
311GERMAN JOURNAL OF SPORTS MEDICINE  69  10/2018

ZusammenfassungSummary

ACCEPTED:

PUBLISHED ONLINE:

DOI:

Scan QR Code  
and read  
article online.

CORRESPONDING ADDRESS:

Review

Introduction

Proper hydration is important in endurance 
sports and standards in monitoring hydration 
status have previously been published in the Ger-
man Journal of Sports Medicine (47) that brief ly 
discussed exercise associated hyponatraemia 
(EAH) (42, 48). EAH is an important medical con-
dition defined by a serum sodium concentration 

([Na+]) below normal laboratory concentrations 
(usually below 135 mmol/L) either during or 
up to 24 hours after physical activity (15). Whi-
le dehydration may result in impaired exercise 
performance (1), deaths have occurred from in-
appropriate overzealous f luid consumption resul-
ting in EAH (15). The incidence of EAH varies 
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›› Definition: Exercise-associated hyponatremia (EAH) is defined 
by a below-normal serum sodium concentration (<135 mmol/L) 
during or up to 24 hours after physical activity.

›› Epidemiology: Incidence varies according to type of sport ran-
ging from 11% after an Ironman triathlon to 51% after a 161-km 
ultramarathon and up to 70% among rowers during training 
camp. EAH-related deaths have been reported. 

›› Underlying mechanism: The two main etiological factors are 
overhydration due to excessive intake of water and/or hypotonic 
beverages and an inappropriate secretion of arginine vasopressin 
(AVP) with water retention, resulting in dilutional hyponatre-
mia, with a relative excess of total body water in relation to the 
total content of exchangeable body sodium.

›› Symptoms: EAH can be asymptomatic or symptomatic. Early 
clinical signs are nonspecific and may include nausea, vomiting, 
dizziness, headache and body mass gain. Without proper inter-
vention, cerebral edema with life-threatening symptoms such 
as confusion, agitation, seizures and coma (exercise-associated 
hyponatremia encephalopathy (EAHE)) may develop.

›› Treatment: Asymptomatic EAH can be treated by fluid restric-
tion until onset of urination, mild symptomatic cases of EAH by 
oral hypertonic saline solutions, while intravenous infusion of 
hypertonic saline can be life-saving in moderate to severe EAH 
and EAHE.

›› Prevention: Proper hydration strategies like drinking limited 
to thirst can generally prevent EAH. Education of athletes and 
coaches about EAH is key in preventing this condition. Education 
of medical staff should focus on early recognition and appropri-
ate treatment of EAH.

›› Definition: Sportassoziierte Hyponatriämie (exercise-asso-
ciated hyponatremia (EAH)) ist definiert durch eine niedrige 
Serum-Natrium-Konzentration (<135 mmol/L) während oder 
bis 24 Stunden nach sportlicher Betätigung. 

›› Epidemiologie: Die Inzidenz variiert je nach Sportart zwischen 
zwischen 11% beim Ironman Triathlon, 51% nach einem 161 km 
Ultramarathon und bis zu 70% bei Ruderern während eines Trai-
ningslagers, wobei Todesfälle aufgrund von EAH dokumentiert 
sind.

›› Pathogenese: Die zwei Hauptursachen sind Überhydratation 
durch exzessive Aufnahme von Wasser und/oder hypotoni-
schen Getränken sowie eine nicht adäquate Sekretion von Argi-
nin-Vasopressin (AVP) mit Wasserretention. Daraus resultiert 
eine Verdünnungs-Hyponatriämie mit relativem Überschuss am 
Gesamtkörperwasser in Relation zur Gesamtkonzentration des 
austauschbaren Natriums im Körper.

›› Symptomatik: EAH kann asymptomatisch oder symptoma-
tisch verlaufen. Erste klinische Zeichen sind unspezifisch und 
können Übelkeit, Erbrechen, Schwindel, Kopfschmerzen und 
Gewichtszunahme umfassen. Unbehandelt kann EAH zu ei-
nem Gehirnödem mit lebensbedrohlichen Symptomen wie Ver-
wirrtheit, Krampfanfällen und Koma führen (sportassoziierte 
hyponaträmische Enzephalopathie (EAHE)).

›› Behandlung: Asymptomatische EAH kann durch Flüssigkeitsre-
striktion bis zum Einsetzen der Miktion behandelt werden, milde 
symptomatische Formen durch hypertone Getränke, während 
hypertone intravenöse Kochsalzinfusionen bei moderaten und 
schweren Formen von EAH und EAHE lebensrettend sein können. 

›› Prävention: Angemessene Hydrationsstrategien wie das Trin-
ken nach Durstempfinden können EAH nomalerweise vermei-
den. Aufklärung von Athleten und Trainern ist der Schlüssel zur 
Prävention. Die Ausbildung des medizinischen Personals sollte 
sich auf die Früherkennung und angemessene Behandlung kon-
zentrieren.
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depending on type of sport and can be as high as 70% (34). 
Thus, strategies to prevent the development of EAH should 
be implemented, and medical staff should be capable of 
early recognition and proper treatment of EAH, especially 
as life-threatening symptoms from cerebral edema (exer-
cise-associated hyponatremic encephalopathy (EAHE)) 
can occur (15) Overhydration and inappropriate secretion 
of arginine vasopressin (AVP) are the main mechanisms 
of EAH (13, 14, 22), leading to a positive f luid balance and 
dilutional hyponatremia (13, 14, 22, 30, 37). Prevention of 
EAH can generally be achieved with proper hydration and  
drinking to thirst. 

In this educational review, the pertinent literature related 
to EAH has been summarized, providing an overview of the 
etiology, pathogenesis, and diagnosis of EAH. Also provided 
is practical advice on treatment and preventive strategies, 
with hopes that further deaths and serious harm from this 
condition can be avoided. Other forms of hyponatraemia 
that are generally encountered in different clinical settings 
are outside the scope of this article but can be reviewed  
elsewhere (33).

	 History	

EAH is not a new clinical condition. The first known report 
of EAH was by Noakes in a lay running magazine about an 
athlete participating in the 1981 Comrades Marathon in 
South Africa and the first scientific publication on EAH was 
in 1985 about four ultra-endurance runners (37). Around the 
same time, there were reports of EAH in an American run-
ning magazine of a case during the 100-mile Western Sta-
tes Endurance Run (31) and in the Journal of the American 
Medical Association of cases during 50-mile and 100-km  
ultramarathons (8). 

Participation in ultra-endurance events has been increa-
sing exponentially over the last 20 years (20, 41, 43), and ultra-
marathon running is one sport that has attracted particular 
research interest on a wide range of medical problems and 
specifically on EAH (2, 17, 22, 23, 25, 40). Medical consensus 
guidelines exist on how to deal with EAH in remote environ-
ments especially during ultra-endurance foot races (25).  
In 2015, the 3rd International Exercise-Associated Hy-
ponatremia Consensus Panel met and published an up-
dated consensus statement to address the morbidi-
ty and mortality associated with this preventable f luid  
imbalance (15).

  	Definition	

EAH is defined by a [Na+] below the 
lower limit of normal (usually 135 
mmol/L) either during or up to 24 
hours after physical activity (15). It 
may be clinically asymptomatic, of-
ten only discovered during scientific 
studies (4, 22, 29), or clinically sympto-
matic with either mild or serious clini-
cal features described in detail below. 
EAH is often classified as mild ([Na+] 
of 130-134 mmol/L), moderate ([Na+] of 
125-129 mmol/L), or severe ([Na+] <125 
mmol/L) but clinical symptoms not 
only depend on the degree of hyponat-
remia, but also on the rate of decline in 
sodium concentration (12, 15). Severe 

symptomatic EAH with neurological signs due to cerebral ede-
ma (EAHE) is a life-threatening condition that requires urgent 
medical evaluation and treatment (15).

	 Epidemiology	

Less than 1% of athletes begin exercise in a hyponatremic state, 
providing evidence that this condition generally develops du-
ring or after exercise (15). Incidence varies according to type of 
sport and exercise, and has been well investigated in ultra-en-
durance events with hyponatremia being as common as 51% 
after a 161-km ultramarathon (22), 42% during multi-day ultra-
marathons (4), and 11% after an Ironman triathlon (6). Studies 
have also found asymptomatic EAH incidence to be 33% after 
a rugby match (13) and 70% among elite German junior rowers 
during a four week training camp (34). Confirmed deaths due to 
EAH have occurred in endurance runners, a triathlete, and an 
endurance canoeist as well as in hikers, high school American 
football players, military personnel and police (13, 36, 52).

	 Underlying Mechanisms	

The pathophysiology of EAH is complex and several fac-
tors likely contribute to its pathogenesis as depicted in 
Figure 1. The two main etiological factors are overhydra-
tion and inappropriate secretion of arginine vasopressin  
(AVP) (13, 14, 22). 

Overhydration due to excessive intake of water and/or 
hypotonic beverages (sports drinks) exceeding the body’s 
fluid losses (e.g. sweat, urine, insensible fluid losses) results 
in a dilutional hyponatremia with a relative excess of total 
body water in relation to the total content of exchangeable 
body sodium (15). While EAH can occur in association with 
dehydration, symptomatic cases of EAH seem to be associ-
ated with overhydration where there has been weight gain 
or inadequate weight loss during the exercise (Fig. 2) (30, 
38). The other main etiological factor in the development 
of EAH is the inappropriate secretion of AVP (13). AVP or 
anti-diuretic hormone (ADH) is a hormone that is gene-
rated in the hypothalamus and released by the posterior  
pituitary gland. 

The human body regulates water and sodium balance and 
its plasma osmolality within a narrow physiological range. 
AVP is the main hormone responsible for fluid homeostasis 
and its secretion is mostly regulated through changes in plas-
ma osmolality. But, there are also a number of non-osmotic  

Figure 1  
Factors leading to exercise-associated hyponatremia (EAH). AVP=arginine vasopressin, ANP=atrial natriu-
retic peptide, BNP=brain natriuretic peptide, GI=gastro-intestinal.

EAH

Inappropiate secretion 
of AVP

Overhydration

Other factors:
Sweat sodium loss
ANP/BNP elevation
Rapid absorption of water from GI tract
Impaired sodium mobilization
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stimuli for AVP secretion, including 
stress, pain, nausea, vomiting, hypogly-
caemia, heat, drugs such as non-steroidal 
anti-inflammatory drugs (NSAIDs), and 
IL-6 release. These non-osmotic stimuli 
can lead to AVP secretion that is inappro-
priate for a given serum osmolality, there-
by promoting further overhydration and 
dilutional EAH (11, 13, 50). 

Other contributing factors to the de-
velopment of symptomatic EAH may in-
clude the rapid absorption of water from 
the gastro-intestinal tract after exercise 
cessation due to increased splanchnic 
perfusion (13, 34), the activation of the 
sympathetic nervous system and the renin 
angiotensin aldosterone system resulting 
in decreased renal filtrate rate with re-
duction in free water excretion (13), and 
the inability to mobilize the non-osmotic  
form of sodium which is bound to bone, 
skin and cartilage (13, 16, 38).

The role of sodium loss through sweat-
ing as well as the potential impact of uri-
nary sodium losses from elevated levels of 
atrial natriuretic peptide (ANP) and brain 
natriuretic peptide (BNP) in the patho-
genesis of EAH are unclear (10, 30, 55). 

As a result of a low [Na+], extracellu-
lar water will follow the osmotic gradient 
into the intracellular compartment. The 
resulting cerberal edema causes EAHE, 
whereas the effect on the lungs causes 
pulmonary edema (15).

	 Risk Factors	

The main risk factor for the development of 
symptomatic EAH is fluid overconsumpti-
on (e.g. water, sports drinks or other hypo-
tonic beverages) beyond fluid losses through sweat, insensible 
losses and urine leading to a positive fluid balance and dilutio-
nal hyponatremia (13, 14, 22, 30, 37). Other risk factors associ-
ated with the development of EAH include an exercise duration 
over 4 hours, event inexperience or inadequate training, slow 
running pace, high or low body mass index, and readily availa-
ble fluids at events (15). The incidence of EAH in women is hig-
her compared to men, but when adjusted for body mass index 
and racing time, the apparent sex difference is not statistically 
significant (14).

	 Symptoms and Diagnosis	

Clinical signs and symptoms for EAH and EAHE are shown in 
Figure 3 (adapted from (15)). Early clinical signs of EAH are 
non-specific and can easily be mistaken for other medical 
conditions such as exertional heat stress, heat stroke, hypog-
lycaemia, acute mountain illness, gastrointestinal problems, 
other medical emergencies or merely signs of exercising for 
prolonged periods (14, 25, 41). It is important to recognize that 
oliguria is typical in EAH due to inappropriate AVP secreti-
on and may be mistaken for dehydration (13). A high index of 
suspicion for EAH is warranted especially in the presence of 
weight gain and history of overzealous fluid consumption. If 

available on site, [Na+] measurement can aid in reaching the 
correct diagnosis, however this is not always possible or avai-
lable. Advice on proper hydration strategies (drink to thirst) 
and exclusion and treatment of other associated or alter-
native pathologies (e.g., heat stroke with altered mental sta-
tus) is warranted before continued participation or exercise.  
In the presence of any late signs of EAH (Fig. 3), especial-
ly signs of neurological compromise and signs of cereb-
ral edema (EAHE), prompt diagnosing and treatment of 
the medical emergency is paramount. If EAH is confirmed  
through on site [Na+] measurement or suspected on clini-
cal grounds, appropriate treatment needs to be instituted  
immediately. 

	 Treatment	

Treatment strategies are outlined in Figure 4 (adapted from 
(15)). Asymptomatic cases of EAH are often only discovered du-
ring scientific studies or when [Na+] has been tested for other 
reasons (4, 22, 29). Although there is no obligatory reason to 
actively treat asymptomatic EAH, it is clinically appropriate to 
restrict fluid intake until the onset of urination or administer 
oral hypertonic saline solutions to reduce the risk of progressi-
on to symptomatic hyponatraemia. Athletes should also be 

Figure 2  
Data showing the relationship of post-event serum sodium concentration ([Na+]) with change in body 
mass from 2135 observations at various endurance and ultra-endurance events (top) and 669 obser-
vations at 161-km ultramarathons (bottom). Cases of symptomatic EAH are identified by open circles. 
Graphs were adapted from Noakes et al. (38) with permission (Copyright (2005) National Academy of 
Sciences, U.S.A) and Hoffman et al. (30) with permission of Dustri-Verlag. The top graph was redrawn 
from the original so that the horizontal axes are oriented the same for the two graphs.
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advised when leaving the event to seek urgent medical attenti-
on if any neurological symptoms of EAH develop within the 24 
hours following the event (15). 

In mildly symptomatic cases of EAH, where the pa-
tient is orientated, alert, stable and able to follow medical 
advice, f luid restriction and consumption of hyperton-
ic saline beverages until free urination sets in may be all  
that is needed, but these athletes may also be treated with 
intravenous boluses of hypertonic saline if deemed appro-
priate (15). For severe EAH or EAHE (Fig. 3) with altered 
mental status or seizures, prompt treatment with intrave-
nous hypertonic saline, even in the absence of prior [Na+]  
measurement (Fig. 4) is warranted (15). This treatment, either 
empirically or after prior [Na+] measurement, can be life-sav-
ing, is unlikely to cause harm should the presumed diagnosis be 
wrong, and should be administered in the field prior to trans-
fer to hospital (15). Athletes not responding to treatment or 
showing delayed signs of recovery should be transferred to the 
nearest hospital facility for further monitoring and treatment. 

	 Prevention	

There is now overwhelming evidence that drinking to thirst is 
adequate to maintain proper hydration during endurance exer-
cise (3, 13, 15, 19, 27, 46) and EAH can be prevented through such 
hydration strategies. Thirst is an evolutionary mechanism that 
protects plasma osmolality as well as circulating blood volume 
and defends against serious dehydration. Despite widespread 
advice regarding the acute dangers of dehydration, even in ex-
treme environments, this is of limited relevance to individuals 
with access to food and water (5). On the contrary, an overze-
alous approach in fluid ingestion in an effort to prevent dehy-
dration, even in warm humid conditions, has lead to reported  
cases of EAH (32). 

Sports drinks are hypotonic compared to plasma (15) and 
therefore overhydration from these beverages does not offer 
protection from EAH (15, 35, 53). Supplemental sodium inges-
tion is often used as a strategy by athletes to prevent EAH, but 
this too will not offer protection from EAH especially when 
overhydration occurs concomitantly (30, 49). Sodium supple-
mentation can even increase the risk of developing EAH, as 
it will drive thirst, potentially resulting in further overcon-
sumption of fluids (24, 30). A typical race diet generally pro-
vides sufficient sodium, even during prolonged exercise of 
15-30 hours, in hot climates (26, 27). Analgesia use, especially 
NSAIDs, is high among ultra-endurance athletes (7, 39) and  
they have been implicated as a risk factor in the develop-
ment of EAH (14, 54) presumably by potentiating the wa-
ter retention effects of AVP at the level of the kidney (15, 
51) and should therefore be avoided. Further rationale for 
avoiding these drugs is their potential for increasing the 
risk of kidney injury, rhabdomyolysis and gastrointestinal  
symptoms (28, 30, 45).

Body mass loss should be expected during prolonged ex-
ercise due to oxidation of endogenous fuel (i.e. glycogen and 
stored fat) and metabolic water production (21). In fact, body 
mass loss during a 161-km ultramarathon of around 2% or 
more is expected without detriments in performance (21). 
Additionally, it has been shown that during cycling time tri-
als up to 2 hours, development of a mean body mass loss of 
2.2% is associated with increased power output and a body 
mass loss of up to 4% does not alter exercise performance 
compared with body mass maintenance (9). Therefore, body 
mass gain during exercise is unnecessary. Its observation 
is a clear indication of overhydration and when observed, 
further fluid intake should be reduced to help avoid the  
development of EAH. 

There is some evidence that liberal fluid availability during 
competition may promote overdrinking, and reducing fluid 
availability may decrease the risk of EAH, but firm evidence 
across a variety of sports is still missing (14, 44). Furthermore, 
in circumstances when fluid carriage is easy, reducing fluid 
availability is not likely to be an important contributing factor 
to the prevention of EAH. 

	 Education	

Education about proper hydration is important in preventing 
EAH. Overdrinking has been promoted heavily in the past by 
the global sports drink industry (3) and there continues to be 
considerable misinformation on the Internet regarding proper 
hydration strategies, even on medical or scientific websites. 
For instance, an Internet search on proper hydration during 
exercise found that only 7.3% of sites promoted drinking to 
thirst (18). Educational programmes aimed at promoting 
drinking to thirst strategies during the 161-km Western Sta-
te Endurance Run have been associated with a noteworthy 
decrease in EAH incidence (26). It is therefore paramount 
that athletes, coaches and health professionals are aware 
of proper hydration strategies in endurance events and help 
promote safe hydration guidance. Key points are summarized  
in Figure 5.

	 Recommendations	

For Athletes and Coaches
Athletes, coaches and families involved in endurance sports 
should be aware of the current recommendations on proper  

 
Early signs (usually mild to moderate form of EAH)

Non specific signs such as: 
Nausea
Vomiting 
Dizziness
Light headiness 
Fatigue
Bloatedness and weight gain 
Puffiness
Headache 
Oliguria

Late signs (severe form of EAH)

Confusion 
Agitation
Altered mental state 
Dyspnoea
Phantom running 
Seizures
Coma
Signs of decortication 
Death

Figure 3  
Symptoms and clinical signs of exercise-associated hyponatremia. (adap-
ted from (12)).
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hydration to avoid serious medical problems such as EAH. Pro-
per advice for athletes and coaches is to simply respond to thirst 
with fluid intake. Educating and speaking to endurance athle-
tes about the dangers of overhydration may also help reduce 
the incidence of EAH. 

For Medical Personnel
All medical personnel involved in ultra-endurance sports should 
be aware of and competent in the recognition and treatment of 
EAH. As part of the event medical supplies, hypertonic saline 
should be available for oral intake and for infusion into a periphe-
ral vein (25). Depending on the size of the event, on-site point-of-
care biochemical testing may be advisable, which can be useful 
in quickly verifying symptomatic EAH (25). However it is also 
recognised that smaller or more remote events will not have this 
capacity, and testing devices may not be operational in extreme 
environments or feasible to transport into wilderness settings. 
Empirical treatment for EAH can be life-saving and should not be 
withheld in these circumstances (25). Transfer to a hospital faci-
lity should be effected, or evacuation from a remote environment 
considered, especially if there is no improvement with on-site 
treatment or diagnosis is in doubt. Previous medical planning 
and risk assessment is therefore recommended (25).

	 Conclusion	

EAH is a serious medical condition with confirmed deaths espe-
cially in association with prolonged exercise. The main etiological 
factor is overconsumption of hypotonic fluids leading to a dilu-
tional hyponatremia. Non-osmotic stimuli such as stress, pain, 
nausea, vomiting, hypoglycaemia, heat, drugs such as NSAIDs, 
and IL-6 release can lead to an inappropriate secretion of AVP 
causing retention of water and compounding the dilution of se-
rum sodium. Early clinical features of EAH are non-specific but 
may include nausea, vomiting, dizziness, headache, oliguria and 
weight gain. Without proper intervention, life-threatening symp-
toms such as confusion, agitation, dyspnoea, seizures and coma 
can occur. Prompt recognition and treatment of EAH with oral 
hypertonic saline beverages for mild EAH cases or intravenous 
infusion of hypertonic saline in moderate to severe cases of EAH 
and EAHE can be life-saving. EAH can generally be prevented 
by proper hydration, which is achieved through drinking to 
thirst, recognizing that some body mass loss should be expec-
ted during prolonged exercise without determents in exercise 
performance. Education of athletes and coaches about EAH is 
a key element in preventing this condition, and the education of 
medical staff should focus on early recognition and appropriate  
treatment of the condition.�
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Figure 4  
Treatment of exercise-associated hyponatremia. (Adapted from (15)).

 

Figure 5  
Key points about exercise-associated hyponatremia.

 
Treatment of mild cases of EAH

- �Fluid restriction and observation until increasing urination
- �lf able to tolerate oral fluids: offer hypertonic fluids, e.g. 3% NaCI 

(100ml) or equivalent volumes of other hypertonic solutions with 
high sodium concentrat ions (may need to use flavouring to be 
more palatable) or concentrated bouillon (4 bouillon cubes in 125 
mL, 1/2 cup of water)

- �lf patient is not improving or unable to tolerate oral fluids, follow 
treatment of more severe EAH cases.

Treatment of severe cases of EAH and EAHE

- �Administration of 100 mL bolus of 3% NaCl intravenously (hyper-
tonic saline), every 10 min at least twice or unti l clinicaI improve-
ment (judged by the treating physician)

- �lf 3% NaCl is not available a comparable solution containing so-
dium should be used (e.g. 10 mL of 20% NaCI; 50 mL of 8.4% 
NaHC03)

- �In severe cases, larger boluses of hypertonic saline may be appro-
priate to use with caution.

 
Key points

- EAH can kill
- �EAH can generally be avoided if adhering to proper hydration stra-

tegies (e.g. drink to thirst)
- �Knowledge about this condition and recognition of clinical signs is 

paramount for everyone involved in endurance sports
- �Hypertonie saline solution should be part of the mandatory medical 

equipment of health care professional providing care at endurance 
events

- �Life saving empirical treatment with intravenous hypertonic saline 
solution should be given in the field in the absence of on-site [Na+] 
testing

- �Efforts to educate about the pathogenesis, symptoms, signs and 
treatment of EAH should be intensified
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