difference in EAH Incidence rate between the 93-km
checkpoint and post-race measurement during which pace was
significantly lowered.

Interestingly, nine of the 63 runners began the race with serum
sodium levels indicative of hyponatremia, perhaps suggesting
overconsumption of fluids and/or insufficient dietary sodium
intake in preparation for the event. Competitive athletes may be
more cognizant of their daily dietary sodium intake (30, 31) and
may not ingest levels comparable to a typical Western diet. This

may have also contributed to the high Incidence rate of EAH
(32, 33).

Considering 65% of finishers of the Spartathlon race were
classified as hyponatremic, perhaps a resistance to the symptoms
of hyponatremia exists in this population. Although this
study only included finishers, thereby excluding participants
who possibly dropped out due to EAH symptoms, 41 total
runners finished despite having serum sodium levels indicative
of biochemical EAH. Furthermore, 14 finishers from the
hyponatremic group had serum sodium levels <130 mmol·L−1.
Interestingly, seven runners from the second year of data
collection were classified as hyponatremic at the 93-km
checkpoint, three of whom had sodium levels below 130
mmol·L−1 and one below 120 mmol·L−1. All seven of these
athletes were able to finish the remaining 153-km of the
race despite biochemical hyponatremia, possibly suggesting a
tolerance. In a previous published study based on the same
races, creatine kinase (CK) values reached 43,763 ± 6,764
IU·L−1 indicative of extreme body strain on these competitors
(34). Despite this extreme level, none of the athletes included
in this study were hospitalized or treated for any renal
problems. Considering the nature of ultra-runners, they may
be recurrently exposed to hyponatremic states in training and
other similar events possibly serving as an explanation to
this occurrence. However, it is of great importance not to
underestimate the potential severity and consequences of EAH.
Athletes should always remain cognizant of their competitive
habits and understand how these habits affect their sodium
levels. Accordingly, ultra-endurance athletes should recognize
and respond appropriately to the symptoms of EAH (7).

The authors do concede several limitations. To begin with,
lack of dietary intake information in this study prevents the
calculation of serum sodium fluctuations due to dietary sodium
intake. Furthermore, not all of the observed bodyweight changes
can be attributed to fluid fluctuations. Arguments have been
proposed stating that body mass loss is not a reliable indicator
of dehydration due to mechanisms of loss not associated with
sweat. These factors include change of mass due to substrate
use, clearance of water previously bound with glycogen, and
the metabolic production of water (35). These factors were not
accounted for in this study, reducing the validity of body mass as
a measure of dehydration. Additionally, if subjects were to drop
out of the race, data could not be collected. Due to the course
length, wide range of finishing times (24–36 h), and large number
of checkpoints, it was not feasible to collect samples quickly
from dropouts as some were transported back to Athens and
others to Sparta to receive medical attention if needed. Therefore,
sample size was limited to only recruited subjects able to finish
the race.

Despite these limitations, the incidence of EAH of 52
and 65%, when excluding or including these individuals
with pre-race hyponatremia, was the highest reported in
current literature. Competitors in extreme ultra-marathons
should consider the risk of EAH when planning fluid and
food consumption during competition, especially in events
with harsher ambient and geographical challenges similar
to Spartathlon.
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