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Abstract: (1) Background: Trainers and athletes have always sought to reduce the failure of muscle
function during long endurance events. However, nowadays, it is a topic that is generating much
debate in the scientific field. Currently, deep-sea water (DSW) intake seems to be a suitable hydration
alternative for this type of endurance event. Therefore, the aim of this study was to determine
whether DSW consumption during a triathlon event could preserve muscle function after exercise.
(2) Methods: Nineteen trained male triathletes (age = 39.0 ± 4.25 years; BMI = 23.67 ± 1.81 kg/m2)
randomly performed three triathlons, one of them consuming DSW (Totum SPORT 30 AB, Laborato-
ries Quinton International, S.L., Spain), the other consuming isotonic placebo and the last with tap
water-hydration. A vertical jump test with countermovement and an isometric muscle strength test
were conducted before and after the triathlon test. (3) Results: There was a significant difference
between treatment × time during the isometric muscle strength test. Based on the Tukey post hoc
analysis, the peak net force decreased statistically in the placebo (p = 0.045) and control conditions
(p = 0.026), but not in the experimental condition (p = 0.121). In addition, all of the conditions studied
obtained similar results in the countermovement vertical jump after exercise. (4) Conclusions: As a
result, consumption of DSW seems to delay the failure of muscle function specifically in isometric
exercises but does not improve performance in sports. Thus, DSW does not alter muscle capacity in a
negative way; therefore, its consumption may be recommended.

Keywords: exercise physiology; endurance exercise; sweating; hydration

1. Introduction

Water is essential for motor action during physical exercise, since it is involved in nerve
transmission, nutrient transport, joint lubrication, and muscle contraction [1]. As a result
of muscle contractions requiring the use of stored energy through metabolic processes,
the body temperature increases. The sweating process accounts for approximately 80% of
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heat loss [2]. Exercise-induced sweat production is influenced by several factors, including
exercise intensity and duration, environmental conditions, and clothing, and can range from
extremely low levels to more than 3 L per hour [3]. It is not uncommon to find individuals
with unusually salty sweat (>70 mmol/L for sweat sodium concentration) [4,5], even when
performing similar cardiorespiratory exercise [6]. Sweat electrolyte concentrations are
also highly variable between individuals (e.g., sodium, chloride and potassium). Physical
exercise may result in fluid imbalances that could result in a greater instability of osmolality,
thereby impairing muscle function [7].

It is important to note that each sport discipline differs in terms of the type and
specificity of efforts, energy pathways, exercise durations, and environmental conditions
that are encountered during training or competition [8]. In light of this, discipline-specific
nutritional recommendations are necessary [8]. Several studies have been conducted
regarding nutritional recommendations for team sports such as football/soccer [9,10] (and
the sex-based differences within these disciplines) [11,12] or rugby [13]. Endurance athletes
such as triathletes may be most at risk for micronutrient deficiency because of low energy
consumption, coupled with longer physical activity duration and increased sweat rate [14].
However, it seems that establishing hydration recommendations, especially in triathlon,
has been neglected in this aspect.

According to the International Olympic Committee, when exercise duration is ≥2 h,
there is high sweat loss; therefore, rehydration during competition recovery should in-
clude replacement of water and salts lost through sweat, with sodium included in fluid
replacement [15]. Indeed, sodium is the most important osmotically active cation in the
extracellular space, and plays a significant role in water balance [16]. After prolonged
physical activity, a decrease in serum sodium concentration of less than 135 mmol/L may
occur, resulting in hyponatremia [16]. In addition, dehydration is accelerated by hyper-
thermia, and can lead to glycolysis malfunction. Therefore, a better understanding of
muscle functional capacity requires a better understanding of the relationship between
dehydration and hyperthermia during exercise and recovery [17].

As a result of voluntary effort, muscle fatigue occurs when the muscle is unable to
maintain the required or expected force-generating capacity [18]. The main function of
coaches and high-performance athletes is to maintain proper muscle function as long as
possible during and after exercise to avoid injury and maintain a high level of perfor-
mance. In order to support optimal muscle performance, a variety of strategies have been
employed. A systematic review suggested that deep-sea water (DSW) consumption may
help improve post-exercise muscle functional recovery in humans [19]. Further, Stasiule
et al. reported that ingestion of DSW could accelerate recovery of aerobic capacity and leg
muscle power when compared with ingestion of water alone [20]. A study has also shown
that desalinated ocean mineral water, taken from 662 m below sea level, can accelerate
the recovery of aerobic power and lower-body muscle power after a prolonged bout of
dehydrating exercise [21]. However, in these studies, dehydration was induced under con-
trolled conditions (laboratory), a situation that does not represent competition conditions
in real life. Therefore, research on the effects of DSW consumption on muscle function
under competition conditions has not yet been conducted. In addition, the consumption of
DSW is a recent supplementation that is gaining popularity among athletes, and has not
yet been sufficiently studied to support the benefits it brings, both in terms of performance
and muscle capacity.

In addition, sports disciplines with limited access to liquids should be considered.
In triathlon, specifically in the swimming and running stages, fluid intake is restricted
due to their dynamic nature [22]. The hydration strategies for triathlon have also been
studied in order to improve the performance of athletes, since in this sport, there is evidence
of recurrent body mass changes caused by sweat rate, fluid concentration changes, and
electrolyte loss during competition [23]. In fact, it is not unreasonable to think that a
drink containing minerals such as sodium, magnesium, potassium and calcium would
be necessary during endurance events, since these are the minerals that are lost through
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sweating [24]. It is important to note that sodium and magnesium play an important role
in the function of nerves and muscles [24]. Potassium contributes to the proper functioning
of the heart, nerves, and muscles [24]. The interaction between myosin and actin proteins
is enabled by calcium, a key component of muscle contraction [25]. As a result, an efficient
hydration strategy must be developed to avoid a significant negative impact on both aerobic
performance [26] and athlete health [27] as a result of progressive dehydration [28]. In
light of this, our study hypothesis is that DSW contains a significant amount of minerals,
which are essential for physical exercise; therefore, its consumption during sports events
may preserve muscle functional capacity after exercise. Consequently, the aim of this study
was to determine whether DSW consumption during a triathlon event could maintain
proper muscle function after exercise. Additionally, it is intended to determine whether
consumption of DSW may adversely affect muscle recovery after exercise.

2. Materials and Methods
2.1. Subjects and Ethics

In the present experimental crossover, placebo-controlled study with three treatment
periods, 19 male federated triathletes from different clubs in Andalusia (Spain) participated.
Both experimental and placebo treatment periods were completed by these 19 individuals.
In spite of this, only 10 of the 19 participants completed the control treatment period.
The participants in this study had completed an average of 11.3 ± 5.77 years of training,
with a weekly training session schedule of 4.25 ± 1.37 days/week, with an average of
66.25 ± 19.93 km/bike. The inflammatory response data and exclusion criteria have already
been described in Acevedo et al. [22]. The participants signed an informed consent form
for participation after receiving detailed information about the study’s objectives and
procedure, which complied with the ethical standards of the World Medical Association
Declaration of Helsinki (2013). It was approved by the local Ethics Committee of the
University of Granada (209/CEIH/2018).

The sample size was calculated using G*Power 3.1. software. To make the determina-
tion, we selected the following parameters: a moderate effect size (F = 0.4), a significance
level of 0.05, a power level of 0.90, and three conditions. The sample size was determined
to be at least 15 athletes. In order to ensure the subjects’ success throughout the entire
process, 20% more subjects were recruited. Inclusion criteria for the present study were that
participants were male, had a weekly triathlon-focused training program, had an annual
competitive program, had completed at least three triathlons in the month prior to the
study, gave written informed consent, and did not have any metabolic, cardiac, or infectious
diseases. They were also required to have extensive experience in triathlon competition.
In addition, all participants were required to complete a questionnaire regarding their
medical history, previous training experience, and triathlon experience prior to enrollment
in the study.

2.2. Experimental Design

The experiment was a cross-over, placebo-controlled study with three treatment peri-
ods. According to Acevedo et al. [22], the general characteristics of the experimental design
have already been published. In brief, the participants performed three complete triathlon
tests using its three modalities. During the test, participants were required to swim 800 m
(25 m pool), cycle 90 km (net gain of 1100 m of altitude developed in the city of Granada)
and run 10 km (outdoor athletics track). The first ampoule was consumed half an hour
before the start of the test. All participants were instructed to consume the second ampoule
during the transition between swimming and cycling, the third ampoule approximately
halfway through cycling, and the fourth ampoule during the transition between cycling
and running. Having returned the empty capsules to the researcher, he was able to verify
that the capsules had been consumed. This protocol is intended to ensure that electrolyte
intake and absorption are balanced throughout the triathlon.
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For the purpose of completing the experimental design, participants visited our fa-
cilities four times. After consuming a standardized breakfast at least an hour beforehand,
participants rested passively for 10 to 15 min before recording their body fat, lean mass,
and residual water values. The order of hydration strategies was randomized. A commer-
cial saline product with buffered electrolyte salts was used in the experimental condition
(Totum Sport 30 AB, Laboratories Quinton International, S.L., Alicante, Spain). Each par-
ticipant received three plastic bags containing four translucent drinkable ampoules. In
each 10 mL ampoule, 27.297 mg/L sodium, 0.465 mg/L potassium, 19.5 mg/L magnesium
and 1.377 mg/L calcium were supplied to the experimental condition. In accordance
with Acevedo et al. [22], the seawater was treated. The placebo condition received the
same number of drinkable ampoules with identical appearance, but filled with isotonic
placebo (cellulose) and 0.9 g/L sodium chloride, while the control condition consumed
water ad libitum. The subjects were advised not to engage in strenuous exercise 72 h prior
to each protocol. In summary, the control condition consumed tap water ad libitum, the
experimental condition consumed DSW, and the placebo condition consumed isotonic
solution (Table 1). The study was conducted at the University of Granada’s Faculty of
Sports Science.

Table 1. Beverage composition.

Experimental Placebo Control

27.297 mg/L sodium 0.9 g/L sodium chloride Tap water
0.465 mg/L potassium
19.5 mg/L magnesium

1.377 mg/L calcium

2.3. Experimental Trial

In order to increase muscle and liver glycogen stores, a strictly controlled diet was
used. Participants were instructed to consume at least 8.5 g of carbohydrate per kilogram
of body weight and at least 50 mL/kg of fluid 72 h prior to the test [29]. Additionally, we
asked them to refrain from consuming any sources of caffeine or alcohol. VO2max was
determined at the first visit using a graded exercise test to exhaustion on an electronic
brake (Lode Excalibur sports ergometer, Groningen, The Netherlands), with inspired and
expired oxygen and carbon dioxide fractions measured breath by breath. The graded
exercise protocol was initiated at 150 W and increased by 30 W × 2 min−1 until voluntary
exhaustion or pedaling frequency lower than 75 rpm has been reached [30].

As previously described [3,6] on a force platform (Dinascan/IBV, Biomechanics In-
stitute of Valencia, Spain at 500 Hz), del Coso et al. used the CVJ to determine maximum
height, peak strength, peak power, and body mass [6]. Prior to the jump test, participants
performed 10 min of running, dynamic leg exercises, and jumping drills, and they were
instructed to bend their knees and jump as high as possible, keeping their hands on their
hips and landing on both feet [6]. A force platform and a barbell loaded supra-maximally
(170 kg) were used to measure IMS. During this measurement, participants were trained
in advance to stand with the barbell at the height of the anterior tibia spine, bending their
knees about 135◦ and extending their upper limbs fully extended [3]. The participants were
instructed to pull maximally for 3 s using their whole body (mainly their lower and upper
limbs). Throughout the test, verbal motivation was provided to maintain this position.
During the performance, an adjustable lumbar-posterior protector was used to provide sup-
port and protection. Subsequently, the triathlon test was conducted. Prior to the triathlon
test, participants drank 500 mL of tap water. Participants were allowed to consume water
and food at their discretion during the test, repeating the same pattern each time. As for
the environmental conditions, a weather station located in the departure laboratory and
validated by the Observatory of Meteorology and Astronomy (Indoor BTH Weather Station
Autonautic 72 mm, Autonautic Instrumental S.L., El Masnou, Barcelona, Spain) of the
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University of Granada was used. As for the pool temperature, it was 25 degrees in all three
sporting events.

Finally, as this compound is relatively new and it is not known whether it can cause
any adverse effects, participants were instructed to report any incidents that occurred
during ingestion of the vials and any side effects related to their consumption. In addition,
a 0–10 rating of the perceived exertion scale (RPE) was recorded immediately after the
cessation of each stage. Once the triathlon is completely finished and after having taken a
5 min rest, individuals performed the CVJ and IMS tests again, as described by del Coso
et al. [3,6]. The participants were then asked to complete a detailed questionnaire regarding
their fluid intake for statistical analysis. On the third visit, which took place within a period
of 7–14 days, the same triathlon test was performed, but with a different hydration strategy.
Finally, the control condition conducted a third trial in which only tap water was consumed
ad libitum.

2.4. Anthropometric and Strength Variables

According to Acevedo et al. [22], the system of anthropometric measurements and
the maximum oxygen consumption were conducted. In running clothes, participants were
weighed with a segmental bioelectrical impedance analyzer (InBody 720) (Biospace Inc.,
Seoul, Republic of Korea) fifteen minutes prior to the triathlon test and one minute after
the end of the running test, in order to establish the general anthropometric data. Pre-
and post-body mass measurements were used to calculate body mass loss (pre-body mass
− post-body mass/pre-exercise body mass) × 100 [31]. Participants in all three triathlon
events were weighed in the same clothes and without shoes. A Quattro Jump force platform
(Kistler, Winterthur, Switzerland) was used for the strength variables (CVJ and isometric
strength). A lumbar-posterior protector (Freetoo, Guangdong, China), a 20 kg barbell, and
six discs of 25 kg (Proiron, Shanxi Regent Works Inc., Taiyuan, China) were also used for
the isometric evaluation. Additionally, the data extracted from the force platform was
calculated using Microsoft Office 2010 (Excel).

2.5. Statistical Analysis

In this study, the data are expressed as mean ± standard error of the mean. An
assessment of the normality of the distribution was made using the Shapiro–Wilk test. For
the purpose of analyzing homogeneity of variance, the Levene test was used. In order to
examine the effects of time, treatment, and the interaction between them (time × treatment),
we employed a linear mixed model to analyze the differences effects of variables in control,
placebo, and experimental conditions, as well as the differences between pre-exercise and
post-exercise differences between the conditions. As a result of using the lme4 package [32]
in the R program, the linear mixed model was conducted. Since it employs modern,
efficient linear algebra methods, such as those implemented in the Eigen package, as well
as reference classes to prevent undue copying of large objects, the lme4 package is likely to
be faster and more memory-efficient than other programs. Additionally, the software is
capable of constructing generalized linear mixed models using the glmer function, so as to
maximize the amount of information available when loss patients are included in some
of the analyzed conditions [32]. Our post hoc analysis was performed using R program
version 3.6 and the emmeans function using the Tukey method. The level of statistical
significance was set at p < 0.05. The statistical analysis was conducted using SPSS/PC
version 22 (SPSS Inc., Chicago, IL, USA), and R program v. 3.6.

3. Results
Participants’ Anthropometric and Functional Characteristics

As shown in Table 2, participants’ ages, anthropometric characteristics, and peak
oxygen consumption are provided. There were no differences in baseline characteristics
between the conditions compared. In addition, Table 3 provides information regarding the
environmental conditions, changes in body weight, perception of effort, and performance of
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each condition at different stages of the test. Comparison of the times of each transmission
between experimental, control, and placebo conditions revealed no significant differences in
performance. There were no significant differences in weight before and after the triathlon.
Based on the values of perceived exertion, there were no significant differences between
the different transition stages. Observing the temperature data, it is evident that the three
triathlon events began with similar temperatures on all three occasions and ended with
similar temperatures.

Table 2. Characteristics of participants.

Variables Control
(n = 10)

Experimental
(n = 19)

Placebo
(n = 19) p-Value

Age (years) 40.7 ± 5.89 39.15 ± 5.28 39.15 ± 5.28 n.s.
Body height (cm) 176.6 ± 8.04 176.89 ± 6.08 176.89 ± 6.08 n.s.
Body mass (Kg) 71.92 ± 13.32 75.2 ± 11.03 75.72 ± 10.95 n.s.

Total Body Water (Kg) 46.54 ± 6.58 46.2 ± 4.84 47.4 ± 5.32 n.s.
Protein (kg) 12.72 ± 1.84 12.42 ± 1.31 12.98 ± 1.39 n.s.

Body Fat Mass (kg) 7.2 ± 3.92 8.74 ± 3.86 8.22 ± 4.07 n.s.
Body Mass Index (kg/m2) 22.58 ± 2.51 23.27 ± 2.27 23.49 ± 1.81 n.s.

VO2max (mL/kg/min) 45.31 ± 9.52 41.5 ± 11.32 41.5 ± 11.32 n.s.
Results are expressed as mean ± standard deviation; n.s., not significant.

Table 3. Time, body mass, rate of perceived exertion, and temperature of the test.

Control
Condition

Placebo
Condition

Experimental
Condition p-Value

Swimming time (Min) 14.69 ± 1.41 14.76 ± 1.39 14.67 ± 1.2 n.s.
Cycling time (Min) 157.2 ± 8.02 167.21 ± 12.04 166.68 ± 11.79 n.s.
Running time (Min) 48.61 ± 6.46 51.58 ± 8.69 52.23 ± 7.2 n.s.

Complete test time (Min) 220.2 ± 14.39 233.56 ± 19.65 233.59 ± 18.09 n.s.
Pre-Body Mass (kg) 73.08 ± 12.3 74.47 ± 12 75.77 ± 11.81 n.s.
Post-Body Mass (kg) 70.48 ± 11.64 71.57 ± 11.62 72.59 ± 11.56 n.s.

Weight loss percentage −3.55 ± 1.51 −3.89 ± 2.17 −4.19 ± 2.7 n.s
Swimming RPE 7.94 ± 0.93 7.03 ± 0.65 6.72 ± 0.65 n.s.

Cycling RPE 8.4 ± 0.54 7.78 ± 0.41 8.02 ± 1.26 n.s.
Running RPE 8.87 ± 0.54 9.01 ± 0.8 9.13 ± 0.85 n.s.

Initial temperature (◦C) 16.3 ± 1.16 15.21 ± 7.27 16.21 ± 6.63 n.s.
Final temperature (◦C) 28.7 ± 1.88 27.05 ± 8.07 29.49 ± 7.37 n.s.

Results are expressed as mean ± standard deviation. RPE, rate of perceived exertion; n.s., not significant.

In Table 4, the results of the CVJ test and the IMS test are presented. According to
the linear mixed model of the CVJ test, take-off vertical velocity and peak relative power
differed depending on the time period and the conditions. Peak relative power and peak
net force were affected by treatment. The interaction between treatment × time, however,
did not show any statistical changes. On the basis of the IMS test, the linear mixed model
showed significant differences between treatments for peak relative power and peak net
force. On the basis of the IMS test, we found an interaction between treatment and time in
peak net force, and the Tukey post hoc analysis showed that peak net force decreased statis-
tically in the placebo and control conditions as compared to the experimental condition.
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Table 4. Testing the strength and power of muscles by countermovement vertical jump and isometric
muscles.

Countermovement
Vertical Jump

Test

Control Condition Placebo Condition Experimental Condition p-Value

Pre Post Pre Post Pre Post Time (T) Treatment (t) T × t

Flight Time (s) 0.48 ± 0.07 0.51 ± 0.04 0.50 ± 0.1 0.49 ± 0.06 0.48 ± 0.09 0.48 ± 0.06 0.619 0.925 0.887
Jump height (m) 0.30 ± 0.07 0.32 ± 0.06 0.33 ± 0.1 0.31 ± 0.06 0.30 ± 0.09 0.30 ± 0.06 0.349 0.996 0.982
Take-off vertical
velocity (m/s) 2.1 ± 0.4 2.4 ± 0.4 2.2 ± 0.3 2.4 ± 0.5 2.7 ± 1.2 2.5 ± 0.8 0.024 0.736 0.905

Peak relative
power (PP)

(W/Kg)
21.0 ± 5.9 27.4 ± 3.9 22.0 ± 5.0 27.8 ± 6.8 27.6 ± 9.7 29.1 ± 8.7 0.019 0.027 0.705

Peak net force (N) 881.0 ± 261.5 1026.2 ± 276.8 1009.2 ± 312.4 1106.9 ± 276.6 962.8 ± 253.2 1099.5 ± 233.6 0.277 0.012 0.467

Isometric Muscle
Strength Test

Control Condition Placebo Condition Experimental Condition p-Value

Pre Post Pre Post Pre Post Time (T) Treatment (t) T × t

Peak relative
power (PP)

(W/Kg)
72.4 ± 44.2 47.5 ± 34.3 71.0 ± 103.0 64.2 ± 87.3 80.9 ± 97.9 51.8 ± 48.7 0.402 0.003 0.901

Peak net force (N) 764.2 ± 271.6 616.8 ± 280.3 a 742.8 ± 195.3 604.3 ± 131.6 a 734.7 ± 253.2 675.0 ± 164.2 b 0.093 0.043 0.046

Results are expressed as mean ± standard deviation. p-values were determined for time and treatment × time,
and different letters mean significant differences (p < 0.05) and were calculated with Tukey post hoc multiple
comparisons for observed means.

4. Discussion

The aim of this study was to determine whether DSW consumption during a triathlon
event could maintain proper muscle function after exercise. The main outcomes of this
were that DSW consumption dampens post-exercise loss muscle function specifically in
isometric exercises. Indeed, the ISM test showed that the maximal net force decreased
statistically in the placebo and control conditions, while in the experimental condition, no
such differences were shown. However, it does not improve the CVJ test and performance.

The results obtained with the CVJ test showed that the values of the peak net force
values appear to be lower at baseline than at post, which is quite remarkable, since the
post values were obtained after an endurance event lasting more than two hours; however,
no significant interaction between treatment and time was observed. Different authors
argue that, in order to prevent these occurrences with peak net force, it is necessary
to warm up more efficiently in order to reach the maximum level of jump [33]. With
regard to the results obtained in the ISM test, the linear mixed model, and the interaction
treatment x time, and after a post hoc analysis, the placebo and control condition had a
statistically significant reduction in peak force, which means that the placebo and control
condition could not maintain proper muscle function after exercise, showing values that
were significantly lower than pre-exercise values. This may be due to the fact that sodium
chloride consumption in isolation has no effect on muscle recovery, given that the placebo
condition has similar behavior to the control condition. Indeed, an exclusive consumption
of water is not enough to maintain optimal muscle performance during long-duration sport
events [34]. However, the experimental condition showed no significant differences with
respect to the pre-exercise values. This lack of significance indicates that the experimental
condition achieved the same isometric strength values both at the beginning and at the end
of the triathlon test. Therefore, DSW consumption could have maintained a muscle capacity
comparable to the beginning of the triathlon test, while placebo and control conditions
did not.

This discrepancy between CVJ and ISM results may be explained by the fact that
jumping exercises rely heavily on reflex stretching, whereas isometric exercises rely heavily
on neural activation [35,36]. DSW consists primarily of sodium, potassium, calcium,
and magnesium, whose main functions are to improve muscle contraction and nerve
impulse transmission [19,24,37]. The fact that most of the minerals in DSW are associated
with improving neuromuscular communication and contraction explains why DSW has
performed better than placebo and control in the ISM test. However, in the CVJ test, given
that DSW supplementation was not involved in the improvement of the stretch reflex, it is
understandable that no improvement was obtained compared to the placebo and control
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conditions. As a result, DSW consumption appears to positively affect muscle function,
because it is capable of achieving the same post-exercise isometric strength values as the
placebo and control group. Furthermore, it has been established that DSW consumption
does not adversely affect the muscular performance of endurance athletes.

During exercise, hyperthermia and dehydration may both contribute to increased
glycogenolysis and decreased glycogen resynthesis [38]. Although core and muscle hy-
perthermia are believed to contribute to glycogen impairments following high-intensity
or prolonged exercise (internal hyperthermia) or exercising in hot environments (external
hyperthermia), it is closely related to dehydration [17]. To optimize long-term performance,
it is essential to maintain an appropriate body temperature and to consume adequate
fluids during and after exercise. In light of the obvious practical applications, further
studies are needed to understand the effects of hyperthermia and dehydration on glyco-
gen metabolism.

Even though the participants lost more than 2% of their weight due to dehydration,
they were able to maintain optimal performance, which enabled them to complete the
three tests in similar time and RPE values. According to Casa et al. [39], dehydration
values of 3% to 4% may adversely affect jumping and strength performance, which would
be in agreement with our results, as it is the placebo and control conditions that show
significant differences in the isometric test, indicating that the initial values are different
from those reached in the posttest. However, the experimental condition, despite having a
higher degree of dehydration than the placebo and control conditions, did not affect their
functional capacity in the isometric exercises, possibly due to the consumption of deep
seawater. In endurance events, recommending that athletes’ fluid intake should be based on
their thirst almost entirely prevented the development of hyponatremia, without inducing
clinically significant hypernatremia or negatively affecting race completion time [40].

In various studies [1,20,21,41,42], DSW consumption has been shown to improve
performance and reduce muscle fatigue. However, these data partially contradict the
results obtained, as it appears to increase post-exercise muscle performance over time, but
there is no improvement in sports performance. This is possibly due to the fact that previous
studies were conducted in a controlled climate in which dehydration was induced. Indeed,
none of the studies indicated that food was consumed, so participants consumed only
beverages provided by the researchers. The results of this study may better demonstrate
the effects of beverages, but they do not reflect the reality of endurance athletes, who
often supplement with food and liquids during competition, as was done in this study.
Indeed, if one looks at the results obtained in the study by Olivia-Acevedo et al., where the
nature of the competition itself was taken into consideration, with food and fluid intake ad
libitum, the consumption of DSW did not improve sports performance [22]. However, it
should be noted that the consumption of DSW stimulates myokine production, which may
contribute to delaying the failure of muscle function after exercise, but not to improved
performance [22].

It should be noted that the multiple ingredients in the saline drink studied, as well as
in several dietary supplements on the market, make it difficult to determine the effects and
safety of these products. According to Casazza et al. [43], it is essential to obtain information
regarding all the ingredients of the product prior to its use by athletes. Many products that
claim to be beneficial for performance contain proprietary blends of ingredients without
information on the amount of each ingredient.

Limitations and Strength

There are a number of limitations to this study: (i) as our objectives were more con-
cerned with the hydration capacity of DSW consumption than with the triathlon modality
itself, the triathlon modality used is not within the official modalities imposed by the
Spanish Triathlon Federation; and (ii) the control condition did not reach the same number
of subjects as the experimental condition and placebo, which could affect the validity and
reliability of the data obtained. In order to minimize the problems with compliance of the
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participants in the control condition, a linear mixed model was used. In a linear mixed
model, information is maximized differently than in a conventional analysis of variance
test. It is used specifically in statistical cases involving loss of participants.

Nevertheless, the major strength of this study is that it opens up a new area of research,
in which DSW consumption could be used as a sports supplement without causing negative
effects on muscle recovery. This study also represents a real-life scenario for a triathlon
event, in which participants may consume food and beverages ad libitum and be exposed to
a variety of weather conditions, including wind, temperature, and humidity. Future studies
will certainly be of interest to extend this knowledge to other, more severe physiological
conditions, such as hypoxic environments, as well as to determine whether deep water
consumption alleviates the mitochondrial alterations caused by moderate hypoxia at the
muscular level.

In terms of practical application, we confirm the benefit of DSW consumption in
delaying muscle function failure. Therefore, its consumption may be ideal in those training
sessions where the volume and load are demanding. In this way, the triathlete could
maintain a high level of performance over time and, in turn, could prevent the probability
of suffering some kind of overload that could lead to some kind of injury. In addition, an
improvement in muscle function might help the triathlete to face the next training session
in a better condition, especially in master triathletes, who do not have the same muscle
recovery as younger triathletes.

5. Conclusions

The consumption of DSW seems to delay the failure of muscle function specifically
in isometric exercises; however, it does not improve the performance in triathlons. In
addition, DSW consumption does not generate problems that interfere negatively with
muscle fatigue, so its consumption can be recommended. The present study may serve as
evidence that field tests often do not coincide with laboratory tests, and provides relevant
information for athletes, coaches and nutritionists to know the implications of the use of
commercially available saline beverages during endurance competitions.
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