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Abstract

Objective: To study hydration plans and understanding of exercise-associated hyponatremia 

(EAH) among current marathon runners.

Design: Cross-sectional study

Setting: Southern California 2018 summer marathon

Participants: 210 marathon runners

Interventions: Survey administered 1–2 days before the race. Race times were obtained from 

public race website.

Main Outcome Measures: Planned frequency of hydration; awareness of, understanding of, 

and preventative strategies for dehydration and EAH; resources used to create hydration plans; 

drink preferences

Results: When the participants were split into 3 equal groups by racing speed, the slower 

tertile intended to drink at every mile/station (60%) while the faster tertile preferred to 

drink every other mile or less often (60%), though not statistically significant. Most runners 

(84%) claimed awareness of EAH, but only 32% could list a symptom of the condition. 

Both experienced marathoners and the faster tertile significantly had greater understanding of 

hyponatremia compared to first-time marathoners and the slower tertile, respectively. Less than 

5% of marathoners offered “drink to thirst” as a prevention strategy for either dehydration or EAH.

Conclusion: Slower runners plan to drink larger volumes compared to their faster counterparts. 

Both slower and first-time marathoners significantly lacked understanding of EAH. These groups 

have plans and knowledge that may put them at higher risk for developing EAH. Most marathon 

runners did not know of the guidelines to “drink to thirst,” suggesting the 2015 EAH Consensus 

statement may not have had the desired impact.
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INTRODUCTION

In recent years, marathon running has increased in popularity. In 2018, 781 marathons 

were held across the US with more than 500,000 finishing times recorded.1 Older guidance 

advised runners to drink as much as possible to avoid dehydration. As marathoners planned 

for constant consumption of fluids over the long race, studies estimate that over 10% of 

runners have some degree of exercise-associated hyponatremia (EAH) by the end of a 

marathon. 2 EAH is defined as a serum sodium level of less than 135 mmol/L during or after 

physical activity. Mild EAH can be associated with symptoms such as dizziness, nausea, 

confusion, seizures and altered mental status. Severe EAH can cause encephalopathy, 

pulmonary edema, and even death.3

While the pathophysiology of EAH is not completely understood, there are three categories 

of mechanisms believed to contribute: (1) excess fluid intake during exercise, (2) retention 

of water due to inappropriate secretion of ADH, and (3) abnormal movement of sodium 

from an osmotically inactive pool.4 Lack of conditioning can impact any or all of these.5 

The primary risk factor implicated is excessive fluid intake and since it is the most readily 

modifiable of these factors, we have focused on it in our study.

Previous studies have reported that drinking more than 3–3.5L of fluid, weight gain during 

the race, long racing times, female sex, body mass index (BMI) extremes, and use of 

non-steroidal anti-inflammatory drugs (NSAIDs) are associated with EAH.6,7,8 Inadequate 

understanding of hyponatremia was identified as an issue in both experienced and non-

experienced marathon runners.9,10

In 2015, the Third International EAH Consensus Development conference released a 

statement encouraging runners to “drink to thirst.” 11 Similar advice has been echoed by the 

2019 Wilderness Medical Society guidelines. Since then, research specifically on marathon 

runners, their hydration strategies, and their knowledge of EAH has not been conducted.

In this study, we aimed to understand the race hydration strategies of current marathon 

runners. This included drink preferences. what resources were used in creating these 

strategies, and whether these strategies were related to racing speed. We also evaluated 

current runners’ knowledge of EAH. We hypothesized that non-first-time runners and faster 

marathon runners would plan to hydrate less frequently. We expected that their choice of 

hydration would tend to be 100% water and water with electrolyte tablets, to avoid added 

sugars, based on personal previous experience to optimize their nutrition and performance 

over time. First time runners and slower runners, on the other hand, would be more likely 

to have a hydration plan involving excessive consumption of fluids, including sports drinks, 

based on peer recommendations and advertisements to stay hydrated at every opportunity 

during the race. Given the emphasis on preventing dehydration among runners, we believe 
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both groups were less likely to understand the symptoms of EAH compared to dehydration 

or have the prevention strategy to “drink to thirst.”

METHODS

We recruited marathon runners at the pre-race exposition one and two days before a 

Southern California marathon in summer 2018. All runners were required by marathon 

organizers to be 18 years or older and to pick up their race bib number at the expo without 

exception. There were no exclusion criteria. Posters advertising the study were set up outside 

the expo. Members of the research team invited runners to participate as they were leaving 

the bib pick-up area.

The pre-marathon survey (Supplement Survey) consisted of 33 questions regarding 

demographics, training, hydration plan, drink preferences, resources used, hydration beliefs, 

and knowledge of EAH and dehydration. This survey was based on previous studies2,7,10 

with a new section for hydration knowledge. In understanding participants’ fluid intake 

plans, we asked runners to estimate frequency and amounts of planned fluid intake as well 

as their fluid preferences from the choices of sports drinks, 100% water, water with added 

electrolytes, and coconut water. For resources used, we asked runners what they referenced 

in creation of their hydration plan from a list that included prior experiences, books/

magazines, scientific research/journals, commercials/ads, online/internet search, YouTube, 

word of mouth/other runners, and coach.

For the knowledge of hydration disorders section, runners were asked to respond “Yes/No/

Don’t know” if they were aware of the conditions of “hyponatremia/water overload/

water intoxication” and “dehydration”. Two free response questions followed, which 

required runners to write-in symptoms of “hyponatremia/water overload/water intoxication” 

and “dehydration” to check for understanding and knowledge of these conditions. We 

validated answers using the current consensus in the medical literature.3,12 Knowledge or 

understanding was determined as ability to list at least one of the correct symptoms of 

the respective conditions. We deliberately designed our final strategy questions regarding 

prevention of hydration disorders to be free response in hopes of eliciting the participants’ 

own input rather than offering “drink to thirst” as an option. The runners took the survey 

in either identical digital or paper format. Bib numbers of each runner were noted to allow 

access to publicly available race time data after the marathon.

Initially as a surrogate for risk of developing hyponatremia, we had planned to collect 

participant weights before and after the race. All participants were weighed on digital scales 

at the time of survey for pre-race weights, but we were unable to collect all the post-race 

weights at the finish line due to a safety threat that forced the research team to evacuate. The 

race resumed after a delay and finishing times were adjusted by officials. Due to incomplete 

collection of the weight data, we were unable to finish this part of the analysis.

We analyzed the participants’ hydration plans and knowledge of hyponatremia and 

dehydration through dividing the cohort by speed as well as by racing experience. For 

racing experience, we compared the participants by those who had never run a marathon and 
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those who had run one or more. We also examined the demographics, resources, and plans 

of runners divided by knowledge: those who knew only about dehydration, both EAH and 

dehydration, and neither. The BMI was calculated using reported weight and height using 

the following formula: weight (lbs) / [height (in)]2 × 703. The study qualified for UCSD 

IRB-exempt status as it did not collect any personal health information (PHI) and race times 

were pulled from a publicly available database.

We reported participant responses to the survey categorized by finish times and compared 

the variables using chi-square tests for categorical and discrete variables and ANOVA 

for continuous variables. SAS version 9.4, SAS enterprise version 7.1, and JMP Version 

15.2 were used to perform the analysis and a p-value <0.05 was considered statistically 

significant.

RESULTS

Baseline characteristics:

We enrolled 210 marathon runners, 133 men and 77 women with mean (SD) age of 40 

(11). Table 1 shows the 210 enrolled runners, divided into tertiles by race times. Those 

who were in the faster tertile had significantly lower BMI and tended to have less health 

co-morbidities, run marathons previously, and trained specifically for this marathon for 

less time compared to the slower tertile. NSAID use in the past week was lower, but not 

significantly, in faster runners.

Hydration planning:

Table 2 displays the hydration plans of the runners, divided by race times. Most runners 

across all groups claimed to have hydration plans for the race. The faster tertile relied 

significantly on scientific journals to create their hydration plan in comparison to the rest of 

the group. While not statistically significant, 60% of slower runners favored drinking every 

mile/station while 60% of faster runners planned to drink every other mile or less frequently. 

When asked what amount of fluids a theoretical marathon runner needed to consume at 

minimum, the slower tertile significantly believed in a greater baseline amount than the 

faster and middle tertiles.

Knowledge of water overload and dehydration:

Table 3 shows the knowledge and understanding of dehydration and EAH in marathon 

runners, divided by race times. The majority of participants (>90%) reported that they had 

heard of dehydration. When asked to list a symptom of dehydration, approximately 70% 

of participants wrote in at least one symptom (e.g., dizziness, nausea, fatigue, cramps). 

Similar to the awareness of dehydration, >80% of participants reported they were aware of 

“hyponatremia/water overload/water intoxication”. However, when asked to write in at least 

one symptom (e.g., nausea, confusion, seizures), only 34% of total participants were able to 

list an answer. Out of the participants who wrote in at least one symptom of EAH, the faster 

runners demonstrated understanding more frequently, with 41% of the faster runners able to 

list at least one symptom compared to the other two groups (32%, 22%).

Namineni et al. Page 4

Clin J Sport Med. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



When asked how to prevent dehydration, many runners wrote in to “drink more fluids” and 

when asked how to prevent EAH, countered with “drink less fluids.” Only 4 runners (2 in 

the faster tertile and 2 in the middle tertile) wrote to prevent EAH by “drink[ing] to thirst.” 

No runners in the slower tertile listed “drink to thirst” as a prevention strategy.

First Time vs Experienced Marathon Runners—In addition to comparing runners by 

finishing times, we compared marathon runners’ hydration plans and knowledge of EAH by 

racing experience (first time vs. non-first time).

Greater than 50% of the experienced runners had run at least 5 marathons previously, with 

20% having run more than 10 marathons. Experienced runners were significantly more 

likely to have a hydration plan and significantly use both previous experience and scientific 

journals in creating it. First-time runners, on the other hand, were significantly more 

likely to reference the internet in creating their hydration plan. Experienced marathoners 

reported significant investment in recreational racing or competition lifestyle while first-time 

marathoners were significantly more likely to be in a running club (supplemental Table S1).

Comparing both groups, the runners displayed no significant differences in drink type 

preference or in planned frequency of hydration. More first-time marathoners significantly 

claimed to check thirst (73%) as a reflection of hydration status than experienced 

marathoners (55%) (supplemental Table S2).

Experienced marathoners were significantly more knowledgeable about mild hyponatremia 

symptoms (35%) compared to first-time runners (22%). Only a few more experienced 

marathoners versus first time marathoners responded with “drink to thirst” for prevention 

strategies for EAH (3 vs. 1) and dehydration (6 vs. 2) respectively (supplemental Table S3).

Knowledge of Dehydration & EAH—In order to understand to whom education on 

EAH would be best targeted, we compared the hydration plans between those who proved to 

have accurate knowledge of the symptoms of both EAH and dehydration versus knowledge 

of just dehydration symptoms versus knowledge of neither (Figure 1). Only 3 runners 

claimed to have knowledge of only hyponatremia, so they were excluded from this specific 

analysis.

Those with knowledge of both dehydration and EAH had significantly more marathon 

experience and significantly used scientific journals and articles to inform their hydration 

plans compared to the other two groups (supplemental Table S4). Those with knowledge 

of only dehydration significantly relied on word of mouth from other runners as a resource 

in contrast to the other two groups. Runners with knowledge of neither preferred, but not 

significantly, the internet in creation of their hydration plan.

Women—As female sex is a known risk factor for developing EAH and the women were 

on average significantly slower compared to the men (5 hrs vs 6 hrs 24 min), we performed 

a subset analysis of the 77 women in the study by creating tertiles by the women’s racing 

speed. (supplemental Table S5, Table S6, and Table S7).
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In comparing these three groups of women, the faster tertile was significantly lighter than 

slower tertile. There was a trend of more marathon experience with faster female runners, 

though not significant. No significant differences were found in resources used to create 

hydration plans. Women in the slower tertile planned to consume more fluids during the race 

compared to their faster counterparts. Similarly, when asked about the minimum amount 

of fluids a marathoner should drink during the marathon, women in the slower tertile 

significantly expected runners to drink more at a minimum. There were no significant 

differences in drink preference, with the most popular choice (>65% in each tertile) being 

100% water across the groups (supplemental Table S6). The faster tertile (69%) significantly 

claimed to check their hydration status via urine color compared to the other two tertiles. 

Faster women were also significantly able to name the subset of moderate symptoms of 

EAH compared to their slower counterparts. No women stated to drink to thirst for EAH 

prevention.

DISCUSSION

We surveyed how current marathoners hydrate and found that slower runners had strategies 

that involved more frequent hydration. Regarding creation of their hydration plans, faster 

runners relied significantly on scientific studies compared to slower runners and first-time 

runners significantly used the internet in comparison to their experienced counterparts. Both 

faster and experienced runners significantly expressed greater knowledge and understanding 

of EAH compared to slower and first-time runners respectively. These findings suggest that 

slower and less experienced runners may be at a higher risk of developing EAH. Above 

all, more than 95% of runners in this study did not use “drink to thirst” as an effective 

prevention strategy to combat dehydration and EAH. To our knowledge, this is the first 

such study done after the 2015 EAH consensus conference promulgation regarding cautious 

hydration and knowledge.

Our investigation of drink preferences failed to show significant differences across 

participants regardless of speed or experience. Since most fluid replacement options are 

hypotonic, they remain inadequate replacement for solute loss during the race. Rather, the 

volume of fluid and planned frequent hydration combined with lack of knowledge about 

EAH can potentially endanger slower and first-time runners. A study at the 2002 Boston 

Marathon2 showed that individuals who drink every mile or station and those who drink 

more than 3L of fluid are more likely to develop EAH. At the 2016 London Marathon, 

change in serum sodium was inversely correlated with change in body mass and estimated 

fluid intake.13 Previous studies have shown concern that NSAIDs can increase the risk 

of developing EAH.8 In our study, while not significant, we found that slower, first time 

runners used more NSAIDs within the week leading up to marathon when compared to their 

faster counterparts.

As for knowledge of EAH, a 2010 London Marathon 9 study concluded that 65% of runners 

were aware of hyponatremia, with about half (35%) able to list the cause and effects.9 

A follow up 2014 London marathon study showed comparable numbers, with 63.8% of 

runners claiming awareness of hyponatremia and 40% of total runners able to demonstrate 

basic understanding.14 Both these studies were conducted before the 2015 EAH consensus 
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statement. In our study, we found 84% of runners reporting they had heard of hyponatremia/

water intoxication/water overload but only 32% of the total group, a comparable percentage 

found in the London marathon studies, able to list symptoms. While awareness of EAH may 

have increased in the last decade, we observed no change in understanding.

We expected and found that most of the runners did not know to “drink to thirst.” However, 

slower runners and first-time runners surprised us by significantly reporting to check 

hydration status by thirst. Still, runners in this group planned frequent hydration during the 

race and did not list “drink to thirst” as a general hydration strategy. Yet, if less experienced, 

slower runners recognize their hydration status by thirst, the broad education of the message 

“drink to thirst” may be effective in translating a natural instinct to optimal hydration 

actions. Experienced marathoners were more cognizant of the risks of EAH and planned 

less frequent fluid intake, informed mostly by personal running experience. Only a few 

non-first-time marathoners knew to “drink to thirst.” Overall, few runners across the range 

of speed and experience spontaneously generated “drink to thirst” as a hydration strategy, 

signifying a need for high quality safety and hydration education. Further research regarding 

the impact of conditioning to sensitivity of disorders of water balance is also indicated.

Limitations of our study include self-reporting bias with surveys, lack of blood tests to 

confirm EAH or dehydration, and inability to complete the originally planned weight 

analysis. Of note, while the current guidance is “drink to thirst,” there is no data that 

proves this advice helps combat hydration disorders. Our study’s strengths lie in a current 

understanding of runners’ hydration plans and a novel connection between hydration 

strategies to actual race times and knowledge of dehydration and EAH. Although we 

recruited a convenience sample at the pre-race bib pick up area, our runners required no 

qualification time to race, making the sample more likely to be representative of a general 

marathon runner population. Our study is one of the few in the literature that studied a 

non-elite marathon population.

This study demonstrates that the 2015 EAH Consensus guidelines to “drink to thirst” may 

not yet have had the intended impact on knowledge. Looking ahead, as marathon running 

continues to grow in popularity, a focus should be placed on tailoring effective educational 

interventions especially for high-risk groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Knowledge of Dehydration and EAH among 152 participants. 58 participants (28% of total) 

had knowledge of neither dehydration nor EAH.
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Table 1.

Baseline characteristics of marathon participants across tertiles of race times.

Race Times: Slower Tertile Middle Tertile Faster Tertile p-value

Number of runners 68 69 68

Average race time (SD in minutes) 6 hrs, 17 min (32) 5 hrs, 13 min (23) 3 hrs, 51 min (23)

Age 41.6 (11) 39.6 (11) 37.3 (10) 0.06

Gender (% male) 50% 68% 69% 0.03

Ethnicity 0.40

 White 52% 42% 57%

 Black 6% 6% 0%

 Hispanic 24% 29% 29%

 Asian 15% 16% 9%

 Other 4% 7% 4%

Body-mass index 25.7 (3.8) 24.2 (2.9) 22.8 (2.8) <0.0001

Previous marathons ever 47% 64% 74% 0.01

Previous marathons 0.01

 0 53% 36% 26%

 1 to 5 24% 35% 26%

 > 5 24% 29% 47%

Training period 0.06

 0 7% 6% 5%

 1 to 3 months 15% 31% 38%

 > 3 months 78% 63% 58%

Reason for running

 Fun 79% 71% 65% 0.16

 Fitness 71% 72% 68% 0.82

 charity 16% 9% 4% 0.06

 recreational 25% 28% 44% 0.03

 competition 7% 13% 28% 0.00

Past Medical History

 hypertension 10% 3% 7% 0.22

 arthritis 22% 13% 4% 0.01

 asthma or COPD 3% 1% 0% 0.36

 Other 3% 0% 1% 0.36

Prior injuries 12% 9% 13% 0.69

NSAIDS in last week 50% 32% 34% 0.06

Prescription Medications 26% 16% 13% 0.11

Supplements 44% 28% 31% 0.10

Fuel during Race

 “Gu” gels 80% 81% 93% 0.07
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Race Times: Slower Tertile Middle Tertile Faster Tertile p-value

 Bars 30% 19% 16% 0.21

 nothing 7% 9% 1% 0.16

 Other 18% 16% 9% 0.29

Caffeine on Race Morning 50% 43% 57% 0.26

Alcohol in Last Week 50% 54% 57% 0.69

Part of Running Club 70% 77% 75% 0.57

Physician Consult Prior to Race 31% 19% 15% 0.06

Clin J Sport Med. Author manuscript; available in PMC 2023 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Namineni et al. Page 12

Table 2.

Hydration plan of marathon participants across tertiles of race times.

Race Times: Slower Tertile Middle Tertile Faster Tertile p-value

Number of Runners 68 69 68

Have a hydration plan (Y/N) 70% 62% 79% 0.09

Resources for Hydration Plan Creation

 prior experience 71% 77% 84% 0.19

 books, magazines 21% 13% 16% 0.49

 science 7% 12% 25% 0.01

 Ads 3% 3% 1% 0.82

 Web 32% 28% 24% 0.52

 word of mouth 35% 38% 25% 0.24

 YouTube 3% 3% 3% 1.00

 coach 18% 22% 20% 0.83

 other 7% 7% 6% 0.93

Drink Type

 sports 63% 59% 57% 0.78

 100% water 65% 77% 57% 0.05

 H2O + electrolytes 49% 48% 53% 0.81

 coconut water 10% 13% 4% 0.21

 other 10% 4% 7% 0.41

Hydration Frequency during race 0.07

 every mile/station 60% 36% 40%

 every other mile 21% 33% 31%

 every third mile/less often 19% 30% 29%

Checking hydration status during race

 thirst 75% 61% 51% 0.02

 urine 57% 45% 47% 0.30

 feel 62% 75% 62% 0.15

 skin changes 7% 6% 13% 0.27

 no idea 4% 1% 15% 0.44

 other 3% 4% 10% 0.15
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Table 3.

Knowledge of EAH and dehydration across race time tertiles.

Race Times: Slower Tertile Middle Tertile Faster Tertile p-value

Number of Runners 68 69 68

EAH, water overload, water intoxication:

Awareness 81% 83% 88% 0.47

Symptoms 32% 22% 41% 0.05

 mild 26% 20% 43% 0.01

 moderate 7% 7% 4% 0.73

 severe 3% 1% 1% 0.77

Prevent via salt ingestion 21% 10% 18% 0.23

Prevent via drink strategy modification 38% 29% 34% 0.52

Prevent with “drink to thirst” 0% 3% 3% 0.36

Dehydration:

Awareness 97% 91% 96% 0.32

Symptoms 65% 75% 74% 0.34

Prevent via drink strategy modification 87% 88% 81% 0.43

Prevent with “drink to thirst” 0% 3% 4% 0.24
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