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         First Reported Cases of Exercise-Associated 
Hyponatremia in Asia    

from the scientifi c community, with the formula-
tion of the 1 st  International EAH Consensus 
Development Conference Statement in 2005  [11] , 
and an updated consensus statement in 2008 
 [13] . 
 Exercise associated hyponatremia was fi rst 
reported in a 46-year-old female and a 37-year-
old male in the 1981 88-km Comrades Marathon 
 [26] . Exercise-associated hyponatremia has sub-
sequently been recognised as an important cause 
of race-related death and life-threatening illness 
 [1] . Fatalities have been reported in the 1993 Val-
ley of the Giants Marathon, 1998 Chicago Mara-
thon, 2002 Boston Marathon, 2002 Marine Corps 
Marathon and 2007 London Marathon 
 [15,   23,   28,   31] . Prolonged exercise spanning more 
than 4   h has since been recognised as a risk factor 
for EAH  [1,   3,   13,   34] . Reports of EAH in mara-
thons and ultra-endurance events have been 
documented in Africa  [14,   26,   32,   33] , Europe 
 [9,   18] , North America  [1,   8,   15,   20,   31]  and Oce-
ania  [34,   35,   36] , but not in Asia. In addition, few 
of these studies occurred in warm and humid 
environments  [8,   9,   20]  despite the recognition of 
unusually hot environmental conditions as a risk 
factor for EAH  [13] . 

 Introduction 
  ▼  
 Exercise-associated hyponatremia (EAH) is 
defi ned by a serum or plasma sodium concentra-
tion below 135   mmol / L  [19]  during or up to 24   h 
after prolonged physical activity  [1,   3] . This con-
dition may manifest symptomatically  [3]  or 
asymptomatically  [18] . Although the severity of 
neurological signs and symptoms generally 
increases with lower sodium concentrations  [2] , 
great individual variability renders the numeri-
cal value of sodium concentration an unreliable 
predictive index of the clinical severity of EAH 
 [12,   39] . The early symptoms of EAH include 
bloating, puffi  ness, headache, nausea and vomit-
ing  [3,   15,   22,   34] . Many of these are non-specifi c 
and can occur following prolonged exercise in 
the absence of EAH, prompting the need to meas-
ure blood sodium concentration for accurate 
medical diagnosis. Severe symptoms present 
during exercise-associated hyponatremic enceph-
alopathy, and include alteration of mental status 
(e.   g. confusion, disorientation, agitation, and 
delirium), seizures, respiratory distress, obtun-
dation, coma and death  [13] . The prevention and 
treatment of EAH is led by international experts 
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  Abstract 
  ▼  
 There are no reported cases of exercise-associ-
ated hyponatremia (EAH) in tropical Asia. This 
study aimed to investigate the incidence of EAH at 
the on-site medical tent and fl uid balance in long 
distance foot races in a warm and humid environ-
ment. Body mass was taken before and after the 
races (42-km marathon; 84-km ultra-marathon). 
Blood sodium concentration was measured for 
symptomatic runners admitted to the medical 
tent. Mean (SD) dry bulb temperature was 29.0 
(0.6)    °    C, relative humidity 89 (2)    %  and wind speed 
0.3 (0.5) m / s. Three out of the 8 symptomatic run-

ners admitted to the medical tent were diagnosed 
with hyponatremia, with blood sodium concen-
trations of 134   mmol / L in a 42-km runner, and 
131 and 117   mmol / L in two 84-km runners. In the 
42-km race, mean     %   Δ BM was     −    1.6 (1.2)    % , rang-
ing from     −    5.7 to 1.4    % , and 22 runners (7    % ) gained 
weight. In the 84-km race, mean     %   Δ BM was     −    2.3 
(1.7)    % , ranging from     −    8.0 to 1.4    % , and 9 runners 
(8    % ) gained weight. In addition to the 3 cases of 
symptomatic hyponatremia observed, 8    %  of the 
84-km runners and 7    %  of the 42-km runners 
gained weight during the race. This indicates the 
need to disseminate advice for the prevention and 
treatment of EAH for races held in the tropics.         
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 Body mass changes during exercise provide an estimation of ath-
letes ’  hydration status, and their awareness and adherence to 
current position stands on hydration during exercise  [5,   30] . The 
primary cause of EAH is the consumption of fl uid in excess of 
urinary and sweat losses, which is discernible with a gain in 
weight  [1,   34] . Athletes should expect to lose weight during 
exercise and never to gain weight  [24] . 
 Singapore is located at 1    °     north of the equator and its climate is 
classifi ed as  “ equatorial ” , with no distinct season throughout the 
year. The weather is warm and humid, with daily temperature 
ranging between 26    °    C and 32    °    C. Peak temperature is achieved 
at about 1   300   h daily. The lowest relative humidity of  ~ 60    %  is 
usually achieved during peak ambient temperature at the noon 
hour, and peak relative humidity reaches     >    85    %  between 0100   h 
and 0200   h daily. The Adidas Sundown Marathon in Singapore is 
an annual overnight foot race that comprises the full- (42   km) 
and double-marathon (84   km) categories. This study aimed to 
evaluate the prevalence of EAH in athletes admitted to the on-site 
medical tent following participation in an overnight marathon 
or an ultra-marathon in a warm and humid climate, and to pro-
fi le their hydration status by quantifying changes in body mass 
resulting from the race. To our knowledge, this is the fi rst inves-
tigation of EAH in Asia.   

 Materials and Methods 
  ▼   
 Study population 
 Ethical approval was granted by the ethical review board of the 
Singapore Sports Council and conformed to the international 
standards required by the journal  [10] . Volunteers competing in 
the 42-km and 84-km races gave their verbal consent to partici-
pate in this study on-site at the start and end of their race.   

 Study setting 
 The Adidas Sundown Marathon 2009 was held in eastern Singa-
pore, on a relatively fl at course along a seaside park and the city 
road. Race categories investigated were the 42-km marathon 
and 84-km ultra-marathon. Twenty fl uid stations were posi-
tioned along the 42-km route, and provided sports drink 
(248   kcal / L, carbohydrate 62   g / L, sodium 20.9   mmol / L, potassium 
3.4   mmol / L) and water (Ice Mountain Mineral Water, Fraser and 
Neave, Limited). The 84-km race route comprised of 2 loops of 
the 42-km course, corresponding to 40 fl uid intake opportuni-
ties for the ultra-marathon runners. The ultra-marathon race 
commenced at 1   900   h on May 30, 2009, and the marathon race 
commenced 5   h later, at midnight.   

 Measurements 
 Pre-race body mass was recorded within the hour before race 
start. Post-race body mass was obtained immediately after com-
pleting the race (    <    1   min), and within 10   m of the fi nish line to 
avoid fl uid consumption prior to its measurement. Body mass 
was measured in racing attire using a digital platform balance 
(Seca, Hamburg, Germany) with an accuracy of 0.1   kg. The per-
cent body mass change (    %   Δ BM) for each runner was calculated 
by [(post-race body mass  −  pre-race body mass)  /  pre-race body 
mass] x 100. Blood samples (2   mL) were collected from sympto-
matic runners admitted to the on-site medical tent and analysed 
in duplicate for sodium, potassium, chloride and blood urea 
nitrogen (BUN) concentrations using a hand-held i-STAT blood 
analyser (i-STAT 6    +     cartridge, 06F05-01; i-STAT System, Abbott 
Point of Care, NJ). The reliability of the hand-held i-STAT blood 
analyser has been established by comparison with a standard 
laboratory electrolyte analyser  [7] .   

 Statistical analysis 
 Statistical Package for the Social Sciences (SPSS) version 15.0 for 
windows was used for statistical analysis. Paired t-test was used 
to analyse diff erences between pre- and post-race body mass 
and independent t-test was performed on participants ’      %   Δ BM 
between the 42-km and 84-km races. Relationship between fi n-
ishing time and     %   Δ BM was analysed using Pearson ’ s product 
moment correlation coeffi  cient (r). Data in this study are pre-
sented as mean (SD). Statistical signifi cance was accepted when 
 P     <    0.05.    

 Results 
  ▼  
 The average dry bulb temperature during the race was 29.0 
(range: 28.3 – 30.2)    °    C, with relative humidity 89 (86 – 93)     %  and 
wind speed 0.3 (0 – 1.5) m / s. Six-hundred and two runners 
started the 84-km race and 407 (68    % ) runners fi nished success-
fully, while 5   593 runners started the 42-km race and 4   659 
(83    % ) runners completed. From the 6   195 runners in both races, 
both pre-race and post-race body mass data for 417 participants 
(106 in 84-km men, 8 in 84-km women, 265 in 42-km men and 
38 in 42-km women) were obtained.  

 Exercise-associated hyponatremia 
 Eight symptomatic runners were admitted to the medical tent 
and were attended to by medical doctors on-site. Three partici-
pants had blood sodium concentrations below 135   mmol / L and 
were diagnosed with EAH (      ●  ▶      Table     1  ). The symptoms observed 
were bloating, puffi  ness, confusion, nausea and vomiting. Only 

  Table 1       Blood analyses of the 8 runners who were admitted to the medical tent. 3 runners displayed blood sodium concentrations below 135   mmol / L and 
were diagnosed with symptomatic EAH.  

   Patient No.  Category  Sex  Finishing time (h:min:s)  Na     +      (mmol / L)  K     +      (mmol / L)  Cl -  (mmol / L)  BUN (mg / dL) 

   1  42-km  male  4:03:18  134  4.1  104  21 
   2  84-km  male  8:02:00  131  4.3  101  24 
   3  84-km  male  11:16:31  117  5.6  90  20 
   4  84-km  male  11:52:45  138  3.6  101  16 
   5  84-km  male  12:04:57  140  3.9  106  22 
   6  84-km  male  12:11:18  143  3.8  108  18 
   7  84-km  female  DNF *   139  3.8  107  20 
   8  84-km  male  DNF  †    143  4.0  107  15 
    DNF: Did not fi nish.   *    Stopped at 50   km.   †     Stopped at 55   km    
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Patient 2 had his pre-and post-race body mass recorded. He 
gained 0.9   kg (1.2    %  increase in body mass) over the 84-km race, 
while the mean  Δ BM for his race category was     −    1.4 (1.1) kg. He 
fi nished 5 th  in the 84-km race.   

 Body mass change 
 All categories displayed signifi cant decreases in body mass 
(      ●  ▶      Fig.     1  ;  P     <    0.001). Mean pre-race body mass for those profi led 
in the 42-km category was 66.0 (9.3) kg, and mean post-race 
body mass was 64.9 (9.2) kg. Mean pre-race body mass for the 
volunteers profi led in the 84-km category was 64.4 (8.9) kg, and 
mean post-race body mass was 63.0 (9.0) kg. A greater decre-
ment in mean     %   Δ BM was observed after the 84-km race than 
the 42-km race ( P     <    0.01). 
 In the 42-km race,     %   Δ BM ranged from     −    5.7 to 1.4    %  and 53    %  of 
the runners profi led displayed between     −    2 to 0    %   Δ BM 
(      ●  ▶      Table     2  ). Eight percent (21 out of 265) of the men and 3    %  (1 
out of 38) of the women had     %   Δ BM     >    0. In the 84-km race,     %  
 Δ BM ranged from     −    8.0 to 1.4    %  and 81    %  of the runners profi led 
displayed between     −    4 to 0    %   Δ BM. Nine percent (9 out of 106) of 
the men and 0    %  of the women had a     %   Δ BM     >    0. 
 The mean fi nishing time was computed based on 405 partici-
pants, as the fi nishing time for 11 participants failed to be 
recorded. Mean fi nishing times for the 42-km females, 42-km 
males, 84-km females and 84-km males were 358 (67), 356 (61), 
668 (93) and 726 (95) min, respectively. No correlation was 
found between fi nishing time and     %   Δ BM for the 42-km women 
category and all 84-km categories (      ●  ▶      Fig.     2  ). Weak correlation 
was found for the 42-km men category.    

 Discussion 
  ▼  
 This report describes the fi rst investigation of EAH in Asia. At the 
Adidas Sundown Marathon 2009 in Singapore, one runner par-
ticipating in the 42-km category (1 out of 5   593 who started; 1.8 
out of 10   000), and 2 runners participating in the 84-km cate-
gory (2 out of 602 who started; 33.2 out of 10   000), were diag-
nosed with EAH in the on-site medical tent. Exercise-associated 
hyponatremia was the medical condition for 38    %  of the 8 symp-
tomatic runners admitted to the medical tent. A lower incidence 
of EAH was observed in our marathon compared with the 2   000 

Houston Marathon, where 21 runners out of 6   660 (31.8 out of 
10   000) were diagnosed with hyponatremia  [15] . A lower inci-
dence of EAH was also observed in our ultra-marathon com-
pared with the 100-km 1983 American Medical Joggers 
Association ultramarathon race in Chicago, where 2 runners 
were hospitalised with hyponatremic encephalopathy out of 
more than 200 runners who competed  [8] . One of these 2 run-
ners placed 2 nd  with a race time of 8   h 36   min, before being taken 
to an emergency room. Similarly, our Patient 2 placed 5 th  with a 
race time of 8   h 2   min, before being admitted to the medical 
tent. 
 Exercise-associated hyponatremia is mostly a dilutional 
hyponatremia caused mainly by consumption of fl uid in excess 
of urinary and sweat losses  [13,   17,   37] . Electrolyte balance was 
studied during recovery in patients who developed symptomatic 
hyponatremia and found that there was no evidence for an 
excessive sodium defi cit  [17,   37] . The present fi ndings indicate 
that the proportion of those presenting to the medical tent with 
EAH is associated with duration of exercise, and the magnitude 
of the risk increases exponentially as the running distance 
increases     >    42   km. The incidence of EAH in the 84-km runners 
(33.2 per 10   000) is     >    18-fold higher than the incidence of EAH in 
the 42-km runners (1.8 per 10   000). This exponential increase in 
incidence rate of EAH with the doubling of the running distance 
suggests that the risk of EAH increases non-linearly and at much 
greater magnitude than the increase in running distance. The 
0.9   kg weight gain observed in Patient 2 suggests excessive fl uid 
intake. Overdrinking occurs because of the outdated incorrect 
advice to consume fl uids at a rate suffi  cient to replace all the 
water lost as sweat  [6] . Catch phrases that promote excessive 
drinking, such as  “ drink to match sweat rates ”  and  “ drink beyond 
thirst ” ,  “ blanket ”  advice for fl uid intake volumes  [4] , and the rec-
ommendation to drink at a rate equal to sweat rate to minimise 
the potential for thermal injury  [6] , have been widely popular-
ised  [4]  and require correction. The American College of Sports 
Medicine (ACSM) position stand on exercise and fl uid replace-
ment in 2007 states that the goal of drinking during exercise is 
to prevent excessive dehydration, defi ned as more than 2    %  body 
weight loss, and excessive changes in electrolyte balance  [30] . 
Athletes may use acute changes in body weight during exercise, 
corrected for urine losses and drink volume, to calculate sweat 
rates and determine individual fl uid replacement needs for spe-
cifi c exercise and environmental conditions. While the ingestion 
of sports drink may reduce the extent to which the serum 
sodium falls, there is no empirical evidence to support the use of 
a sports drink in preventing EAH  [30] . Volume ingestion beyond 
the capacity to excrete excess fl uid is still paramount  [1,   38] . In 
addition to over drinking, 2 other principal factors known to 
cause EAH are the inadequate suppression of arginine vaso-
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  Fig. 1          Percent body mass change. Mean values ( −    SD) are shown. All 
displayed signifi cant decrease in body mass from the race ( P     <    0.001). 
 *    A greater decrement in mean     %   Δ BM was observed after the 84-km race 
than the 42-km race ( P     <    0.01).  

  Table 2       Distribution of     %   Δ BM. 

   Category      %   Δ BM  No. of 

males 

 No. of 

females 

 No. of 

runners 

 Percentage 

of category 

   42-km         

     >    0  21  1  22  7    %  
     ≤    0,     >        −    2  134  28  162  53    %  
     ≤        −    2,     >        −    4  105  8  113  37    %  
     ≤        −    4  5  1  6  2    %  

   84-km 

     >    0  9  0  9  8    %  
     ≤    0,     >        −    2  38  1  39  34    %  
     ≤        −    2,     >        −    4  48  6  54  47    %  
     ≤        −    4  11  1  12  11    %  
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pressin (AVP) during exercise, referred to as the syndrome of 
inappropriate anti-diuretic hormone secretion (SIADH), and the 
inadequate exchange between osmotic and non-osmotic sodium 
stores in the body  [4,   13,   27,   29,   31] . 
 At the on-site medical tent, 3 patients were clinically diagnosed 
with symptomatic hyponatremia in our study. The blood sodium 
concentration of Patient 2 was 131   mmol / L and that of Patient 1 
was 134   mmol / L, classifying these 2 cases as mild hyponatremia 
 [16] . Patient 3 was classifi ed as a case of severe hyponatremia, 
with a blood sodium concentration of 117   mmol / L. He was in a 
state of confusion, suggesting that his low blood sodium concen-
tration may have induced hyponatremic encephalopathy. Despite 
signifi cant dilution of his blood sodium concentration, he con-
tinued to request for fl uids in the medical tent. His behaviour 
contradicts established fi ndings under healthy conditions, 
where the physiological sensation of thirst is regulated by 
plasma osmolality and plasma volume  [6] . We speculate that 
although the thirst receptors may still be functioning, cerebral 
edema (brain swelling) may have aff ected the brain ’ s ability to 
respond accordingly and regulate thirst signals, compounded by 
a failure of the proper regulation of sodium movements between 
osmotic and non-osmotic stores. 
 Body mass changes, calculated from pre- and post-race body 
mass measurements, provide an insight to the fl uid replacement 
regimes employed by athletes. In the 42-km category, 303 run-

ners (5    % ) were sampled to represent the 5   593 who registered. 
In the 84-km category, 114 runners (19    % ) were sampled to rep-
resent the 602 who registered. Runners in the 84-km category 
exhibited a greater decrement in     %   Δ BM compared to runners in 
the 42-km category. As substrate oxidation causes mass loss, the 
greater decrement observed in the 84-km category is expected 
because more substrate oxidation is required to complete the 
longer running distance  [24] . The athlete ’ s pre-race body mass 
may also include weight gain from carbohydrate and fl uid load-
ing, and from reduced training immediately before the race  [14] . 
From previous data, we estimated that the     %   Δ BM for euhydra-
tion after a 42-km run would range from 0 to     −    2    %   [18,   25] , 
while     %  Δ BM after an 84-km run would range from 0 to     −    4    %  
 [14,   32 – 36] . Data from the present study demonstrate that the 
majority of runners (81    %  for 84-km; 53    %  for 42-km) were within 
these estimated ranges for euhydration after their respective 
distance races. In the 42-km category, 39    %  of the runners dis-
played     %   Δ BM from     −    2.0 to     −    5.7    % . In the 84-km category, 11    %  
of the runners displayed     %   Δ BM from     −    4.0 to     −    8.0    % . The degree 
of individual variation with regard to body mass change is note-
able: while similar amounts of fl uid were made available to all 
the runners on race day, some runners lost 4    %  of body weight 
while a number of runners gained weight during the race. This 
could be either due to the individual diff erences in the biological 
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drive to drink and / or the diff erences in their perceptions on the 
correct amount of fl uid to consume during races. 
 Whether the performances of these runners were aff ected by 
excessive loss in body mass cannot be ascertained in this study. 
Although these individuals are classifi ed as dehydrated, data 
from Sharwood et   al.  [33]  suggest that the absolute     %   Δ BM loss 
at which the symptoms and signs of dehydration exhaustion 
prevent further exercise is infl uenced by both environmental 
and individual factors. In addition, we have previously found no 
association between fl uid volume ingested during a 21-km run-
ning race and gastrointestinal temperature or performance  [21] . 
Up to 6.2    %  body mass loss did not reveal any ill eff ects of dehy-
dration in that same study. In contrast, a moderate relationship 
was found between the 161-km trail race fi nish time and per-
centage change in body mass (r    =    0.36;  P     =    0.01)  [20] . Conversely, 
those who gained weight (8    %  for 84-km; 7    %  for 42-km) in our 
 “ shorter ”  distance races are still of concern. We postulate that 
our runners who gained weight during exercise drank exces-
sively or beyond their capacity to excrete any excess fl uid. Based 
on the reported inverse relationship between     %   Δ BM and post-
race serum sodium concentration  [32 – 34] , we suggest that these 
athletes were at risk of incurring EAH, although unfortunately 
we were unable to measure blood sodium concentration in 
asymptomatic runners to verify this hypothesis. 
 Slow running or performance pace is another recognised risk 
factor for EAH  [13] , as it results in a lower sweat rate and a longer 
duration for drink consumption. The correlation coeffi  cient of 
0.18 between fi nishing time and     %   Δ BM for the 42-km overall 
category (mean pre-race body mass 66   kg), although weak, is 
identical to that observed in Ironman triathletes with     <    70   kg 
body mass  [32] . This negligible correlation is in contrast to an 
odds ratio of 7.4 (95    %  confi dence interval, 2.9 – 23.1) for 
hyponatremia with a marathon time of     >    4   h compared 
with     <    3.5   h, which was observed in the 2002 Boston Marathon 
 [1] . We suggest that environment-induced sweating was greater 
in our warm and humid environment compared with the cooler 
environment in the 2002 Boston Marathon, thereby normalising 
exercise intensity-induced sweating and resulting in a weaker 
association between fi nishing time and     %   Δ BM. 
 There was a higher percentage of males who gained weight 
(    %   Δ BM     >    0    % ) when compared to the females in both race cate-
gories. This observation is in contrast to earlier fi ndings and does 
not support previous reports suggesting that females are more 
prone to developing EAH  [1,   15] . One reason may be the small 
number of females profi led in this study (8 females in 84-km; 38 
females in 42-km), compared with 166 females in the 2002 Bos-
ton Marathon  [1] . Another reason may be that our sample con-
sisted of mostly elite female runners. The observed shorter mean 
fi nishing time for females in the 84-km category indicates that 
they maintained faster speeds than their average male counter-
parts, and had lesser opportunities to drink. The small number 
of females profi led in this study and their running ability there-
fore may explain our contradictory fi ndings. 
 We recommend that organisers of endurance events consider 
positioning weighing scales on-site and ensure that every par-
ticipant measures his / her weight before and after their race, as 
change in body mass during exercise is the principle determi-
nant of blood sodium concentration  [1,   15,   27] . Cases of EAH 
have been reported 0.1 – 6   h after exercise, and the suggested 
cause is the large volume of water sequestered in the gastro-
intestinal tract that is absorbed into the blood only after cessation 
of exercise  [3,   34] . With specifi c information on body mass 

change, athletes will be able to proceed for medical diagnosis 
and early treatment if they suspect they may be at risk for EAH, 
even if they are currently asymptomatic. Over-provision of fl uid 
along the race route should be discouraged and revised recom-
mendations on fl uid balance  [4,   30]  should be disseminated to 
race participants, as this has been shown to reduce the incidence 
of EAH in other endurance events  [32,   35] . It is suggested from 
the results of this study that runners participating in marathons 
held on the Asian continent be re-educated on appropriate 
hydration strategies at pre-race meetings and via pre-race mail-
ings. Local athletes and medical personnel should also be alerted 
to the potential dangers of EAH and hazards of overdrinking 
during exercise in hot and humid environments.   

 Limitations 
  ▼  
 Runners who only had their body mass recorded pre- or post-
race were not included in the analysis. The amount of fl uid con-
sumed during the race was not determined. Initial hydration 
status was not assessed before the start of the race, and some of 
the runners may have commenced the race already dehydrated 
or overhydrated. Finally, it is noteworthy that blood sodium con-
centrations were only measured for symptomatic patients 
admitted to the on-site medical tent, and therefore does not rep-
resent the exact prevalence of EAH in this race.   

 Conclusion 
  ▼  
 This is the fi rst report of EAH in Asia. Two cases of mild hyponatremia, 
with blood sodium concentrations 131   mmol / L and 134   mmol / L, 
and one case of severe hyponatremia, with blood sodium con-
centration 117   mmol / L, were observed. A signifi cant proportion 
(8    %  for 84-km; 7    %  for 42-km) of runners over-drank, which may 
be attributed to an incorrect perception of hydration during 
exercise. This has to be rectifi ed to minimise the incidence of 
EAH. It is imperative that athletes are educated on proper hydra-
tion when participating in endurance races in warm and humid 
environmental conditions. 
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