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Abstract. - OBJECTIVE: The aim of the
study was to find the significance of several fac-
tors with parameters of urine tests and blood
tests. Finally, we aimed at evaluating the per-
centage of athletes from the study sample re-
garding their hydration level.

SUBJECTS AND METHODS: The current
study is the prospective type and was conduct-
ed on Chinese athletes between June 2021 to
April 2022. The study was done in 2 parts for
obtaining measurements in the summer season
and the winter season and then they were cor-
related between them. Urine and blood samples
were evaluated for determining the required pa-
rameters. The parameters of the physical en-
vironment like temperature, relative humidity,
precipitation, etc. were obtained from the con-
cerned weather station for each day.

RESULTS: It was observed that 14.5%, 59%
and 26.5% of the female participants were found
to have hyper-hydrated, euhydrated and de-
hydrated, respectively. While 17.57%, 69.69%
and 12.74% of the males were classified as hy-
per-hydrated, euhydrated and dehydrated, re-
spectively. The participants with hyper-hydrat-
ed were found to have increased urine volume
(p<0.001), reduced specific gravity (p<0.001)
and reduced-sodium level (p<0.001).

CONCLUSIONS: The study found that there
is a significant difference in sodium levels be-
tween gender and seasons. The level of se-
rum osmolality is also significantly different be-
tween the whole study populations concerning
combined seasons. In this way, many other pa-
rameters are evaluated by correlation with sea-
sons and gender. Hence, this study has brought
forward various important findings and gives an
overall evaluation of hydration status.
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Introduction

Throughout the training, the body of athletes
secretes fluid and salts as a result of thermoregu-
latory perspiration. This is supported by studies
that the rate of secretion and the replacement of
fluid loss varies greatly amongst and throughout
people. Sweat depletion can indeed be likely to
elicit severe water/electrolyte deficits and impede
performance in key scenarios, particularly while
exertion is lengthy, high-intensity, and/or in such
a hot climate. Sweat examinations are used by
many academia and practice to evaluate how
much fluids and electrolytes are lost by athletes
throughout competition and training. Sweat sam-
pling data is frequently used to assist athletes’
tailored fluid and electrolyte replacement sug-
gestions; nonetheless, unstandardized scientific
techniques and difficult fieldwork circumstances
might lead to conflicting findings. Sweat disper-
sion is critical for dissipating energy metabolism
heat generation, which could jump ten-fold to
twenty-fold throughout the activity. Evaporative
sweat cooling seems to be the primary source of
heat dissipation in hot temperatures, limiting fast
increases in core body temperature'.

Hypohydration, caused by sweating, increases
physiological stress and the sense of exertion,
lowering stamina and aerobic capacity. Further-
more, electrolyte imbalances, such as hyponatre-
mia, may happen as a consequence of perspira-
tion evaporation following exercising. As a result,
replacing electrolyte depletion as a component of
the rehydration phase following exertion seems
critical. Individualised features, kind and degree
of activity, clothes, gear donned, and weather
circumstances all influence each athlete’s sweat
rate and sweat ionic balance??. For designing cus-
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tomised rehydration plans, it is indeed essential
to analyse specific sweat rate and sweat electro-
lytes deficits for various activities and climatic
situations. The above method may help to lower
the risk of heat sickness while also enhancing
productivity. It is said that everyone’s sensitivity
to dehydration seems different. So, current stan-
dards recommend keeping fluid imbalances while
training to below well over 2% of body weight to
prevent impaired brain abilities and aerobic activ-
ity effectiveness®.

Elevated levels of hypohydration (3-10%) are
linked to worsening performances, especially
in hot temperatures, such as those found in
tropical climes. Individualised drinking regi-
mens could also help to prevent the possibility
of excessive drinking and hyponatremia exer-
cise-induced muscle. Sportsmen who reside in
cool or chilly climates are much more prone
to be heat-acclimatised than those who inhabit
tropical climates®. People who have become
accustomed to the heat exhibit temperature reg-
ulation adjustments, such as a reduced core
body temperature, a reduced heart rate, a faster
beginning of sweat, and then, a greater sweat
rate. Differences in body mass while exercising
are the easiest and perhaps most effective way
to estimate the entire body SR; nevertheless,
non-sweat causes of mass change and retained
sweat in clothes are staggering variables points
to consider. Furthermore, variables in the kind
of collection equipment employed (full body or
localised), the scheduling of sweat gathering,
skin cleansing process, specimen storage/han-
dling, as well as research methodology might
cause variation in sweat Na'.

Fitness level, ambient circumstances, heat ac-
climatisation, aerobic fitness, body size/composi-
tion, donning of safety clothing, sex, maturation,
age, nutrition, and/or hydration levels are all
variables that influence intra/interindividual het-
erogeneity in SR and sweat Na* during activity.
Sweat analysis could be a valuable technique for
estimating athletes” SR and sweat Na" loss and
guiding fluid/electrolyte substitute methods if the
information is retrieved, processed, and under-
stood properly. Sweat output typically surpasses
fluid consumption whilst activity in the heat,
resulting in an electrolyte imbalance or hypohy-
dration. The above condition is likely to have a
detrimental impact on aerobic activity routines®’.

Consequently, large-scale competitions such
as the Olympics, the World Cup, or maybe even
a funded solitary event cannot be delayed again

until the temperature is ideal. Problems are bound
to emerge whenever an athlete practices or partic-
ipates in a somewhat more temperate zone. Indi-
viduals do not consume enough liquids following
the sport to re-establish fluid equilibrium. Earlier
research referred to this as “voluntary dehydra-
tion”. Nonetheless, this name has indeed been
altered to “involuntary dehydration” to reflect the
fact that somehow a hypohydration person seems
to have no desire to replenish also when fluids,
as well as opportunities, remain accessible. The
sportsmen’s responses to the pressure of training
in the heat are perhaps the most essential compo-
nent affecting the influence of climatic stress on
their performances. The winner will have devised
a recovery solution that outlines acclimatisation,
replenishment, as well as social and cognitive
elements™.

This study intends to find out the present status
of hydration among the athlete’s population and
the factors influencing the hydration status of the
athletes. This would give us an idea of mitigation
of the negative effects of poor hydration status.

Subjects and Methods

Study Type and Source of Data

The current study is a prospective type and
was conducted on the Chinese population be-
tween June 2021 to April 2022. The study was
conducted in two halves. Firstly, the study mea-
surements were taken from June 2021 to Septem-
ber 2021 for measurements in summer and again,
the same process was repeated from November
2021 to April 2022 for obtaining the measure-
ments in winter. The study was carried out on
Chinese athletes who were professionals for the
last 10 years. The subjects were aged between 18
years and 35 years old, comprising both males
and females (Figure 1). The athletes were from
the same type of sports and had been playing for
almost the same period in their lives. After ap-
plying inclusion and exclusion criteria, the study
finally considered 325 athletes (165 males and
160 females).

Inclusion Criteria

The athletes were selected based on the criteria
that they are all full-time basketball players, they
have been playing for 9 to 10 years, they were
aged between 18 years and 35 years old, they had
no chronic disease, their BMI was in the range of
20 kg/m? to 24.99 kg/m?,
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The gender distribution in the study
sample

= Males
= Female

Figure 1. Gender distribution in this study.

Exclusion Criteria

The athletes could not cooperate with both the
phases of the study. The athletes whose BMI were
not within the specified range were mentioned,
the athletes who became sick or had a physical
injury, etc.

Data Collection and Preparation

The data were collected four times. For col-
lecting the measurements in the summer, the
data was collected in the first week of June 2021
and again in the last week of September 2021.
For winter measurements, the first collection was
done in the first week of November 2021 and the
second one was done in the last week of April
2022. From each athlete, urine samples and blood
samples were obtained. The study considered
the following indices of urine samples, namely,
sodium (mEg/day), urine volume (L) and specific
gravity of urine. The blood samples were evaluat-
ed for hemoglobin (g/dL), glucose (mmol/L) and
sodium (mEgq/L). In addition to this, each athlete
was given a notebook to record the amount of
water they are consuming within the study time-
frame. They were also asked questions about
their daily activities and diet. As they were en-
rolled in the same sports academy, their diet was
controlled and the same.

Procedure for Sampling

The athlete who took part in this study was
given instructions regarding the process of the
study thoroughly. Urine was by each athlete by
themselves. They were given a urine storage
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container in which they brought urine from their
home. They were asked to bring at least 10 mL of
urine in the storage container. Blood was drawn
by the volunteers. 5 mL of venous blood was
drawn from each participant’s forearm. This was
done in the first week of each study timeframe.
The participants were told to come on an empty
stomach (NPO) in the early morning between
7 am and 8 am. Their height and weight were
measured with only underwear and even without
shoes. Then, they were asked a few questions
regarding their knowledge about hydration and
their eating and drinking behavior.

Urine and blood samples were evaluated for
determining the required parameters in the study
as mentioned above. Urine and serum sodium was
assessed by the ion-selective electrode method.
The specific gravity of urine was determined with
a pen refractometer and the volume of urine was
measured with a digital scale. The parameters of
the physical environment like temperature, relative
humidity, precipitation, etc. were obtained from
the concerned weather station for each day.

Statistical Analysis

The study considered the expression of contin-
uous variable as meantstandard deviation. The
significance between genders concerning the sea-
sons was obtained by conducting Pearson’s cor-
relation coefficient. Student #-test was conducted
for normally distributed variables. The multi-
variate association test was carried out between
variables. All the statistical analyses were done
using SPSS 25 software (IBM Corp., Armonk,
NY, USA) at a=0.05.

Results

The study considered 325 athletes (165 males
and 160 females). Their Body Mass Index (BMI)
was found to be 22.2+0.4 kg/m? for males and
20.1+0.8 kg/m? for females (p=0.014). The age of
the males is 28+8.1 years old while the mean age
of females is 27+7.5 years old (Figure 2).

Result of 24-Hours Urine Analysis

The study evaluated hydration indices like so-
dium concentration, the volume of urine, specific
gravity and color of the urine, for each season
(summer phase study and winter phase study).
The detailed findings are shown in Table 1.

Table II shows the significance of several pa-
rameters. The study found that the urine osmo-
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The value of mean ages of study
population
28.2
28
27.8
27.6
27.4
272

27
26.8
26.6

26.4
Males Females

Figure 2. The mean ages of males and females.

lality is highly significant between males and
females both during summer and winter time
individually (p=0.000) while the specific grav-
ity of urine is highly significant only during
summertime (p<0.001). The study further found
out that there is a significant difference between
gender and both the seasons combined in terms
of sodium level, the specific gravity of urine and
urine osmolality.

Blood Indices Analysis

The study considered blood determining he-
moglobin, glucose, serum osmolality and sodium,
separately in the summer phase, winter phase and
both phases. This measurement has been done
in males and females separately and is also con-
sidered a combined measurement. The statistical
analysis has shown that glucose and hemoglobin
level have a significant difference in males and
females during the winter season and summer
season separately. But in combined (summer and
winter), serum osmolality is significantly differ-

ent. The study further found significant differ-
ences between gender and both phase (winter and
summer combined) in hemoglobin level, glucose
level and serum osmolality. Table III shows the
detailed findings while Table IV shows the result
of significant tests of a blood sample.

Further, it was observed that 14.5%, 59% and
26.5% of the female participants were found to have
hyper-hydrated, euhydrated and dehydrated, respec-
tively, while 17.57%, 69.69% and 12.74% of the
males were classified as hyper-hydrated, euhydrat-
ed and dehydrated, respectively. The participants
with hyper-hydrated were found to have increased
urine volume (p<0.001), reduced specific gravity
(p<0.001) and reduced-sodium level (p<0.001).

The study has highlighted important findings
regarding the hydration status involving various
parameters. Several parameters have been com-
pared and have been shown to have significance
in the above tables. Urine osmolality has sig-
nificant differences between males and females
during the winter season and again summer sea-
sons. Again, there is a significant difference in
sodium levels between males and females during
the summer season but not in the winter season.
However, the difference in urinary sodium levels
between males and females is significant, when
it comes to both the seasons combined. The lev-
el of serum osmolality is significantly different
between the whole study populations concerning
combined seasons.

Discussion

A major goal of this study is to give an over-
view of both the study on the influence of con-

Table I. The findings of 24-hours urine hydration indices in athletes in the summer and winter phase.

Sodium The volume of The specific gravity Urine osmolality
(mEqg/day) urine (L) of urine {mOsmol/kg.H,0)
Summer Phase
Male 179.5 £ 47.25 1.62 £ 0.71 1.017 £ 0.004 696 + 197
Female 144.63 + 51.21 1.65+0.79 1.014 £ 0.005 599 + 234
Total 160.35 + 49.65 1.63 £0.74 1.015 £ 0.006 656 + 231
Winter Phase
Male 179.23 £49.5 1.65 £ 0.65 1.019 £ 0.004 644 +212
Female 161.5+51.2 1.71£0.73 1.015 £ 0.005 568 + 195
Total 172.31 £ 53.6 1.69 £0.67 1.017 £ 0.004 616 £ 210
Both Phase
Male 181.2 £ 51.2 1.62 + 0.65 1.017 £ 0.005 676 202
Female 154.1+56.2 1.65+£0.75 1.016 £ 0.005 586 + 227
Total 167.5+55.2 1.66 £0.71 1.017 £ 0.004 632 +224
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Table II. The result of the significance test between parameters measured in 24-hours urine.

Sodium Volume of  Specific gravity  Urine osmolality
(mEqg/day) urine (L) of urine (mOsmol/kg.H,O)
Significance between gender and winter phase (pl) 0.022 0.587 0.0036 0.000
Significance between gender and summer phase (p2) 0.000 0.745 <0.001 0.000
Significance between total sample and summer and 0.066 0.372 0.675 0.110
winter phase (p3)
Significance between gender and both phase <0.001 0.618 <0.001 <0.001
(winter and summer combined) (p4)
Table Ill. Findings of Blood indices in athletes in the Summer and Winter phase.
Hb Glucose Serum osmolality Sodium
(g/dL) (mmol/L) (mOsmol/kg HZO) (mEq/L)
Summer Phase
Male 156+14 499+ 1.01 292+ 6 142.9+4.8
Female 142+1.5 492 +1.12 293 +7 1443 +7.6
Total 149+1.5 494 +1.08 293 +7 1439+ 8.6
Winter Phase
Male 156+ 1.3 4.66+1.15 293+6 143.5+4.8
Female 143+14 4.65+0.99 293 +5 142.6 +4.7
Total 149+ 14 4.66 +1.07 293+6 1429+ 4.4
Both Phase
Male 155+ 1.5 4.83+1.25 295+ 6 143.4+52
Female 143+ 14 481 +1.28 294+ 6 143.6 £ 6.7
Total 149+ 1.3 4.82+1.27 294+ 6 143.1 £ 6.3

flicting findings on Sweating Rate (SR) and sweat
makeup (mostly sodium concentration [Na']) on
SR and sweat composition (particularly sodium
level [Na']). Hygrometry and gravimetry are two
approaches for measuring SR. Dry air with such
a specified temperature is blasted at a steady
rate of flow throughout a capsule adhered to the
surface using hygrometry, or even the ventilated
sweat capsule method”!°. The difference in tem-
perature and evaporation level of something like
the outflow relative to the inlet air of the capsule
determines local SR (LSR) onto the skin surface
underneath the capsule (about 1-20 cm?)°.
Hygrometry, on the other hand, might ex-
aggerate sweat flow rates in certain cases due

to the forced ventilation as well as the preser-
vation of dry skin (that aids sweating) beneath
the capsule may not always be indicative of
ambient circumstances. Filter paper, absorbent
patches, Parafilm-M pouches, cotton gloves/
socks, latex gloves, or plastic sweat collectors
are being used in gravimetric techniques to
extract perspiration straight from the surface
of the skin. For sweat-testing sportsmen inside
the arena, gravimetric methods, especially ab-
sorbent patches, are much more feasible than
hygrometry'*'’.

Variations in naked bodyweight from well
before to after exercising are the easiest and also
most effective way to quantify WBSR; nonethe-

Table IV. The significance test between parameters measured in blood test.

Hb Glucose Serum osmolality Sodium

(g/dL) (mmol/L) (mOsmol/kg H,0) (mEg/L)
Significance between gender and winter phase (pl) <0.001 <0.001 0.014 0.016
Significance between gender and summer phase (p2) <0.001 <0.001 0.078 0.159
Significance between total sample and summer and 0.833 0.395 <0.001 0.006
winter phase (p3)
Significance between gender and both phase <0.001 <0.001 <0.001 0.702
(winter and summer combined) (p4)
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less, adjustments for non-sweat causes of bodily
change in mass should indeed be addressed**’.
Specifically when activity will only last many
hours, is high-intensity, and/or is undertaken in a
cool/dry environment. SR estimations relying up-
on the change in physical mass must be modified
for metabolic mass loss and respiratory moisture
loss. Ion chromatography (IC), inductively-cou-
pled plasma mass spectrometry (ICP-MS), flame
photometry (FP), ion-selective electrode (ISE),
and conductivity are some of the methods used to
quantify sweat (Na")"2.

Athletes are recommended to consume cer-
tain quantities of water, carbs, and sodium
throughout training depending on their ability
to reduce weariness and sickness caused by
hyperthermia, dehydration, or hyperhydration.
Hydration should be consumed at intervals
that are as near to perspiration as feasible.
Whenever the surroundings are chilly or mod-
erate, certain sportsmen may endure water
and electrolyte reduction of up to 2% of body
mass without considerable damage to bodily
well-being or ability when this is not realistic,
feasible, or adequately high-performance!*!,
Water intake really shouldn't exceed sweating
levels, since this will cause body water and
body weight to rise throughout the activity.
Exhaustion could be decreased by mixing glu-
cose with the liquids taken, consuming 30-60
g of quickly digested carbohydrates every hour
of an athletic event. Furthermore, salt must be
incorporated in liquids ingested throughout the
long-duration activity or by persons participat-
ing in just about any activity that causes sig-
nificant sodium depletion (more than 3-4 g of
sodium). Consuming glycerol, proteins, or pur-
ported neurotransmitter antecedents has little
advantage for sportsmen. Most chemicals, with
the probable exception of coffee, should not be
consumed while activity. Athletes can gain the
best if they customize their particular hydra-
tion, calorie, and sodium demands to particular
sport's specific obstacles, particularly given the
environment’s influence on perspiration as well
as temperature changes!'>',

The research included a combination of more
than a hundred subjects. For 30-100 minutes,
individuals sprinted through at their speed.
Age, weather circumstances, running patterns,
sweat rates, and sweat sodium information
have all been taken into account. Age, running
length, range, and speed, as well as physiologi-
cal differences between men and women, have

been investigated. Many studies have shown
that males exhibited a lower comparative water
intake and a proportionately larger liquid im-
balance than females. Males sweated more than
females throughout the body. Males sweated
more sodium than females, on average. The
sweat profile, as well as content among tropical
native runners match, published values. The
state of hydration can indeed be thought of as a
performance that is mostly dependent on inten-
tional consumption'”'®.

There is a need to assess the time an addi-
tional amount of fluid an athlete should con-
sume for rehydration. There are certain health
drinks or supplements which can support an
athlete to recover from the acute deficiency of
electrolytes and fluid. Refreshments containing
electrolytes increase the desire to consume by
retaining plasma osmotic concentration, re-
sulting in larger quantity consumption. Re-
freshments including carbohydrates (CHO) are
beneficial because they stimulate hunger. The
product's pleasant flavour also is beneficial,
as seen by the fact that orange juice is con-
sumed in greater quantities compared to other
beverages. Some of the surveys conclude that
cool water is chosen over warmer one by the
athletes. It's been stated that serving gradually
cooler drinks reduces the amount drunk'°.

There seem to be a variety of techniques that
span in accuracy and consistency, from com-
plex and intrusive approaches (such as neutron
activation analysis and stable isotope dilution)
to tolerably intrusive blood, urinalysis, and sal-
ivary parameters. Again, it adds non-invasive
indicators like tear osmolality, body weight,
bioimpedance assessment, and hydration sen-
sory perception®?. The best way is to employ
a variety of methods that complement each
other and improve reliability and completeness.
Because of their low sensitivity, dependabili-
ty, and/or accuracy, measures including such
salivary parameters, urine colours, vitals, and
thirsty feeling should be used with caution.
Comprehensive evaluations like neutron acti-
vation and stable isotope dilution studies have
shown remarkable results but they are also
costly. One of the drawbacks is substantial time
constraints owing to data analysis limiting the
ability to respond quickly?*-*.

Sweat examinations must be understood in
their proper perspective, which means that the
findings are only relevant to the particular con-
texts like location, and aerobic capacity in which
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they were done; comparisons across sweat tests
are only acceptable whether the similar method-
ologies were employed. Sweat analysis, in con-
clusion, might be a valuable method for estimat-
ing participants' WBSR and sweat Na* depletion,
therefore, guiding fluid or electrolyte replenish-
ment regimens>%,

Conclusions

The findings of the current study have shown
detailed hydration and sodium status of the young
athlete, from which, it can be considered that,
although the training facilities are equipped with
drinking water and other drinks, there is a con-
siderable amount of dehydration among the ath-
letes when the training is held throughout the day.
It is essential to keep hydration level steady and
prevent dehydration. The current study contrib-
utes by showing the probability and prediction
of failure of maintenance of hydration among
the athletes, leading to the reduction of their
performance. Especially, this current study also
presents the need to keep these athletes hydrat-
ed during the summer and winter. Therefore,
there is a need to educate the athletes to keep
them hydrated all the seasons appropriately. Al-
though there are enough supplies of drinks in the
training facilities, the lack of awareness among
the athletes can be the primary reason why the
athletes are still not hydrated sufficiently. Hence,
this study has brought forward various important
findings and gives an overall evaluation of hydra-
tion status. This current study also recommends
educating the athletes about the strategies to hy-
drate themselves and also solving difficulties like
tight burdening schedules of practice which can
potentially affect their hydration status.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Informed Consent

The participants, who gave the consent were only included.
The whole study was conducted according to the declara-
tion of Malaysia promulgated in 1964 as amended in 1996.

Authors’ Contribution

We declare that this work was done by the authors named in
this article, and the authors will bear all liabilities claims re-
lating to the content of this article.

6902

Ethics Approval

All the procedures and the investigation in human subjects
were conducted based on the Malaysian Guideline for Inde-
pendent Ethics Committee Registration and Inspection, and
National Statement on Ethical Conduct in Human Research.

Funding
None.

ORCID ID
Zeyun Li: 0000-0001-8773-1962.

References

1) McDermott BP, Anderson SA, Armstrong LE, Ca-
sa DJ, Cheuvront SN, Cooper L, Kenney WL,
O’Connor FG, Roberts WO. National Athletic
Trainers’ Association position statement: Fluid re-
placement for the physically active. J Athl Train
2017; 52: 877-895.

2) Surapongchai J, Saengsirisuwan V, Rollo |, Ran-
dell RK, Nithitsuttibuta K, Sainiyom P, Leow CHW,
Lee, JKW. Hydration Status, Fluid Intake, Sweat
Rate, and Sweat Sodium Concentration in Rec-
reational Tropical Native Runners. Nutr 2021; 13:
1374.

3) Baker, LB. Sweating Rate and Sweat Sodium
Concentration in Athletes: A Review of Method-
ology and Intra/Inter-individual Variability. Sports
Med 2017; 47(S1): 111-128.

4) Ravanelli N, Coombs G, Imbeault P, Jay O. Ther-
moregulatory adaptations with progressive heat
acclimation are predominantly evident in uncom-
pensable, but not compensable, conditions. J Ap-
pl Physiol 2019; 127: 1095-1106.

5) Janse DE Jonge XAK, Thompson MW, Chut-
er VH, Silk LN, Thom JM. Exercise Performance
over the Menstrual Cycle in Temperate and Hot,
Humid Conditions. Med Sci Sports Exerc 2012;
44: 2190-2198.

6) Yoshida T, Shin-ya H, Nakai S, Yorimoto A,
Morimoto T, Suyama T, Sakurai M. Genomic and
non-genomic effects of aldosterone on the indi-
vidual variation of the sweat Na+ concentration
during exercise in trained athletes. Eur J Appl
Physiol 2006; 98: 466-471.

7) Hulstein JJJ, van’t SP. Sweat analysis using indi-
rect ion-selective electrode on the routine chem-
istry analyser meets UK guidelines. Ann Clin Bio-
chem 2011; 48: 374-376.

8) Palmer MS, Logan HM, Spriet LL. On-ice sweat
rate, voluntary fluid intake, and sodium balance
during practice in male junior ice hockey play-
ers drinking water or a carbohydrate—electrolyte
solution. Appl Physiol Nutr Metab 2010; 35: 328-
335.



Hydration and sodium status in athletes in cool climate

10)

11)

12)

13)

14)

15)

16)

17)

18)

Wagoner RS, Lopez-Galvez NI, de Zapien JG,
Griffin SC, Canales RA, Beamer PIl. An Occupa-
tional Heat Stress and Hydration Assessment of
Agricultural Workers in North Mexico. Int J Envi-
ron Res Public Health 2020; 17: 2102.

Khamenei S, Hosseinlou A, Zamanlu M. Wa-
ter Temperature, Voluntary Drinking and Fluid
Balance in Dehydrated Taekwondo Athletes. J
Sports Sci Med 2011; 10: 718-724.

Baillot M. Hydration and Thermoregulation During
a Half-lronman Performed in Tropical Climate. J
Sports Sci Med 2015; 14: 263.

Pappas RS. Sample Preparation Problem Solving
for Inductively Coupled Plasma-Mass Spectrom-
etry with Liquid Introduction Systems |. Solubility,
Chelation, and Memory Effects. Spectrosc 2012;
27: 20-31.

Trangmar SJ, Gonzalez-Alonso J. Heat, Hydra-
tion and the Human Brain, Heart and Skeletal
Muscles. Sports Med 2019; 49(S1): 69-85.

King MA, Clanton TL, Laitano O. Hyperther-
mia, dehydration, and osmotic stress: uncon-
ventional sources of exercise-induced reactive
oxygen species. American Journal of Physiolo-
gy-Regulatory, Integr Comp Physiol 2016; 310:
R105-R114.

Stanhewicz AE, Larry KW. Determinants of wa-
ter and sodium intake and output. Nutr Rev 2015;
73(suppl 2): 73-82.

Hurley SW, Johnson AK. The biopsychology of
salt hunger and sodium deficiency. Pfligers Ar-
chiv Eur J Physiol 2015; 467: 445-456.

Wagner AL, Keusch F, Yan T, Clarke PJ. The im-
pact of weather on summer and winter exercise
behaviors. J Sport Health Sci 2019; 8: 39-45.

Liu Y, Bahar R, Kalia S, Huang RY, Phillips
A, Su M, Yang S, Zhang X, Zhou P, Zhou Y.

19)

20)

21)

22)

23)

24)

25)

26)

Hyperhidrosis Prevalence and Demographical
Characteristics in Dermatology Outpatients in
Shanghai and Vancouver. PLoS ONE 2016; 11:
e0153719.

Melzer K. Carbohydrate and fat utilization during
rest and physical activity. Eur J Clin Nutr 2011; 6:
e45-e52.

Agrawal K, Hassoun LA, Foolad N, Pedersen TL,
Sivamani RK, Newman JW. Sweat lipid mediator
profiling: a noninvasive approach for cutaneous
research. J Lipid Res 2017; 58: 188—-195.

Fortes MB, Diment BC, DI Felice U, Gunn AE,
Kendall JL, Esmaeelpour M, Walsh NP. Tear Fluid
Osmolarity as a Potential Marker of Hydration Sta-
tus. Med Sci Sports Exer 2011; 43: 1590-1597.

Davydov, D. M, Boeyv, A, Gorbunov, S. Making the
choice between bioelectrical impedance mea-
sures for body hydration status assessment. Sci-
enti Rep 2021; 11: 166-183

Barley OR, Chapman DW, Abbiss CR. Reviewing
the current methods of assessing hydration in ath-
letes. J Inter Soc Sports Nutr 2020; 17: 1558-1569.

Schellekens RC, Stellaard F, Woerdenbag HJ,
Frijlink HW, Kosterink JG. Applications of stable
isotopes in clinical pharmacology. Br J Clin Phar-
macol 2011; 72: 879-897.

Periard JD, Eijsvogels TMH, Daanen HAM. Ex-
ercise under heat stress: thermoregulation, hy-
dration, performance implications and mitigation
strategies. Physiol Rev 2021; 101: 1873-1979.

Rollo I, Randell RK, Baker L, Leyes JY, Medi-
na Leal D, Lizarraga A, Mesalles J, Jeukendrup
AE, James LJ, Carter JM. Fluid Balance, Sweat
Na+ Losses, and Carbohydrate Intake of Elite
Male Soccer Players in Response to Low and
High Training Intensities in Cool and Hot Environ-
ments. Nutr 2021; 13: 401.

6903



