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The Effect of Physiology and Hydration Beliefs 
on Race Behavior and Postrace Sodium 

in 161-km Ultramarathon Finishers

James M. Winger, Martin D. Hoffman, Tamara D. Hew-Butler, 
Kristin J. Stuempfle, Jonathan P. Dugas, Kevin Fogard, and Lara R. Dugas

Purpose: To determine if beliefs about physiology and rehydration affect ultramarathon runners’ hydration 
behaviors or if these beliefs increase the risk for exercise-associated hyponatremia (EAH). Methods: Participants 
of the 2011 161-km Western States Endurance Run completed a prerace questionnaire, prerace and postrace 
body-mass measurements, and postrace assessment of serum sodium ([Na+]). Results: Of 310 finishers, 309 
(99.7%) completed the prerace questionnaire and 207 (67%) underwent postrace blood studies. Twelve (5.8%) 
finishers had asymptomatic EAH ([Na+] range 131–134 mmol/L). The most common hydration plan (43.1%) 
was drinking according to schedule, and these runners did so to replace fluid lost when sweating (100%) and 
to avoid dehydration (81.2%). Prerace drinking plan was not associated with postrace [Na+] or the development 
of postrace hyponatremia. There also were no group differences between those with and those without EAH 
for any other variables including planned energy intake or knowledge of fluid balance. Runners not planning 
to drink to thirst trended toward more influence from advertisements (P = .056) and were significantly more 
influenced by scientific organizations (P = .043) than runners with other drinking plans. Finally, runners who 
believe that EAH is caused by excessive drinking adopted a lower-volume drinking plan (P = .005), while 
runners who believe that EAH is caused by sodium loss via sweating reported more common use of sodium 
supplementation during the race (P = .017). Conclusions: Beliefs regarding the causes of EAH alter race 
behaviors including drinking plan and sodium supplementation but do not appear to affect the likelihood of 
developing EAH during a 161-km ultramarathon.
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Exercise-associated hyponatremia (EAH) is a poten-
tially fatal condition of water imbalance characterized 
by a serum sodium ([Na+]) <135 mmol/L during or after 
prolonged exercise.1 A complication of EAH is exercise-
associated hyponatremic encephalopathy, in which cere-
bral edema results in increased intracranial pressure and 
risk of tonsillar herniation.2 This preventable condition 
has been responsible for numerous deaths in the 3 decades 
since it was first recognized.3

The incidence of EAH in ultraendurance events has 
been found to be quite variable. A pooled analysis of 200 
European ultraendurance athletes including swimmers, 
cyclists, runners, and triathletes found an EAH prevalence 
of 6%.4 This is consistent with another study of 145 
European ultrarunners reporting a prevalence of 5%.5 

However, studies of 161-km ultramarathons conducted 
in warmer North American climates have shown a much 
higher prevalence, ranging up to 30% to 51%.6–8

The overconsumption of hypotonic fluids is well 
established as a primary cause of EAH.1,9–11 This may 
be exacerbated by nonosmotically stimulated vasopressin 
release from the posterior pituitary.12,13 Drinking to thirst 
has been advocated as the hydration plan with the lowest 
risk for EAH development14 while risking no decrease in 
performance.15,16 Among athletes running shorter distance 
races (≤21 km), certain hydration-related beliefs have 
been linked to overdrinking.17 It is unknown whether this 
relationship exists for participants in ultramarathons and 
whether these risky hydration beliefs have a measureable 
effect on [Na+] or the development of EAH.

There is a small body of literature that details hydra-
tion behaviors in ultramarathons.18–22 Mean rates of fluid 
ingestion vary from 0.5 to 0.8 L/h, and in at least 1 study, 
the significant strong (r = –.58) relationship between 
fluid ingestion during the last half of a 160-km run and 
postrace [Na+] was shown to have a negative slope.21 
However, a recent large study of 669 ultramarathoners 
found a weak (r = .17) but significant relationship such 
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that lowered [Na+] was more common with weight loss.8 
The discordance of body-mass measurements and total 
body water during ultramarathons (that a 2–4% loss in 
body mass is required before a decrease in total body 
water) has previously been described.23

The use of sodium supplementation during 
ultraendurance racing is common. A recent study docu-
menting sodium intakes during a 161-km ultramarathon 
reported rates of 5 to 10 mg/kg/h,22 although this included 
all sources of sodium—dietary, as well as supplemental. 
Some authors have suggested that ultraendurance athletes 
require approximately 1 g of sodium intake per hour 
to help maintain fluid and electrolyte homeostasis.24,25 
However, a study in ultraendurance triathletes failed 
to show significant changes in [Na+] between groups 
who were given sodium supplementation of 600 to 700 
mg/h or a placebo during the course of an approximately 
12-hour race, although those supplementing with sodium 
did lose significantly less body mass during the race.26 It 
was concluded that normal (or habitual) levels of dietary 
sodium intake were sufficient to protect against EAH 
during ultraendurance triathlons.

If prerace beliefs have measureable effects on 
race behavior or postrace [Na+], then further hydration 
education may decrease the incidence of EAH among 
ultramarathon participants. Therefore, the main goal of 
this study was to describe hydration strategies during the 
161-km Western States Endurance Run and to determine 
the relationships among hydration beliefs, race-related 
behaviors, and indices of fluid and electrolyte balance.

Methods
This observational study was performed at the 2011 West-
ern States Endurance Run, a 161-km mountain-trail ultra-
marathon from Squaw Valley, CA, to Auburn, CA, that 
has been previously described.6 The study was approved 
by the institutional review board at the VA Northern 
California Health Care System with waiver of consent. 
All race entrants were invited via e-mail to complete a 
Web-based prerace questionnaire approximately 22 days 
before the event and invited again 10 days before the event 
if they had failed to respond initially. Nonresponders were 
further invited to complete the questionnaire in person at 
registration the day before the race. The prerace question-
naire included questions about demographics, running 
experience, hydration and food-consumption plans during 
the race, and hydration beliefs.

Race finishers underwent body-mass measurement 
immediately before race start and immediately after 
crossing the finish line. All participants were weighed 
in lightweight running clothing and shoes on 1 of 4 cali-
brated digital scales (Health-o-Meter model 349KLX, 
Bridgeview, IL) placed on a firm, level surface. The same 
scale was used for both measurements on any individual 
athlete.

Blood samples were collected from willing runners 
immediately after crossing the finish line via venipunc-
ture by professional phlebotomists, with subjects seated. 

Samples were centrifuged within 30 minutes and placed 
in a cooler before being transported to a local clinical 
laboratory where plasma samples were analyzed for 
[Na+] (Beckman Coulter DXC 800 chemistry analyzer, 
Beckman Coulter, Brea, CA). Fluid intake rates were 
not measured.

Data are presented as mean ± SD. Characteristics 
of finishers completing the prerace survey and those 
completing both the survey and the blood analysis were 
compared with unpaired t tests (continuous data) and the 
chi-squared test (categorical data). Single-factor analysis 
of variance (ANOVA) determined differences in mean 
postrace [Na+] in hydration-plan groups and among 
groups holding different physiological beliefs. A 2-tailed 
t test determined differences between those who did and 
those who did not use supplemental sodium. Statistical 
significance was set at P < .05.

Results
Of 310 finishers, 309 (99.7%) completed the prerace 
survey and 207 (66.8%) provided postrace blood samples. 
Table 1 presents characteristics of the finishers who com-
pleted the prerace survey, grouped by whether a blood 
sample was obtained. The 2 groups were similar for age, 
sex, finish time, 161-km ultramarathon experience, and 
body-mass change during the race. Of the 207 finish-
ers who completed postrace blood studies, 12 (5.8.%) 
were found to have postrace hyponatremia ([Na+] range 
131–134 mmol/L), although all were asymptomatic.

In the prerace survey, runners were asked, “What 
is your drinking plan for the race?” and given a single 
choice of 5 responses (“as much as I can,” “to keep 
my urine clear,” “on a schedule,” “when thirsty,” and 
“other”). Many runners (43.8%) reported that they 
planned to drink according to a predetermined schedule, 
measured either by distance or time. Another 16.6% 
reported drinking to thirst. Figure 1 presents the distri-
bution of hydration plans along with postrace [Na+] for 
each group (P = .98).

Runners were further asked, “Why do you plan to 
drink this way?” and allowed multiple responses includ-
ing “to avoid hyponatremia,” “to avoid dehydration,” “to 
replace fluid lost in sweat,” “I believe more fluids help 
me run faster,” “to avoid uncomfortable stomach symp-
toms,” “because it is recommended to drink this way,” 
or “other.” Figure 2 displays the most common reasons 
that runners reported for selecting their specific drinking 
plans. “To replace fluid lost via sweating” (100%) and 
“wanting to avoid dehydration” (81.2%) were the most 
common responses.

The contributions of outside influences on hydration 
plans are presented in Table 2. The majority of runners 
indicated a high level of influence from personal experi-
ence and relatively little or no influence from advertising. 
Runners drinking according to a predetermined schedule 
reported a greater influence from advertising (P = .056) 
and scientific organizations (P = .043) than runners with 
alternative hydration plans.
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Table 1 Comparison of Demographic and Performance Characteristics of Subgroup of Finishers 
Who Completed Both the Prerace Survey and Postrace Blood Sampling (n = 207) with Group of 
Finishers Completing the Prerace Survey (n = 309)

Survey and blood 
sample Survey P

161-km ultramarathons completed (n) 4.8 ± 5.8 4.6 ± 7.8 .42
Age (y) 43.0 ± 9.6 42.7 ± 9.4 .76
Male sex (%) 81.3 81.5 .42
Race time (h) 25.2 ± 3.8 25.1 ± 3.8 .79
Body-mass change (%) –1.6 ± 2.0 –1.6 ± 1.9 .73
Postrace [Na+] (mmol/L) 139.9 ± 3.1

Note: Data presented as mean ± SD except when presented as percentage.

Figure 1 — Frequency of hydration plans and associated mean postrace [Na+] (N = 207). Postrace [Na+] did not vary significantly 
across groups (P = .98). Bars indicate 95% confidence interval for mean [Na+] of hydration-plan group.

Figure 2 — Runners’ reasons for choosing particular hydration plans as a percentage of total responding field (N = 309).
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Table 2 Runners’ Reports of Levels of Influence of Various Sources on Their Hydration Plans 

Percentage Reporting Influence

1 2 3 4 5

Personal experience <1 1 2 15 84
Recommendations from friends 14 17 24 33 14
Scientific authorities (individuals) 20 15 25 24 16
Scientific organizations 25 17 28 20 10
Race organizers 34 22 23 12 8
Advertisements 72 17 10 1 0

Note: Data reported as percentage of responding field (N = 309) indicating particular level of influence (1 = no influence, 
5 = heavy influence).

From survey data, cohorts were examined to deter-
mine the effect of beliefs on practices during the race. 
Among runners who responded that inadequate sodium 
intake is a cause of EAH (74.7%), the plan to use 
sodium supplementation was more common (P = .02). 
No significant difference in mean postrace [Na+] was 
found between runners who planned to supplement with 
sodium and those who did not (Figure 3). Runners who 
indicated that EAH was primarily caused by excessive 
fluid intake (68.5%) adopted a thirst-based hydration 
plan more frequently than others (P = .005). No other 
postrace [Na+] differences or body-mass changes among 
participants were found with regard to previous running 
experience, hydration beliefs, physiological knowledge, 
or hydration motivations.

Discussion
This study investigated the associations among beliefs, 
motivations, and influences that underlie hydration 
plans during ultramarathon participation and is the first 
study to relate these to physiological outcomes ([Na+] 
and body-mass change). Previously, we demonstrated 
that certain hydration-related beliefs are reflected in the 
development of unsafe drinking plans during shorter 
running distances and in relatively inexperienced athletes 
(<3 y running experience).17 The current study did not 
find any differences in the rates of postrace hyponatremia 
among participants with differing levels of knowledge 
regarding fluid-balance physiology (data not shown). 
In contrast to our previous study of much shorter races 

Figure 3 — Prevalence of race-day sodium-supplementation intention and postrace [Na+] shown by supplementation group. Bars 
indicate 95% confidence interval for mean postrace [Na+] among the 2 groups (N = 207). Postrace [Na+] did not vary significantly 
(P = .27).
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in which it was found that 57% of runners drank when 
thirsty,17 the prevalence of this pattern of hydration in 
this cohort of runners was only 16.6% for reasons that 
remain unclear.

One of the main goals of the current study was to 
investigate the relationship between a priori hydration 
plans and postrace [Na+]. It is theorized that the over-
hydration that frequently causes EAH is due to incor-
rect hydration education.17,27 This relationship was not 
shown in the current sample of ultraendurance runners 
(Figure 1). This study did, however, capture a relationship 
between a priori hydration beliefs and behaviors during 
the race. For example, the runners who recognized the 
role that overhydration plays in the development of EAH 
chose drink-to-thirst hydration more frequently (P = 
.017) than did runners not holding this belief (data not 
shown). In observational studies of race distances from 
21 to 100 km, drinking to thirst has been demonstrated 
to be safe and without apparent detrimental effect on 
performance.16,28,29 Furthermore, education along with 
fluid limitation has previously been shown to be suc-
cessful in decreasing rates of EAH in an ultradistance 
triathlon.30 These findings suggest that efforts to educate 
ultramarathoners about the causes of EAH may decrease 
the prevalence of higher-volume-hydration plans without 
adversely affecting performance, but whether it will alter 
the incidence of EAH is unclear.

Finally, runners who believe that an insufficient 
sodium intake is a cause of EAH more commonly (P 
= .005) supplemented with sodium during the race. We 
found no differences for postrace [Na+] between these 
groups (Figure 3), indicating that either the supple-
mentation had no effect on postrace [Na+] or, alterna-
tively, that certain runners require supplementation to 
maintain a normal [Na+]. This supports the findings of 
several studies that found that sodium supplementation 
was not required to maintain [Na+] during endurance 
events.22,26,31

We found the prevalence of postrace hyponatre-
mia during this race to be surprisingly low, which 
may reflect the more temperate conditions (0–28°C at 
nearby locations, mean 24.5°C) during the 2011 event 
when compared with usual temperatures at this race.8 
Compared with previous studies completed at this 
event6,8 and a nearby 161-km mountain-trail race,7 the 
low prevalence of EAH (5.8%) was unusual and likely 
increased the difficulty of establishing the relationships 
that this study investigated. If the postrace hyponatremia 
incidence had been closer to that previously observed 
at the Western States Endurance Run, the study would 
have been powered to find smaller differences in the data. 
The study was also limited by the usual difficulties of 
self-report survey data, although the participation rate 
was very high.

This study found that previously held beliefs were 
associated with hydration and sodium-supplementation 
behaviors during an ultramarathon. We also found that 
ultrarunners vary greatly in their hydration plans and 

that most do not drink only when thirsty but rather with 
the intent to replace lost fluid. It is interesting that the 
great variability in both hydration plans and sodium 
supplementation does not affect postrace [Na+]. These 
findings should stimulate more effort to determine if pre-
race educational efforts by race organizers will decrease 
exercise-associated illnesses in ultramarathons.

Acknowledgments 

This material is the result of work supported with resources and 
the use of facilities at the VA Northern California Health Care 
System. We are thankful to Sierra Nevada Memorial Hospital 
for support from their clinical laboratory, Lodi Memorial Hos-
pital for provision of phlebotomists, and for assistance from 
Bill Butler, Lisa Weiss, and Ross Cohen. The contents reported 
here do not represent the views of the Department of Veterans 
Affairs or the US government.

References

 1. Hew-Butler T, Ayus JC, Kipps C, et al. Statement of the 
Second International Exercise-Associated Hyponatremia 
Consensus Development Conference, New Zealand, 
2007. Clin J Sport Med. 2008;18(2):111–121. PubMed 
doi:10.1097/JSM.0b013e318168ff31

 2. Siegel AJ. Hypertonic (3%) sodium chloride for emergent 
treatment of exercise-associated hypotonic encepha-
lopathy. Sports Med. 2007;37(4-5):459–462. PubMed 
doi:10.2165/00007256-200737040-00049

 3. Rosner MH, Kirven J. Exercise-associated hyponatremia. 
Clin J Am Soc Nephrol. 2007;2(1):151–161. PubMed 
doi:10.2215/CJN.02730806

 4. Knechtle B, Gnadinger M, Knechtle P, et al. Prevalence of 
exercise-associated hyponatremia in male ultraendurance 
athletes. Clin J Sport Med. 2011;21(3):226–232. PubMed 
doi:10.1097/JSM.0b013e31820cb021

 5. Knechtle B, Knechtle P, Rosemann T. Low prevalence of 
exercise-associated hyponatremia in male 100 km ultra-
marathon runners in Switzerland. Eur J Appl Physiol. 
2011;111(6):1007–1016. PubMed doi:10.1007/s00421-
010-1729-7

 6. Hoffman MD, Stuempfle KJ, Rogers IR, Weschler LB, 
Hew-Butler T. Hyponatremia in the 2009 161-km West-
ern States Endurance Run. Int J Sports Physiol Perform. 
2012;7(1):6–10. PubMed

 7. Lebus DK, Casazza GA, Hoffman MD, Van Loan MD. 
Can changes in body mass and total body water accurately 
predict hyponatremia after a 161-km running race? Clin 
J Sport Med. 2010;20(3):193–199. PubMed doi:10.1097/
JSM.0b013e3181da53ea

 8. Hoffman MD, Hew-Butler T, Stuempfle KJ. Exercise-
associated hyponatremia and hydration status in 161-km 
ultramarathoners. Med Sci Sports Exerc. 2013;45(4):784–
791. PubMed doi:10.1249/MSS.0b013e31827985a8

 9. Almond CS, Shin AY, Fortescue EB, et al. Hyponatre-
mia among runners in the Boston Marathon. N Engl J 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18332684&dopt=Abstract
http://dx.doi.org/10.1097/JSM.0b013e318168ff31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17465635&dopt=Abstract
http://dx.doi.org/10.2165/00007256-200737040-00049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17699400&dopt=Abstract
http://dx.doi.org/10.2215/CJN.02730806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21427567&dopt=Abstract
http://dx.doi.org/10.1097/JSM.0b013e31820cb021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21082192&dopt=Abstract
http://dx.doi.org/10.1007/s00421-010-1729-7
http://dx.doi.org/10.1007/s00421-010-1729-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21941013&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20445360&dopt=Abstract
http://dx.doi.org/10.1097/JSM.0b013e3181da53ea
http://dx.doi.org/10.1097/JSM.0b013e3181da53ea
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23135369&dopt=Abstract


Hydration Beliefs in the Ultramarathon  541

Med. 2005;352(15):1550–1556. PubMed doi:10.1056/
NEJMoa043901

 10. Chorley J, Cianca JC, Divine J. Risk factors for exercise-
associated hyponatremia in non-elite marathon run-
ners. Clin J Sport Med. 2007;17(6):471–477. PubMed 
doi:10.1097/JSM.0b013e3181588790

 11. Noakes TD, Sharwood K, Speedy DB, et al. Three 
independent biological mechanisms cause exercise-
associated hyponatremia: evidence from 2,135 weighed 
competitive athletic performances. Proc Natl Acad Sci 
USA. 2005;102(51):18550–18555. PubMed doi:10.1073/
pnas.0509096102

 12. Speedy DB, Rogers IR, Noakes TD, et al. Exercise-
induced hyponatremia in ultradistance triathletes is 
caused by inappropriate fluid retention. Clin J Sport Med. 
2000;10(4):272–278. PubMed doi:10.1097/00042752-
200010000-00009

 13. Siegel AJ, Verbalis JG, Clement S, et al. Hyponatremia in 
marathon runners due to inappropriate arginine vasopressin 
secretion. Am J Med. 2007;120(5):461.e11–461.e17.

 14. Hew-Butler T, Verbalis JG, Noakes TD; International 
Marathon Medical Directors Association. Updated fluid 
recommendation: position statement from the International 
Marathon Medical Directors Association (IMMDA). 
Clin J Sport Med. 2006;16(4):283–292. PubMed 
doi:10.1097/00042752-200607000-00001

 15. Zouhal H, Groussard C, Minter G, et al. Inverse relationship 
between percentage body weight change and finishing time 
in 643 forty-two-kilometre marathon runners. Br J Sports 
Med. 2011;45:1101–1105 10.1136/bjsm.2010.074641. 
PubMed doi:10.1136/bjsm.2010.074641

 16. Tam N, Nolte H, Noakes TD. Changes in total body 
water content during running races of 21.1 km and 
56 km in athletes drinking ad libitum. Clin J Sport 
Med. 2011;21(3):218–225. PubMed doi:10.1097/
JSM.0b013e31820eb8d7

 17. Winger JM, Dugas JP, Dugas LR. Beliefs about hydration 
and physiology drive drinking behaviours in runners. Br 
J Sports Med. 2011;45:646–649. PubMed doi:10.1136/
bjsm.2010.075275

 18. Case S, Evans D, Tibbets G, Case S, Miller D. Dietary 
intakes of participants in the IditaSport Human Powered 
Ultra-marathon. Alaska Med. 1995;37(1):20–24. PubMed

 19. Fallon KE, Broad E, Thompson MW, Reull PA. Nutritional 
and fluid intake in a 100-km ultramarathon. Int J Sport 
Nutr. 1998;8(1):24–35. PubMed

 20. Knechtle B, Knechtle P, Rosemann T. Do male 100-km 
ultra-marathoners overdrink? Int J Sports Physiol Perform. 
2011;6(2):195–207. PubMed

 21. Glace BW, Murphy CA, McHugh MP. Food intake 
and electrolyte status of ultramarathoners competing 
in extreme heat. J Am Coll Nutr. 2002;21(6):553–559. 
PubMed doi:10.1080/07315724.2002.10719254

 22. Stuempfle KJ, Hoffman MD, Weschler LB, Rogers IR, 
Hew-Butler T. Race diet of finishers and non-finishers in 
a 100 mile (161 km) mountain footrace. J Am Coll Nutr. 
2011;30(6):529–535. PubMed

 23. Hew-Butler T, Tam N, Nolte H, Noakes TD. Maintenance 
of total body water despite body weight loss during an 
ultramarathon. Med Sci Sports Exerc. 2009;41(5):316.

 24. Clark N, Tobin J, Jr, Ellis C. Feeding the ultraendurance 
athlete: practical tips and a case study. J Am Diet Assoc. 
1992;92(10):1258–1262. PubMed

 25. Kreider RB. Physiological considerations of ultraendur-
ance performance. Int J Sport Nutr. 1991;1(1):3–27. 
PubMed

 26. Hew-Butler TD, Sharwood K, Collins M, Speedy DB, 
Noakes T. Sodium supplementation is not required to 
maintain serum sodium concentrations during an Ironman 
triathlon. BJSM online. 2006;40(3):255–259.

 27. Beltrami FG, Hew-Butler T, Noakes TD. Drinking policies 
and exercise-associated hyponatremia: is anyone still pro-
moting overdrinking? Br J Sports Med. 2008;42:796–801. 
PubMed doi:10.1136/bjsm.2008.047944

 28. Knechtle B, Senn O, Imoberdorf R, et al. Maintained total 
body water content and serum sodium concentrations 
despite body mass loss in female ultra-runners drinking 
ad libitum during a 100 km race. Asia Pac J Clin Nutr. 
2010;19(1):83–90. PubMed

 29. Nolte HW, Noakes TD, Van Vuuren B. Trained humans can 
exercise safely in extreme dry heat when drinking water 
ad libitum. J Sports Sci. 2011;29(12):1233–1241. PubMed 
doi:10.1080/02640414.2011.587195

 30. Speedy DB, Rogers IR, Noakes TD, et al. Diagnosis 
and prevention of hyponatremia at an ultradistance tri-
athlon. Clin J Sport Med. 2000;10(1):52–58. PubMed 
doi:10.1097/00042752-200001000-00010

 31. Speedy DB, Thompson JM, Rogers IR, Collins M, Shar-
wood K, Noakes TD. Oral salt supplementation during 
ultradistance exercise. Clin J Sport Med. 2002;12(5): 
279–284. PubMed doi:10.1097/00042752-200209000- 
00004

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829535&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa043901
http://dx.doi.org/10.1056/NEJMoa043901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17993790&dopt=Abstract
http://dx.doi.org/10.1097/JSM.0b013e3181588790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16344476&dopt=Abstract
http://dx.doi.org/10.1073/pnas.0509096102
http://dx.doi.org/10.1073/pnas.0509096102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11086754&dopt=Abstract
http://dx.doi.org/10.1097/00042752-200010000-00009
http://dx.doi.org/10.1097/00042752-200010000-00009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16858210&dopt=Abstract
http://dx.doi.org/10.1097/00042752-200607000-00001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21160081&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21160081&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2010.074641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21427566&dopt=Abstract
http://dx.doi.org/10.1097/JSM.0b013e31820eb8d7
http://dx.doi.org/10.1097/JSM.0b013e31820eb8d7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20876587&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2010.075275
http://dx.doi.org/10.1136/bjsm.2010.075275
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7611570&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9534079&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21725105&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12480801&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12480801&dopt=Abstract
http://dx.doi.org/10.1080/07315724.2002.10719254
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22331688&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1401664&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1844400&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1844400&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18400876&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18400876&dopt=Abstract
http://dx.doi.org/10.1136/bjsm.2008.047944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20199991&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21780852&dopt=Abstract
http://dx.doi.org/10.1080/02640414.2011.587195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10695851&dopt=Abstract
http://dx.doi.org/10.1097/00042752-200001000-00010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12394199&dopt=Abstract
http://dx.doi.org/10.1097/00042752-200209000-00004
http://dx.doi.org/10.1097/00042752-200209000-00004

