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ABSTRACT

Hoffman, MD and Stuempfle, KJ. Is sodium supplementation

necessary to avoid dehydration during prolonged exercise in

the heat? J Strength Cond Res 30(3): 615–620, 2016—The

primary purpose of this work was to gain further insight into the

need for sodium supplementation for maintenance of appropri-

ate hydration during prolonged exercise under hot conditions.

Participants of a 161-km ultramarathon (ambient temperature

reaching 398 C) underwent body weight measurements imme-

diately before, during, and after the race, and completed a post-

race questionnaire about supplemental sodium intake and

drinking strategies during 4 race segments. The postrace

questionnaire was completed by 233 (78.7%) race finishers.

Significant direct relationships were found for percentage

weight change during the race with intake rate (r = 0.18, p =

0.0058) and total amount (r = 0.24, p = 0.0002) of sodium in

supplements. Comparing those using no sodium supplements

throughout the race (n = 15) with those using sodium supple-

ments each race segment (n = 138), body weight change

across the course showed significant group (p = 0.022),

course location (p , 0.0001), and interaction (p = 0.0098)

effects. Posttests revealed greater weight loss at 90 km (p =

0.016, 23.2 6 1.6% vs. 22.2 6 1.5%, mean 6 SD) and the

finish (p = 0.014, 23.2 6 1.5% vs. 21.9 6 1.9%) for those

using no sodium supplements compared with those using

sodium supplements each segment. Six runners who used

no sodium supplements, drank to thirst, and only drank water

or a mixture of mostly water with some electrolyte-containing

drink finished with mean weight change of 23.4%. Although

the use of supplemental sodium enhanced body weight main-

tenance, those not using sodium supplements maintained

a more appropriate weight than those consistently using

sodium supplements. Therefore, we conclude that the supple-

mental sodium is unnecessary to maintain appropriate hydra-

tion during prolonged exercise in the heat.

KEY WORDS endurance exercise, running, water-electrolyte

imbalance

INTRODUCTION

F
luids containing sodium have been shown to
increase plasma volume greater at rest

(22,26,31,32,37) and to maintain plasma volume

better during exercise (3,4) than water alone. Given

the concerns of some about performance impairment from

weight loss during exercise of only 2% body weight, recent

guidelines recommend ingestion of sodium with fluids during

exercise (1,2,6,7). However, some studies have shown that the

supplemental sodium during prolonged exercise has little or

no effect on maintenance of body weight (8,9,14,33).
In our recent study during a 161-km ultramarathon with

ambient temperatures reaching 398 C, runners who took no

sodium supplements and drank to thirst finished with an

average weight loss of 3.0% compared with their weight

immediately before race start (14). Previous work has also

demonstrated that total body water was maintained despite

a loss in body weight of ;3.5% among runners participating

in a 56-km ultramarathon (38) and a loss in body weight of

;2% among soldiers during a 14.6-km march (28). This

mismatch between body weight loss and total body water

loss can be attributed to the production of metabolic water

during fuel oxidation and the release of water with the

breakdown of muscle and liver glycogen (24). The expected

weight loss for maintenance of euhydration during a 161-km

ultramarathon has been suggested to be on the order of 3–4%

owing to greater mobilization of fat stores than in shorter

events (11,27). Thus, the finding that runners who drank to

thirst and did not use sodium supplements finished a hot

161-km ultramarathon with an average weight loss of 3.0%

suggests that sodium supplements are not necessary to main-

tain proper hydration during prolonged exercise.
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Besides the mounting evidence that sodium supplements
are not necessary during prolonged exercise, excessive
sodium intake during exercise may also carry some potential
adverse consequences, including hypernatremia (11) and
unnecessary weight gain (11,18,21). Excessive sodium intake
during exercise may also increase the risk for development of
pulmonary edema (23) and has even been seen associated
with exercise-associated hyponatremia (13,18), effects possi-
bly resulting from overhydration mediated by gastrointesti-
nal or hepatic portal osmoreceptors that provide an early
stimulus of thirst without elevation in blood osmolality
(20,34,35). Therefore, sodium use during exercise should
be with regard for some potential risks. In fact, avoiding
excessive sodium supplementation has been recommended
as an appropriate approach to maintaining hydration during
endurance exercise (5,30).

The need for sodium supplementation during exercise
deserves further exploration given the disparity that sodium
intake during exercise has been commonly recommended to
maintain hydration; however, recent observations suggest
that supplemental sodium is not necessary during prolonged
exercise, coupled with concerns about potential adverse
effects from excessive sodium intake. The present work
examines the change in body weight associated with
different hydration strategies during continuous exercise
for 15–30 hours. Building on our previous work in which
we found hydration status could be maintained without the
use of sodium supplementation and by drinking to thirst
during a hot 161-km ultramarathon (14), we quantify
sodium intake in supplements in this study. Thus, a key pur-
pose of this study was to examine the relationship between
amount of sodium consumed in supplements and change in
body weight. We also sought to further evaluate whether
drinking to thirst without sodium supplementation would
allow for appropriate maintenance of hydration during pro-
longed exercise. Such information is pertinent for generation
of scientifically supported hydration guidelines for pro-
longed exercise.

METHODS

Experimental Approach to the Problem

The study was performed at the 2014 Western States
Endurance Run, a 161.3-km ultramarathon through the
Sierra Nevada Mountains of Northern California with
5,500 m of cumulative climb and 7,000 m of cumulative
descent. Other details of the race have been provided
elsewhere (10,12,17,19,29). Nearby weather station ambient
temperatures during the race ranged from a low of 08 C just
after the start to a high of 31.78 C in the afternoon, which
was close to the historical median high temperature for this
event, although we measured (Vantage Vue Wireless
Weather Station; Davis Instruments, Vernon Hills, IL) a max-
imum on-course air temperature of 398 C at which time the
relative humidity was 13%.

Subjects

All race starters were invited to participate in the study. The
research was approved by our institutional review boards.
Electronic consent was obtained from those participating in
a questionnaire.

Procedures

Body weight was measured on all race participants during
registration on the day before the race, within 1.5 hours
before the start of the race, when reaching 47.8, 89.6, and
125.5 km during the race, and again immediately after
finishing the race. Weight measurements were made using
calibrated scales (Sunbeam Products, Inc., Health o meter,
model 349KLX; Boca Raton, FL, USA) placed on firm, level
surfaces. During each measurement, the runner was wearing
running clothes and shoes, but other items such as waist
packs and hydration vests were removed, and nothing was
permitted in the runner’s hands. Because the design of the
race course makes it impossible to weigh each runner with
the same scale across course locations, it was necessary to
assure that the sales were standardized. Therefore, before
the event, the scales were examined for consistency, and
although the maximum variation between scales was less
than 0.5% across the weight range of our subjects, correc-
tion equations were developed to standardize all weight
measurements to a single scale.

Prerace correspondence alerted runners that they would
be requested to complete a postrace web-based question-
naire. All race starters were sent an electronic invitation to
complete the questionnaire during the event. Reminder e-
mails were sent to runners who had not completed the
survey 7 and 12 days later, and the survey was closed 15 days
after the race.

The questionnaire requested information about running
background and training during the 3 months before the
race and information about the main factors that were used
to determine fluid intake (thirst, predetermined drinking
schedule, maximum tolerated, change in body weight, urine
color, and others) during each of the 4 race segments defined
by the location of body weight measurements. The ques-
tionnaire also requested information about the fluid type
consumed (only water, mostly water and some electrolyte
drink, about equal water and electrolyte drink, mostly
electrolyte drink, and only electrolyte drink), as well as the
number and brand of sodium supplements used, if any,
during each of the 4 race segments. The most commonly
used commercially available products were listed, and the
runner also had the opportunity to specify other forms of
sodium supplementation they might have used. Sodium
intake rate from supplements was then calculated using the
known sodium content of each brand of sodium supplement
and official split times.

For purposes of defining hydration status (i.e., overhydra-
tion, euhydration, and dehydration) of runners at the finish,
we used body weight immediately before the start as the
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baseline weight. We have consistently observed that weight

is approximately 1% greater at the start than during
registration on the day before the start (14,16). Therefore,
to be consistent with previous work (11,27), we used weight
change from that immediately before the start of $21 as
overhydration, ,21 to 24% as euhydration, and ,–4% as
dehydration. This is justified by an estimation that there is
;1% body weight loss from fat utilization during a 161-km
ultramarathon (36).

Statistical Analyses

Between group comparisons of categorical data were made
with the Fisher’s exact test or Chi-square test. Continuous data
underwent normality testing with the D’Agostino-Pearson test.
When continuous data for 2 groups were compared, the
unpaired t-test or Mann Whitney test was used depending
on whether the data passed normality testing. Three group
comparisons were made with the Kruskal-Wallis test and
Dunn’s multiple comparison test because the data did not pass
normality testing. Examination of body weight change across
course locations and between groups based on sodium supple-
ment use was accomplished with two-way repeated-measures
analysis of variance and the Scheffe posttest. Correlations
between 2 variables were determined with Pearson correlation
analyses. Statistical significance was set at p # 0.05.

RESULTS

There were 376 race starters and 296 (78.7%) finishers. The
study population consisted of the 233 (78.7%) finishers who
completed the postrace questionnaire. Of those finishers
completing the questionnaire, 56.7% did so within 7 days
after the race and 88.4% did so within 10 days. Age range
was 19 to 64 years.

Among the study sample, 25.3% were overhydrated, 57.5%
were euhydrated, and 17.2% were dehydrated at the finish.
Overall, 93.6% of finishers reported using sodium supple-
ments with frequencies being 100% among the overhydrated,
91.8% among the euhydrated, and 90.0% among the dehy-
drated finishers. The proportion using sodium supplements
was not statistically different (p = 0.061) when comparing
across all 3 groups, but a difference was present (p = 0.014)
when the overhydrated group was compared with the com-
bined euhydrated and dehydrated group (91.4%). Median
(interquartile range) intake rates of sodium in supplements

TABLE 1. Comparison of selected runner characteristics between finishers using sodium supplements each race
segment (n = 138) and finishers not using sodium supplements any race segment (n = 15) who completed the
postrace questionnaire.*

Runner characteristics
Sodium supplementation use

during each segment
No sodium supplementation
use during any segment p

Age (y) 41 6 8 45 6 6 0.14
Sex (% men) 86.2 73.3 0.24
Ultramarathon running experience (y) 5 (3–8) 5 (2–7) 0.53
Previous 161-km ultramarathon finishes (n) 2 (1–4) 2 (1–3) 0.75
Previous 161-km ultramarathon drops (n) 0 (0–1) 0 (0–1) 0.76
Average running distance (km$wk21)† 97 (80–121) 89 (80–97) 0.21
Highest running distance in 1 wk (km)† 145 (122–169) 132 (121–169) 0.62
Longest single run (km)† 80 (74–100) 80 (80–100) 0.81
Finish time (h) 25.75 (22.64–28.24) 27.18 (26.00–28.47) 0.26

*Values are reported as mean6 SD if normally distributed, median and interquartile range if not normally distributed, or percentage.
†During the 3 months before the event.

Figure 1. Mean percentage weight change relative to start weight for
the finishers completing the postrace questionnaire who reported using
sodium supplements each race segment (solid line, n = 138) and no
sodium supplements any race segment (dashed line, n = 15). The
shaded zone demarcates the weight change range of 21 to 24%. Error
brackets represent 1 SD. Data points are offset slightly along the
horizontal axis for clarify of the error brackets. *p, 0.005 compared with
start weight, †p , 0.005 compared with registration (Reg) weight, zp #

0.05 compared with 48 km for the indicated group, and §p # 0.05
compared with other group at indicated course location.
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was 182 (110–295), 145 (57–256), and 106 (42–176) mg$h21

among the overhydrated, euhydrated, and dehydrated fin-
ishers, respectively. Intake rate of sodium in supplements
was different among groups (p = 0.023) with posttest show-
ing greater (p # 0.05) intake for those who were overhy-
drated than those who were dehydrated.

Sodium supplement use varied across race segments,
being reported by 74.0%, 88.9%, 82.1%, and 72.3% during
race segments 1–4, respectively. Statistical differences (p #

0.05) in proportions were present between each pair of race
segments except the first and last segments.

Comparisons were made between finishers who used
sodium supplements each race segment (n = 138) and those
who used no sodium supplements any race segment (n =
15). No differences between the 2 groups in age, sex, running
history and training, and finish time were identified (Table 1).
However, the comparison of body weight change across the
course (Figure 1) showed significant group (p = 0.022),
course location (p , 0.0001), and interaction (p = 0.0098)
effects. Posttests revealed significant (p, 0.0001) weight loss
throughout the course for both groups, but greater loss at 90
km (p = 0.016) and the finish (p = 0.014) for those using no

sodium supplements compared with those using sodium
supplements each segment. Furthermore, the group using
sodium supplements had significantly less (p = 0.0003)
weight loss at the finish than at 48 km.

Median (interquartile range) sodium intake in supple-
ments among the finishers using sodium supplements each
race segment was 219 (126–332) mg$h21 over the entire
race, and 187 (104–302), 275 (145–392), 243 (150–379),
and 174 (89–279) mg$h21 during race segments 1–4, respec-
tively. The rate of sodium intake in supplements was greater
(p # 0.05) during the middle 2 race segments than during
the first and last segments.

Among the finishers using no sodium supplements during
any race segment, 11 of 15 (73.3%) reported drinking to
thirst across all race segments, and of those 11 runners, 1
reported drinking only water during all race segments and
another 5 reported drinking either water or mostly water
with some electrolyte-containing drink across all race seg-
ments. Those 6 runners who used no sodium supplements,
drank to thirst, and only drank water or a mixture of mostly
water with some electrolyte-containing drink finished with
mean (range) weight change from immediately before the
start of 23.4% (21.2 to 26.5%).

Figure 2 shows the significant direct relationships found
between percentage weight change at the finish from imme-
diately before the start with rate (r = 0.18, p = 0.0058) and
total (r = 0.24, p = 0.0002) intake of sodium in supplements
for finishers completing the postrace questionnaire.

DISCUSSION

A key finding of this study is that there was a significant
relationship between percentage body weight change and
amount of sodium intake in supplements such that those
taking in more sodium in supplements maintained higher
proportions of their initial body weights. We also found that
those runners using sodium supplements during each race
segment maintained a greater weight than those using no
sodium supplements during any race segment. These find-
ings provide support for sodium intake as a means for
maintaining weight during prolonged exercise.

Interpretation of these findings must consider the extent of
observed weight change for those who did and did not use
sodium supplements. As a group, those consistently using
sodium supplements never lost more than an average of 2.5%
body weight and finished with mean (6SD) weight loss of
1.9 6 1.9% relative to their weight immediately before the
start. This weight loss is less than the 4% loss from starting
weight that should be anticipated to maintain euhydration in
an event of this duration (11). In contrast, those not using
sodium supplements had lost 3.2 6 1.5% by the finish.
Therefore, weight was actually maintained at a more appro-
priate level by those not using sodium supplements.

Although the relationship between percentage weight
change and sodium intake in supplements was statistically
significant, it is important to note that supplemental sodium

Figure 2. Relationship of percentage change in body weight from
immediately before the start to the finish with rate (top) and total (bottom)
intake of sodium in supplements for finishers completing the postrace
questionnaire. The shaded zone demarcates the weight change range of
21 to 24%.
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intake accounted for only 3–6% of the variability in weight
change. Examination of Figure 2 makes it evident that there
is considerable scatter of data points within each hydration
status group. In fact, virtually the entire range of supplemen-
tal sodium intake rates was spanned by individuals in each
hydration status group. Clearly, other runner characteristics
and behaviors have a greater effect on weight change than
supplemental sodium intake.

The use of sodium supplementation is common during
161-km ultramarathons. Our previous work at this same event
has demonstrated that 90–96% of runners use sodium supple-
ments (14,40), which is comparable with the overall use by
94% of finishers in the present work. Besides the use of
sodium supplements being common, several runners reported
taking in 15–25 g (;650–1,170 mmol) of sodium just in sup-
plements during the race, which is likely more than the total
sodium lost in sweat during the race (25,39). Interestingly, we
have shown that supplemental sodium has minimal or no
effect on postrace serum sodium concentration (15,40), and
the data have been accumulating that excessive use of sodium
supplements may be associated with unnecessary weight gain
or inadequate weight loss during the race (11,21). The present
work offers further support that the use of sodium supple-
ments tends to be associated with inadequate weight loss
but also that the intake of supplemental sodium is not a key
determinant of hydration status nor is sodium supplementa-
tion necessary to maintain proper hydration during prolonged
continuous exercise in a hot environment.

We acknowledge some study limitations that are largely
due of the restraints of performing research at a competitive
event. Such settings often require an observational design
rather than allowing for a randomized controlled trial.
Furthermore, given the current beliefs among most partic-
ipants in the present event about the importance of sodium
supplementation, we were required to accept that most
runners would be using sodium supplements. As a result, the
sample size of subjects not using sodium supplements was
small. The study was also limited by an inability to quantify
total sodium intake, which requires a full dietary analysis and
is not feasible with a large sample in a race setting. We also
note that the study depended on subject recall and response
to a questionnaire, although runners were alerted in advance
that they would be asked to provide information about
hydration strategies, most completed the survey within a few
days of the race, and significant memory distortion relative
to sodium supplementation and hydration strategies was not
likely because most runners avoid adopting new hydration
approaches for an event of this nature.

From this work, we conclude that while supplemental
sodium has a statistical effect on hydration status, the effect
is weak, and those not using sodium supplements and
drinking to thirst maintained a more appropriate weight
than those consistently using sodium supplements. There-
fore, we continue to recommend avoiding excessive sodium
supplementation and to use thirst as the stimulus for fluid

intake to maintain appropriate hydration during prolonged
endurance exercise, even under high ambient temperatures.

PRACTICAL APPLICATIONS

This work provides further support that appropriate hydra-
tion status can be maintained during prolonged endurance
exercise under hot conditions without the use of sodium
supplements and by drinking to thirst. Therefore, it seems
that endurance athletes can be safely advised to drink to
thirst and avoid sodium supplements during continuous
exercise for 15–30 hours.
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