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The aim of this study was to investigate the effectiveness
of oral salt supplementation to improve exercise perfor-
mance during a half-ironman triathlon. Twenty-six
experienced triathletes were matched for age, anthropo-
metric data, and training status, and randomly placed
into the salt group (113 mmol Na+ and 112 mmol Cl−) or
the control group (cellulose). The experimental treat-
ments were ingested before and during a real half-
ironman triathlon competition. Pre- and post-race body
mass, maximal force during a whole-body isometric
strength test, maximal height during a countermove-
ment jump, were measured, and blood samples were
obtained. Sweat samples were obtained during the

running section. Total race time was lower in the salt
group than in the control group (P = 0.04). After the
race, whole-body isometric strength (P = 0.17) and jump
height (P = 0.49) were similarly reduced in both groups.
Sweat loss (P = 0.98) and sweat Na+ concentration
(P = 0.72) were similar between groups. However, body
mass tended to be less reduced in the salt group than in
the control group (P = 0.09) while post-race serum Na+

(P = 0.03) and Cl− (P = 0.03) concentrations were higher
in the salt group than in the control group. Oral salt
supplementation was effective to lessen body mass loss
and increase serum electrolyte concentration during a
real half-ironman.

Oral salt supplementation before or during competitions
is a popular strategy used by endurance athletes aiming
to replace the electrolytes lost by sweating. Sweat pro-
duction during exercise is influenced by several factors
including exercise intensity and duration, environmental
conditions, clothing, and heat acclimatization, and it can
vary from extremely low values to more than 3 L/h
(Rehrer, 2001). The concentrations of the main sweat
electrolytes (sodium, chloride, and potassium) vary
greatly among individuals despite similar cardiorespira-
tory fitness (Hamouti et al., 2011) and it is not uncom-
mon to find individuals with unusually salty sweat
[< 80 mM for sweat sodium concentration (Brown et al.,
2011)]. Despite the fact that sports drinks contain salt to
replace the loss of electrolytes during exercise, the con-
centrations of sodium, chloride, and potassium con-
tained in commercially available sports drinks are well
below the values found in sweat (Coso et al., 2008).
Thus, it might be necessary to use salt supplements (in
addition to sports drinks) to compensate for the loss of
electrolytes in endurance disciplines, especially in com-
petitions in hot environments, athletes with unusually
salty sweat or athletes that do not properly match fluid

intake and sweat loss (Montain et al., 2006). However, it
is also necessary to evaluate the potential digestive side
effects produced by the ingestion of salt supplements.

The main physiological goal of ingesting salt during
prolonged exercise is to maintain serum electrolyte con-
centrations preserving intravascular osmotic pressure
and plasma volume in a situation in which both fluid and
electrolytes balances are challenged by sweating. The
salt ingested during exercise enters into the intravascular
spaces, leads to the maintenance of aldosterone and
vasopressin production (Rehrer, 2001), increases the
thirst stimulus, and reduces the amount of urine pro-
duced (Shirreffs & Maughan, 1998). These effects asso-
ciated with the ingestion of salt enhance electrolyte
balance and stimulate the maintenance of body water,
ultimately reducing physical fatigue and medical prob-
lems associated with these homeostatic imbalances
(Sawka & Montain, 2000; Speedy et al., 2002;
Valentine, 2007) in endurance disciplines. In addition,
maintaining electrolyte balance in extracellular and
intracellular fluids might aid in preserving motor drive
during muscular contractions (Coso et al., 2008) which
in turn affects the retention of muscle strength. Despite
these physiological benefits associated with oral salt
supplementation, its effectiveness for endurance perfor-
mance is unclear.Trial registration: ClinicalTrials.gov: NCT 02103491.
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Several investigations have examined the effects of
salt supplementations on various endurance exercise
activities under well-controlled laboratory conditions
(Barr et al., 1991; Vrijens & Rehrer, 1999; Sanders et al.,
2001; Twerenbold et al., 2003; Sims et al., 2007a, b;
Coso et al., 2008; Anastasiou et al., 2009; Hamouti
et al., 2012). From this laboratory-based research, it can
be concluded that the ingestion of salt before or during
exercise might improve endurance because of an attenu-
ated decrease in plasma volume, maintained serum
sodium concentration, and improved thermoregulation,
especially in the heat. However, in these studies, salt
supplementation was always accompanied by a fluid
intake regime in which fluid volume matched or
exceeded sweat rate during exercise. This experimental
setting imposes an artificial fluid overload that does not
reflect common practice during real endurance competi-
tions (Del Coso et al., 2012, 2013a, b, 2014b).

To our knowledge, only three investigations have
determined the effectiveness of salt or sodium supple-
mentation during field endurance protocols (Speedy
et al., 2002; Hew-Butler et al., 2006; Cosgrove & Black,
2013). These investigations included ad libitum fluid
intake regimes instead of matching fluid and sweat
volumes. Interestingly, with this “ecological” setting,
oral salt supplementation did not modify serum sodium
concentration or body weight changes; it was also inef-
fective to increase performance. However, salt ingestion
increased fluid intake and attenuated plasma volume
reductions in comparison to a placebo (Cosgrove &
Black, 2013) indicating that salt ingestion produced an
osmotic stimulus during endurance exercise. While field
investigations increased the applicability of salt intake
during exercise, they failed to control variables which
are known to influence endurance performance (e.g.,
cardiorespiratory fitness, training status, carbohydrate
intake, etc.).

Thus, laboratory and field investigations present con-
tradictory findings with respect to the effectiveness of
salt supplementation to improve physical performance.
The aim of this study was to determine the effectiveness
of oral salt supplementation to improve performance in
competitive triathletes during a half-ironman race. The
experiment was set up with an ecologically valid context
(real triathlon competition) with ad libitum water access
controlling other factors that could influence endurance
performance such as cardiorespiratory fitness, training
status, experience, or carbohydrate intake during the
race. We hypothesized that participants supplemented
with salt would improve race time because of enhanced
body water and electrolyte preservation.

Methods
Ethics statement

Participants were fully informed of the risks and discomforts asso-
ciated with the experiments and signed a written consent form
before taking part in this investigation. The study was approved by

the Camilo Jose Cela Ethics Committee in accordance with the
latest version of the Declaration of Helsinki. This study has been
registered in ClinicalTrials.gov with the identifier number: NCT
02103491.

Participants

Twenty-six healthy and well-trained triathletes were recruited by
email or through Internet announcements to participate in this
study. The participant recruitment was carried out between May 1
and June 1, 2013. Before enrolling in the investigation, a question-
naire about their medical history, previous training, previous tri-
athlon experience, and previous best race time in half-ironman
triathlon races was filled out by each participant. All participants
were males. Participants were matched (in pairs) for age, anthro-
pometric data, training, and best race time; and an equal number of
triathletes (n = 13) was randomly assigned to the control group or
to the salt ingestion group using randomization software. Sample
size was determined based on the standard deviation of triathletes’
race times obtained in a previous publication (Del Coso et al.,
2012). The main morphological variables, training status, and best
performance time in the half-ironman distance of the finishers
were similar between these groups (P > 0.05; Table 1). Once the
participants had finished the triathlon race and completed the
post-race measurements, their participation in the investigation
was at an end (this study did not include a follow-up protocol).

Experimental protocol

A double-blind, placebo-controlled, parallel/randomized experi-
mental design was used in this study. Participants were instructed
to perform light exercise and to avoid pain-relieving strategies
(e.g., analgesic medications, manual massage, ice, etc.) 2 days
before the race. In addition, participants were instructed to avoid
any sources of caffeine and alcohol during the 24 h before the
onset of the race. Three hours before the race, participants arrived
at an area close to the start line having drunk 500 mL of tap water
2 h before arrival. Participants had their habitual pre-competition

Table 1. Morphological characteristics, training status, and previous best
race time in the half-ironman distance for triathletes that ingested placebo
(control) or salt capsules during a half-ironman triathlon race

Control Salt

n 13 13
Age (year) 37.4 ± 7.8 36.5 ± 5.9

(32.7–42.1) (33.0–40.1)
Weight (kg) 73.4 ± 7.4 74.9 ± 7.7

(69.0–77.8) (70.2–79.6)
Height (m) 175 ± 5 179 ± 7

(172–178) (175–183)
Experience (year) 8.3 ± 3.0 7.2 ± 2.6

(2.7–14.1) (3.6–10.7)
Swimming training (km/week) 8.4 ± 6.7 8.7 ± 4.3

(3.7–13.2) (5.9–11.4)
Cycling training (km/week) 186 ± 78 170 ± 71

(118–254) (118–222)
Running training (km/week) 36.5 ± 20.4 33.5 ± 15.9

(21.1–55.8) (23.9–43.0)
Previous best race time (min) 301 ± 25 301 ± 33

(288–314) (290–312)

Data are mean ± SD (95% confidence intervals). Swimming, cycling, and
running training represent the mean distance covered per week during the
practices in the month prior to the race. The comparison between groups
was P > 0.05 for all the variables.
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meal, which was not standardized among participants to avoid
affecting their individual pre-competition routines. However, the
pre-competition meals were analyzed afterwards and their content
in carbohydrates, proteins, and salt was similar between groups.

On arrival, participants rested for 10 min in a recumbent chair
and a 5 mL venous blood sample was drawn from an antecubital
vein. The blood was allowed to clot and centrifuged at 5000 g to
obtain serum. Participants then completed a 10-min standardized
warm-up consisting of running, dynamic leg exercises, and prac-
tice jumps. After that, they performed two countermovement ver-
tical jumps (CMJ) for maximal height on a force platform
(Quattrojump, Kistler, Winterthur, Switzerland) to assess pre-race
leg power output. On command, the participants flexed their knees
and jumped as high as possible while maintaining their hands on
their waist and landed with both feet. The highest values for jump
height and the peak muscle leg power output during the concentric
phase of the jump were used for statistical analysis. Participants
were previously familiarized with the jump test.

Subsequently, whole-body isometric muscle strength was mea-
sured by means of a handheld pull gauge (Isocontrol Isométrico,
EV-Pro, Madrid, Spain) set at a frequency of 1000 Hz. For this
measurement, participants stood on a 50 × 50 cm iron base con-
nected to a handle bar by a non-elastic cable. The isometric gauge
was inserted within the cable and the height of the cable was
individually set to provide a 135° knee flexion with the back and
arms completely extended. Participants were instructed to perform
a maximal pull for 3 s using their whole body (mainly legs and
arms) while maintaining this position. Verbal motivation was pro-
vided during the test. An adjustable lumbar-back protector was
used for support and protection during the execution. Maximal and
mean isometric strength were obtained during the test. Participants
were previously familiarized with this measurement.

Participants were then provided with three plastic bags each of
which contained four white capsules (e.g., a total of 12 capsules).
In the salt group, the capsules were filled with a commercially
available product that contains buffered electrolyte salts (Saltstick
caps, Saltstick, California, USA). The total amount of electrolytes
provided in the salt group was 2580 mg of sodium (113 mmol),
3979 mg of chloride (112 mmol), 756 mg of potassium
(19.3 mmol), and 132 mg of magnesium (5.4 mmol). This amount
of salt was calculated to replace ∼ 50% of the sodium lost in
sweating by an average participant with a sweat sodium concen-
tration of 40 mM, a sweat rate of 1.0 L/h and a race time of
325 min. In the control group, participants received the same
number of capsules with the exact same appearance but filled with
an isocaloric placebo (cellulose). All the participants were
instructed to ingest the contents of the first bag during the transi-
tion between the swimming and cycling sections, the second bag
around the middle of the cycling leg, and the third bag during the
transition between the cycling and running sections. This schedule
was used to facilitate ingestion and electrolyte absorption during
the race. Participants received a sample of these capsules (filled
with placebo) the week before the race to practice the ingestion
protocol during the transition and the cycling sector. Participants
were encouraged to ingest all the capsules according to the pro-
grammed schedule and to report any incidence during the capsule
ingestion throughout the race.

Just 15 min before the race (and after their habitual warm-up),
participants were weighed in their competition clothes (without
wetsuit) and a segmental bioelectrical impedance analysis was
performed (BC-418, Tanita, Tokyo, Japan) to predict pre- to post-
race total body water changes. The race started at 12:00 h and
consisted of 1.9 km of swimming, 75 km of cycling (1100 m net
increase in altitude), and 21.1 km of running. Environment condi-
tions were recorded at 30-min intervals and mean ± standard
deviation (SD; range) dry temperature during the event was
22.5 ± 2.7 °C (18.8–26.6 °C) with a relative humidity of
36.8 ± 8.3% (32–45%). The swim section was performed in a

natural lake with a water temperature of 17.5 ± 0.3 °C. All partici-
pants wore neoprene wetsuits during the swim section, drank, and
consumed food ad libitum, and swam, cycled, and ran at their own
pace with no instructions given by the experimenters (apart from
those related to capsule ingestion).

During the second transition (between the cycling and running
legs), two sweat patches (Tegaderm + Pad, 3M, St Paul, MN,
USA) were placed on their forearms to collect sweat samples. For
this purpose, participants went to an area located just outside the
transition area and their forearm skin was cleaned with distilled
water and alcohol and dried with clean gauze to eliminate any
remains of previous sweat from the skin. The sweat patch was then
firmly adhered to the skin and fastened by an elastic tubular net
bandage (Elastofix, Insfarma, Zaragoza, Spain). This process took
approximately 1 min and this time was subtracted from the final
race time of each participant.

Within 1 min of the end of the race, participants went to a finish
area and body mass and body bioelectrical impedance were imme-
diately measured using the same apparatus as described previ-
ously. Participants were instructed to avoid drinking from the
finish line until the post-race weighing and an experimenter
assured compliance. Then, participants performed two CMJs and
the whole-body isometric muscle strength test, as previously
described. These tests were completed within 5 min of the end of
the race. Participants then rested for 5 min and a venous blood
sample was obtained. During this resting period, the sweat patches
were removed using clean tweezers and placed in a sterile 10-mL
tube. Sweat patches that were detached from the skin or presented
a leak were discarded.

After these protocols, the subjects self-rated their perceived
exertion during the race using the Borg scale (6 to 20 points) while
perceived leg muscle soreness was self-rated using a visual analog
scale (0 to 10 points). Participants also filled out a detailed ques-
tionnaire about fluid and food intake during the race. Data on this
questionnaire were used to calculate fluid, calorie, and carbohy-
drate intake during the race. With this self-reported questionnaire,
we also calculated electrolyte intake during the race (apart from
the salt ingested with the capsule treatment). Finally, participants
reported any incident during the intake of the capsules and the side
effects derived from their ingestion.

Blood and sweat sample analysis

The blood was allowed to clot in situ and serum was separated by
centrifugation (10 min at 5000 g) and frozen at −80 °C until the
day of analysis. At a later date, the serum portion was analyzed for
osmolality (1249, Advance 3MO, Norwood, MA, Spain), sodium,
chloride, potassium, and magnesium concentrations (Nova 16,
NovaBiomedical, Madrid, Spain). In addition, the serum creatine
kinase concentration was measured as a blood marker of muscle
damage by means of an autoanalyzer (AU5400, Beckman Coulter,
Brea, CA, USA). The sweat was separated from the patches by
centrifugation (10 min at 3000 g), transferred to 5-mL sealed tubes
and refrigerated at 4 °C. At a later date (within 2 days of the race),
sweat osmolality was measured with the same osmometer
employed for the serum samples while sweat electrolyte concen-
tration were measured using an ion selective electrode analyzer
(Cobas 6000, Roche, Madrid, Spain).

Statistical analysis

The normality of each variable was initially tested with the
Shapiro–Wilk test. All the variables presented a normal distribu-
tion. For the variables obtained once during the experiment (race
time, body mass change, sweat electrolyte concentration, self-
rated fatigue, and muscle soreness, etc.) the comparison between
groups (salt vs control) was performed using Student’s t-test for
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independent samples. For the variables obtained twice during the
experiment (body mass, blood variables, jump performance, etc.),
the comparison between groups was performed using a mixed
model analysis of variance (time × treatment) with repeated
measures for the variable time. The data were analyzed with the
statistical package SPSS version 19.0 (SPSS Inc., Chicago, Illi-
nois, USA). The significance level was set at P < 0.05. Data are
presented as mean ± SD.

Results
Triathlon race time and sector times

The mean time taken to complete the half-ironman tri-
athlon was 333 ± 40 min for the participants that
ingested the placebo capsules during the race (e.g.,
control group). The group of triathletes that ingested salt
capsules during the race completed it in a significantly
lower race time (307 ± 32 min; P = 0.04). The partici-
pants in the salt group presented a higher speed in the
cycling leg than the participants in the control group and
a tendency for a higher speed in the running leg
(Table 2). However, the ratings of perceived exertion and
leg muscle soreness were similar between groups at the
end of the race (Table 2). It is of note that five partici-
pants from each group did not finish the race. The causes
of the dropout during the race were different but mostly
related to muscle pain/injuries, mechanical problems,
and falls during the cycling leg.

Changes in the countermovement jump and maximal
isometric strength

Before the race, mean jump height was similar between
groups (Table 2). After the race, mean jump height was
significantly reduced in both the control and the salt
groups (P < 0.05) and the magnitude of change was very
similar between groups (P = 0.49). From similar pre-
race values, leg muscle power was also reduced in both
groups after the race (P < 0.05) and the reduction was
similar between groups (Table 2; P = 0.84). Whole-body

isometric muscle strength was significantly reduced
from pre- to post-race in both groups (P < 0.05) and the
reduction in this variable was equivalent between groups
(P = 0.17).

Sweat loss, rehydration, and body mass change during
the race

The total amount of sweat lost during the race was
4.0 ± 1.1 L in both groups (Table 3; P = 0.98). However,
the amount of rehydration was ∼ 0.4 ± 0.4 L higher in
the salt group than the control group (P = 0.05). This
meant that body mass change during the race tended to
be reduced in the salt group (−2.8 ± 0.9%) when com-
pared with the control group (−3.4 ± 1.3%; P = 0.09).
From similar pre-race values, bioelectrical impedance
changes were smaller in the group of participants that
ingested salt (Table 3). There were between-group dif-
ferences in the pre- to post-race bioimpedance changes
measured in the right leg (P = 0.02) and in the left leg
(P = 0.02), and the differences between groups tended to
be significant for the whole-body bioelectrical imped-
ance (P = 0.06). Participants ingested similar amounts of
energy (775 ± 337 and 888 ± 376 kcal for the salt and
control group, respectively; P = 0.43), carbohydrates
(177 ± 77 and 206 ± 87 g; P = 0.39), fat (1.8 ± 0.9 and
1.7 ± 1.0 g; P = 0.89), and proteins (0.1 ± 0.1 and
0.1 ± 0.1 g; P = 0.73) during the race.

Changes in blood osmolality and serum
electrolyte concentrations

Pre and post-race values for the blood and serum
variables are shown in Table 4. In the control group,
blood osmolality increased from 290.9 ± 6.0 to
300.1 ± 3.5 mOsm/kg (P < 0.05) after the race. Blood
osmolality also increased in the salt group after the
race (P < 0.05) but post-race blood osmolality was

Table 2. Performance, perceived exertion and leg muscle soreness for a group of triathletes that ingested placebo (control) or salt capsules during a
half-ironman race

Variable (units) Control Salt P-value

Swimming velocity (m/s) 0.75 ± 0.15 0.80 ± 0.08 = 0.14
Cycling velocity (m/s) 7.74 ± 0.81 8.26 ± 0.67 = 0.04
Running velocity (m/s) 3.08 ± 0.43 3.37 ± 0.50 = 0.06
Perceived exertion (points) 16 ± 3 17 ± 2 = 0.51
Perceived muscle soreness (mm) 6.46 ± 1.51 6.85 ± 1.21 = 0.48

Jump height (cm) Pre 30.9 ± 5.3 30.1 ± 5.1 = 0.70
Post 25.0 ± 5.4* 25.4 ± 4.4* = 0.86

Jump height change (%) −19.0 ± 7.5 −15.6 ± 7.3 = 0.49

Leg muscle power (W/kg) Pre 27.0 ± 3.5 26.5 ± 4.3 = 0.75
Post 24.5 ± 3.1* 24.0 ± 3.3* = 0.74

Leg muscle power change (%) −9.2 ± 8.2 −8.3 ± 11.6 = 0.84

Isometric strength (N) Pre 1114 ± 285 1117 ± 322 = 0.98
Post 935 ± 229* 1054 ± 238* = 0.23

Isometric strength change (%) −16.1 ± 7.7 −5.6 ± 5.7 = 0.17

*Different from pre in the same group at P < 0.05.

Del Coso et al.

4



significantly higher in the salt group than in the control
group (P = 0.02). Similarly, serum sodium increased
from pre- to post-race in both groups (P < 0.05) but
post-race values were significantly higher in the salt
group (P = 0.03). Serum chloride remained stable in the
control group while it was increased just at the end of the
race in the salt group. Post-race serum chloride concen-
tration was higher in the salt group (P = 0.03) when
compared with the control group. The magnitude of the
change from pre- to post-race in serum potassium and
magnesium concentrations was not affected by the salt
ingestion (P > 0.05). A similar post-race value was found
for creatine kinase concentrations between groups
(P > 0.05).

Sweat osmolality and sweat electrolyte concentrations

Sweat osmolality was very similar in the control and salt
groups (Table 5). Likewise, sweat sodium (46 ± 21 and
48 ± 16 mM, respectively; P = 0.72), chloride (36 ± 18
and 38 ± 14 mM, respectively; P = 0.82), potassium
(6.8 ± 1.2 and 5.9 ± 0.9 mM, respectively; P = 0.06) and

Table 3. Sweat loss, rehydration, and body mass change for a group of triathletes that ingested placebo (control) or salt capsules during a half-ironman
race

Variable (units) Control Salt P-value

Sweat loss (L) 4.0 ± 1.1 4.0 ± 1.1 = 0.98
Rehydration (L) 1.5 ± 0.6 1.9 ± 0.4 = 0.05

Body mass (kg) Pre 73.4 ± 7.4 74.9 ± 7.7 = 0.64
Post 70.9 ± 7.0 72.7 ± 7.4 = 0.26

Body mass change (%) −3.4 ± 1.3 −2.8 ± 0.9 = 0.09

Whole-body impedance (Ω) Pre 511 ± 51 543 ± 40 = 0.90
Post 540 ± 45* 541 ± 34 = 0.11

Whole-body impedance change (%) 5.3 ± 2.2 −0.3 ± 2.1 = 0.06

Right leg impedance (Ω) Pre 227 ± 24 234 ± 21 = 0.44
Post 235 ± 25* 231 ± 17 = 0.33

Right leg impedance change (%) 3.2 ± 3.1 −0.7 ± 3.2 = 0.02

Left leg impedance (Ω) Pre 227 ± 22 232 ± 20 = 0.61
Post 235 ± 23* 228 ± 16 = 0.20

Left leg impedance change (%) 3.1 ± 2.7 −0.6 ± 3.2 = 0.02

*Different from pre in the same group at P < 0.05.

Table 4. Blood osmolality and serum electrolyte concentrations for a group of triathletes that ingested placebo (control) or salt capsules during a
half-ironman race

Variable (units) Control Salt P-value

Blood osmolality (mOsm/kg) Pre 290.9 ± 6.0 291.2 ± 3.8 = 0.91
Post 300.1 ± 3.5* 303.8 ± 5.3* = 0.02

Sodium concentration (mM) Pre 141.4 ± 1.3 141.8 ± 2.1 = 0.58
Post 143.4 ± 2.2* 144.9 ± 1.8* = 0.03

Chloride concentration (mM) Pre 99.9 ± 1.4 99.8 ± 1.8 = 0.81
Post 99.5 ± 2.2 101.7 ± 2.5* = 0.03

Potassium concentration (mM) Pre 4.1 ± 0.3 4.0 ± 0.2 = 0.64
Post 4.7 ± 0.3* 4.7 ± 0.4* = 0.78

Magnesium concentration (mM) Pre 1.9 ± 0.1 1.9 ± 0.1 = 0.82
Post 2.0 ± 0.2 1.9 ± 0.2 = 0.16

Creatine kinase concentration (U/L) Pre 181.6 ± 89.7 164.2 ± 51.4 = 0.55
Post 883.1 ± 546.2* 733.5 ± 463.0* = 0.46

*Different from pre in the same group at P < 0.05.

Table 5. Sweat osmolality, sweat electrolyte losses, and oral electrolyte
consumption for a group of triathletes that ingested placebo (control) or
salt capsules during a half-ironman race

Variable (units) Control Salt P-value

Sweat osmolality (mOsm/kg) 137.8 ± 46.6 123.8 ± 29.3 = 0.37
Sodium lost (mmol) 189 ± 116 191 ± 72 = 0.72
Sodium consumed (mmol) 25 ± 11 135 ± 11 = 0.02

Sodium balance (mmol) −150 ± 122 −56 ± 71 = 0.01
Chloride lost (mmol) 152 ± 99 150 ± 62 = 0.82
Chloride consumed (mmol) 40 ± 20 145 ± 18 < 0.01

Chloride balance (mmol) −100 ± 105 −6 ± 6 < 0.01
Potassium lost (mmol) 29 ± 10 24 ± 7 = 0.19
Potassium consumed (mmol) 1 ± 1 21 ± 2 < 0.01

Potassium balance (mmol) 28 ± 1 3 ± 8 < 0.01
Magnesium lost (mmol) 1.5 ± 2.3 0.6 ± 0.2 = 0.18
Magnesium consumed (mmol) 0.5 ± 0.5 5.9 ± 0.2 < 0.01

Magnesium balance (mmol) −1.0 ± 2.2 −5.3 ± 0.2 < 0.01

The electrolyte balance after the race was calculated by subtracting total
electrolyte sweat loss (sweat electrolyte concentration × sweat volume)
from the electrolyte intake during the race (salt or placebo). The electrolyte
intake included the treatment + the food and drinks ingested ad libitum
during the race and self-reported in a questionnaire.
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magnesium (0.4 ± 0.6 and 0.2 ± 0.1 mM, respectively;
P = 0.18) were very similar in the control and salt
groups. However, the body balances of all electrolytes
measured in this investigation (sodium, chloride, potas-
sium and magnesium) were enhanced in the group of
participants that ingested salt during the race (all
P < 0.05) as was expected from a higher intake of these
electrolytes as part of the experimental treatment.

Side effects derived from the ingestion of capsules

The ingestion of the capsules filled with salt did not
increase the prevalence of supragastric belching (54 vs
46% of participants with this phenomenon for the salt
and control group, respectively), nausea (15 vs 8%),
vomitus, (0 vs 0%), stomach discomfort (15 vs 23%),
flatulence (23 vs 38%), urge to defecate during the race
(8 vs 8%), or diarrhea (8% vs 8%) during or after the
race (P > 0.05 for all these comparisons).

Discussion

Several investigations have been devoted to determining
the effects of salt ingestion on endurance performance
(Vrijens & Rehrer, 1999; Sanders et al., 2001; Speedy
et al., 2002; Twerenbold et al., 2003; Hew-Butler et al.,
2006; Coso et al., 2008; Anastasiou et al., 2009;
Cosgrove & Black, 2013). Briefly, most laboratory-
based investigations have found benefits of salt supple-
mentation during endurance activities such as improved
physical performance, attenuated decrease of serum
sodium concentration and expanded plasma volume.
These effects were even greater in investigations
performed in hot environments. However, laboratory
investigations have always accompanied the salt supple-
mentation during exercise with a fluid ingestion regime
that matched sweat losses, which probably facilitated the
occurrence of these benefits. Field investigations regard-
ing the effects of salt supplementation during endurance
events (Speedy et al., 2002; Hew-Butler et al., 2006;
Cosgrove & Black, 2013) have increased the applicabil-
ity of the experimental setting by using ad libitum fluid
intake regimes, as is the case during real competitions.
Interestingly, they have failed to find positive effects of
salt ingestion on performance although it has been sug-
gested that these field investigations did not control par-
ticipants’ training status or the carbohydrate intake
during the race.

The current investigation presents some novelties
when compared with all these previous laboratory and
field experiments. First, we determined the effectiveness
of a commercially available salt supplement and then
tested it during a real triathlon competition. Both settings
were used to increase the ecological validity of the
experiment and to improve the applicability of the results
for exercise physiologists, nutritionists and triathletes.
Second, participants drank and ate ad libitum during the

race, but the amount of fluid and food was registered and
analyzed afterwards to ensure that the groups tested in
this investigation only differed in the amount of salt
ingested during the race. Third, we compared two groups
with similar physical and physiological characteristics
(Table 1) reducing the interference of these variables on
the outcomes of the investigation. With this experimental
setting, we can suggest that the ingestion of commer-
cially available salt capsules was effective to reduce race
time and to enhance water and electrolyte balances
during a real triathlon competition.

The mechanism or mechanisms responsible for the
increased physical performance during the race with the
oral salt supplement were related to an enhanced main-
tenance of water and electrolyte balances since muscle
fatigue, as measured by maximal jumps and isometric
muscle strength, was unaffected by the ingestion of salt.
Triathletes in both groups presented similar amounts of
sweat losses during the race (Table 3) but participants in
the salt group replaced ∼ 71% of the salt lost by sweat
during the race, a value slightly higher than previously
planned (e.g., 50%). Interestingly, participants in the salt
group finalized the race with a lower body water reduc-
tion as indicated by body mass and segmental
bioimpedance changes (Table 3).

Typically, blood osmolality increases during pro-
longed exercise because of the progressive reduction in
the water content of blood induced by sweating and
increased blood pressure. This increased blood osmolal-
ity drives the osmotic stimulus that activates thirst and
thus the necessity of drinking during exercise to reduce
dehydration (Maughan & Shirreffs, 2010). In this inves-
tigation, post-race blood osmolality was higher in the
salt group than in the control group, but in this case,
blood osmolality was “artificially” increased by the
ingestion of salt during exercise. Interestingly, increased
blood osmolality in the salt group was related to a
26 ± 10% rise in fluid intake, despite all participants
drinking ad libitum during the race. This osmotic stimu-
lus mediated by the ingestion of salt during exercise was
likely responsible for the increased fluid intake in the salt
group (Wemple et al., 1997; Speedy et al., 2002;
Cosgrove & Black, 2013). In fact, the greater fluid intake
during exercise may be one of the main causes for the
increased performance found in this investigation.

A better maintenance of body water content during
exercise by increased drinking has been repeatedly sug-
gested as a long-standing strategy to reduce body core
temperature and the cardiovascular stress of prolonged
exercise, especially in the heat (Montain & Coyle, 1992).
As previously indicated, the salt group presented an
enhanced maintenance of body mass and water content.
However, we did not measure thermoregulatory or car-
diovascular variables to identify whether the mainte-
nance of the water balance with the ingestion of salt was
related to a lower body core temperature and/or heart
rate. Previous investigations in the laboratory, with
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pre-exercise salt supplementation plus water, have found
that oral salt intake can present thermoregulatory and
cardiovascular benefits during exercise (Sims et al.,
2007a, b; Hamouti et al., 2012). Nevertheless, the con-
firmation that salt intake can benefit thermoregulation
and cardiovascular response because of an increased
fluid intake requires further investigations during real
competitions.

As expected, the oral salt supplements taken during
the race increased serum electrolyte concentrations (Na+

and Cl−) at the end of the race. This effect was present
because salt ingestion did not affect the amount of sweat
or the sweat electrolyte losses during the race while it
greatly increased the intake of electrolytes when com-
pared with the control group (Table 5). Previously, it has
been suggested that there is a positive correlation
between the maintenance of a sodium balance and the
preservation of knee extensor muscle strength after pro-
longed exercise (Coso et al., 2008). In the present inves-
tigation, participants in the salt group did not present a
better maintenance of jump performance or isometric
muscle strength (Table 2) likely because of the fact that
participants in the control group did not present exces-
sively low serum sodium values. Muscle tissue and
neurons are considered electric tissues of the body and
they are activated by the electrolyte changes between the
extracellular and intracellular fluids. An enhanced elec-
trolyte balance caused by salt supplementation might aid
in the maintenance of motor drive during muscular con-
tractions (Coso et al., 2008), which in turn affects the
preservation of strength and performance during the
race. However, this mechanism was not evident in
the current investigation.

The intention of this investigation was to examine the
effects of salt ingestion in an ecologically valid context.
For this reason, we used a commercially available salt
product and tested its effects during a real competition in
which participants’ competition routines were minimally
affected. Thus, the present investigation demonstrates
how physical performance and the physiology of com-
petitive triathletes are modified when oral salt supple-
mentation is incorporated into their habitual routines, as
would happen in a real competition. However, the
experimental setting presents several limitations. First,
food and fluid intake were not standardized during the
race. Although the amount of calories and carbohydrate
ingested during the race was similar between groups,
participants in the salt group ingested 0.4 ± 0.4 L more
fluid than the control group during the race, probably
driven by an increased osmotic stimulus induced by
the salt supplementation. With this experimental design,
it is difficult to discriminate the influence of salt inges-
tion on performance from the increased voluntary fluid
intake during the race (or to know whether it is necessary
for both factors to be present to obtain an increased
performance). A second limitation of this study is the
lack of data on urinary volume and urinary electrolyte

concentrations because it was impossible to collect urine
samples during the race. Although participants did not
report any stopping to urinate during the race, it is pos-
sible that part of the salt ingested during the race was
excreted by the kidneys and remained in the bladder.
Without urinary variables, it is speculative to conclude
whether all or part of the amount of salt used for supple-
mentation was responsible for the benefits obtained
during the race. Third, the salt supplement was provided
without individualization, and the percentage of electro-
lytes replaced (in comparison to the electrolyte losses)
was not equal for all the triathletes in the experimental
group. Finally, another limitation is related to the low
statistical power provided by the sample size (13 indi-
viduals per group). Some of the tendencies found in this
investigation could reach statistical significance with a
higher sample size. Even with these limitations, the
ingestion of salt during a half-ironman race presented
several performance and physiological benefits for well-
trained triathletes.

In summary, triathletes that ingested an oral salt
supplement, containing 113 mmol of Na+ and 112
mmol of Cl−, were associated with lower finishing race
times during a half-ironman triathlon than triathletes
that ingested a placebo. These benefits were probably
driven by a higher voluntary fluid intake during the
race and higher serum electrolyte concentrations. More-
over, oral salt intake did not produce side effects when
compared with a placebo. Thus, oral salt supplements
might be an ergogenic aid for long-distance triathlon
events.

Perspectives

The aim of endurance athletes during competitions in
both thermoneutral and hot environments should be to
minimize dehydration by limiting body mass losses
through sweating to ∼ 2% of body mass (Maughan,
2010). However, athletes typically encounter difficulties
in matching fluid ingestion to sweat losses during real
endurance events such as the triathlon because drinking
so much fluid is sometimes intolerable. Other causes for
the dehydration commonly found during endurance
events include social customs that influence how much is
consumed and the rate of fluid absorption from the gas-
trointestinal system that could influence the prevalence
of gastrointestinal problems associated with rehydration
(Greenleaf, 1992). In-competition nutrition should be
focused on avoiding water and salt deficits in endurance
athletes (Maughan & Shirreffs, 2010), especially those
competing in hot environments and those with high
sweat sodium concentrations (Montain et al., 2006). The
use of salt capsules or salted supplements can help to
reduce body mass loss and to lessen the electrolyte defi-
cits found in endurance competitions. This investigation
demonstrated that the ingestion of salt increased the
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amount of fluid drunk and its retention through osmotic
stimulus. These physiological effects were translated
into increased overall performance during an endurance
triathlon.

Key words: Sodium, hyponatremia, endurance exercise,
hydration, sweat, thirst.
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