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ABSTRACT

The maintenance of hydration levels are often a key focus when trying to sustain athletic
performance in sport. The amount of fluid intake needed to reach appropriate hydration levels varies
widely from a multitude of factors. This ideal hydration level (euhydration) is characterized by an optimal
total intracellular and extracellular body water content, which is the ultimate goal of fluid intake protocols
within athletics. The aim of this research was to investigate if a specific fluid recommendations for track
and field (TAF) athletes, based upon urine specific gravity (USG) classification cutoffs, helps to improve
athletic performance. This study also analyzed the influence of body weight (BW) on the amount of fluid
and/or electrolyte supplements an athlete needs to consume in order to attain an euhydrated state prior to
practice or competition. A total of 35 subjects participated in the study, who were then divided into two
groups: a control and experimental each receiving different hydration protocols. Fluid intake needs were
assessed using anthropometric measurements and air displacement plethysmography. Urine samples were
taken to determine hydration status (HS) and were analyzed through USG measurements. Additionally,
the metric of vertical jump height (VJH) was used to evaluate athletic performance within the
investigation. The results indicated that HS was increased in both groups upon engagement of the
hydration recommendation protocol routine. However, the analysis of HS showed that there was not a
statistically significant interaction between the hydration protocol groups. The application of hydration
protocols based on BW was not indicated to be necessary to achieve a euhydrated state when TAF
athletes followed specific fluid recommendations based upon USG classification cutoffs. The evaluation
of both daily USG and weekly VJH measurements through a Pearson’s correlation analysis concluded

there was not a statistically significant relationship between the HS and VVJH within the research study.



There was no significant correlation between the two variables (r = -0.24, p = 0.301). These

findings indicate HS is not associated with significant changes in VJH among TAF athletes.
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CHAPTER I: INTRODUCTION



HYDRATION AND PERFORMANCE

Within the world of sport there is a constant effort towards improving athletic
performance. The components determining overall athletic success are incredibly complex and
dictated by a multitude of factors, one of which is hydration level. Hydration plays a significant
role in a variety of factors relating to health, well-being, and physical capacity (Giersch et al.,
2020). Additionally, HS is dramatically affected by fluid intake, exercise intensity, and the
environmental factors which are vital to performance (Kraft et al., 2011). A major portion of
VJH research has focused upon endurance sports such as cycling and distance running (Lee et
al., 2014; Backx et al., 2003). These studies have indicated maintenance of proper hydration
while completing endurance activities is vital to athletic performance which is heavily dependent
upon the body’s ability to match energy production with those required by the specific sport
(Sawka et al., 2007). This has led to debate regarding optimal fluid guidelines for athletes
engaging within various sports (Hew-Butler et al., 2006). Furthermore, this leaves a large gap in
the research among specific sports events such as jumping, sprinting, and pole vaulting when

analyzing the relationship of VJH and athletic performance.

Physiology of Thermoregulation
The role of temperature and humidity and its effects upon human physiology during
exercise has been well documented through numerous studies (Cao et al., 2022; Hein et al.,

2018). The ability of the body to maintain thermoregulation is dependent upon several factors



including environment, (i.e., ambient air temperature, humidity, wind velocity, and solar
radiation), task dependent (i.e., clothing, and metabolic rate), and personal (i.e., age, sex, body
mass, morphology, and aerobic fitness). (Periard et al., 2015). A rise in humidity level in the
presence of hot temperatures has been well documented to elevate physiological strain through a
reduction in evaporation capacity of the environment (Nielsen et al., 1997). The restriction of
heat dissipation to the environment from the surface of the skin is a result in the decline in
evaporative capacity to the environment, this decrease in sweating efficiency then expands the
area of wetness on the skin (Alber-Wallerstrom & Holmer, 1985). A decrease in sweating
proficiency leads to increases in skin temperatures during exercise in humid environments
resulting in greater skin blood flow and increased circulatory strain (Sawka et al., 2012).
Research conducted by Muhamed et al. (2016) analyzing the impact of humidity on
thermoregulation and circulatory stress during exercise found that the capacity to perform all-out
exercise is limited in the presence of high relative humidity.

Hydration and Environmental Factors

When an individual gradually progresses into higher levels of intensity throughout an
exercise activity metabolic demands become greater, as a result heat production rates increase as
well. The higher the exercise intensity, the more rapid rise in metabolic heat production and the
sharper rise in body temperature (Maughan & Shirreffs, 2010). The environmental factors
(temperature and humidity) in which exercise is being performed can greatly influence hydration
needs and can pose severe challenges to the human regulatory systems (Gonzalez-Alonso et al.,
2012). It has been well established that exercising in warm to hot environments (25-45°C),

compared to cooler temperatures (15-25°C) will hinder endurance performance, as a result of the



development of hyperthermia (Nybo et al., 2014). For this reason, the importance of hydration
for athletic performance cannot be overstated.

In addition to environmental factors that influence thermoregulation, task-dependent
factors such as the type of metabolic rate and clothing contribute to the balance between internal
metabolic heat production rate and the amount of heat exchanged with the environment (Periard
et al., 2021). The metabolic production of heat during exercise from the oxidation of substrates
has been shown to significantly promote rises in core body temperature. This occurs because
only 20-25% of the metabolic energy is transformed to mechanical energy, as the majority
contributes to heat production (Kristoffersen et al., 2019). Clothing also alters heat exchange
with the environment through the fit and material properties of the outfit, which affects heat
strain during exercise by decreasing heat dissipation and supporting heat preservation (Daanen et
al., 2015). It has also been shown that while exercising in the heat, it is essential for ventilation in
the air layer between clothing and the skin for heat loss to occur (Havenith et al., 2002).

Personal parameters influencing heat balance include body surface area, body surface to
mass ratio, sex, age, aerobic fitness, core, and skin temperature measurement (Periard et al.,
2021). The generation of body heat from metabolism is distributed across the surface area of the
body, which can be formulated from the following equation: [face area =0.20247 x height
(m)°725 x weight (kg)®4%] (Tikuisis et al., 2001). Research by Lee et al. (2020) determined that
evaporative heat loss is promoted having a large body surface area as the number of active sweat
glands is proportional to surface area. Therefore, individuals with large body surface areas have
the highest ability for heat loss within an environment (Cramer & Jay, 2016). Body surface area
to mass ratio also plays a role in heat storage. This has been shown within individuals having

elevated body surface area to mass ratio who experience a reduction in heat storage during



uncompensable heat exposure than individuals with a lower ratio, caused by the greater area for

dry and evaporative heat loss relative to body mass (Cramer & Jay, 2016).

Differences between sex also effect thermoregulation, a study conducted by Zhai et al.
(2018) determined that the body size between males and females differed with men usually being
taller and heavier, as well as attaining higher VO2max measures. However, when body surface
area was standardized metabolic heat production was comparable among sexes (Havenith et al.,
1995). It was also determined that when males and females were matched for fitness level
VO2max and body size, thermoregulation measures were similar (Havenith et al., 1995). It was
demonstrated by Chester and Rudolph (2011) that aging has an impact on both fluid regulation
and thermoregulatory capacity. A subsequent study help to determine that individuals >60 years
of age showed to have lowered thermoreceptor sensitivity, a less efficient sweat response,
diminished cutaneous vasodilatory capacity, and lower resting core temperatures when compared
to younger individuals (Guergova & Dufour, 2011). Research has determined that aerobic fitness
level VO2max plays a role in thermoregulation, which indicates that higher fitness levels enhance
the ability for heat loss capacity through activation of cutaneous vasodilation at a reduced core
temperature and raises skin blood flow for a given core temperature (Beaudin et al., 2009). In
addition, aerobic training has also been shown to lower internal temperature thresholds for the
onset of sweat production, rise in sweat rate at a given temperature, and a higher maximal sweat
rate (Lamarche et al., 2018). Researchers suggest that the improvements in sweating function
related with endurance training may also relate to routine aerobic training, which offers a
repetitive thermal challenge that leads to enhanced thermoregulation capacity (Ravanelli et al.,

2021).



Measures of core and skin temperatures are useful in determining rates of
thermoregulation, which has led to the development of the most accurate measure of average
internal body temperature: blood located within the pulmonary artery (Moran & Mendal, 2002).
Oral temperatures are also used to measure core temperatures because of its ease of access,
however this technique often fluctuates through the mouth and may underestimate actual core

body temperatures (Erickson, 1980).

Body Water and Hydration Status

Water is one of the most important nutritional ergogenic aids for athletes and limiting
dehydration during exercise is an effective strategy to maintain exercise capacity (Kerksick et al.,
2018). A term often used to describe hydration level is hypohydration, which refers to body
water content deficits >2% beyond normal daily fluctuations (Sawka et at., 2007). Total body
water (TBW) variability is primarily due to differences in body composition; lean body mass
contains roughly 73% and fat body mass contains roughly 10% of water within the body (Van
Loan et al., 1996). Approximately 5-10% of TBW is turned over daily through non-exercise
induced fluid loss (Raman et al., 2004). One of these sources of fluid loss occurs through urine
excretion with outputs approaching 1-2L per day, which can increase by an order of magnitude
when ingesting large quantities of fluid (Sawka et al., 2015). Respiration is also a source of water
loss, which is influenced by both temperature and the humidity of inspired air and the pulmonary
ventilatory volume (Sawka et al., 2015). However, the formation of metabolic water as a result
of oxidation metabolism offsets water losses due to respiration (Sawka et al., 2015). The day-to-
day regulation of net body water balance occurs as a product of thirst and hunger drives, which
are combined with ad libitum access to beverages and foods to off-set water losses (Cheuvront &

Kenefick, 2014). However, it has been demonstrated that intervals of elevated sweating rates



during vigorous exercise in hot weather, ad libitum drinking can significantly lead to under

consumption of fluids (Greenleaf et al., 1983).

Hypohydration has been well-established to have detrimental effects upon athletic
performance and can also be defined by a state of water deficit with insufficient replacement of
fluids caused by acute or chronic dehydration (Olzinski et al., 2019). This risk of dehydration can
be further increased during consecutive days of training if fluid intake does not adequately
replace hydration needs between sessions, which may elevate the risk of chronic progressive
dehydration (Maughan & Shirreffs, 2004). Further research has indicated that hypohydration,
generally has a negative effect on physical performance as well as overall health (Shirreffs,
2000). In addition to detriments to exercise performance, other adverse effects to human
physiology also result from acute hypohydration, which include worsened mood (Adams et al.,
2018), reduced cognitive function (Patsalos et al., 2019), altered thermoregulatory function
(Tucker et al., 2017), and reduced glycemic regulation (Johnson et al., 2017). These added
physiological strains to the body are of particular concern for athletes participating in sports
within hot and humid environments, resulting in elevated risk for hypohydration. This occurs
because of fluctuations in body water and electrolyte balance (Sawka et al., 2015). As a result,
sports being completed within these conditions produce acute changes in body mass during
exercise occurring from the formation of sweat, respiratory water loss, and substrate oxidation
(Shirreffs, 2000). The relative rates of body water loss incurred from training sessions are highly
variable depending upon the sport. Investigations analyzing VJH have indicated that it is
common for athletes to train or compete in a hypohydrated state, even showing chronic

hypohydration before practices and competition (Osterberg, 2009; Volpe, 2009).



Research conducted by McConell et al. (1997) examined the effect of exercising
following mild hypohydration (3% body mass loss via cycling in the heat) and found that
participants demonstrated greater increases in heart rate and plasma arginine vasopressin (AVP)
compared to subjects receiving adequate fluid replacement to offset losses in body mass. The
authors suggested that the hypohydrated participants required greater activation of the
sympathetic nervous system during exercise in order to compensate for reductions in both blood
volume and pressure to maintain adequate skeletal muscle perfusion (Gonzalez et al., 1995). This
research helps to establish the extra physiological strain experienced by the body in a
hypohydrated state beyond those required to complete the exercise bout. Fluid loss and resultant
hypohydration, not directly occurring as a result of practice or competition, is also of concern for
certain sports including track and field (Periard et al., 2017). Often these athletes are required to
participate in hot and humid environments, in which the events are held often lasting entire
afternoons. During this time there is potential for both performance and health of athletes to be
compromised, leading to impairments in exercise capacity and health with the possible
occurrence of exertional heat illness (EHI) (Periard et al., 2017). The development of EHI occurs
along a range from mild symptoms such as muscle cramps to heat exhaustion, with the
progression to more serious and life-threatening conditions such as exertional heat stroke (Leon
& Bouchama, 2015). This has led to specific interventions, including heat acclimatization and
pre-cooling, which can allow athletes to minimize the loss in performance associated with
competing in hot ambient conditions (Racinais et al., 2015). Research by Periard et al. (2017)
analyzed the occurrence of heat related illness symptoms within various track and field athletes
determining that nearly half of the participating subjects had previously experienced cramping,

severe headache, or had been diagnosed with exertional heat illness during their athletic career.



The relatively common occurrence of heat illness symptoms exemplifies the importance of

adopting strategies for hydration maintenance, especially in hot and humid environments.

Hydration and Health

Adequate hydration is vital for good health and well-being (Gandy, 2015). The effects of
appropriate water intake on both short and long-term health as well as performance indicate the
presence of positive effects (Popkin et al., 2010). In spite of the important role water plays in
health and nutrition, there is a limited amount of research available for the basis of fluid intake
requirements compared to most other nutrients (Popkin et al., 2010). This has led to the
development of adequate intake (Al) recommendations by both the Institute of Medicine (IOM)
and the European Food Safety Authority (EFSA). Daily total water intakes for healthy adults
should range from 2.5-3.5L per day, which can be achieved through the intake of water through
both fluids and food (Perrier et al., 2021). Whereas the EFSA established recommendation of
2.5L and 2.0L per day of total water intake, with 2.0L and 1.6L per day of water intake coming
from food, for males and females, respectively (Gandy et al., 2015). The differences in daily
water intake guidelines help to illustrate the difficulty in developing a well established
requirement of water intake. Water requirements and consumption as well as energy intake are
linked in fairly complex ways due to the effect of physical activity and energy expenditure on
water needs (Popkin et al., 2010).

Optimal daily hydration is indicated by the secretion of large volumes of diluted urine
adequate to prevent chronic renal water retention and additional AVP secretion (Perrier et al.,
2017). Additionally, daily fluid losses should be replaced allowing the excretion of sufficient
urine volume to avoid urine concentration and supersaturation (Perrier et al., 2021). Appropriate

fluid intake will also decrease excessive AVP secretion which may be beneficial to the kidneys



and lower metabolic risk (Perrier et al., 2021). The use of urinary biomarkers such as urine color
can be used to assess hydration with sufficient fluid intake, indicated by a urine color scoring on
an 8-point color scale (Armstrong et al., 1994; Perrier et al., 2017; Kostelnik et al., 2021). Also,
24-hour urinary void frequency can be used to assess hydration level, with urination occurring 5-
7 times daily indicating ample fluid intake (Birchfield et al., 2015, Tucker et al., 2016). Attaining
either of these measures are suggestive of a fluid intake necessary to reach optimal hydration

(Perrier et al., 2021).

Physiology of Hydration

Water represents the single largest component of the human body which makes up
roughly 60% of BW with a TBW of approximately 42 liters (Essa & Macnab, 2021). However,
the body has a limited capacity to store water and water losses due to metabolic processes must
be replaced on a daily basis (Johnson et al., 2017). For this reason, water regulation is a major
part of human physiology and disturbances to the mechanisms governing it could be the source
of many pathological conditions. (Thornton, 2010). The robust control of water balance is
facilitated by complex osmotic sensing mechanisms that induce two separate response elements:
(1) the release of AVP which stimulates renal water retention when intake of water is low; (2)
the triggering of thirst sensation to promote drinking (Perrier et al., 2021). AVP or antidiuretic
hormone (ADH) is a peptide hormone synthesized in the hypothalamus and is comprised of nine
amino acids (Essa & Macnab, 2021). The role of AVP as a potent regulatory hormone is
predominantly secreted in response to shifts in extracellular fluid osmolality, (i.e., solute
concentration per kilogram of the solvent water) (Sollanek et al., 2000; Neligan, 2021).
Specifically, the secretion response of AVP arises from changes plasma volume, temperature,

stress, and nausea (Hew-Butler, 2010). Its primary function allows for the control of plasma

10



osmolality levels within a tight range, which enables the kidneys to adjust water secretion to the
body’s requirements, while in combination with thirst (Bankir et al., 2017). This mechanism
plays a major role in the maintenance of fluid balance throughout the body, which occurs
through the regulation of water and sodium homeostasis by its antidiuretic effect on the kidney
mediated via V2 receptors (Bankir et al., 2017). Further stimulus of vasopressin secretions occur
through reductions in circulating blood volume and stress situations (Antoni, 2015).
Osmoreceptors located beside the anterior hypothalamus are highly sensitive to small changes in
plasma osmolality which are responsible for the regulation of water intake through stimulation of
thirst and AVP release (Watson & Austin, 2021). Additionally, the steroid hormone aldosterone
has a role in fluid and electrolyte balance within the kidney that increases expression activity of
sodium-potassium ATPase, which results in increased reabsorption of sodium in exchange for

potassium and hydrogen (Essa & Macnab, 2021).

Fluid and Electrolyte Balance

The most abundant compound located within the human body is water, which can be
divided into three major compartments; intracellular fluid (ICF) which contains roughly two-
thirds of TBW and the remaining one-third of TBW in the extracellular fluid (ECF) compartment
which is further divided into the intravascular and interstitial compartments (Essa & Macnab,
2021). lons that have dissociated from a chemical compound are called electrolytes which carry
both positive; cation (A*) and negative; anion (A") charges (Watson & Austin, 2021). The
characteristics of water make it a highly ionizing polarized solvent, which results in the
dissociation of mineral salts into ions, the major electrolytes include sodium (Na*),

chloride (CI), potassium (K*), magnesium (Mg?*), and calcium (Ca?*) (Manou et al., 2019).
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Sodium is the major cation located within the extracellular fluid compartment and the
primary determinant of volume within this space (Watson & Austin, 2021). Chloride and
bicarbonate (HCOz3") are the main anions located within the extracellular compartment (Watson
& Austin, 2021). Additionally, sodium and chloride are free in solution, however significant
amounts of calcium and magnesium remain bound to protein (Neligan, 2021). Whereas,
potassium, magnesium, phosphate (PO.*"), and sulfate (SO4>") are the most abundant ions within
intracellular compartment (Campbell, 2009). Intercellularly there are large differentials favoring
potassium and phosphate, whereas extracellularly sodium and chloride are favored with each
compartment being maintained through active ions pumps (Neligan, 2021).

Potassium is the major cation located within the intracellular compartment with a
concentration of approximately 150 mmol/L (Campbell, 2009). Potassium regulation occurs
through aldosterone and AVP within the distal nephron, also by adrenaline and insulin both
stimulating reuptake into the cells (Neligan, 2021). Through urinary excretion and in
gastrointestinal losses potassium is reduced (Watson & Austin, 2021). Daily dietary intake of
potassium in food is typically 100 mmol/day, it is then excreted through feces (10%) and urine
(90%), potassium is also excreted through sweat in amounts of roughly 5-10mmol/L (Campbell,
2009). Both insulin and catecholamines stimulate the sodium/potassium-ATPase pump in the cell
membrane resulting in potassium to be pumped into the cells (Campbell, 2009).

Chloride is one of the primary extracellular anions, important in the function of secretory
and absorptive cells located within the kidney and gastrointestinal tract (Campbell, 2009).
Chloride and bicarbonate are both primary extracellular anions, with roles important in the
function of secretory cells located within the kidney and gastrointestinal tract and control of pH

in carbon dioxide transport, respectively (Campbell, 2009).
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Magnesium is an intracellular cation that facilitates phosphate and potassium transport,
neuromuscular transmission of action potentials, as well as respiratory and cardiac function
(Watson & Austin, 2021). It is primarily stored within bone and renal excretion is not influenced
by any particular hormone, with magnesium serum levels ranging from 0.7-1.1 mmol/L
(Campbell, 2009). Daily requirements are roughly 9-15 mmol/day, mainly being located
intracellularly and is responsible for enzyme systems including oxidative phosphorylation and
protein synthesis (Campbell, 2009).

Finally, phosphate is an intracellular anion, with only 20% in total within the
compartment; regulates acid-base balance as a buffer binding to hydrogen ions (Watson &

Austin, 2021).

Physiology of Hypohydration

During this state of reduced body water, the occurrence of thirst sensation increases, AVP
is released, which then promotes renin-angiotensin-aldosterone system activation, resulting in the
replenishment of intra- and extracellular fluid stores within the body (Watso & Farquhar, 2019).
Hypohydration within humans can be induced through water restriction, prolonged exercise, heat
stress and administration of diuretics (Stachenfeld et al., 2017; Adams et al., 2018). As a result,
reductions in plasma volume, increases plasma sodium osmolality, the renin-angiotensin-
aldosterone system are then stimulated causing increases in thirst sensation, and AVP release
increases (Faraco et al., 2014). Low extracellular fluid volumes then initiate increased
aldosterone concentrations acting to increase sodium and water retention (Kinsman et al., 2017).
This results in an increased thirst sensation promoting the consumption of water to restore body
water homeostasis (Leib et al., 2017). If the mechanisms regulating hydration levels are unable

to facilitate replenishment of TBW, then the negative impacts of negative water balance will
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occur (Periard et al., 2021). Dehydration and exercise induced hypohydration lower whole body
sweat rate and skin blood flow, resulting in greater heat storage, and exacerbating physiological
and perceptual strain (Periard et al., 2021). In particular, hypohydration has been shown to lower
endothelial function, hinder cutaneous vascular function, and alter regulation of blood pressure
during rest and exercise as well as through periods of orthostatic stress (Watso & Farquhar,

2019).

Complications of Dehydration

If the body is no longer capable of maintaining appropriate thermoregulation within its
surrounding environment, then health related issues can then occur (Casa et al., 2015). Exertional
heat illness (EHI) is a thermophysiological response to exercise within hot environments, EHI
represents a range of medical conditions associated to an increase in body temperature
(Armstrong et al., 2007). EHI has a range of symptoms from mild muscle cramps to more
significant concerns from heat exhaustion and heat syncope, or even a more severe and life-
threatening illness; heat stroke (Casa et al., 2015). Muscle cramping often occurs as a result of
excessive heat exposure when fitness and heat acclimatization are low (Cooper et al., 2006).
Often a person may experience lightheadedness from heat syncope following periods of
prolonged standing in hot temperatures (Binkley et al., 2002). Heat exhaustion occurs when there
is inability to continue exercising, symptoms often include nausea, vomiting, headache,
weakness, fainting, and clammy skin (Armstrong et al., 1987). The most severe EHI heat strokes
occur within individuals with elevated core temperatures >104 °F, which is associated with

nervous system dysfunction and organ failure (Armstrong et al., 2007).
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Hydration and Performance Metrics

The overall impact of VJH on athletic performance within anaerobic sports is somewhat
limited (Naharudin & Yusof, 2013). One such study conducted by Savoie et al. (2015) helped to
establish that reductions in anaerobic performance, muscular strength, and anaerobic power
occur while an athlete performs in a state of hypohydration. It has been demonstrated that losses
of fluids as small as 2% of BW significantly increase physiologic strain, as well as causing
decreases in performance (Montain & Coyle, 1992). As ambient environments become warmer
and increase cutaneous vasodilation, the negative effect of hypohydration is clearly demonstrated
(Sawka et al., 2011). The resultant increase in thermoregulatory and cardiovascular strain
experienced while exercising in the heat is associated with the redistribution of blood flow away
from internal organs to skeletal muscle and other peripheral tissues of the body (Guy & Vincent,
2018). This represents the most significant physiological burden to support during exercise in the
heat as high skin blood flow for heat dissipation occurs (Nybo et al., 2014). Further research has
also indicated these losses in fluids hinder the thermoregulatory advantages resulting from high
aerobic fitness (Cadarette et al., 1984). Research by Kavouras et al. (2012) has also demonstrated
the need to maintain proper VJH throughout the duration of exercise in order to mitigate
reductions in athletic performance within running and skill-based movement tests. This can be
indicated by both the American College of Sports Medicine (ACSM) and the National Athletic
Trainers Association (NATA) respective position statements on fluid replacement
recommendations to help minimize impairment of aerobic exercise performance from exercise
induced dehydration (Armstrong et al., 2007; McDermott et al., 2017).

However, the effects of hot ambient temperatures on sprint performance has been

somewhat less studied (Girard et al., 2015). Several investigations including research by
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Cheuvront et al. (2006) concluded no effect of moderate hypohydration; (1.7-3.6% loss in body
mass) on anaerobic exercise performance. However, more recently research revealed legitimate
performance impairments of individuals within a hypohydrated state (Cheuvront et al., 2010). In
addition, reductions in motor-skill performance on sport specific exercise measures in athletes
are seen within a hypohydrated state; 1-4% loss in body mass (Baker et al., 2007). The current
literature has also shown that particular hydration strategies to minimize the extent of
hypohydration experienced by the athlete is highly variable between sport type (Goulet &
Hoffman, 2019). The research and meta-analysis conducted by Goulet and Hoffman (2019)
revealed that the decision on the appropriate hydration strategy is highly dependent upon
personal preference, age, fluid availability, exercise duration, food ingestion, cold exposure, and
degree of heat acclimatization. This study highlights the need for more meaningful
understanding of the controlling factors of an athlete’s VJH throughout a training day and the
appropriate measures or strategies to combat the occurrence of hypohydration within anaerobic
based sports.

This investigation intends to build upon the understanding of VJH and its resultant effect
upon athletic performance. Within this study, athletic performance will be assessed through the
measurement of VVJH. Specifically, this research will focus upon NCAA Division 1 collegiate
athletes competing within TAF events (jumpers, sprinters, and pole vaulters). The aim of this
study is two-fold: to assess specific fluid recommendations upon USG cutoffs and their
relationship to athletic performance and to determine if BW influences the amount of fluid
and/or electrolyte supplements an athlete needs to consume to achieve an optimal TBW content,

(i.e., euhydration) (McDermott et al., 2017). Through the measurements of BW, USG, 24-hour

16



dietary recalls, and performance measures of VVJH, a better understanding of VJH and its effect
on performance will be determined.

Based upon the analysis of USG measurements, fluid recommendations for TAF athletes
were made according to USG classification cutoffs, in order to see if performance in practice or
competition was improved. In addition, this dissertation investigated if BW influences the
amount of fluid and/or electrolyte supplements an athlete needs to consume, to achieve an
euhydrated state. The activities within this study comprised of USG measurements, the
prescription of fluid recommendations, 24-hour dietary recalls, and jump mat (vertical jump)
measurements. The sample size used within this study included all willing and able TAF athletes
voluntarily participating within the investigation. Data collected within this study was analyzed

using SPSS 26.0 statistical software package (SPSS Inc. Chicago, IL).

17



CHAPTER II: BACKGROUND
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ASSESSMENT OF HYDRATION STATUS

The impact of maintaining proper VVJH is vital, not only in sport performance but it also
enables the body to perform its various physiological functions on a daily basis. Research
conducted by Armstrong et al. (1997) demonstrated that cardiovascular and thermoregulatory
responses, and ratings of perceived exertion (RPE) were higher while performing exercise in a
hypohydrated state. It has also been determined that the occurrence of hypohydration prior to the
start of exercise also increases heart rate, core temperature, and RPE during exercise when
compared with starting in a hydrated state (Sawka et al., 1999). VJH is commonly divided into
four categories indicating the relative water availability within the body; Once an optimal
hydration levels have been achieved it must continually be maintained, euhydration is not a static
state but reflected in a dynamic sinusoidal fluctuation of TBW loss and gain (Greenleaf, 1992).
The variations in hydration levels seen throughout the day and possible detrimental effects of
sub-optimal hydration can have on performance has led to the development of strategies and
techniques to accurately assess VJH in an individual. There are five main techniques used to
assess VJH: plasma osmolality (Posm), urine osmolality (Uosm), USG, urine color (UC), and
BW (Armstrong, 2005).

The application of Posm measurements for hydration assessment are the most widely
used index of VJH (Armstrong, 2005). Posm has been found to be the only VJH assessment
marker demonstrating effectiveness for identifying dehydration from a static individual value

(Cheuvront et al., 2010; Fortes et al., 2011). Which gives Posm an advantage over the hydration
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assessment measures of USG and change in body mass because they require at least two
measurements; using reference change values to accurately assess changes in TBW levels
(Cheuvront et al., 2011). Some individuals also consider it to be the only valid index of VJH
(Moran et al., 2004). However, the application of this technique in athletics can be difficult
because of the equipment required to administer the test and analyze the results, which involve a
laboratory setting to complete.

The use of Uosm has also been applied to VJH assessment among athletes because of its
accuracy in the measurement of total solute concentration (Dufour, 2001). Yet, the application of
this assessment within athletics has been difficult because this method is time consuming and
requires a trained technician to complete (Armstrong, 2005). USG measurements are often used
because it is a simple, accurate, and valid indicator of whether an athlete is hypohydrated before
exercise (Armstrong et al., 1994). UC is also an alternative method commonly used for
evaluation of VJH and is a practical indicant of urine concentration and bodily fluids on the field
(Armstrong et al., 1998). The relative simplicity of UC assessment makes it easy for sports
dietitians, athletic trainers, physicians, athletes, and any other untrained individuals to evaluate
daily VJH. (Kavouras et al., 2016). Subsequent research has indicated that UC can be evaluated
in an inexpensive, noninvasive, and easily performed manner (Baron et al., 2015). The
assessment of urine color occurs through the collection of a 15-30 mL urine specimen in a
transparent tube or container, which is then compared with a urine color chart (Wardenaar et al.,
2021).

Measurement of body mass change is a frequently used and safe technique to assess VJH
routinely during hypohydration occurring within a period of 1-4 hours prior to practice

(Kavouras, 2002). Each of these methods can be effectively implemented to assess VJH in a
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variety of settings with varying amounts of accuracy and precision. However, there is no singular
universally accepted technique to determine whether individuals are well hydrated, euhydrated,
or hypohydrated because of the complexity of the mechanisms governing the properties of urine
(Francesconi et al, 1987).

The utility of a subjective measure of VVJH such as thirst has also been used to assess VJH
following exercise induced dehydration. Thirst can be defined as a desire to consume fluids as a
result of a body water deficit controlled by both neuroendocrine responses to maintain fluid
homeostasis (Cheuvront et al., 2013) and psychosocial influences (Stanhewicz & Kenney, 2015).
The physiological onset of thirst typically occurs with relative fluid losses of 1-2% of body mass.
(Greenleaf, 1992). Research conducted by Hew-Butler et al. (2015) suggests the application of
thirst to help guide hydration practices throughout exercise in order to decrease the risk of
exertional hyponatremia. However, individualized hydration strategies are found to be optimal
for minimizing fluid losses and prevention of dehydration >2% of body mass loss during
exercise, supporting the hydration recommendations of both the ACSM and NATA (Adams et
al., 2019).

The (ACSM, 2007) does suggest that a urine osmolality <700 mOsmol/kg can be used as
an indicator of euhydration. Research conducted by Shirreffs and Maughan (1998) determined
that a urine osmolality > 900 mOsmol/kg is equivalent to a 2% loss in BW from fluid loss. The
original validation of the USG and urine osmolality techniques were first demonstrated by
(Armstrong et al., 1997). The repeated use of USG measurements to assess VJH has occurred
because of its practical use within the field of athletics (Armstrong, 2005). Using this validated
assessment as a guide the National Athletic Trainer’s Association (NATA) classify hydration

states into four categories; well hydrated (USG < 1.010), euhydrated (USG =1.011-1.020),
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significant hypohydration (USG > 1.021), and severe hypohydration (USG > 1.030) (Casa et al.,
2000). Research by Volpe et al. (2009) analyzing pre-practice VJH through USG measurements
of collegiate athletes found that 66% of athletes showed USG levels >1.20 indicating a state of

hypohydration.

The use of BW assessment as a measure of VVJH is another technique often seen because
of its ease of use and practical application to sport (Kavouras, 2002). BW measures are
commonly taken in order to assess degrees of fluid loss. These measures can then be used to
calculate appropriate fluid intake needs for rehydrating following training sessions or
competition. Research by Sawka et al. (2007) demonstrated that morning body mass will
fluctuate by less than 1% in well-hydrated individuals who maintain energy balance.
Administering daily BW measurements in the context of training camps in various sports can
allow for the close monitoring of VVJH for athletes.

Each of the VJH measures described above have their own distinct methodologies for
practical use within particular environments. The approach in selecting the appropriate tool to
assess hydration needs to address a number of factors. These include the practicality of use (e.g.,
cost, required equipment, processing time, etc.), location of the application being assessed
(within a clinic or as a field research measure), ease of assessment confounding, and the amount
of measurement variation (i.e., imprecision) (Cheuvront & Kenefick, 2014). The prevalence of
athletes performing within a suboptimal level of hydration helps to illustrate the need for proper
hydration prescription. Providing the athlete with an accurate calculation of fluid intake
necessary to achieve proper VJH will allow the athlete to excel and optimally perform within

their given sport.
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Sex Differences

The influence of sex and the differences it promotes on sports performance has been well
established and shows a dose-response relationship between circulating testosterone, muscle
mass, strength, and hemoglobin level (Beneke & Leithauser, 2019). Sex differences in hormones
pertaining to the menstrual cycle have specific and quantitative influences on both
thermoregulation; through cutaneous vasodilation and sweating, as well as volume regulation
(Stephenson & Kolka., 1999; Stachenfeld & Keefe, 2002). Hormonal peaks and troughs are also
associated with changes in responses to physiological stress, fluid loading, exercise, sleep, and
mood (Constanti et al., 2005). Fluctuations in circulating hormones occurring throughout the
hormone cycle are also related to changes nutritional needs (Dalvit-McPhillips., 1983). The
female sex hormones: estrogen and progesterone both affect fluid balance shifts throughout the
body within the intra- and extracellular (Oian et al., 1987). It has also been shown that changes in
sex hormones during the menstrual cycle are related to altering “set points” and thresholds for
synthesis, as well as the release of volume regulatory hormone; arginine vasopressin
(Stachenfeld et al., 2001). The shifting of “set points” that alters internal body temperatures at
rest and during exercise occur within the luteal phase and can increase the core by 0.3-0.5°C
(Kolka & Stephenson, 1997). This change in core temperature during the luteal phase could
potentially increase risk for heat illness, especially if the luteal phase is matched with a situation
leading to dehydration (Pivarnik et al., 1985). Further research has indicated that administration
of estradiol and progesterone is associated with acute changes in body fluid regulation by
altering thresholds for release of AVP to initiate thirst and sodium regulation hormones, resulting
in less dehydration required to initiate the fluid retention response and increased thirst in resting

females (Statchenfeld, 2008). These fluctuations in fluid regulation could be of significance to
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anerobic performance because of known decrements observed in dehydrated individuals
performing body weight-dependent excise being particularly affected by greater levels of
dehydration and body mass lost (Cheuvront & Kenefick, 2014). Further results support that
female reproduction hormone alterations across the menstrual cycle have an important effect on
thirst and volume regulation, which impacts VJH, physiological responses to dehydration,
exercise performance, and fluid needs (Giersch et al., 2020). These alterations in circulating
hormones affecting VJH help to illustrate the wide variability in fluid needs of the athlete, which

need to be accounted for when developing hydration plans.

Hydration Status and Sweating

The most effective means for the human body to dissipate heat within warm or hot
conditions is through evaporative heat loss in the environment (McDermott et al., 2017).
The major variables that impact total sweat loss include body size, exercise intensity, exercise
duration, environment, and choice in clothing, these factors make up greater than 90% of the
varying amounts of sweat losses seen among athletes (Gagnon et al., 2013). Within environments
that are temperate or warmer, dissipation of heat through sweating can account for more than
50% of heat loss, which can nearly approach 100% in very hot environments (Casa et al., 2019).
However, the total amounts and rates of sweat loss are highly dependent upon both the
characteristics of the individual and the environment in which the activity is being completed
(Casa et al, 2019). Trained individuals who are heat acclimatized demonstrate an enhanced
thermoregulation with increased sweat production, plasma volume expansion, and a decreased
heart rate and core temperature (Periard et al., 2015). It has been further indicated that the
majority of heat acclimation, seen in thermoregulation and the cardiovascular system adaptation,

occurs within 4-7 days and are optimized within 10-14 days (Periard et al., 2016).
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Average whole-body sweating has been documented to occur at a rate of 1.20L per hour
(Barnes et al., 2019). Individuals who have been heat acclimatized demonstrate an increased
sweat rate, which can allow them dissipate heat and cool more efficiently. However, this leads to
the potential risk of elevated losses in electrolytes; sodium (Na*), potassium (K*), and
magnesium (Mg") due to increased sweat rates (Klous et al., 2020). Important factors affecting
sweat rates of sodium of athletes include both age group and the season in which exercise is
performed, while age group and body mass have been shown to significantly influence whole-
body sweat rates (Baker et al., 2016). Exercising within these warm to hot environments (25-45
°C), compared to cool temperatures (15-25 °C), presents severe challenges to thermoregulation
(Galloway & Maughan, 1997). As a result of exercising in the heat, blood flow to the skin and
sweating rates are shown to increase in order to dissipated heat to the surrounding environment
(Racinais et al., 2015). The primary means of heat loss during vigorous exercise is through sweat
evaporation, which in certain conditions can be significant (Sawka et al., 2007). Body water
losses due to sweating can approach rates as high as 3.18 L/h, depending on the temperature and
relative humidity that the sport activity is being completed (Sawka et al., 2007). Additional
research conducted by Baker et al. (2019) determined that as exercise intensity increases total
sweat losses of electrolytes also occur, with relative increases in (VO2max) from 40 to 65%
causing 150% greater loss in both sodium and chloride. This helps to indicate the variations in
sweat loss due to exercise intensity alone and illustrates the discrepancies in fluid loss between
athletes playing different positions in the same sport.

Another route in which water loss occurs is via diffusion through the skin, which is
dependent upon body surface area, and it was determined that individuals with slightly above

average body surface areas of 2m? can lose approximately 17mL/h (Dill et al., 1966). Further
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losses in body mass also occur from substrate oxidation as a result of energy production
throughout a training session, during hard bouts of training approximately 200-300 g/h of BW
can be lost. (Maughan & Shirreffs, 2010). In fact, research has shown that as much as 3 g of
water can be stored per gram of glycogen, which is stored within the skeletal muscle (Maughan
& Shirreffs, 2010). During prolonged exercise increased use of muscle glycogen causes removal
of water from the glycogen molecule, this release of water then enters into the body water pool
(Maughan et al., 2007).

The resultant effect of reductions in body water, sweating also leads to losses in
electrolytes, those most dominantly effected being sodium, chloride, and to a lesser degree
potassium (Maughan et al., 2007). However, smaller amounts of calcium, magnesium, iron, and
other minerals are also lost (Maughan & Shirreffs, 2010). For this reason, it is crucial for the
athlete to replace the water and electrolytes lost due to sweating, individuals adequately
rehydrating following an exercise session should consume 1.5 L of fluid per kg of BW lost
(Sawka et al., 2007). Additionally, the consumption of regular meals and beverages as well as
salty snacks will help to restore euhydration (Sawka et al., 2007).

Heat Stress & Performance

It has been clearly indicated that participation of exercise in hot and humid environments
inflict raised amounts of thermoregulatory strain compared to cooler or thermoneutral
environments (Cao et al., 2022). These increased demands of metabolic heat dissipation through
sweating result in the elevation of core temperature (Sawka et al., 2011). Rises in core
temperature resulting in increased cardiovascular and thermal perceptual strain show to reduce
voluntary power output within endurance exercise (Cheuvront et al., 1985). It has also been

indicated by measurements of time to exhaustion that premature fatigue occurs within conditions
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of increased cardiovascular strain (Flouris et al., 2015). This has led to the adoption of cooling
strategies to help reduce heat stress and increase repeated sprint ability and endurance
performance (Periard et al., 2021). These cooling techniques can increase heat storage capacity
prior to exercise (i.e., precooling) and mitigate the increase in core body temperature during
exercise (i.e., per-cooling ) (Periard et al., 2021). The drinking of cold beverages at 50° to 75.2°F
have been shown to reduce core body temperature (Sawka et al., 2007). Research by Tan et al.
(2015) demonstrated that the ingestion of an ice slurry beverage (<32°F) provides a larger
surface area for heat transfer to occur between the ice particle and body tissues compared to
water (Periard et al., 2021). The intake of cold or icy beverages directly impacts core temperature
because the body is required to warm the consumed fluid to body temperature, which results in
the lowering of core body temperature (Tan et al., 2015). A review conducted by Cao et al.
(2202) determined that external cooling of neck cooling during exercise is another strategy that

can improve repeated sprint performance within team sports.

Effects of Hydration Status

While exercising in the heat, athletes experience elevated levels of physiological strain
and thermoregulatory adjustments occur through heat dissipation (Racinais et al., 2015).
Human physiology allows for this exchange of heat to the surrounding environment through
sensible (i.e., convection, conduction, and radiation), and insensible (i.e., evaporation) pathways
(Periard et al., 2021). However, during exercise activities the body’s main mechanism to
dissipate heat from the body is through evaporation of sweat (Sawka et al., 2007). Depending on
the duration of the exercise session, losses in BW due to sweating may cause the individual to

enter a state of hypohydration (Racinais et al., 2015). Research by Logan-Sprenger et al. (2015)

27



demonstrated that athletes losing as little as 2% of their BW through losses in sweat displayed
increased heart rate, core body temperature, muscle glycogen utilization, as well as decreases in
cardiac output, cognitive awareness, anaerobic power, and time to exhaustion. It has also been
established that insufficient intake of electrolytes such as sodium lost through sweat was found to
only intensify the negative impact of fluid loss on athletic performance (Black et al., 2012).
Additionally, a study conducted by Ayotte and Corcoran (2018) established that hydration
programming based upon an individual’s sweat rate and sodium loss showed to have markedly
improved athletic performance for collegiate athletes engaging in seasonal sports. Studies such
as these help to reveal the necessity of an individualized hydration prescription for athletes which
have the ability to enhance athletic performance. One such study by Goulet and Hoffman (2019)
indicated that the decision on the appropriate hydration strategy is highly dependent upon
personal preference, age, fluid availability, exercise duration, food ingestion, cold exposure, and

degree of heat acclimatization.

Fluid and Electrolyte Needs

Optimal hydration of an athlete reflects a physical state of normal body water and
electrolytes, changes in seasonal environments can create distinctive challenges especially for
track and field athletes participating in the hot weather during summer events (Casa et al., 2019).
These environmental conditions can be highly variable depending on ambient are temperature,
humidity, wind velocity, and sun exposure (Periard et al., 2021). The type of clothing and
equipment worn also significantly effects sweat rates and the body’s ability to maintain core
body temperatures and dissipate excess heat (Sawka et al., 2007). The wide variety in these
factors results in a large discrepancy in sweating rates among track and field athletes, which can

range from 0.5L — 3.0L per hour (Baker et al., 2016). Typical track and field training sessions
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can increase daily fluid needs by 1-6L/day from sweat loss, as well as electrolyte (sodium and
potassium) losses of 1g/L (Baker et al., 2016). Additional research conducted by Watson et al.
(2005) analyzed sweat volume losses in simulated sprint sessions and found that BW reductions
averaged from 0.8 — 1.3kg over a 2-hour period. These reductions in BW were equivalent to
approximately 1 -1.5% of the athletes’ body mass (Watson et al., 2005). These reductions require
track and field athletes to replenish body water and electrolyte losses on a daily basis and failure
to do so will lead to dehydration, poor training, and negative outcomes in competition (Casa et

al., 2019).

Fluid Intake

The goal of consuming fluids prior to the start exercise allows an individual to achieve a
euhydrated state with normal plasma electrolyte levels (Sawka et al., 2007). One research study
has indicated that prior to the start of exercise activities individuals should slowly drink fluids
throughout the day, with pre-exercise hydration recommendations including the consumption of
6mL of water per kg of body mass every 2-3 hours, as well as drinking this amount 2-3 hours
prior to the start of training or competition (Racinais et al., 2015). However, the research
surrounding the sources of pre-practice fluid recommendations are somewhat unclear and
additional research needs confirm the efficacy of these recommendations. Further research
focusing on the consumption of sodium with small meals and salty snacks has also been
indicated to help to retain fluids and stimulate thirst (Sawka et al., 2007).

Consuming fluids while exercising helps to avoid excessive dehydration >2% BW and
substantial changes in electrolyte balance to mitigate reductions in exercise performance (Sawka
et al., 2007). During exercise sessions lasting longer than an hour athletes should aim to consume

a fluid solution containing 0.5-0.7 g/L of sodium (Casa et al., 1999). Individuals experiencing
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muscle cramping should increase the electrolyte solution content to 1.5 g/L of sodium (Bergeron
et al., 2003). Athletes participating in exercise lasting longer than an hour should also consume
30-60g/h of carbohydrates (CHO) within a fluid solution (Van Duvillard et al., 2004). For
exercise activities lasting longer than 2.5 hours individuals should consume up to 90g/h of CHO
from fluid solutions (Burke et al., 2011). Total volume of fluid intake during exercise should be
ingested at a rate of 0.5-2L/hour to prevent hypohydration (International Society of Sports
Nutrition [ISSN], 2010).

Following exercise, the objective is to completely restore any losses in fluids and/or
electrolytes, for quick recovery from dehydration individuals should aim to consume 1.5L per kg
of BW lost (Sawka et at., 2007). Further rehydration strategies should include consumption of
sodium, CHO, and protein following exercise (Racinais et al., 2015). In addition, the
consumption of fluids and snacks containing sodium will help to accelerate rehydration (Sawka
et al., 2007). The application of these strategies allows athletes to maintain a euhydrated state
and enhance performance, euhydrated states can be defined by <1% changes in body mass,

plasma osmolality <290 mmol/kg, and USG of <1.020. (Racinais et al., 2015).

Hydration and Performance Measures

Body water and electrolyte balance disturbances are prevalent when performing
demanding physical work and especially during exposure to environments of extreme heat
(Sawka et al., 1996). There is a wealth of knowledge and studies regarding the negative effect of
hypohydration on performance as well as the adverse effects on health (Casa et al., 2005;
Institute of Medicine, 2005). Current literature indicates athletic performance begins to be
negatively impacted when BW loss due to sweating reaches 2% (Bardis et al., 2013). However,

the literature in regard to the effects of hypohydration on maximal muscle strength and power is

30



less consistent (Bowtell et al., 2013). Even less focus has been diverted to the effects of fluid loss
on muscle performance (Minshull & James, 2013). Studies examining the impact of dehydration
on anaerobic performance are limited (Kraft et al., 2012). Strength and power are important
factors for the anaerobic performance of muscle (Naharudin & Yusof, 2013). However, the
relationship between hypohydration and performance within anaerobic based sports which
require short duration high velocity movements is less understood (Naharudin & Yusof, 2013).
Research conducted by Savoie et al. (2015) showed that hypohydration causes reductions in
strength and anaerobic power, these were both significantly impaired at body water losses of 3-
4%. Hypohydration was found to significantly reduce maximal force production of the knee
extensor by 8.5% in maximal torque when 2.6% of BW was reduced from body water loss
(Hayes & Morse, 2010). It was also indicated that these suboptimal levels of hydration cause
reductions in anaerobic performance (Cheuvront et al., 2010; Jones et al., 2008). However,
previous studies have also reported the contrary, that anerobic performance measures are not
influenced by hypohydration (Cheuvront et al., 2006; Judelson et al., 2007). These
inconsistencies in findings have prompted further investigations examining the impact of
hypohydration on athletic performance.

Subsequent work by Cheuvront et al. (2010) sought to determine the effect of VJH and its
relationship to strength to mass ratio in respect to gravitational resistance. Increases in the
strength to mass ratio are believed to improve performance within TAF events that are heavily
reliant upon explosive movements, dependent on body mass (Cheuvront et al., 2010). This
research concluded that reductions in BW, as a result of hypohydration, have a negative effect
upon athletic performance within these sporting events. This would be of particular interest to

TAF athletes competing in high jump, long jump, triple jump, and pole vault events because of
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the reliance upon explosive body mass-dependent movements required by the sport (Viitasalo et
al., 1987). Hypohydration has been shown to reduce anaerobic performance with loss of 3%
body mass (Kraft et al., 2012). Hypohydration has also shown to have a negative effect on
muscular strength and muscular power (Schoffstall et al., 2001; Kraft et al., 2011). Ratings of
perceived exertion (RPE) have also been shown to be negatively affected by moderate
dehydration of 3% (Gann et al., 2016). The assessment of muscular strength through 1RM
testing for bench press showed to be significantly reduced when hypohydrated (Gann et al.,
2020). The researchers of this study concluded that dehydration may have a negative impact on
both muscular strength and perceptual feelings of exertion and recovery (Gann et al., 2020).
Research conducted by Minshull and James (2013) indicated that losses of 2.1% body mass was
associated with a 7.8% decrease in volitional static peak force (PFy) Additionally, it was
determined that 24-hour fluid restriction was associated with significant losses in knee extensor
strength, which may affect performance in strength related exercise activities (Mihshull & James,
2013). Further research demonstrated that dehydration induced exercise caused decreases in knee
extensor isometric torque by 16%, illustrating impaired maximal strength production on exercise
knee extensor muscles (Rodrigues et al., 2014). The results of research conducted by Judelson et
al. (2007) also suggest that hypohydrated individuals completing isotonic, multiple-repetition,
multiple-set, intermittent resistance exercise tasks will likely experience impaired performance.
Hypohydration and factors connected to the dehydration process, are coupled with statistically
significant decreases in muscle endurance, strength, and anaerobic power (Savioe et al., 2015).
Body fluid losses of 3-4% BW reduces muscular strength, power, and high-intensity endurance
by 2, 3, and 10% respectively (Judelson et al., 2007). A further systematic review conducted by

Savioe et al. (2015) showed results that indicated hypohydration or variables coupled with
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dehydration are associated with significant decreases in muscular endurance, strength, and
anaerobic power. This study also demonstrated that active hypohydration (i.e., induced by
exercise) elevates the performance reductions in muscle endurance, strength, and anaerobic
power and capacity ~2.3-fold compared to passive dehydration (Savioe et al., 2015). Isometric
and isokinetic maximum eccentric force production are significantly impaired within conditions
of hypohydration, the authors suggested diminished peripheral contractility underpins the
reductions in performance (Bowtell et al., 2013). The reductions in maximal force capacity
within the hypohydrated state are likely due to excitation-contraction coupling failure (Bowtell et
al., 2013). While there are an abundance of studies that have identified hypohydration as a
detriment to athletic performance within endurance sports such as cycling and distance running
(Goulet, 2011; Bardis et al., 2013), the effect of hypohydration on performance within
anaerobically based sports such as TAF needs further investigation. Further research needs to be
conducted on various TAF athletes such as jumpers, sprinter, and pole vaulters to better

understand the role of hypohydration on athletic performance.

Metrics of Athletic Performance

There are a number of underlying factors may contribute to an athlete’s performance
(Suchomel et al., 2016). Currently, it is believed that high rates of force development (RFD) and
external mechanical power are two of the most important characteristics in regard to sport
performance (Stone et al., 2002). Marked differences in both RFD and power are routinely seen
between starters and non-starters within athletics (Young et al., 2005). RFD has also been
considered to be a primary factor in sports activities such as jumping and sprinting because of the
sport’s reliance upon rapid movements with a limited amount of time to produce the force (50-

250ms) (Anderson et al., 2006).
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The measure of impulse is also a performance metric commonly used and is defined as
the product of force and the period of time in which the force is expressed, this measure is
believed to be highly correlated to athletic performance (Garhammer & Gregor, 1992). Often,
this measure is used to determine VJH and weightlifting performance, which is defined as the
product of force and the period of time in which the force is expressed (Garhammer & Gregor,
1992).

Mechanical power is another metric routinely used because of its relation to performance
characteristics for sports involving sprinting, jumping, changes of direction (COD), and throwing
velocity (McEvoy & Newton, 1998). It has also been theorized that enhanced force-time
characteristics should transfer to the ability in performing general sport skills (Suchomel et al.,
2016). For this reason, the impact of muscular strength on jumping and sprinting should not be
disregarded. The overwhelming evidence of performance measure research indicates that when

individuals are stronger, they tend to jump higher compared to weaker individuals (Krasha et al.

2009). Regarding sprint performance, prior research has revealed that elite level athletes produce
greater speeds over shorter distances when compared to non-elite athletes (Cometti et al., 2001).
It has also been shown that faster runners possess characteristics such as greater force
application, shorter ground contact time, and greater stride length (Weyand et al., 2000). It has
also been indicated that individuals who are stronger end up producing faster sprinting

performances when compared to those individuals who are weaker (Wisloff et al., 2004).

Muscular Strength
Previous studies support that muscular strength is one of the underlying determinants of
strength-power performance (Suchomel et al., 2016). Studies comparing the differences between

stronger and weaker athletes has provided very strong support that stronger athletes within
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relatively equal level of skill, perform better when compared with weaker athletes (Meckel et al.,
1995). In addition, research suggests there is a transfer of lower-body strength training to sprint
performance, which is shown by a very substantial correlation between sprint performance and
squat strength (Seitz et al., 2014). Investigations have also revealed that an individual’s overall
sprint performance or capacity to express higher sprint velocities is affected by their ability to
express high peak ground reaction force (0GRF), and impulse (Hunter et al., 2005). Further
studies have been conducted testing isometric strength as a performance measure, these include
isometric mid-thigh pull, isometric squat, and isometric half-squat (Suchomel et al., 2016).
Within these measures a maximal load is not being lifted but prior research has determined a
relationship between isometric strength tests and dynamic strength performance (Bazyler et al.,
2015; McGuigan et al., 2008). Isometric strength is frequently evaluated because of its
usefulness in controlling adaptive alterations in training and in meeting desired demands (Guillet
et al., 2017). While dynamic strength has long been valued for its importance for stability and
movement within sports activity (Hahn et al., 1999).

Often the one repetition max (LRM) test is used to assess strength, however its
application within certain sports can be difficult. One practical alternative to 1RM measurements
is the set-rep best method using set loads for training for a specific number of repetitions (Stone
& O’Bryant, 1987). Overall, greater muscular strength shows to improve the force-time
characteristics (external mechanical power and RFD) for an individual, this can then be applied
to athletic performance. Muscular strength is also strongly correlated with superior jumping,
sprinting, COD movements, and sport-specific performance (Suchomel et al., 2016).
Additionally, stronger athletes tend to demonstrate superior RFD and external mechanical power,

and consequently jump higher, run faster, perform COD tasks faster, as well as potentiate earlier
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and are less likely to get injured (Suchomel et al., 2016). The improvements in sprint
performance resulting from resistance training are of practical significance for athletes and
coaches in sport activities requiring high levels of speed, especially over short or medium

distances (<30 meters) (Seitz et al., 2014).

Sport Specific Training Adaptations

Physiological and metabolic adaptations from training function to maintain homeostasis
for a given exercise intensity, which in turn delay the onset of fatigue (Hearris et al., 2018).
Within the context of sports competition, the delaying of fatigue has potential to enhance athletic
performance. Research by Egan and Zierath (2013) demonstrated that training adaptations also
play a significant role in energy utilization and hydration requirements of the athlete. The
relative intensity and duration of a training session influences the contributions of both CHO and
lipids, as well as the amount of circulating extramuscular and intramuscular fuel sources used in
energy production (Egan & Zierath, 2013). Adaptations seen within athletes participating in both
aerobic and anaerobic training include increases in mitochondrial biogenesis, capillary density,
and upregulation of specific enzyme functions depending on the mode of training experienced by
the athlete for their particular sport (Hearris et al., 2018). The most impactful of these changes is
the occurrence of mitochondrial biogenesis (Bartlett et al., 2014). This remodeling causes
increases in both mitochondrial number and volume, as well as changes in the composition of
organelles (Howald et al., 1985). These alterations includes both an increase in size and number
of mitochondria located within the trained skeletal muscles, these adaptations enable higher

absolute exercise intensities and workloads to be met (Egan & Zierath, 2013).
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Energy Metabolism

Energy production within the body occurs predominately from the breakdown of CHO
and fats as well as to a lesser extent with protein (Dohm, 1986). The relative amounts of CHO
and fats being utilized during exercise is dependent upon both intensity and duration of the
exercise as well as the training status of the individual (Egan & Zierath, 2013). Research has also
indicated that at low to moderate exercise training intensities the primary source of fuel for the
skeletal muscles are glucose and free fatty acids (FFA) released from adipose tissues through
lipolysis (Egan & Zierath, 2013). Additionally, as exercise intensity increases muscle utilization
of FFA declines and the use of glucose for energy production increases up to maximal intensities
(Van Loon et al., 2001). Whereas exercise completed for a prolonged period of time (>60 min) at
a submaximal level, lipid oxidation becomes a larger contribution of energy production (Egan &
Zierath, 2013). Athletic performance in sport is highly dependent upon the bioavailability of
CHO within the body and subsequent research has also indicated that the two most important
substrates for muscle contractions used in sport are muscle glycogen and blood glucose (Romijn
et al., 1992). Further research has explored the relationship between fatigue during prolonged
exercise and its association with reductions muscle glycogen, blood glucose, and resultant fluid
loss, which illustrate the importance of pre-exercise concentrations for exercise performance
(Jeukendrup, 2004).

Energy production within the body during exercise activities are heavily reliant upon
stored CHO within the athlete, these stored amounts of CHO are predominately found within
skeletal muscle (400g) and the liver (100g) as glycogen, and to a lesser extent CHO are also
stored and carried within the blood (5g) (Hearris et al., 2018). The ingestion of CHO prior,

during, and after competition has been a well-established strategy to enhance performance in
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sport with high daily training volumes and intensity levels (Burke et al., 2011). These same
recommendations for daily CHO intake are also included within the International Olympic
Committee’s (I0OC) dietary guidelines (Potgieter et al., 2013). The evidence supporting the
necessity of optimal CHO bioavailability during competition for peak performance is
overwhelming and the ergogenic effect seen with optimal levels of CHO bioavailability occur
through the enhanced availability of blood glucose for energy production within the active

muscles (Coggan & Coyle, 1991).

Dietary Needs of Athletes

The importance of attaining appropriate dietary needs on a daily basis cannot be
overstated for individuals participating in athletics. Attaining these dietary needs is considered
the single most complementary factor to any physically active individual or elite athlete
(Potgieter, 2013). All types of athletes can benefit from implementing specific dietary strategies
prior, during and following training and competition to help maximize physical performance
(10C, 2011). Follow dietary guidelines on the amount, composition, and timing of food intake
have been recognized to help athletes perform and train more effectively (I0C, 2011). A review
article conducted by Kreider et al. (2010) demonstrated that adequate diets for athletes should be
well balanced providing sufficient energy in order to maintain energy balance with the added
requirements of physical activity.

Daily energy requirements for athletes can range from 50-200kcal/kg of BW depending
on the volume and intensity of training (Kreider et al., 2010). The daily CHO recommendations
for athletes can range from 3-5g/kg of BW for low intensity, skill-based sports up to 8-12g/kg of
BW for high intensity endurance-based sports (I0OC, 2011). Adequate amounts of CHO (1-2g/kg)

of BW should be consumed 3-4 hours prior to the start of training or competition (I0C, 2011).
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These CHO should be easily digestible with low fiber and fat content (10C, 2011). Further
consumption of CHO during exercise should occur within training sessions exceeding 45-
minutes in duration when sustained high intensity is required. The recommended amount of
CHO required during exercise can vary from small sips of a sports drink containing a CHO
solution to as much as 30-60g/h for aerobic based sports (I0C, 2011). Post exercise CHO
ingestion should occur within 30 minutes of the end of the training session or competition aiming
for 1-1.2g/kg of BW per hour for the first four hours following activity (I0C, 2011).

Daily dietary requirements of protein for athletes also vary across differing sports;
general guidelines for athletes are 1.3-1.8g/kg of BW (I0C, 2011). Elevated amounts of protein
(1.6-1.7g/kg) of BW are recommended for individuals participating within strength-training
sports (I0C, 2011; Slater & Phillips, 2011). The consumption of sufficient amounts of protein
helps to support muscle protein synthesis, reduces muscle protein breakdown, and repairs muscle
damage (Phillips et al., 2011). Additionally, the ingestion of 20 grams of protein with CHO
within 30-minutes post exercise is recommended and shows beneficial effects (I0OC, 2011; ISSN,
2010; ACSM, 2009). Some of these effects include an improved performance both during
exercise and during recovery prior to subsequent exercise tests (Betts & Williams, 2010).

Daily intake of fats for athletes should include no less than 15-20% of total caloric intake
(10C, 2011). Intake of proper amounts of dietary fats ensures optimal health, energy balance
maintenance, adequate amounts of essential fatty acids and fat-soluble vitamins, as well as
replenishing intramuscular triacylglycerol stores (Kreider et al., 2008). In addition, adequate
fluid and electrolyte intakes should limit hypohydration to <2% losses in body mass and

maintain athletic performance (10C, 2011).
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Dietary Assessment Methods

The dietary needs of a particular athlete are highly variable and reliant upon the energy
demands required by the sport in which they participate. Dietary assessments can help provide
information regarding daily nutrient intake to help match energy intake with energy needs. The
attempt to record what people consume is not an easy task, even when the best possible methods
are selected some measurement errors are introduced and need to be accounted for in the analysis
of results (Freedman et al., 2011). There are two main classifications of assessment methods:
short and long-term instrumentation (Bailey, 2021). Short-term dietary methods are aimed to
obtain a thorough reporting of all the foods and beverages consumed by an individual over a
short period of time (Kirkpatrick et al., 2019). Whereas long-term dietary evaluations aim to
capture dietary information over an interval of weeks up to a year (Bailey, 2021). Self-reported
dietary intakes are also routinely used and can be grouped into real-time recording (food diaries
and duplicate food method ) and methods of recall (dietary histories, food frequency
questionnaires (FFQs), and 24-hour dietary recalls (Naska et al., 2022). Within food diaries
individuals are asked to record every food or beverage they consume in real time; it also requires
the recording of actual quantities consumed, whereas within the duplicate portion method pairs
of daily portions are used, with one being consumed by the individual and the second being
chemically analyzed for content (Naska et al., 2022). Additionally, there are a range of well-
established self-reported dietary assessments methods of recall used, these include 24-hour
dietary recalls, diet histories, FFQs, and food records (Burrows et al., 2019). The application of
24-hour dietary recalls and food records are often useful because they capture
multidimensionality with foods and beverages being consumed over a fixed number of days

(Thompson et al., 2017). The Automated Multiple-Pass Method (AMPM) has also been shown to
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be a valid measure and tool administered when capturing foods and beverages consumed over
multiple days (Moshfegh et al., 2008). However, accurately measuring dietary exposures through
self-report are notoriously difficult to measure accurately and reliably (Bailey, 2021). These
approaches can be very useful, but they are known to mis-report, which is frequently classified
as over- or under-reporting (Harrison et al., 2000). Further image-based dietary assessment
(IBDAs) methods have been developed and require participants to capture digital images of
foods and beverages prior to and following consumption, similar to the traditional food record
(Rollo et al., 2016). Mis-reporting from this assessment method occur due to reactively bias in
which acknowledging one must take an image of the foods to be eaten may influence the
person’s choice in food (Gemming et al., 2015). This evaluation tool when used as a primary
dietary record, provides a valid assessment result of energy intake (EI) and macronutrient intake
as traditional methods like 24-hour recalls, but not doubly labeled water (DLW) (Ho et al.,
2020).

The use of objective dietary assessment tools are also used and are necessary to measure
the validity of the assessment techniques chosen for nutrient intake records (Burrows et al.,
2019). The DLW assessment is an objective method of evaluating total energy expenditure
(TEE), often used as a reference measure for gauging the validity of self-reported EI within
individuals who are relatively weight stable (Burrows et al., 2010). For example, research
conducted by Eldridge et al. 2018) found that IBDAs along with other traditional methods show
to have measurement errors significantly under-estimating EI when compared to DLW. A review
conducted by Trabulski et al. (2001) determined that El is consistently under-reported when
compared to DLW with the majority of the assessment tools being used were food record or

diaries. Further research has shown that assessment tools measuring EI most often under-
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estimate actual amounts, with a range of 11-41% for food records, 1.3-47% for diet histories, and
4.6-42% for FFQs (Burrows et al., 2019). Whereas 24-hour recalls have been shown to have the
lowest total amount and lowest level of variation, with under-estimates of El in range of 8-30%
(Burrows et al., 2019). EI was also shown to be under-estimated by 20% ranging all the way to
37% in some assessments (Ho et al., 2020). Certain characteristics have also been identified to be
associated with under-reporting, these include dietary restraint, socioeconomic status, and gender

(Hill & Davies, 2001).
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RESEARCH DESIGN
The purpose of this research study was to examine if a specific fluid recommendations
for TAF athletes, based upon USG classification cutoffs, helps to improve performance in
practice or competition. This research will also analyze the influence of BW on the amount of
fluid and/or electrolyte supplements an athlete needs to consume in order to attain an euhydrated

state prior to practice or competition.

Sampling Technique

Subjects were comprised of NCAA collegiate division | TAF athletes attending the
University of Mississippi. Each of the voluntary participants had received medical clearance to
participate within this study through completion of pre-participation exams (PPE) prior to the
start of this study, therefore all were deemed physically fit and healthy. On the initial day of the
study participants reported to the laboratory to have anthropometric measurements of height,
weight, and body composition, as well as estimation of resting metabolic rate (RMR).

Body composition (BW, lean body mass (LBM), fat mass) was examined using a
BODPOD (air displacement plethysmography, COSMED; USA) measurement. The two-
compartment model was used to establish fat-free and fat mass utilizing the Siri equation; [(%
body fat = (495/Body Density) — 450]. The COSMED equipment and computer system then

determined each participant’s resting metabolic rate (RMR), using the abbreviated Weir
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equation; [3.9 (VO) + 1.1 (VCO>)] x 1.44. This value was then used for a calculation of daily
total caloric needs.

Participants were then instructed of the study protocol to follow throughout the duration
of the 5-week study. On the preliminary day of data collection, athletes met at the field house
located at University of Mississippi’s track and field facility. Measurements of daily temperature,
relative humidity, and cloud cover were record for both morning and practice times. Each of the
participants provided their initial urine samples in the mornings 2-3 hours prior to the start of
daily training sessions. The USG measurements were then used to assess HS established on the
following cutoff points: well hydrated (USG < 1.010), euhydrated (USG = 1.011-1.020),
significant hypohydration (USG = 1.021-1.029), and severe hypohydration (USG > 1.030). The
USG was then analyzed using a hand-held refractometer (PAL-10S, ATAGO; Bellevue,
Washington). The refractometer was calibrated with 2-3 teaspoons of water prior to the
assessment of each urine sample. Each of the participant urine samples were collected and
evaluated within 30 minutes from the time of initial fluid excretion. Following the determined
USG reading, a fluid recommendation was prescribed to the participant based upon the group
they were randomly assigned. This included two different groups, one group receiving
recommendations from USG classification cut off values (control), as seen in Table 2. The
second group received fluid recommendations based relative to BW (experimental). Participants
within the experimental group would follow the same fluid recommendations but the quantity of
fluid volume prescribed was dependent on each individual’s BW and determined by the
following formula: = (7.5g/kg BW). The participants were then supplied with their own water
bottle to be used throughout the study to consume the daily fluid intake recommended by each

protocol. After the initial USG measurement of the first urine sample was recorded, fluid
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recommendations were determined, and one of four hydration protocols would be given to the
individuals within the control group (Table 2). The volume of recommended fluids would then
be distributed into the participants’ water bottle to be consumed throughout the 2—-3-hour period.
The subjects again report to the field house at the track and field facility to give their second
urine sample <30 minutes prior to the start of their daily training session. Once the sample was
collected USG measurements were taken and recorded. These daily study protocols were
followed Monday through Friday for 5-weeks.

Additionally, subjects in this experiment also completed a performance measure of VJH
throughout the 5-week interval of this research study. Each participant reported to the Gillom
Center or Indoor Practice Facility (IPF) weight rooms once weekly to perform a vertical jump
test, occurring within 30 minutes of their 2" daily USG measurement. The participants entered
the weight room and were instructed to step onto the force mat in an athletic position and jump
with maximal effort. The jump measurements were recorded and repeated for a total of 3
repetitions attempting for the highest vertical jump possible. Each participant completed a total
of 15 VJH measurements over the duration of this investigation.

Sample Size
The sample size was be based upon the amount of available and willing athletes on the

University of Mississippi’s current TAF roster.

USG Measurement
USG measurements within this study were analyzed using a validated hand-held
refractometer (PAL-10S, ATAGO; Bellevue, Washington). Measurements were collected twice

daily before practice for the entirety of this 5-week investigation.

Vertical Jump Assessment
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Estimated VJH was measured once weekly for five weeks with each participants
throughout the duration of the study. Each participant was instructed to stand on the jump mat
(Probotics Inc; Huntsville, AL) in an athletic position and complete a total of three separate
jumps at maximal effort for an estimation of VVJH; the three measurement were then averaged for
each participate.

Data Analysis Methods

All collected data was encoded and analyzed through SPSS 26.0 statistical software
package (SPSS Inc. Chicago, IL). Statistical significance will be set to p < 0.05. A split-plot
analysis of variance (SPANOVA) was conducted between hydration groups across pretest and
posttest measures of VJH. Assumptions for normality, homogeneity of covariances, and
homogeneity of variances were met. A SPANOVA analysis was ran to determine VJH among
participants within this study. A Pearson’s correlation analysis was conducted to establish the
effect of VJH on athletic performance metrics.

Ethical Considerations

Procedures to protect subjects’ privacy occurred in a manner in which names, phone
numbers, and e-mail addresses, were recorded and stored in a locked filing cabinet. All
participants were be given an ID number unrelated to personal record identifiers and this ID was
used to link the participant’s personal information with their data collected during the study.
Thus, all data and personal information was locked in separate filing cabinets, and any
information stored electronically was saved on password protected computers that were only
accessible by faculty and fellow graduate students. All participants’ related material will be kept

for at least 5 years.
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Abstract: Maintenance of hydration levels are often a key focus when trying to sustain athletic
performance in sport. The amount of fluid intake needed to reach appropriate hydration levels
varies widely from a multitude of factors. This ideal hydration level (euhydration) is
characterized by an optimal total intracellular and extracellular body water content, which is the
ultimate goal of fluid intake protocols within athletics. The aim of this research was to
investigate if a specific fluid recommendations for track and field (TAF) athletes, based upon
urine specific gravity (USG) classification cutoffs, helps to improve athletic performance. This
study also analyzed the influence of body weight (BW) on the amount of fluid and/or electrolyte
supplements an athlete needs to consume in order to attain an euhydrated state prior to practice
or competition. A total of 35 subjects participated in the study, who were then divided into two
groups: a control and experimental each receiving different hydration protocols. Fluid intake
needs were assessed using anthropometric tests and air displacement plethysmography. Urine

samples were taken to determine hydration status (HS) and were analyzed through USG



measurements. The results indicated that HS was increased in both groups upon engagement of
the hydration recommendation protocol routine. However, the analysis of HS showed that there
was not a statistically significant interaction between the hydration protocol groups. The
application of hydration protocols based on BW are not indicated to be necessary to achieve a
euhydration state when TAF athletes follow specific fluid recommendations based upon USG

classification cutoffs.

Keywords: euhydration, track and field, urine specific gravity, body weight, anthropometric, air

displacement plethysmography

1. Introduction
The components influencing human physical performance are multifactorial and determined

by a range of environmental (physical training, nutrition, and technological aids) and genetic
factors [1]. In the field of nutrition, HS has long been studied for its significant role influencing
health and well-being, as well as physical capacity [2]. Research has also demonstrated that HS
is greatly effected by fluid intake, exercise intensity, and environmental factors which are
essential for performance [3]. This has led to further development of hydration strategies to
improve athletic performance across a variety of sporting domains. The analysis of HS can be
measured through a variety of techniques, which provide valuable information guiding the
development of appropriate hydration protocols to optimize athletic performance.

During physical activity thermoregulation of the body is dependent upon several factors
including the environment, (i.e., ambient air temperatures, humidity, wind velocity, and solar

radiation), task dependent parameters of heat exchange, (i.e., metabolic rate of heat production



and clothing), and personal parameters (i.e., age, sex, body mass, body surface area, and aerobic
fitness) [4]. Each of these factors needs to be considered when designing hydration protocols in
order to maintain appropriate HS. The evaluation of HS can be characterized by a few common
terms; euhydration (i.e., a state of optimal total intracellular and extracellular body water (TBW)
content, hypohydration (i.e., a state of water deficit with insufficient replacement of fluids
caused by acute or chronic dehydration), and dehydration (i.e., the process of losing water from
the body through sweating during exercise) [5,6].

The measurement and analysis of HS is conducted through five main techniques: plasma
osmolality (Posm), urine osmolality (Uosm), USG, urine color (UC), and body weight (BW) [7].
USG measurements are often used because it is a simple, accurate, and valid indicator of whether
an athlete is hypohydrated before exercise [8]. The National Athletic Trainer’s Association
(NATA) classify hydration states into four categories: well hydrated (USG < 1.010), euhydrated
(USG =1.011-1.020), significant hypohydration (USG =1.021-1.029), and severe hypohydration
(USG > 1.030) [9]. These standard classifications for HS are used across a multitude of sports in
a variety of different athletes. Further tailoring these recommendations based upon one’s relative
BW may provide additional accuracy in providing adequate fluid needs to maintain euhydration
and improve athletic performance.

Importantly, in order to determine the actual relationship between athletic performance
and USG cutoffs, the influence of BW on the amount of fluid and/or electrolyte supplements
necessary achieve optimal TBW content must first be assessed. The majority of previous
research on HS has focused on endurance sports such as cycling and distance running [10,11].
The results of these studies have indicated that proper hydration maintenance while competing in

endurance activities is essential to athletic performance, which is greatly dependent upon the



body’s ability to match energy production requirements of the sport [12]. Additionally, previous
research analyzing the effect of hot ambient temperatures and hypohydration on anerobic
performance has been less studied and somewhat less clear [13,14]. Therefore, it can be
hypothesized that specific fluid recommendations protocols from USG cutoffs based upon one’s
relative BW will better maintain optimal HS than those athletes following the standard USG
fluid recommendation protocol. The aim of this study was two-fold: to assess specific fluid
recommendations upon USG cutoffs and to determine if BW influences the amount of fluid
and/or electrolyte supplements an athlete needs to consume to achieve an optimal TBW content.
2. Materials and Methods
2.1 Participants

Participants were comprised of NCAA collegiate division | TAF athletes attending the
University of Mississippi. Data was collected from the participants for a duration of 5-weeks
during the 2021 fall semester. Each of the voluntary participants had received medical clearance
to participate within this study through completion of pre participation exams (PPE) prior to the
start of the study, thus all were considered physically fit, healthy, and able to take part within the
study. Subjects were recruited and randomly assigned into two groups. In Group 1, participants
followed fluid recommendations based on USG hydration cutoffs [9]. Within Group 2,
participants received fluid recommendations based on BW. All research procedures were
conducted in accordance with the principles set by the University of Mississippi Institutional
Review Board (IRB).
2.2 Assessment of Anthropometry

Participant anthropometric measurements of height, weight, and body composition were

collected. Body composition (BW, lean body mass [LBM], fat mass) was analyzed using a



BODPOD (air displacement plethysmography, COSMED; USA) measurement. The two-
compartment model was used to determine fat-free and fat mass utilizing the Siri equation;
[(% body fat = (495/Body Density) — 450]. Participants measures of height and body mass were
recorded and then used with the assessment of body composition through air displacement
plethysmography. This analysis further provides the measures of lean body mass and body fat
percentage, as well as calculated estimates of resting metabolic rate (RMR) and total energy
expenditure (TEE).
2.3 Assessment of Resting Metabolic Rate & Caloric Needs

A measurement of resting metabolic rate (RMR) was taken using the COSMED
apparatus and computer system which then determined each participant’s RMR, using the
abbreviated Weir equation; [3.9 (VO.) + 1.1 (VCO>)] x 1.44. This value was then used for a
calculation of daily total caloric needs. Through this calculation a TEE for each participant was
computed accounting for additional caloric needs based upon physical activity levels.
2.4 Assessment of Hydration Status & USG Measurements

Daily urine samples were collected from each participant and provided their initial urine
samples in the mornings 2-3 hours prior to the start of each training session. USG measurements
were then used to assess HS based on the following cutoff points: well hydrated (USG < 1.010),
euhydrated (USG =1.011-1.020), significant hypohydration (USG =1.021-1.029), and severe
hypohydration (USG > 1.030). USG was then analyzed using a hand-held refractometer (PAL-
10S, ATAGO; Bellevue, Washington). The refractometer was calibrated with 2-3 teaspoons of
water prior to the assessment of each urine sample. All participant urine samples were collected
and analyzed within 30 minutes from the time of initial fluid excretion. The participants would

once again report to the field house at the track and field facility to give their second daily urine



sample within 30 minutes prior to the start of their training session. Once the sample was
collected USG measurements were taken and recorded. These daily research protocols were

followed Monday through Friday for a total of 5-weeks.
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Figure 1. Intervention and control group procedures of the study in accordance to the research
protocol. Overall, there were a total of 35 subjects participating in the investigation with (n=18)
athletes within group 1 (control) and (n=17) athletes within group 2 (experimental). A total of 88
first and second USG measurements were taken for group 1 and 92 first and second USG

measurements were taken for group 2.



2.5 Assessment of Fluid Prescription

Following the measured USG reading, a fluid recommendation was prescribed to the
athletes based upon the group they were randomly assigned. This included two groups, one
group with recommendations from the standard USG classification cut off values (control), as
seen in Table 1. The second group with fluid recommendations based relative to BW
(experimental). The subjects were then provided with their own water bottle to be used
throughout the duration of the study to consume the daily fluid intake recommended by each
protocol. After the initial USG measurement of the first urine sample was recorded, fluid
recommendations were determined, and one of four hydration protocols would be given to the
individuals within the control group; USG < 1.010 (maintain current hydration practice &
consider adding electrolytes to meals, no fluids were provided), USG = 1.011-1.020 (drink 16.9
fluid ounces of water, USG = 1.021-1.030 (drink 20 fluid ounces of Gatorade®), USG > 1.030
[drink 20 fluid ounces of Gatorade® + 1 packet of The Right Stuff® (electrolyte liquid drink
additive)]. Subjects within the experimental group would follow the same fluid recommendations
however the quantity of fluid volume prescribed was dependent on each individual’s BW and
determined by the following formula: = (7.5g/kg BW). The volume of prescribed fluids would
then be dispensed into the participants water bottle to be consumed entirely throughout the 2—3-

hour period.



Table 2. USG Classification/Categories & Fluid Intake Recommendations.

Hydration Category USG Fluid Intake
Recommendation Protocol
Well Hydrated <1.010 Maintain current hydration

practice & consider adding
electrolytes to meals

Euhydrated 1.011-1.020 Drink 16.9 fl oz. of water
(Dasani bottle)
Significant Hypohydration ** 1.021-1.030 Drink 20 {l oz. of sports drink
(Gatorade)
Severe Hypohydration ** >1.030 Drink 20 {1 oz of sports drink

(Gatorade) + 1 packet of The
Right Stuft (electrolyte liquid
drink additive)

*USG cutoffs based on Casa, 2000  **If athlete is still in this category after 2™ pre-practice USG, he/she will be marked as

high risk and protocol will be adjusted or individualized to add more electrolytes.

2.6 Assessment of Weather Parameters (Temperature, Relative Humidity, and Cloud Cover)
Measurements of daily temperature, relative humidity, and cloud cover were recorded for both
morning and practice times daily for the 5-week duration of the study.
2.7 Statistical Analysis

A split-plot analysis of variance (SPANOVA) was conducted between hydration groups
across pretest and posttest measures of HS. An alpha level of .05 was utilized. Assumptions for
normality, homogeneity of covariances, and homogeneity of variances were met. A SPANOVA
analysis was ran to determine HS among participants within this study. All data was encoded and
analyzed with SPSS 27.0 statistical software package (SPSS Inc. Chicago, IL). Statistical

significance was set at p < 0.05.

3. Results



The anthropometrics measurements taken for each of the participants are shown below
(Table 1). These participants were involved in a hydration recommendation protocol to examine
the statistical significance between two differing hydration protocols allowing participants to

reach a euhydrated HS.

Table 1. Subjects Demographics and Anthropometric Measures

Male Female Total
n=19) (n=16) (n=35)
Age (y) 20.39+1.29 20.84= 0.98 2057+ 1.18
Height (cm) 181.05+ 6.22 169.34+ 6.35 176.17 £ 8.52
Body Mass (kg) 74.75£ 5.94 62.88+ 6.02 69.43 = 8.68
BMI (kg/m?) 22.99+ 1.82 20.78+ 2.01 23.28£2.91
Fat Free Mass 67.44+ 5.49 52.52+ 5.57 61.22+£9.24
Body Fat % 9.68+ 4.48 15.26+ 3.81 12.00 = 5.00
Resting Metabolic Rate
(RMR)
(kcal'day) 1769.61= 139.60 1393.20= 143.44 1612.77 = 234.07
Total Energy Expenditure
(TEE)
(kcal'day) 3079.14= 242.84 2424.20= 249.64 2806.25 = 407.26

Subject demographics are expressed mean = SD

A group of 35 subjects (16 females, 19 males; ages 18-23) participated and were
randomly assigned into two groups. Group 1 (18 participants), subjects followed fluid
recommendations based on USG hydration cutoffs [9]. In Group 2 (17 participants), subjects
received fluid recommendations based on BW. A sensitivity test was conducted to determine the
statistical power from the sample. Given the total sample size of 180 data points, it had a
statistical power large enough to detect a small effect size of 42 = .011.

The split-plot analysis of variance (SPANOVA) conducted between hydration groups
determined that there was not a statistically significant interaction between the hydration

protocol groups, F(1, 178) = 1.21, p = .272 (see Figure 1). Thus, results are generalizable across



testing periods and hydration groups. However, there was a statistically significant difference
between pretest and posttest HS, F(1, 178) = 410.45, p < .001, 5% = .70 indicative of a very large
effect size. Hydration was increased in both groups upon engagement of the hydration
recommendation protocol routine (Table 3).

Table 3. Descriptive Statistics of Hydration Groups Across Testing Periods.

Hydration Protocol Mean SD N
Pretest Control 1.019 0.005 88
BW 1.014 0.006 92
Total 1.017 0.006 180
Posttest
Control 1.008 0.006 88
BW 1.005 0.004 92
Total 1.007 0.006 180
*p < 0.05
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Figure 2. Plot of hydration levels pre- and post-test for fluid
recommendation protocols for experimental and control groups.
4. Discussion
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In the present study a population of division I collegiate TAF athletes’ daily
measurements analyzing HS were administered to provide further insight into the role of
hydration on overall health and its effect on athletic performance. The findings from our study
suggest that an individual’s BW does not influence the amount of fluid and/or electrolyte
supplements needed to consume to achieve a state of euhydration following the USG
classification cutoffs [9]. However, it was evident when analyzing the collected data that both
hydration protocols used within this study significantly improved HS from initial USG
measurements to the second USG measurements within a 2—-3-hour period. Each hydration
protocol facilitated hydration levels towards optimal levels < 30 minutes prior to the start of
training sessions.

The findings of this study suggest that fluid intake recommendations from USG
classification cutoffs adequately improve HS to optimal levels independent of the individual’s
BW. Previous research has used differing protocols to analyze HS prior to the start of exercise,
some applying a standard (~500 mL) [15,9, 31,29] and others providing ranges (5-10
mL/kg'BW)[27,26,28]. Within the fluid recommendation based on BW the following equation
was used to determine each quantity of volume to be distributed (7.5mL/kg- BW). Further
analysis of the differing recommendation protocols suggests there may be a threshold in which
we would expect a divergence in HS following the protocols. The 500 mL water and 592 mL
Gatorade® recommendations for fluids are a standard volume which is capable of providing
adequate hydration to those within the range in which it provides. Overall, these guidelines for
hydration appear to be efficacious for the large majority of individuals. However, within the

realm of sports this protocol has potential to provide inadequate fluids and electrolytes for
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individuals having a larger BW. For this reason, the use of BW in the calculation of fluid needs
adds a degree of specificity to the protocol and a larger volume to the individual.

The TAF athletes taking part in this study participate in a variety disciplines within the
events of jJumping, sprinting, and pole vaulting. The use of this distinct group of athletes for this
research enabled a unique ability to gather data within the environment of athletics. The
protocols used within this study provided important insights on both the overall effectiveness and
practical use of hydration recommendations and their utility in sport.

The findings of this study provide additional validation for the efficacy of USG
recommendation cutoffs for hydration protocols which are able to hydrate an athlete to ideal
levels for performance within a period of 2-3 hours. Larger individuals could benefit from
consuming larger volumes of fluids meeting their hydration needs (5-10 mL/kg'BW)[27,26,28]
This occurrence helps to illustrate the resiliency of the human body, and its ability to maintain
total body water within such a narrow range and time frame to homeostasis[5]. Our data revealed
that BW did not significantly impact the ability of the participant to reach improved HS and
attain optimal fluid and electrolyte levels. Additional results from this research observed was the
frequency in which participants were found to be “significantly” hypohydrated at their initial
morning USG measurements[9]. This research utilized a refractometer to collect USG
measurements of HS from participants which has been validated in previous studies[21,22,8].
These participants routinely had USG readings ranging from (1.021-1.029). The results indicated
for these subjects’ adherence to the fluid prescription recommendations showed to adequately
rehydrate these individuals within the 2-3 hours and reached a state of euhydration within 30
minutes of daily training sessions. This clearly illustrated the efficacy of the hydration protocol

because these athletes were considered to be “significantly” or even those considered less
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hydrated, within the “severely” hypohydrated USG classification of (= 1.030) were still able to
reach an optimal HS following the hydration protocol. However, it is important to consider that
these individuals classified into the two highest USG categories of hypohydration would
experience increased cardiovascular stress[16] and compromised thermoregulation [17] if they
were to perform a training session in that state of hypohydration. Measurements of USG ranging
from (1.021-1.030) correlate to a ~3 to ~5% loss in BW from water loss[8]. Indicated by
previous research, hypohydration to this extent would no doubt lead to detriments in athletic
performance in a variety of performance metrics[11,19,20,21,22] Throughout the duration of this
study, it become more evident that many of the participants were chronically hypohydrated
during the initial morning USG measurements. An analysis of the data pertaining to the
prevalence and magnitude of the hypohydration of the initial USG measurements revealed that
24.6% of participants arriving every morning during the week had a USG reading of (>1.021)
classifying these athletes as significantly hypohydrated and considered to be “high risk” by the
hydration recommendation protocol to participate in training[8]. The presence of chronic
hypohydration within a number of participants highlights the need for daily self-assessment tools
for HS. Fortunately, some researchers have developed a self-evaluation tool of day-to-day
hydration status, the (WUT) symptoms, the authors created it to simplify hydration status
monitoring for athletes and ensure optimal hydration status for training and competition[9]. The
hydration assessment tool focuses on three parameters or signs of hypohydration: weight loss,
urine color, and thirst. In the presence of two parameters hypohydration is likely, possessing all
three markers, hypohydration is very likely[24]. The authors suggest that parameters of
hypohydration should be assessed each morning upon waking up and greater attentions should be

focused upon 24-hour fluid and electrolyte intake.
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The data revealed that fluid recommendation protocols based on BW was not any more
effective or efficacious in rehydrating the experimental group of participants to optimal HS than
the standard USG classification protocols. The intention of this research was to analyze the
efficacy of USG classification cutoffs fluid recommendations for athletes varying in body size,
circumference, and weight, as well as the type of sport in which they compete. The large
discrepancies in anthropometric measures between TAF athletes competing in different events
(sprinting, jumping, and pole vaulting) help to illustrate the possible variability in daily fluid
intake requirements. The differing types of training required to compete in these TAF events
effects several factors influencing thermoregulation [3,4,11,18], which should be considered in
the proper maintenance of HS. Further research should analyze daily fluid intake habits in
athletes and how they are affected by receiving information and education of the role hydration has
on overall health and performance.

There were several limitations found within the present study. One of the major
constraints of this investigation was participant compliance throughout the duration of this
investigation. This could be attributed to numerous factors, (e.g., athletics/team obligations,
school responsibilities, or social commitments). Also, the fluid recommendation protocols for
this study required the subjects to only consume the fluids provided in each of their water bottles
between USG measurement. However, the actual amount of compliance to those instructions for
each athlete was highly variable, thus introducing possible confounding variables in the 2™ daily

USG measurements,
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5. Conclusions

In conclusion, the present study demonstrated that BW did not significantly affect the
fluid recommendations needed to attain a state of euhydration prior to the start of training
sessions. Hydration protocols based upon USG cutoffs maintained HS regardless of an

individual’s BW.
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Abstract

Hogg JS, Kostelnik SB, Andre TL, Joung Hyun-Woo (David), Bomba AK, Jo Jangwoo (JJ),
Valliant, MW. The effect of hydration status (HS) on athletic performance metrics in collegiate
track and field (TAF) athletes. J Strength Cond Res. The role of hypohydration on aerobic
performance has long been studied however for less is known about its effect on anaerobic
performance. The purpose of this study was to evaluate the effects of HS on the athletic
performance measure of vertical jump height (VJH). Using a between subject design, 35 subjects
performed weekly VJH assessments following a HS analysis through urine specific gravity
(USG) measurements. These daily measurements were assessed to determine HS through
specific guidelines for USG classification cutoffs for hydration status. Both daily USG and
weekly VJH assessments were collected for the duration of the 5-week study. The results of this
investigation were evaluated through a Pearson’s correlation analysis examining the relationship

between HS and VJH measures. The analysis of the data concluded there was not a statistically



significant relationship between the HS and VVJH within the research study. There was no
significant correlation between the two variables (r =-0.24, p = 0.301). These findings indicate

HS is not associated with significant changes in VJH among TAF athletes.

Key Words: hydration status, vertical jump height, urine specific gravity, track and field

Introduction

Within recent years, numerous studies have explored the role of HS and its effects on
thermoregulation (11,42,13,17,22). The findings of these investigations have contributed greatly
to further our understanding of the physiological demands placed upon athletes while
participating in the heat and its resultant effect on performance. The capacity of the body to
maintain thermoregulation is dependent upon several parameters of the environment, (i.e.,
ambient air temperatures, humidity, wind velocity, and solar radiation) (38). In the presence of
these warm and muggy conditions the human body’s most effective means to dissipate heat is
through evaporative heat loss into the environment (30). The major variables impacting total
sweat loss include body size, exercise intensity, exercise duration, environment, and choice in
clothing, these factors make up greater than 90% of the variability in sweat loss amounts seen
among athletes (14). Within temperate or warmer environments, dissipation of heat through
sweating can account for more than 50% of heat loss, which can nearly approach 100% in very
hot environments (6). Previous research as indicated that a rise in humidity in the presence of hot
temperatures elevates physiological strain through a reduction in evaporative capacity to the
environment (35). This impact of humidity on thermoregulation and circulatory stress has been
indicated to decrease capacity to perform and complete exercises requiring all out efforts or
intensities (33). Additionally, the participation of exercise within these intense and muggy

environments can greatly influence hydration needs which may pose severe challenges to the
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human regulatory systems (19), which has also been revealed to hinder endurance performance
resulting from the development of hyperthermia (36). For this reason, the importance of
maintaining proper HS while exercising cannot be overstated. Research conducted by The
National Athletic Trainers’ Association (NATA) provides evidence-based recommendations that
promote optimized fluid maintenance practices for physically active populations and those
participating in sport, these fluid replacement protocols maintain optimal HS which aides in
sustaining athletic performance, increases metabolic heat transfer, and supports recovery from
exercise (30). However, proper daily fluid intakes may not occur, thus causing hypohydration
which is defined as body water content deficits >2% beyond normal daily fluctuations (42). This
state of suboptimal hydration within humans can be induced through water restriction, prolonged
exercise, heat stress, and administration of diuretics (1,48). Research focusing on HS of elite
level athletes observed the majority of athletes arrived to daily workouts hypohydrated
(37,50,39). The occurrence of hypohydration in athletes may also be the result of improper fluid
intakes during recovery following training sessions.

Evidence demonstrating the negative effect of hypohydration on aerobic performance is
overwhelming when total body water loss > 2% (38,43,42,28,4,9,12). However, the overall
influence of HS on athletic performance within anerobic sports is somewhat limited and less
studied (34,7). Studies including TAF athletes of either elite or collegiate level focus on a
relatively limited number of disciplines and often exclude the anerobic based events (jumping,
sprinting, and pole vaulting). The majority of these studies analyzing performance and HS focus
upon aerobic events of cross country and distance running (6). As a result, there appears to be
gaps within the literature regarding HS and its effect on performance within these shorter

duration TAF events. However, the studies that have been conducted often reveal conflicting



results and regarding the actual effect of hypohydration on athletic performance. One such study
analyzing anerobic performance with moderate levels of hypohydration (1.7-3.6% loss in BW)
determined no significant impact on performance measures (7). Additional research focusing on
(~4% loss in BW) concluded that there is no net effect of hypohydration on VVJH because of
offsetting reductions in vertical ground reaction impulse and body mass. (8). However, the
authors suggest that the difficult to perceive reductions in strength to mass ratio seen in
hypohydration may negatively impact performance in sports (8). A further study analyzing (1-
4% loss in BW) revealed that a deterioration in motor skill performance was initiated and
progressively became more significant as additional loss in body mass was incurred (2). A
review focusing on the effects of hypohydration (>1% loss in BW) on specific anaerobic
parameters of performance determined that muscle endurance, strength, and anerobic power are
all significantly reduced in a hypohydrated state (42). The authors suggested that dehydration
impairs non-BW-dependent muscular performance in a functional related manner and
hypohydration of (~3%) may actually enhance BW-dependent tasks such as VJH (42). These
studies indicate that while there does appear to be degrees of reduction in some parameters of
performance there is still a high degree of variability and conflicting evidence as to the effect of
hypohydration and the resultant effect on athletic performance. These inconsistencies reveal the
necessity to further investigate how athletic performance is effected by the presence of
hypohydration

The purpose of this study was to determine the role of HS on athletic performance
measures in TAF athletes. Previous research exploring the role of hypohydration on athletic
performance have used differing methods and protocols to analyze metrics of anerobic

performance. Specifically, the aim of this research was to assess HS and VJH to further expand



on the findings of previous investigations and built upon the knowledge of this topic.
Additionally, the protocol used in this study was developed to facilitate accurate comparisons
between results in previous studies analyzing these two variables. Previous research was limited
analyzing the role of hypohydration on metrics of anerobic power. However, we hypothesized
that as hypohydration incrementally rises it will cause reductions in VJH among participants of

this study.

Methods

Experimental Approach to the Problem

The investigators used a between-subjects research design to assess the effect of HS on athletic
performance. This investigation had participants complete a series of anthropometric
measurements and were instructed upon the procedures of the research protocol. Participants
would then provide daily urine sample to be collected and USG measurements were then
analyzed for the assessment of HS of each subject. Following the USG measurements HS was
determined through the USG classification cutoffs. The assessment of athletic performance was
conducted through the measurement of VVJH. Protocols assessing VJH were conducted weekly
through a series of three vertical jump measurements of maximal effort. The subject were
instructed to stand on the jump mat in an athletic position and complete three jumps of maximal
effort. Recorded measurements are then used to calculate estimations of vertical jump height.
Daily USG measurements and weekly VJH assessments were taken for the duration of the 5-

week study.



Subjects

Participants were comprised of NCAA collegiate division | TAF athletes attending the
University of Mississippi. Data was collected from the participants for a duration of 5-weeks
during the 2021 fall semester. Each of the voluntary participants had received medical clearance
to participate within this study through completion of pre-participation exams (PPE) prior to the
start of this study, thus all were considered physically fit, healthy, and able to take part within the
study. Subjects were recruited from the active TAF roster. Each participant reporting to the
university’s outdoor track facility provide daily urine samples to be measured for an assessment
of HS. All urine samples were administered < 30 minutes prior to the start of daily training
sessions. Research procedures were conducted in accordance with the principles set by the
University of Mississippi Institutional Review Board (IRB).

Procedures

On the participant’s initial visit to the university indoor practice facility anthropometric
measurements of height, weight, and body composition were collected. Body composition (BW,
lean body mass [LBM], fat mass) was analyzed using a BODPOD (air displacement
plethysmography, COSMED; USA) measurement. The two-compartment model was used to
determine fat-free and fat mass utilizing the Siri equation; (% body fat = [495/Body Density] —
450). A measurement of resting metabolic rate (RMR) was taken using the COSMED apparatus
and computer system which then determined each participant’s RMR, using the abbreviated
Weir equation; [3.9 (VO2) + 1.1 (VCO2)]x 1.44. This value was then used for a calculation of
daily total caloric needs. Following the completion of anthropometric measurements, the subjects
were then informed of the research protocol and given instructions to meet at the outdoor track

facility the following week. Participants were directed to meet at the facility for daily USG



measurements to assess HS. Subjects then arrived at the facility for collection of USG
measurements which were then used to assess HS based on the following cutoff points: well
hydrated (USG < 1.010), euhydrated (USG =1.011-1.020), significant hypohydration (USG
=1.021-1.029), and severe hypohydration (USG > 1.030) (see Figure 1). USG was then analyzed
using a hand-held refractometer (PAL-10S, ATAGO; Bellevue, Washington). The refractometer
was calibrated with 2-3 teaspoons of water prior to the assessment of each urine sample.

All participant samples were collected and analyzed within 30 minutes from the time of
initial administration. The participants would once again report to the field house at the track and
field facility to provide daily samples for USG measurements within 30 minutes prior to the start
of their training session. Once the sample was collected USG measurements were taken and
recorded. These daily research protocols were followed Monday through Friday for a total of 5-
weeks. Additional, measurements of daily temperature, relative humidity, and cloud cover were
recorded for both morning and practice times daily for the 5-week duration of the study.

Estimated vertical jump height (VJH) was measured once weekly for 5-weeks with each
participants throughout the duration of the study. The subject reported to athletic facility weight
rooms once weekly to perform a vertical jump test, occurring within 30 minutes of their daily
USG measurement. The subjects were instructed to stand on the jump mat (Probotics Inc;
Huntsville, AL) in an athletic position and jump with maximal effort for a total of three separate
jumps to estimate VVJH; the three measurement were then averaged for each participate. Each

participant completed a total of 15 VJH measurements over the duration of this investigation.



Anthropometric Data Collection

Upon the start of data collection for this research study subjects provided information regarding
their age and participated in several anthropometric measures as part of data collection for this
investigation. Measures of height and body mass were recorded and then applied to the

assessment of body composition through air displacement plethysmography.

USG
Measurement

USG < 1.010 USG = 1.011- USG = 1.021- USG 2 1.030
1.020 1.030

Well

Significant Severe
Hydrated Euhydrated :

Hypohydration Hypohydration

Hydration Status
(USG Classification Cutoffs)

Athletic Performance Measure
Weekly Vertical Jump Height Assessments
3 Attempts

Figure 1. Daily USG measurements occurring < 30 minutes prior to the start of training

sessions then compared to corresponding VJH measurements on days in which they were

recorded (once weekly).



Statistical Analysis

An alpha level of .05 was utilized within the statistical analysis of this study. Assumptions for
normality, homogeneity of covariances, and homogeneity of variances were met. A Pearson’s
correlation analysis was conducted to establish the effect of HS on athletic performance through
measurement of VVJH. Data collected within this study was encoded and analyzed with SPSS
27.0 statistical software package (SPSS Inc. Chicago, IL).

Results

Table 1. Participant Anthropometric Values

Male Female Total

(n = 19) (n=16) (n=35)
Age (y) 20.39+1.29 20.84= 0.98 20.57+1.18
Height (cm) 181.05= 6.22 169.34% 6.35 176.17 £ 8.52
Body Mass (kg) 74.75+ 5.94 62.88= 6.02 69.43 = 8.68
BMI (kg/m?) 22.99+ 1 .82 20.78+2.01 23.28+291

Athletic Performance Measures
A Pearson correlation analysis was computed to assess the relationship between HS and VJH.
There was no statistically significant correlation between the two variables, r(19) = (-0.24), p

= (0.301). The correlation analysis results are shown in (Table 3.)



Table 3.
Correlation analysis between hydration status

(HS) and vertical jump height (VJH).

VIH
HS -0.24
95% Confidence
Pearson Interval for Difference
df p-value Carrelation Lower Bound  Upper Bound
19 0.301 -0.237 -0.607 0217

*p<0.05

Discussion

Previous research exploring the effect hypohydration of ~3% reductions in body mass have been
shown to reduce anaerobic metrics of performance (39,28). Additionally, it was indicated that in
the presence of hypohydration reductions in muscular power occurred (27).The current study
found that hypohydration did not have a significant effect on VVJH. These findings are consistent
with the overwhelming majority of previous investigations exploring the influence of
hypohydration on jumping performance (8,36,20,21,26,49) with the exception of two studies.
Each of these two studies showed to have improvements in VJH while in a hypohydrated state.
The first of these studies analyzed the effect of rapid weight reduction on force production and
vertical jumping height (47). The remaining investigation showed to have improvements in VJH
within female mixed martial artists within a hypohydrated state while completing a weight
cycling program (16). A more recent investigation was conducted on hypohydration but failed to
influence vertical jump height (25). The authors suggested that if hypohydration fails to reduce

muscle force or power, then vertical jump height should increase as total body water decreases
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because the jumper becomes light and must move less mass. Additionally, a meta-analysis
determined that hypohydration is associated with statistically significant reductions in muscular
endurance, strength, and anerobic power (39).

Through the use of the jump mat an estimation of VJH was calculated for each of the
participant’s three attempts during the weekly performance measurements. These assessments
were recorded a total of five times during the duration of this research study. The findings of this
study suggest that there is no meaningful influence of HS on VVJH. The analysis of data indicated
there was essentially no relationship between hypohydration and VJH with a negative correlation
of (r = -.24). There were a total of ten previous original research studies focusing on HS and its
effect VJH. It was indicated that two studies reported increases in VJH (48,16), while the
remaining eight reported no significant effect VJH (8,23,20,15,21,26,49.25). The findings from
this investigation agree with the majority of other studies conducting similar research.
Investigators proposed though the consensus within the results of these studies clearly shows
there is no significant impact of hypohydration on VVJH, this may only indicate that the loss in
body mass could mask the reduction in VJH and anerobic power because of the decrease load
required to move off of the ground (25). However, additional research attempted to reveal the
reduction in anaerobic power that is normally offset or negated by a reduction in BW (8). The
use of a weighted vest worn while conducting the VJH assessment was able to remove the
advantage of a reduction in BW when performing a VJH test. The authors then suggest that the
impairments in VJH seen while wearing the vest may then indicate that hypohydration is
detrimental to performance even though it may be difficult to detect in a practical real-world

setting.
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The vertical jJump assessment is a reliable and valid assessment to measure lower limb
muscle strength and power (18), which is often used in the athletic population (24). The decision
to use this metric of anaerobic power to assess athletic performance for this population of
athletes made both practical and logical sense. These participants would be very familiar with the
protocol and this assessment would cause minimal disruption to the athletes training schedule
and would minimize issues with data collecting with these TAF athletes.

Additionally, within this present study numerous other measures of anaerobic
performance would have been utilized within the research design if it would have been feasible.
The potential exercises of choice to measure athletic performance would have been those
measuring isometric strength because of its strong relationship to dynamic strength performance;
examples include isometric mid-thigh pull, squat, and half-squat (3,32,31). Additional research
has shown these types of exercises can be manipulated in order to provide added positional
specificity; these movements closely align with sport specific movements allowing these
exercise tests to have greater relevance to performance (45). The application of dynamic strength
exercise testing would also have been useful because they are commonly performed and are
familiar exercises which include back squat, front, squat, half squat, power clean, hang clean and
leg press (46). Most likely the application of using one of these exercises would be utilizing the
set-rep best method which estimates training loads and repetitions to estimate 1RM, minimizing
the risk of unnecessary potential injuries (46). The use of a box squat or other lift the TAF
athletes commonly use throughout training would also be an option and advantageous because it
would help reduce the likelihood of injury. Force plates would have been preferred to using the
jump mat however it was not available for the use of this study. The practicality of performing

any sort of additional exercise outside of their normal lifting routine would have been nearly
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impossible with the time constraints each of the teams and coaches had moving from outdoor
practices to indoor lift groups. Integrating a lift used as a part of their training program and
tracking progressive overload for each athlete would have been most ideal. It was also attempted
to use each of the athlete’s resistance training logs to calculate an estimated 1-RM, however the
differing resistance training routines made it impossible to compare estimated 1-RM for different
exercises. The workout routines were not progressive, so there would not have been any relevant
changes in strength.

The present research study contained several limitations, the most notable of
investigation was subject compliance during the study. In the initial and final week of this
research, subject participation was less than expected. This could have been associated with a
multitude of variables (e.g., social commitments, athletics/team obligations, or school
responsibilities,). Additionally, the performance measure of VJH was not an ideal metric. |
Exercises providing movement through multiple planes and joints; include isometric mid-thigh
pull, squat, and half-squat (32) would have been preferred. However, considering the time
constrains the athletes had and the resources available for data collection, the decision to use the
vertical jump test within the present study was made because its reliable and validated
assessment measuring lower limb muscle strength and power (18). The test was used because of
its practical application to the subject population and viability of conducting with minimal

disturbances to the coaches, trainers, and athletes.

Practical Application

The group of subjects that participated in the research project were a unique group of individuals
that not often get studied in research. The TAF athletes had a very diverse set of athletic abilities

developed within their specified events in which they compete (jumping, sprints, or pole
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vaulting). It was a unique experience with these athletes’ gathering data that may potentially
elaborate on the foundation of current knowledge in regard to fluid recommendation protocols to
maintain optimal levels of athletic performance. Also, developing a better understanding of the
relationship between levels or degrees of hypohydration and the resultant impact on parameters
of athletic performance through a variety of sport domains. One of the most applicable findings
within this study was the frequency in which athletes would arrive to the initial morning USG
measurements chronically dehydrated. It was more prevalent than expected, coaches, trainers,
and sports dietitians could benefit from understanding that more than likely some of their athletes
are not as hydrated as they should be and an added focus could be applied to hydration needs in
the mornings (especially in summer months during conditioning sessions), coaches could also
consider making this a priority by emphasizing to athletes the importance of consuming fluids in
the mornings prior to workout sessions or pushing timeslots around to allow for more time
hydrate before and following practice. Additionally, athletic trainers could put this knowledge to
practical use and recognize the athletes that are not adequately hydrated for the workout session.
An emphasis on the importance of proper hydration before, during, and after training sessions
would allow athletes to perform at their best and avoid any health-related complications resulting

from suboptimal hydration status.

Acknowledgements: M.W. Valliant, S.B. Kostelnik, A. Bomba, H.-W. Joung, and T.L. Andre,
designed the study. S.B. Kostelnik and M.W. Valliant performed collection of data. H.-W. Joung
performed data analysis and interpretation. M.W. Valliant and S.B. Kostelnik assisted with
drafting of initial manuscript and submission preparation. All authors edited, finalized, and

approved the final manuscript. In addition, the authors would like to express their sincere

14



appreciation to the University of Mississippi coaching and training staffs, as well as to all of the

athletes offering their valuable time and energy participating within the collection of data.

15



-List of References-

16



. Adams JD, Sekiguchi Y, Suh HG, Seal AD, Sprong CA, Kirkland TW, Kavouras SA.
Dehydration impairs cycling performance, independently of thirst: A blinded study. Med. Sci.
Sports Exerc 50: 1697-1703, 2018.

Baker LB, Dougherty KA, Chow M, Kenney WL. Progressive dehydration causes a progressive
decline in basketball skill performance. Med Sci Sport Exer 39(7): 1114-1123, 2007.

Bazyler CD, Beckham GK, Sato K. The use of the isometric squat as a measure of strength and
explosiveness. J Strength Cond Res 29:1386-92, 2015.

. Cadarette BS, Sawka MN, Toner MN, Pandolf KB. Aerobic fitness and the hypohydration
response to exercise-heat stress. Aviat Space Environ Med 55: 507-512, 1984.

. Casa DJ, Armstrong LE, Hillman SK, Montain SJ, Reiff RV, Rich BS, Roberts WO, Stone JA.
National athletic trainer's association position statement: fluid replacement for athletes. J Athl
Train 35:212-224, 2000.

. Casa DJ, Cheuvront SN, Galloway SD, Shirreffs SM. Fluid needs for training, competition, and
recovery in track-and-field athletes. International Journal of Sports Nutrition and Exercise
Metabolism 29: 175-180, 2019.

. Cheuvront SN, Carter R, Haymes EM, Sawka MN. No effect of moderate hypohydration or
hyperthermia on anaerobic exercise performance. Med Sci Sports Exerc 38: 1093-1097, 2006.

. Cheuvront SN, Kenefick RW, Ely RB, Harman AE, Castellani WJ, Frykman NP, Nindl CB,
Sawka NM. Hypohydration reduces vertical ground reaction impulse but not jump height. Eur J
Appl Physiol 109: 1163-1170, 2010.

. Cheuvront SN, Kenefick RW, Montain SJ, Sawka MN. Mechanisms of aerobic performance

impairment with heat stress and dehydration. J Appl Physiol 109(6): 1989-95, 1985.

17



10.

11.

12.

13.

14.

15.

16.

17.

Cheuvront SN, Sawka MN. Hydration assessment of athletes. Gatorade Sports Science Institute
18(2): 1-5, 2005.

Cramer MN, Jay O. Biophysical aspects of human thermoregulation during heat stress. Auton
Neurosci 196: 3-13, 2016.

Deshayes TA, Jeker D, Goulet ED. Impact of pre-exercise hypohydration on aerobic exercise
performance, peak oxygen consumption and oxygen consumption at lactate threshold: A
systematic review with meta-analysis. Sports Medicine 50: 581-596, 2020.

Flouris AD, Schlader, ZJ. Human behavioral thermoregulation during exercise in the heat.
Scand J Med Sci Sports 25(1): 52-64, 2015.

Gagnon D, Jay O, Kenny GP. The evaporative requirement for heat balance determines whole-
body sweat rate during exercise under conditions permitting full evaporation. The Journal of
Physiology 591(11): 2925-2935, 2013.

Gann JJ, Andre Thomas LA, Gallucci AR, Willoughby DS. Effects of hypohydration on
muscular strength, endurance, and power in women. National Strength and Conditioning
Association 35(2S): S102-5106, 2020.

Gann JJ, Tinsley GM, La Bounty PM. Weight cycling: Prevalence, strategies, and effects on
combat athletes. Strength Cond J 37: 105, 2015.

Giersch GEW, Charkoudian N, Stearns RL, Casa DJ. Fluid balance and hydration

considerations for women: Review and future directions. Sports Medicine 50: 253-261, 2020.

18



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Glatthorn JF, Gouge S, Nussbaumer S, Stauffacher S, Impellizzeri FM, and Maffiuletti NA.
Validity and reliability of optojump photoelectric cells for estimating vertical jump height. J
Strength Cond Res 25: 556-560, 2011.

Gonzalez-Alonso J. Human thermoregulation and the cardiovascular system. Exp Physiol 97(3):
340-346, 2012.

Gutierrez A, Mesa JLM, Ruiz JR, Chirosa LJ, Castillo MJ. Sauna-induced rapid weight loss
decreases explosive power in women but not in men. Int J Sports Med 24:518-522, 2003.
Hoffman JR, Stavsky H, Falk A. The effect of water restriction on anaerobic power and vertical
jumping height in basketball players. Int. J. Sports Med 16:214-218, 1995.

Havenith G. Interaction of clothing and thermoregulation. Exog Dermatol 1: 221-230, 2002
Hayes LD, Morse CI. The effects of progressive dehydration on strength and power: is there a
dose response? Eur J Appl Physiol 108: 701-707, 2009.

Impellizzeri FM, Rampinini E, Castagna C, Martino F, Fiorini S, and Wisloff U. Effect of
plyometric training on sand versus grass on muscle soreness and jumping and sprinting ability
in soccer players. Br J Sports Med 42: 42-46, 2008.

Judelson DA, Maresh CM, Anderson JM. Hydration, and muscular performance: does fluid
balance affect strength, power, and high-intensity endurance? Sports Med 10: 907-921, 2007.
Judelson DA, Maresh CM, Farrell MJ, Yahanoto LM, Armstrong LE, Kraemer WJ, Volek JS,
Spiering BA, Casa DJ, Anderson JM. Effect of hydration state on strength, power, and
resistance exercise performance. Med Sci Sports Exerc 39:1817, 2007.

Kraft JA, Green JM, Bishop PA. Effects of heat exposure and 3% dehydration achieved via hot

water immersion on repeated cycle sprint performance. J Strength Cond Res 25: 778-786, 2011.

19



28.

29.

30.

31.

32.

33.

34.

35.

36.

Kraft JA, Green JM, Bishop PA. The influence of hydration on anaerobic performance: A
review. Res Q Exerc Sport 83: 282-292, 2012.

Kerksick CM, Wilborn CD, Roberts MD, Smith-Ryan A, Kleiner SM, Jager R, Collins R,
Cooke M, Davis JN, Galvan E, Greenwood M, Lowery LM, Wildman R, Antonio J, Kreider
RB. ISSN exercise & sports nutrition review update: research & recommendations. Journal of
the International Society of Sports Nutrition 15(1): 2018.

McDermott BP, Anderson SA, Armstrong LE, Casa DJ, Cheuvront SN, Cooper L. National
Athletic Trainers’ Association position statement: fluid replacement for the physically active. J
Athl Train 52(9): 877-95, 2017.

McGuigan MR, Newton MJ, Winchester JB. Relationship between isometric and dynamic
strength in recreationally trained men. J Strength Cond Res 24:2570-3, 2010.

McGuigan MR, Winchester JB. The relationship between isometric and dynamic strength in
college football players. J Sports Sci Med 7:101-5, 2008.

Muhamed AMC, Atkins K, Stannard SR, Mundel T, Thompson MW. The effects of systematic
increase in relative humidity on thermoregulatory and circulatory responses during prolonged
running exercise in the heat. Temperature 3(3): 455-464, 2016.

Naharudin MN, Yusof A. Fatigue index and fatigue rate during an anaerobic performance under
hypohydrations. Plos One 8(10): 1-7, 2013.

Nielsen B, Strange S, Christensen NJ, Warberg J, Saltin B. Acute and adaptive responses in
humans to exercise in a warm, humid environment. Pflugers Arch 434: 49-56, 1997.

Nybo L, Rasmussen P, Sawka MN. Performance in the heat physiological factors of importance

for hyperthermia-induced fatigue. Compr Physiol 4: 65789, 2014.

20



37.

38.

39.

40.

41.

42.

43.

44,

45.

Osterberg KL, Horswill CA, Baker LB. Pregame urine specific gravity and fluid intake by
National Basketball Association players during competition. J Athl Train 44: 53-57, 2009.
Periard JD, Eijsvogels TME, Daanen HAM. Exercise under heat stress: thermoregulation,
hydration, performance implications, and mitigation strategies. American Physiological Society
101: 1873-1979, 2021.

Savoie AF, Kenefick WR, Ely RB, Cheuvront NS, Goulet BDE. Effect of hypohydration on
muscle endurance, strength, anerobic power and capacity and vertical jumping ability: A meta-
analysis. Sports Med 45: 1207-1227, 2015.

Sawka MN, Burke LM, Eichner ER, Maughaun RJ, Montain SJ, Stachenfeld NJ. Exercise and
fluid replacement. Med Sci Sports Exerc 39: 377-390, 2007.

Sawka MN, Cheuvront SN, Kenefick RW. High skin temperature and hypohydration impair
aerobic performance. Exp Physiol 97: 327-32, 2012.

Sawka MN, Coyle EF. Influence of body water and blood volume on thermoregulation and
exercise performance in the heat. Exerc. Sport Sci. Rev 27: 167-218, 1999.

Sawka MN, Leon LR, Montain SJ, Sonna LA. Integrated physiological mechanisms of exercise
performance, adaptation, and maladaptation to heat stress. Compr Physiol 1(4): 1883928,
2011.

Stachenfeld NS, Leone CA, Mitchell ES, Freese E, Harkness L. Water intake reverses
dehydration associated impaired executive function in healthy young women. Physiol. Behav
185: 103-111, 2017.

Stone MH, Moir G, Sanders R. How much strength is necessary? Physical Therapy in Sport 3:

88-96, 2002.

21



46.

47.

48.

49.

50.

Suchomel TJ, Nimphius S, Stone MH. The Importance of Muscular Strength in Athletic
Performance. Sports Med 46:1419-1449, 2016.

Viitasalo JT, Kyrolainen H, Bosco C, Alen M. Effects of rapid weight reduction on force
production and vertical jumping height. Int. J. Sports Med 8:281-285, 1987.

Volpe SL, Poule KA, Bland EG. Estimation of prepractice hydration status of national
collegiate athletic association division | athletes. Journal of Athletic Training 44(6): 624629,
2009.

Watson G, Judelson DA, Armstrong LE, Yeargin SW, Casa DJ, Maresh CM. Influence of
diuretic-induced dehydration on competitive sprint and power performance. Medicine & Science
in Sports & Exercise 37(7): 1168-1174, 2005.

Yeargin SW, Casa DJ, Armstrong LE. Heat acclimatization and hydration status of American

football players during initial summer workouts. J Strength Cond Res 20(3): 463-470, 2006.

22



-List of References

48



Abbasi, I. S., Lopez, R. M., Kuo, Y., Shapiro, S. (2021). Efficacy of an educational intervention
for improving the hydration status of female collegiate indoor-sport athletes. Journal of
Athletic Training, 56(8),829-835.

Adams, J. D., Sekiguchi, Y., Suh, H. G., Seal, A. D., Sprong, C. A., Kirkland, T. W., Kavouras,
S. A. (2018). Dehydration impairs cycling performance, independently of thirst: A
blinded study. Med. Sci. Sports Exerc., 50, 1697-1703.

Adams, W. M., Vandermark, L. W., Belval, L. N., Casa, D. J. (2019). The utility of thirst as a
measure of hydration status following exercise-induced dehydration. Nutrients, (11),
2689.

Alber-Wallerstrom, B., Holmer, 1. (1985). Efficiency of sweat evaporation in unacclimatized
man working in a hot humid environment. Eur J Appl Physiol, 54,80-7.

American College of Sports Medicine. (2009). Nutrition and athletic performance. J Am Diet
Assoc, 109(3). 509-527.

Anderson, L. L., Aagaard, P. (2006). Influence of maximal muscle strength and intrinsic muscle
contractile properties on contractile rate of force development. Eur J Appl Physiol, 96(1),
46-52.

Antoni, F. A. (2015). Vasopressin as a stress hormone. In: fink g ed, stress: neuroendocrinology
and neurobiology. Academic Press, 97-108.

Arena, S. K., Ellis, E., Maas, C., Pieters, A., Quinnan, A., Schlagel, R., Hew-Butler, T. (2020).
Orthostatic hypotension and urine specific gravity among collegiate athletes. Cureus,
12(6), 1-8).

Armstrong, L. E. (2005). Hydration assessment techniques. Nutr Rev, 63, S40-S54.
Armstrong, L. E., Casa, D. J., Millard-Stafford, M., Moran, D. S., Pyne, S. W., Roberts, W. O.
(2007). American College of Sports Medicine position stand. Exertional heat illness

during training and competition. Med Sci Sports Exerc, 39, 556-572.

Armstrong, L. E., Herrera Soto, J. A., Hacker, F. T. (1998). Urinary indices during dehydration,
exercise, and rehydration. Int. J. Sport Nutr. Exerc. Metab, 8, 345-355.

Armstrong, L. E., Hubbard, R. W., Kraemer, W. J., DeLuca, L. P., Christensen, E. L. (1987).
Signs and symptoms of heat exhaustion during strenuous exercise. Ann Sports Med, 3,
182-1809.

49



Armstrong, L. E., Johnson, E. C., McKenzie, A. L., Ellis, L. A., Williamson, K. H. (2016).
Endurance Cyclist Fluid Intake, Hydration Status, Thirst, and Thermal Sensations:
Gender Differences. International Journal of Sport Nutrition and Exercise Metabolism,
26, 161-167.

Armstrong, L. E., Maresh, C. M., Castellani, J. W. (1994). Urinary indices of hydration status.
Int J Sports Nutr, 4, 265-279.

Armstrong, L. E., Maresh, C. M., Gabaree, C. V., Hoffman, J. R., Kavouras, S. A., Kenefick, R.
W., Castellani, J. W., & Ahlquist, L. E. (1997). Thermal and circulatory responses during
exercise: effects of hypohydration, dehydration, and water intake. Journal of Applied
Physiology, 82(6), 2028—-2035.

Armstrong, L. E., Pumerantz, A. C., Fiala, K. A., Roti, M. W., Kavouras, S. A., Casa, D. J.,
Maresh, C. M. (2010). Human hydration indices: acute and longitudinal reference values.
International Journal of Sport Nutrition and Exercise Metabolism, 20, 145-153.

Ayotte, Jr. D., Corcoran, P. M. (2018). Individualized hydration plans improve performance
outcomes for collegiate athletes engaging in in-season training. Journal of the
International Society of Sports Nutrition, 15, 27.

Backx, K., van Someren, K. A., Palmer, G. S. (2003). One hour cycling performance is not
affected by ingested fluid volume. Int J Sport Nutr Exerc Metab, 13(3), 333-342.

Baker, L. B., Barnes, K. A., Anderson, M. L, Passe, D. H., Stofani, J. R. (2016). Normative data
for regional sweat sodium concentration and whole-body sweating rate in athletes.
Journal of Sports Sciences, 34, (4), 358-368

Baker, L. B., De Chavez, P. J. D., Ungaro, C. T., Sopena, B. C., Nuccio, R. P., Reimel, A. J.,
Barnes, K. A. (2019). Exercise intensity effects on total sweat electrolyte losses
and regional vs. whole-body sweat [Na+], [Cl—], and [K+]. European Journal of Applied
Physiology, 119, 361-375

Baker, L. B., Dougherty, K. A., Chow, M., Kenney, W. L. (2007). Progressive dehydration
causes a progressive decline in basketball skill performance. Med Sci Sport Exer, 39(7),
1114-1123.

Bankir, L., Bichet, D. G., Morgenthaler, N. G. (2017). Vasopressin: physiology, assessment and
osmosensation. Journal of Internal Medicine, 282, 284-297.

Bardis, C. N., Kavouras, S. A., Arnaoutis, G., Panagiotakos, D. B., Sidossis, L. S. (2013) Mild

dehydration and cycling performance during 5-kilometer hill climbing. J. Athl. Train, 48,
741-747.

50



Barnes, A. K., Anderson, L. M., Stofan, R. J., Dalrymple, J. K., Reimel, J. A., Roberts, J. T.,
Randell, K. R., Ungaro, T. C., Baker, B. L. (2019). Normative data for sweating rate,
sweat sodium concentration, and sweat sodium loss in athletes: An update and analysis
by sport. Journal of Sports Sciences, 37(20), 2356-2366.

Baron, S., Courbebaisse, M., Lepicard, E. M., Friedlander, G. (2015). Assessment of hydration
status in a large population. Br J Nutr, 113, 147-158.

Bartlett, D. J., Hawley, A. J., Morton, P. J. (2014). Carbohydrate availability and exercise
training adaptation: Too much of a good thing? European Journal of Sport Science,
15(1), 3-12.

Bazyler, C. D., Beckham, G. K., Sato, K. (2015). The use of the isometric squat as a measure of
strength and explosiveness. J Strength Cond Res, 29(5), 1386-1392.

Beaudin, A. E., Clegg, M. E., Walsh, M. L., White, M. D. (2009). Adaptation of exercise
ventilation during an actively-induced hyperthermia following passive heat acclimation.
Am J Physiol Regul Integr Comp Physiol, 297, R605-R614.

Belval, L. N., Hosokawa, Y., Casa, D. J., Adams, W. M., Armstrong, L. E., Baker, L. B., Burke,
L., Cheuvront, S., Chiampas, G., Gonzalez-Alonso, J., Huggins, R. A., Kavouras, S. A.,
Lee, E. C., McDermott, B. P., Miller, K., Schlader, Z., Sims, S., Stearns, R. L., Troyanos,
C., Wingo, J. (2019). Practical hydration solutions for sports. Nutrients, (11)1550, 1-15.

Beneke, R., Leithauser, R. M. (2019). Gender, sex, sex differences, doping in athletic
performance. International Journal of Sports Physiology and Performance, 14, 869-870.

Bergeron, M. F. (2003). Heat cramps: fluid and electrolyte challenges during tennis in the heat. J
Sci Med Sport, 6, 19-27

Betts, A. J., Williams, C. (2010). Short-term recovery from prolonged exercise. Sports Med,
40(11), 941-959.

Binkley, H. M., Beckett, J., Casa, D. J., Kleiner, D. M., Plummer, P. E. (2002). National Athletic
Trainers’ Association position statement: exertional heat illnesses. J Athl Train, 37, 329—
343.

Bishop, A., DeBeliso, M., Sevene, T. G., Adams, K. J. (2014). Comparing one repetition
maximum and three repetition maximum between conventional and eccentrically loaded
deadlifts. The Journal of Strength and Conditioning Research, 28(7), 1820-1825.

Black, M. C., Bedarf, J. R., Russ, M., Grosch-Ott, S., Thiele, S., Unger, J. K. (2012). Total body
Na(+)-depletion without hyponatremia can trigger overtraining-like symptoms with
sleeping disorders and increasing blood pressure: explorative case and literature study.
Med Hypothesis, 79(6), 799-804.

51



Bowtell, J. L., Avenell, G., Hunter, S. P., Mileva, K. N. (2013). Effect of hypohydration on
peripheral and corticospinal excitability and voluntary activation. Plos One, 8, (10), 1-9.

Burchfeld, J. M., Ganio, M.S., Kavouras, S.A., Adams, J.D., Gonzalez, M.A., Ridings, C.B.,
Moyen, N. E., Tucker, M. A. (2015) 24-h Void number as an indicator of hydration
status. Eur J Clin Nutr, 69, (5), 638-641.

Burke, L. M., Hawley, J. A., Wong, S. H., Jeukendrup, A. E. (2011). Carbohydrates for training
and competition. J Sports Sci, 29, S17-S27.

Burrows, T. L., Ho, Y. Y., Rollo, M. E., Collins, C. E. (2019). Validity of dietary assessment
methods when compared to the method of doubly labeled water: a systematic review in
adults. Frontiers in Endocrinology, 10, (850), 1-22.

Burrows, T., Martin, R., Collins, C. (2010). A systematic review of the validity of dietary
assessment methods in children when compared with the method of doubly labelled
water. J Am Diet Assoc, 110, 1501-1510.

Cadarette, B. S., Sawka, M. N., Toner, M. N., Pandolf, K. B. (1984). Aerobic fitness and the
hypohydration response to exercise-heat stress. Aviat Space Environ Med, 55, 507-512.

Campbell, 1. (2009). Physiology of fluid balance. Anaesthesia and Intensive Care Medicine, 10,
12, 593-596.

Cao, Y., Lei, T. H., Wang, F., Yang, B. Mundel, T. (2022). Head, face, and neck cooling as per-
cooling (cooling during exercise) modalities to improve exercise performance in the heat:
a narrative review and practical applications. Sports Medicine, 8, (16), 1-17.

Caramoci, A., Mitoiu, B., Pop, M., Mazilu, V., Vasilescu, M., Mirela, A., Eugenia, R. (2016). Is
Intermittent Fasting A Scientifically-Based Dietary Method? Medicina Sportiva, 12(2),
2747-2755.

Casa, D. J. (1999). Exercise in the heat Il. Critical concepts in rehydration, external heat
illnesses, and maximizing athletic performance. J Athl Train, 34, 253-262.

Casa, D. J., Armstrong, L. E., Hillman, S. K., Montain, S. J., Reiff, R. V., Rich, B. S., Roberts,
W. O., Stone, J. A. (2000). National athletic trainer's association position statement: fluid
replacement for athletes. J Athl Train, 35, 212-224.

Casa, D. J., Cheuvront, S. N., Galloway, S. D., Shirreffs, S. M. (2019). Fluid needs for training,

competition, and recovery in track-and-field athletes. International Journal of Sports
Nutrition and Exercise Metabolism, 29, 175-180.

52



Casa, D. J., Clarkson, P. M., Roberts, W. O. (2005). American College of Sports Medicine
roundtable on hydration and physcial activity: consensus statements. Curr. Sports Med.
Rep, 4, 115-127.

Casa, D. J., DeMartini, J. K., Bergeron, M. F., Csillan, D., Eichner, E. R., Lopez, R. M., Ferrara,
M. S., Miller, K. C., O'Connor, F., Sawka, M. N., Yeargin, S.W. (2015). National

Athletic Trainers’ Association position statement: exertional heat illnesses. J Athl Train,
50, 986-1000.

Chester, J. G., Rudolph, J. L. (2011). Vital signs in older patients: age-related changes. J Am
Med Dir Assoc, 12, 337-343.

Cheuvront, N. S., Carter, R., Haymes, E. M., Sawka, M. N. (2006). No effect of moderate
hypohydration or hyperthermia on anaerobic exercise performance. Med Sci Sports
Exerc, 38, 1093-1097.

Cheuvront, S. N., Ely, B. R., Kenefck, R. W., Sawka, M. N. (2010). Biological variation and
diagnostic accuracy of dehydration assessment markers. Am J Clin Nutr, 92, 565-573.

Cheuvront, S. N., Fraser, C. G., Kenefck, R. W., Ely, B. R., Sawka, M. N. (2011). Reference
change values for monitoring dehydration. Clin Chem Lab Med, 49, 1033-1037.

Cheuvront, S. N., Kenefick, W. R., Ely, R. B., Harman, A. E., Castellani, W. J., Frykman, N. P.,
Nindl, C. B., Sawka, N. M. (2010). Hypohydration reduces vertical ground reaction
impulse but not jump height. Eur J Appl Physiol, 109, 1163-1170.

Cheuvront, S. N., Kenefick, R. W. (2014). Dehydration: physiology, assessment, and
performance effects. Compr Physiol, 4, 257-285.

Cheuvront, S. N., Kenefick, R. W. (2017). CORP: Improving the status quo for measuring whole
body sweat losses. J. Appl. Physiol., 123, 632-636.

Cheuvront, S. N., Kenefick, R. W., Charkoudian, N., Sawka, M. N. (2013). Physiological basis
for understanding quantitative dehydration assessment. Am> J. Clin. Nutr., 97, 455-462.

Cheuvront, S. N., Kenefck, R. W., Montain, S. J., Sawka, M. N. (1985). Mechanisms of aerobic
performance impairment with heat stress and dehydration. J Appl Physiol, 109, (6),1989—
95.

Cheuvront, S. N., Kenefick, R. W., Zambraski, E. J. (2015). Sport urine concentrations should
not be used for hydration assessment: A methodology review. International Journal of
Sport Nutrition and Exercise Metabolism, 25, 293-297.

Cheuvront, S.N., & Sawka, M.N. (2005). Hydration assessment of athletes. Gatorade Sports
Science Institute, 18(2), 1-5.

53



Coggan, A. R., Coyle, E. F. (1991) Carbohydrate ingestion during prolonged exercise: effects on
metabolism and performance. Exercise and Sport Sciences Reviews, 19, 1-40.

Cometti, G., Maffiuletti, N. A., Pousson, M. (2001). Isokenetic strength and anaerobic power of
elite, subelite, and amateur French soccer players. Int J Sports Med, 22(1), 45-51.

Constantini, N. W., Dubnov, G., Lebrun, C. M. (2005). The menstrual cycle and sports
performance. Clin Sports Med, 24,(2), E51-E82.

Cooper, E. R., Ferrara, M. S., Broglio, S. P. (2006). Exertional heat illness and environmental
conditions during a single football season in the southeast. J Athl Train, 41, 332—336.

Cramer, M. N., Jay, O. (2016). Biophysical aspects of human thermoregulation during heat
stress. Auton Neurosci, 196, 3-13.

Dalvit-McPhillips, S. P. (1983). The effect of the human menstrual cycle on nutrient intake.
Physiol Behav, 31, (2), 209-212.

Daanen, H. A. (2015). Physiological strain and comfort in sports clothing. In: Textiles for
Sportswear, edited by Shishoo R. Amsterdam, The Netherlands: Elsevier/Woodhead
Publishing, 153-168.

Deshayes, T. A., Jeker, D., Goulet, E. D. (2020). Impact of pre-exercise hypohydration
on aerobic exercise performance, peak oxygen consumption and oxygen consumption
at lactate threshold: A systematic review with meta-analysis. Sports Medicine, 50,581—
596.

Dill, D. B., Hall, F. G., van Beaumont, W. (1966). Sweat chloride concentration: sweat rate,
metabolic rate, skin temperature and age. J Appl Physiol, 21, 99-106.

Dohm, G. L. (1986). Protein as a fuel for endurance exercise. Exercise and Sport Sciences
Reviews, 14, 143-173.

Dufour, D. R. (2001). Osmometry: The rational basis for use of an underappreciated diagnostic
tool. Advanced Instruments,

Egan, B., & Zierath, J. (2013). Exercise Metabolism and the Molecular Regulation of Skeletal
Muscle Adaptation. Cell Metabolism, 17(2), 162-184.

Eldridge, A. L., Piernas, C., lliner, A. K., Gibney, M. J., Gurinovic, M. A., de Vries, J. H. M.
(2018). Evaluation of new technology-based tolls for dietary intake assessment-an ILSI
Europe dietary intake and exposure task force evaluation. Nutrients, 11.

Erickson, R. (1980). Oral temperature differences in relation to thermometer and technique. Nurs
Res, 29, 157-164.

54



Essa, A., Macnab, R. (2021). Regulation of fluid and electrolyte balance. Anaesthesia and
Intensive Care Medicine, 22, 7, 428-433.

Faraco, G., Wijasa, T. S., Park, L., Moore, J., Anrather, J., ladecola, C. (2014). Water
deprivation induces neurovascular and cognitive dysfunction through vasopressin-
induced oxidative stress. J. Cereb. Blood Flow Metab, 34, 852—860.

Flouris, A.D., Schlader, Z. J. (2015). Human behavioral thermoregulation during exercise in the
heat. Scand J Med Sci Sports,25, (1) ,52-64.

Fortes, M. B., Diment, B. C., Di Felice, U., Gunn, A. E., Kendall, J. L., Esmaeelpour, M., Walsh,
N. P. (2011) Tear fluid osmolarity as a potential marker of hydration status. Med Sci
Sports Exerc, 43, 1590-1597.

Francesconi, R., Hubbard, R., Szlyk, P. (1987). Urinary and hematologic indexes of
hypohydration. J Appl Physiol, 62, 1271-1276.

Francisco, R., Jesus, F., Gomes, T., Nunes, C. L., Rocha, P., Minderico, C. S., Heymsfield, S. B.,
Lukaski, H., Sardinha, L. B., Silvia, A. M. (2021). Validity of water compartments
estimated using bioimpedance spectroscopy in athletes differing Scand J Med Sci Sports,
31, 1612-1620.

Gagge, A. P., Gonzalez, R. R. (1996). Mechanisms of heat exchange: Biophysics and
physiology. In: Fregly, M. J., Blatteis, C. M. Eds., Handbook of physiology:
Environmental physiology. American Physiological Society, 45-84.

Gagnon, D., Jay. O., Kenny, G. P. (2013). The evaporative requirement for heat balance
determines whole-body sweat rate during exercise under conditions permitting full
evaporation. The Journal of Physiology, 591(11), 2925-2935.

Galloway, S. D., Maughan, R. J. (1997). Effects of ambient temperature on the capacity to
perform prolonged cycling exercise in man. Med Sci Sports Exerc, 29(9), 1240-1249.

Gandy, J. (2015). Water intake: validity of population assessment and recommendations. Eur J
Nutr, 54 Supp (2), S11-S16.

Gann, J. J., Andre, Thomas, L. A., Gallucci, A. R., Willoughby, D. S. (2020). Effects of
hypohydration on muscular strength, endurance, and power in women. National Strength
and Conditioning Association, 35, (2S), S102-S106.

Gann, J. J., Green, J. M., O’Neal, E. K., Renfroe, L. G., Andre, T. L. (2016). Effects of
hypohydration on repeated 40-yd sprint performance. J Strength Cond Res, 30, 901-909.

Gann, J. J., Tinsley, G. M., La Bounty, P. M. (2015). Weight cycling: Prevalence, strategies,
and effects on combat athletes. Strength Cond J, (37), 105.

55



Garth, A. K., Burke, L. M. (2013). What do athletes drink during competitive sporting activities?
Sports Med, 43, 539-564.

Garhammer, J., Gregor, R. (1992). Propulsion forces as a function of intensity for weightlifting
and vertical jumping. J Strength Cond Res, 6(3), 129-134.

Gemming, L., Utter, J., Mhurchu, C. N. (2015) Image-assisted dietary assessment: a systematic
review of the evidence. J Acad Nutr Diet, 115, 64-77.

Giersch, G. E. W., Charkoudian, N., Stearns, R. L., Casa, D. J. (2020). Fluid balance and
hydration considerations for women: Review and future directions. Sports Medicine, 50,
253-261.

Giersch, G. E. W., Colburn, A. T., Morrissey, M. C., Butler, C. R., Pruchnicki, M. L., Kavouras,
S. A, Charkoudian, N., Casa, D. J. (2020). Effects of sex and menstrual cycle on volume-
regulatory responses to 24-h fluid restriction. Am J Physiol Integr Comp Physiol, 319,
R560-R565.

Giersch, G. E. W., Morrissey, M. C., Katch, R. K., Colburn, A. T., Sims, S. T., Stachenfeld, N.
S., Casa, D. J. (2020). Menstrual cycle and thermoregulation during exercise in the heat:
A systematic review and meta-analysis. Journal of Science and Medicine in Sport, 23,
1134-1140.

Gigou, P., Lamontagne-Lacasse, M., Goulet, E. D. B. (2010). Meta-analysis of the effects of pre-
exercise hypohydration on endurance performance, lactate threshold and vo(2max). Med
Sci Sport Exer, 42(5), 361-362.

Gillet, B., Begon, M., Sevrez, V., Berger-Vachon, C., Rogowski, 1. (2017). Adaptive alterations
in shoulder range of motion and strength in young tennis players. Journal of Athletic
Training, 52(2), 137-144.

Girard, O., Brocherie, F., Bishop, D. J. (2015). Sprint performance under heat stress: a review.
Scand J Med Sci Sports, 25(1). 79-89.

Glatthorn, J. F., Gouge, S., Nussbaumer, S., Stauffacher, S., Impellizzeri, F. M., Maffiuletti, N.
A. (2011). Validity and reliability of optojump photoelectric cells for estimating vertical

Gonzalez-Alonso, J. (2012). Human thermoregulation and the cardiovascular system. Exp
Physiol, 97(3), 340-346.

Gonzalez-Alonso, J., Mora-Rodriguez, R., Below, P. R., Coyle, E. F. (1995) Dehydration

reduces cardiac output and increases systemic and cutaneous vascular resistance during
exercise. J Appl Physiol, 79, 1487-1496.

56



Gonzalez-Alonso, J., Mora-Rodriguez, R., Coyle, E. F. (2000). Stroke volume during exercise:
interaction of environment and hydration. Am J Physiol Heart Circ Physiol, 278(2)
H321-H330.

Goulet, B. D. E. (2012). Dehydration and endurance performance in competitive athletes.
Nutrition Reviews, 70(2), S132-S136.

Goulet, B. D. E. (2011). Effect of exercise-induced dehydration on time-trial exercise
performance: a meta-analysis. Br J Sports Med, 45, 1149-1156.

Goulet, B. D. E., Hoffman, D. M. (2019). Impact of ad libitum versus programmed drinking in
endurance performance: A systematic review with meta-analysis. Sports Medicine, 49,
221-232.

Greenleaf, J. E. (1992). Problem: thirst, drinking behavior, and involuntary dehydration. Med Sci
Sports Exerc, 24, 645-656.

Greenleaf, J. E., Brock, P. J., Keil, L. C. (1983). Drinking and water balance during exercise and
heat acclimation. J Appl Physiol, 54, 414-9.

Guergova, S., Dufour, A. (2011). Thermal sensitivity in the elderly: a review. Ageing Res Rev,
10, 80-92.

Gutierrez, A., Mesa, J. L. M., Ruiz, J. R., Chirosa, L. J., Castillo, M. J. (2003). Sauna-induced
rapid weight loss decreases explosive power in women but not in men. Int J Sports Med,
24, 518-522.

Guy, J. H., Vincent, G. E. (2018). Nutrition and supplementation considerations to limit
endotoxemia when exercising in the heat. Sports, 6, 12.

Hahn, T., Foldspang, A., Ingemann-Hansen, T. (1999). Dynamic strength of the quadriceps
muscle and sports activity. Br J Sports Med, 33, 117-120.

Hamouti, N., Del Coso, J., A’vila, A., Mora-Rodriguez, R. (2010). Effects of athletes’ muscle
mass on urinary markers of hydration status. Eur J Appl Physiol, 109, 213-219.

Harrison, G. G., Galal, O. M., Ibrahim, N., Khorshid, A., Stormer, A., Leslie, J. (2000).
Underreporting of food intake by dietary recall is not universal: a comparison of data
from egyptian and american women. J Nutr, 130, 2049-54.

Havenith, G. (2002). Interaction of clothing and thermoregulation. Exog Dermatol 1, 221-230.
Havenith, G., Luttikholt, V. G., Vrijkotte, T. G. (1995). The relative influence of body

characteristics on humid heat stress response. Eur J Appl Physiol Occup Physiol, 70,
270-279.

57



Hayes, L. D., Morse, C. 1. (2009). The effects of progressive dehydration on strength and power:
is there a dose response? Eur J Appl Physiol, 108, 701-707.

Heileson, J. L., Jayne, J. M. (2019). Validity of digital and manual refractometers for measuring
urine specific gravity during field operations: A brief report. Mil Med, 184(11-12).

Hew-Butler, T. (2010). Arginine vasopressin, fluid balance and exercise: is exercise-associated
hyponatraemia a disorder of arginine vasopressin secretion? Sports Med, 40, 459-479.

Hew-Butler, T., Rosner, M. H., Fowkes-Godek, S., Dugas, J. P., Hoffman, M. D., Lewis, D. P.,
Maughlin, R. J., Miller, K. C., Montain, S. J., Rehrer, N. J. (2015). Statement of the 3"
international exercise-associated hyponatremia consensus development conference. Br. J.
Sports Med, 49, 1432-1446.

Hew-Butler, T., Verbalis, J. G., Noakes, T. D. (2006). Updated fluid recommendation: position
statement from the international marathon medical directors association (IMMDA). Clin
J Sport Med, 16(4), 283-292.

Hill, R., Davies, P. (2001). The validity of self-reported energy intake as determined using the
doubly labelled water technique. Br J Nutr, 85, 415-30.

Ho, D. K. N., Tseng, S. H., Wu, M. C,, Shih, C. K., Atika, A. P., Chen, Y. C., Chang, J. S.
(2020) Validity of image-based dietary assessment methods: A systematic review and
meta-analysis. Clinical Nutrition, 39, 2945-2959.

Hoffman, J. R., Stavsky, H., Falk, A. (1995). The effect of water restriction on anaerobic power
and vertical jumping height in basketball players. Int. J. Sports Med, 16, 214-218.

Howald, H. (1985). Malleability of the motor system: training for maximizing power output.
Journal of Experimental Biology, 115(1), 365-373.

Hunter JP, Marshall RN, McNair PJ. (2005). Relationships between ground reaction force
impulse and kinematics of sprint-running acceleration. J Appl Biomech, 21, (1), 31-43.

Impellizzeri, F. M., Rampinini, E., Castagna, C., Martino, F., Fiorini, S., Wisloff, U. (2008).
Effect of plyometric training on sand versus grass on muscle soreness and jumping and
sprinting ability in soccer players. Br J Sports Med, 42, 42—46.

Institute of Medicine. (2005) Water In: Dietary Reference Intakes for Water, Sodium, Chloride,
Potassium, and Sulfate. National Academy Press, 73-185.

International Olympic Committee. (2011). IOC consensus statement on sports nutrition 2010.
Journal of Sports Sciences, 29(S1), S3-S4.

International Society of Sports Nutrition. (2008). ISSN position stand; nutrient timing. Int J Soc
Sports Nutr. 5, 17.

58



Jeukendrup, E. A., (2004) Carbohydrate intake during exe rise and performance. Nutrition, 20,
669-677.

Johnson, E. C., Bardis, C. N., Jansen, L. T., Adams, J. D., Kirkland, T. W., Kavouras, S. A.
(2017). Reduced water intake deteriorates glucose regulation in patients with type 2
diabetes. Nutr. Res, 43, 25-32.

Johnson, E.C., Peronnet, F., Jansen, L. T., Capitan-Jimenez, C., Adams, J. D., Guelinckx, I.,
Jimenez, L., Mauromoustakos, A., Kavouras, S. A. (2017) Validation testing
demonstrates efficacy of a 7-day fluid record to estimate daily water intake in adult men
and women when compared with total body water turnover measurement. J Nutr, 147,
(10), 2001-2007.

Jones, C. L., Cleart, A. M., Lopez, M. R., Zuri, E. R., Lopez, R. (2008). Active dehydration
impairs upper and lower body anaerobic muscular power. Journal of Strength and
Conditioning Research, 22(2), 455-463

Judelson, D. A., Maresh, C. M., Anderson, J. M.(2007). Hydration and muscular performance:
does fluid balance affect strength, power, and high-intensity endurance? Sports Med, 10,
907-921.

Judelson, D. A., Maresh, C. M., Farrell, M. J., Yahanoto, L. M., Armstrong, L. E., Kraemer, W.
J., Volek, J. S., Spiering, B. A., Casa, D. J., Anderson, J. M. (2007). Effect of hydration
state on strength, power, and resistance exercise performance. Med Sci Sports Exerc, 39,
1817.

Judelson, D. A., Maresh, C. M., Yamamoto, L. M., Farrell, M. J., Armstrong, L. E., Kraemer, W.
J., Volek, J. S., Spiering, B. A., Casa, D. J., Anderson, J. M. (2008). Effect of hydration
state on resistance exercise-induced endocrine markers of anabolism, catabolism, and
metabolism. J Appl Physiol, 105, 816-824.

Kaczkowski, C. H., Jones, P. J., Feng, J., Bayley, H. S. (2000). Four-day multimedia diet records
underestimate energy needs in middle-aged and elderly women as determined by doubly-
labeled water. J Nutr, 130, 802-5.

Kavouras, S. (2002). Assessing hydration status. Curr Opin Clin Nutr Metab Care, 5, 519-524.

Kavouras, S. (2019). Hydration, dehydration, underhydration, optimal hydration: Are we barking
up the wrong tree. European Journal of Nutrition, 58, 471-473.

Kavouras, S. A., Arnaoutis, G., Makrillos, M., Garagouni, C., Nikolaou, E., Chira, O., Ellinikaki,
E., Sidossis, S., L. (2012). Educational intervention on water intake improves hydration
status and enhances exercise performance in athletic youth. Scand J Med Sci Sports, 22,
684-689.

59



Kavouras, S. A., Johnson, E. C., Bougatsas, D. (2016). Vaidation of a urine color scale for
assessment of urine osmolality in healthy children. Eur. J. Nutr, 55, 907-915.

Kenefick, R. W. (2018). Drinking strategies: Planned drinking versus drinking to thirst. Sports
Med, (48), S31-S37.

Kerksick, C. M., Wilborn, C. D., Roberts, M. D., Smith-Ryan, A., Kleiner, S. M., Jager, R.,
Collins, R., Cooke, M., Davis, J. N., Galvan, E., Greenwood, M., Lowery, L. M.,
Wildman, R., Antonio, J., & Kreider, R. B. (2018). ISSN exercise & sports nutrition
review update: research & recommendations. Journal of the International Society of
Sports Nutrition, 15(1).

Kinsman, B. J., Browning, K. N., Stocker, S. D. (2017). NaCl and osmolarity produce different
responses in organum vasculosum of the lamina terminalis neurons, sympathetic nerve
activity and blood pressure. J. Physiol, 595, 6187-6201.

Kirkpatrick, S.I., Baranowski, T., Subar, A. F. (2019). Best practices for conducting and
interpreting studies to validate self-report dietary assessment methods. J Acad Nutr Diet,
119(11), 1801-1816.

Klous, L., Ruiter, D. C., Alkemade, P., Daanen, H., Gerret, N. (2020). Sweat rate and sweat
composition during heat acclimation. Journal of Thermal Biology, 93, 1-10.

Kolka, M. A., Stephenson, L. A. (1997). Effect of luteal phase elevation in core temperature on
forearm blood flow during exercise. J Appl Physiol, 82, (4), 1079-83.

Kostelnik, S. B., Rockwell, M. S., Davy, K. P., Hedrick, V. E., Thomas, D. T., & Davy, B. M.
(2021). Evaluation of Pragmatic Methods to Rapidly Assess Habitual Beverage Intake
and Hydration Status in U.S. Collegiate Athletes. International Journal Of Sport
Nutrition And Exercise Metabolism, 31(2), 115-124.

Kraft, J. A., Green, J. M., Bishop, P. A. (2011). Effects of heat exposure and 3% dehydration
achieved via hot water immersion on repeated cycle sprint performance. J Strength Cond
Res, 25, 778-786.

Kraft, A. J., Green, J. M., Bishop, A. P., Richardson, T. M., Neggers, H. Y., Leeper, D. J. (2012).
The influence of hydration on anaerobic performance. Research Quarterly for Exercise
and Sport, 83(2), 282-292.

Krasha, J. M., Ramsey, M. W., Haff, G. G. (2009). Relationship between strength characteristics
and unweighted and weighted vertical jump height. Int J Sports Physiol Perform, 4(4),
461-473.

Kristoffersen, M., Sandbakk, O., Ronnestad, B. R., Gundersen, H. (2019) Comparison of short-
sprint and heavy strength training on cycling performance. Front Physiol, 10, 1132.

60



Lamarche, D. T., Notley, S. R., Louie, J. C., Poirier, M. P., Kenny, G. P. (2018). Fitness related
differences in the rate of whole-body evaporative heat loss in exercising men are heat-
load dependent. Exp Physiol, 103, 101-110.

Lee, M. J., Hammond, K. M., Vasdev, A., Poole K. L., Impey, S.G., Close, G.L, (2014). Self-
selecting fluid intake while maintaining high carbohydrate availability does not impair
half-marathon performance. Int J Sports Med, 35(14), 1216-1222.

Lee, J. B., Park, T. H., Lee, H. J., Yun, B. (2020). Sex-related differences in sudomotor function
in healthy early twenties focused on activated sweat gland density. Chin J Physiol, 63, 1.

Lee, J. K., Shirreffs, S.M., Maughan, R.J. (2008). Cold drink ingestion improves exercise
endurance capacity in the heat. Med. Sci. Sports. Exer, 40, 1637-1644.

Leib, D. E., Zimmerman, C. A., Poormoghaddam, A., Huey, E. L., Ahn, J. S, Lin, Y., Tan, C.
L., Chen, Y., Knight, Z. A. (2017). The forebrain thirst circuit drives drinking through
negative reinforcement. Neuron, 96, 1281.

Leon, L. R., Bouchama, A. (2015) Heat stroke. Compr Physiol, 5, 611-47.

LeSuer, D. A., McCormick, J. H., Mayhew, J. L., Wasserstein, R. L., Arnold, M. D. (1997). The
accuracy of prediction equations for estimating 1-RM performance in the bench press,
squat, and deadlift. Journal of Strength and Conditioning Research, 11(4), 211-213.

Logan-Sprenger, H. M., Heigenhauser, G. J., Jones, G. L., Spriet, L. L. (2015). The effect of
dehydration on muscle metabolism and time trial performance during prolonged cycling
in males. Physiol Rep, 3(8).

Lowell, B. B. (2019). New neuroscience of homeostasis and drives for food, water, and salt. N
Engl. J. Med, 380, 459-471.

Manou-Stathopoulou, V., Korbonits, M., Ackland, G. L. (2019). Redefining the perioperative
stress response: a narrative review. Br.J Anaesth, 123, 570-83.

Maughan, R. J., & Shirreffs, S. M. (2010). Dehydration and rehydration in competitive sport.
Scandinavian Journal of Medicine & Science in Sports, 20, 40-47.

Maughan, R. J., & Shirreffs, S. M. (2004). Exercise in the heat: challenges and opportunities. J
Sports Sci, 22, 917-927.

Maughan, R. J., Shirreffs, S. M., Leiper, J. B. (2007). Errors in the estimation of sweat loss and

changes in hydration status from changes in body mass during exercise. J Sports Sci, 25,
797-804.

61



McConell, G. K., Burge, C. M., Skinner, S. L., Hargreaves, M. (1997). Influence of ingested
fluid volume on physiological responses during prolonged exercise. Acta Physiol. Scand,
160, 149-156.

McDermott, B. P., Anderson, S. A., Armstrong, L. E., Casa, D. J., Cheuvront, S.N., Cooper, L.
(2017). National Athletic Trainers’ Association position statement: fluid replacement for
the physically active. J Athl Train, 52(9), 877-95.

McEvoy, K. P., Newton, R. U. (1998). Baseball throwing speed and base running speed: the
effects of ballistic resistance training. J Strength Cond Res, 12(4), 216-221.

McGuigan, M. R., Newton, M. J., Winchester, J. B. (2010). Relationship between isometric and
dynamic strength in recreationally trained men. J Strength Cond Res, 24, 2570-3.

McGuigan, M. R., Winchester, J. B. (2008). The relationship between isometric and dynamic
strength in college football players. J Sports Sci Med, 7(1), 101-105.

Meckel, Y., Atterbom, H., Grodjinovsky, A. (1995). Physiological characteristics of female 100-
meter sprinters of different performance levels. J Sports Med Phys Fitness, 35(3), 169-
175.

Meir, M., Cain, R. J., Long, J. C., Thomas, K. S. (2015). Pre-practice hydration status and the
effects of hydration regimen on college division 111 male athletes. Journal of Sports
Science and Medicine, 14, 23-28.

Minshull, C., James, L. (2013). The effect of hypohydration and fatigue on neuromuscular
activation performance. Appl Physiol Nutr Metab, 38, 21-26.

Montain, S. J., Coyle, E. F. (1992). Influence of graded dehydration on hyperthermia and
cardiovascular drift during exercise. J Appl Physiol, 73, 1340-1350.

Moran, D., Heled, Y, Margaliot, M. (2004). Hydration status measurement by rado frequency
absorptiometry in young athletes-a new method and preliminary results. Physiol Meas,
25, 51-59.

Moran, D. S., Mendal, L. (2002). Core temperature measurement: methods and current insights.
Sports Med, 32, 879-885.

Moshfegh, A. J., Rhodes, D. G., Baer, D. J. (2008). The US department of agriculture automated
multiple-pass method reduces bias in the collection of energy intakes. Am J Clin Nutr,
88(2), 324-332.

62



Moyen, N. E., Ganio, M. S., Wiersma, L. D., Kavouras, S. A., Gray, M., McDermott, B. P.,
Adams, J. D., Binns, A.P., Judelson, D. A., McKenzie, A. L. (2015). Hydration status
affects mood state and pain sensation during ultra-endurance cycling. J. Sports Sci, 33,
1962-1969

Muhamed, A. M. C., Atkins, K., Stannard, S. R., Mundel, T., Thompson, M. W. (2016). The
effects of systematic increase in relative humidity on thermoregulatory and circulatory
responses during prolonged running exercise in the heat. Temperature, 3(3), 455-464.

Mundel, T., King, J., Collacott, E., Jones, D.A. (2006). Drink temperature influence fluid intake
and endurance capacity in men during exercise in a hot, dry environment. Exp. Physiol,
91, 925-933.

Naharudin, M. N., Yusof, A. (2013). Fatigue index and fatigue rate during an anaerobic
performance under hypohydrations. Plos One, 8, (10), 1-7.

Neligan, P. J. Fluid and electrolyte balance. (2021). Anesthesia and Intensive Care Medicine, 22
(3), 169-173.

Nielsen, B., Strange, S., Christensen, N. J., Warberg, J, Saltin, B. (1997). Acute and adaptive
responses in humans to exercise in a warm, humid environment. Pflugers Arch, 434, 49-
56.

Nuccio, R. P., Barnes, K. A,, Carter, J. M., Baker, L. B. (2017). Fluid balance in team sport
athletes and the effect of hypohydration on cognitive, technical, and physical
performance. Sports Med, 47, 1951-1982.

Nybo, L., Rasmussen, P., Sawka, M. N. (2014). Performance in the heat physiological factors of
importance for hyperthermia-induced fatigue. Compr Physiol, 4, 657-89.

Oian, P., Tollan, A., Fadnes, H. O., Noddeland, H., Maltau, J. M. (1987). Transcapillary fluid
dynamics during the menstrual cycle. Am J Obstet Gynecol. 156, (4), 952-955.

Olsson, K. E., & Saltin, B. (1970). Variation in Total Body Water with Muscle Glycogen
Changes in Man. Acta Physiologica Scandinavica, 80(1), 11-18.

Olzinski, S., Beaumont, J., Toledo, M., Yudell, A., Johnson, S. C., Wardenaar, C. F. (2019).
Hydration status and fluid needs of division | female collegiate athletes exercising
indoors and outdoors. Sports, 7, 155.

Onitsuka, S., Zheng, X., Hasegawa, H. (2015). Ice slurry ingestion reduces both core and facial
skin temperatures in a warm environment. Journal of Thermal Biology, 51, 105-109.

Osterberg, K. L., Horswill, C. A., Baker, L. B. (2009). Pregame urine specific gravity and fluid
intake by National Basketball Association players during competition. J Athl Train, 44,
53-57.

63



Patsalos, O. C., Thoma, V. (2019). Water supplementation after dehydration improves judgment
and decision-making performance. Psychol. Res.

Periard, J. D., Eijsvogels, T.M.E., Daanen, H.A.M. Exercise under heat stress: thermoregulation,
hydration, performance implications, and mitigation strategies. (2021). American
Physiological Society. 1-108.

Periard, J. D., Racinais, S., Sawka, M. N. (2015). Adaptations and mechanisms of human heat
acclimation: applications for competitive athletes and sports. Scand. J. Med. Sci. Sports,
25, 20-38.

Periard, J. D., Travers, G. J. S., Racinais, S., Sawka, M. N. (2016). Cardiovascular adaptations
supporting human exercise-heat acclimation. Auton. Neurosci, 196, 52-62.

Periard, J. D., Racinais, S., Timpka, T., Dahlstrom, O., Spreco, A., Jacobsson, J., Bargoria, V.,
Halje, K., Alonso, J. M. (2017). Strategies and factors associated with preparing for
competing in the heat: a cohort study at the 2015 IAAF World Athletics Championships.
Br J Sports Med, 51, 264-271.

Perrier, E. T., Armstrong, L. E., Bottin, J. H., Clark, W. F., Dolci, A., Guelinckx, 1., Iroz, A.,
Kavouras, S. A., Lang, F., Lieberman, H. R., Melander, O., Morin, C., Seksek, 1.,
Stookey, J. D., Tack, 1., Vanhaecke, T., Vecchio, M., Peronnet, F. (2021). Hydration for
health hypothesis: a narrative review of supporting evidence. European Journal of
Nutrition, 60, 1167-1180.

Perrier, E. T., Armstrong, L. E., Daudon, M., Kavouras, S., Lafontan, M., Lang, F., Peronnet, F.,
Stookey, J. D., Tack, I., Klein, A. (2014) From state to process: defining hydration. Obes
Facts, 7 Suppl 2, 6-12

Perrier, E. T., Bottin, J. H., Vecchio, M., Lemetais, G. (2017). Criterion values for urine-specific
gravity and urine color representing adequate water intake in healthy adults. European
Journal of Clinical Nutrition, 71, 561-563.

Phillips, S. M., Van Loon, L. J. C. (2011). Dietary protein for athletes: from requirements to
optimum adaptation. J Sport Sci, 29, S29-S38.

Pivarnik, J. M., Marichal, C. J., Spillman, T., Morrow, J. R., (1985). Menstrual cycle phase
affects temperature regulation during endurance exercise. J Appl Physiol, 72, (2), 543-
548.

Popkin, B. M., D’ Anci, Rosenberg, I. H. (2010). Water, hydration and heath. Nutrition Reviews,
68, (8), 439-458.

Popowski, L., Oppliger, R., Lambert, G., Johnson, R., Johnson, A., Gisolfi, C. (2003). Blood and
urinary measures of hydration status during progressive acute dehydration. Med Sci
Sports Exerc, 33, 747-753.

64



Potgieter, S. (2013). Sport nutrition: A review of the latest guidelines for exercise and sport
nutrition from the american college of sports nutrition, the international Olympic
committee and the international society for sports nutrition. The South African Journal of
Clinical Nutrition, 26, 1.

Racinais, S., Alonso, J. M., Coultts, A. J., Flouris, A. D., Girard, O., Gonzalez-Alonso, J.,
Hausswirth, C., Jay, O., Lee, J. K. W., Mitchell, N., Nassis, G. P., Nybo, L., Pluim, B.
M., Roelands, B., Sawka M. N., Wingo, J. E., Periard, J. D. (2015). Consensus
recommendations on training and competing in the heat. Scand J Med Sci Sport, 25(1), 6-
19.

Raman, A., Schoeller, D. A., Subar, A. F. (2004). Water turnover in 458 American adults 4079
yr of age. Am J Physiol Renal Physiol, 286, F394-401.

Ravanelli, N., Gagnon, D., Imbeault, P., Jay, O. (2021). A retrospective analysis to determine if
exercise training-induced thermoregulatory adaptations are mediated by increased fitness
or heat acclimation. Exp Physiol, 106, 282—289.

Rodrigues, R., Baroni, B. M., Pompermayer, M. G., de Oliveira Lupion, R., Geremia, J. M.,
Meyer, F., Vaz, M. A. (2014). Effects of acute dehydration on neuromuscular responses
of exercised and nonexercised muscles after exercise in the heat. Journal of Strength and
Conditioning Research, 28, (12), 3531-3536.

Rollo, M., Williams, R. L., Burrows, T. L., Kirkpatrick, S. I., Bucher, T., Collins, C. (2016).
What are they really eating? A review on new approaches to dietary intake assessment
and validation. Curr Nutr Rep, 5, 307-14.

Romijn, J. A, Coyla, E. F., Sidossis, L, Horowit, J. F., Wolfe, R. R. (1992). Effects of exercise
intensity on fat metabolism. Medicine and Science in Sports and Exercise, 24

Savoie, A. F., Kenefick, W. R., Ely, R. B., Cheuvront, N. S., Goulet, B. D. E. (2015). Effect of
hypohydration on muscle endurance, strength, anerobic power and capacity and vertical
jumping ability: A meta-analysis. Sports Med, 45, 1207-1227.

Sawka, M. N., Burke, L. M., Eichner, E. R., Maughaun, R. J., Montain, S. J., Stachenfeld, N. J.
(2007). Exercise and fluid replacement. Med Sci Sports Exerc, 39, 377-390.

Sawka, M. N., Coyle, E. F. (1999). Influence of body water and blood volume on
thermoregulation and exercise performance in the heat. Exerc. Sport Sci. Rev, 27,167—
218.

Sawka M. N., Cheuvront, S. N., Kenefick, R. W. (2012) High skin temperature and
hypohydration impair aerobic performance. Exp Physiol, 97, 327-32.

65



Sawka, M. N., Leon, L. R., Montain, S. J., Sonna, L. A. (2011). Integrated physiological
mechanisms of exercise performance, adaptation, and maladaptation to heat stress.
Compr Physiol, 1(4),1883-928.

Sawka, M. N., Cheuvront, S. N., Kenefick, R. W. (2015). Hypohydration and human
performance: impact of environment and physiological mechanisms.
Sports Med, 45, (Suppl 1), S51-S60.

Sawka, M. N., Young, A. J., Francesconi, R. P., Muza, S. R., Pandolf, K. B. (1985).
Thermoregulatory and blood responses during exercise at graded hypohydration levels. J
Appl Physiol, 59, 1394-1401.

Sawka, M. N., Wenger, C. B., Pandolf, K. B. (1996). Thermoregulatory responses to acute
exercise-heat stress and heat acclimation. In: Fregly, M. J., Blatteis, C. M. Handbook of
physiology, section 4, environmental physiology. Oxford University Press, 157-85.

Sawka, M. N. (1992). Physiological consequences of hydration: exercise performance and
thermoregulation. Med Sci Sports Exerc, 24, 657-70.

Sawka, M. N., Cheuvront, S. N., Kenefick, R. W. (2011). High skin temperature and
hypohydration impairs aerobic performance. Exp Physiol, 97, 327-32.

Schoffstall, J.E., Branch, J.D., Leutholtz, B.C., Swain, D. E. (2001). Effects of dehydration and
rehydration on the one-repetition maximum bench press of weight trained males. J
Strength Cond Res, 15, 102-108.

Seitz, L. B., Reyes, A., Tran, T. T., de Villarreal, D. S., Haff, G. G. (2014). Increases in lower-
body strength transfer positively to sprint performance: a systematic review with meta-
analysis. Sports Med, 44, 1693-1702.

Shirreffs, M. S. (2000). Markers of hydration status. J of Sports Med Phys Fitness, 40, 80-84.

Shirreffs M. S., Maughan, J. R. (1998). Volume repletion after exercise-induced volume
depletion in humans: replacement of water and sodium losses. Am J Physiol, 274, F868-
F875.

Siegel, R., Maté, J., Watson, G., Nosaka, K., Laursen, P.B. (2012). Pre-cooling with ice slurry
ingestion leads to similar run times to exhaustion in the heat as cold water immersion. J.
Sports. Sci, 30, 155-165.

Slater, G., Phillips, S. M. (2011). Nutrition guidelines for strength sports: sprinting,
weightlifting, throwing events, and bodybuilding. J Sports Sci, 29(S1), S67-S77.

Sollanek, K. J., Staab, J. S., Kenefick, R. W., Cheuvront, S. N. (2020). Biological variation of
arginine vasopressin. European Journal of Applied Physiology, 120, 635-642.

66



Stachenfeld, N. S., Keefe, D. L. (2002). Estrogen effects on osmotic regulation of AVP and fluid
balance. Am J Physiol Endocrinol Metab, 283,(4), E711-E721.

Stachenfeld, N. S., Keefe, D. L., Palter, S. F. (2001). Estrogen and progesterone effects on
transcapillary fluid dynamics. Am J Physiol Regul Itegr Comp Physiol, 281, (4), R1319-
R1329.

Stachenfeld, N. S. (2008). Sex hormone effects on body fluid regulation. Exerc Sport Sci Rev,
36, (6), 152-159.

Stachenfeld, N. S., Leone, C. A., Mitchell, E. S., Freese, E., Harkness, L. (2017). Water intake
reverses dehydration associated impaired executive function in healthy young women.
Physiol. Behav, 185, 103-111.

Stanhewicz, A. E., Kenney, W. L. (2015). Determinants of water and sodium intake and output.
Nutr. Rev., 73, 73-82.

Stephenson, L. A, Kolka, M. A. (1999). Esophageal temperature threshold for sweating
decreases before ovulation in premenopausal women. J Appl Physiol, 86, (1), 22-28.

Stone, M. H., O’Bryant, H. S. (1987). Weight training: a scientific approach. Burgess
International.

Stone, M. H., Moir, G., Glaister, M. (2002). How much strength is necessary? Phys Ther Sport,
3(2), 88-96.

Suchomel, J. T., Nimphius, S., Stone, H. M. (2016). The importance of muscular strength in
athletic performance. Sports Med, 46, 1419-1449.

Tan, B., Philipp, M., Hill, S., Muhamed, A. M. C., Mundel, T. (2020). Pain across the menstrual
cycle: Considerations of hydration. Frontiers in Physiology, 11, 1-8.

Thompson, F. E., Subar, A. F., Coulston, A. M., Boushey, C. K., Ferruzzi, M. G., Delahanty, L.
M. (2017). Dietary Assessment Methodology: Nutrition in the Prevention and Treatment
of Disease. Academic Press, 5-48.

Thigpen, L. K., Green, J. M., O’Neal, E. K. (2014). Hydration profile and sweat loss perception
of male and female division Il basketball players during practice. J. Strength Cond. Res,
28, 3425-3431.

Thomas, D. T., Erdman, K. A., Burke, L. M. (2016) Position of the academy of nutrition and
dietetics, dieticians of Canada, and the American college of sports medicine: Nutrition
and athletic performance. J. Acad. Nutri. Diet, 116, 501-528.

Thornton, S. N., (2010). Thirst and hydration: Physiology and consequences of dysfunction.
Physiology & Behavior, 100, 15-21.

67



Tikuisis, P., Meunier, P., Jubenville, C. E. (2001). Human body surface area: measurement and
prediction using three-dimensional body scans. Eur J Appl Physiol, 85, 264-271.

Trabulsi, J., Schoeller, D. A. (2001). Evaluation of dietary assessment instruments against
doubly labeled water, a biomarker of habitual energy intake. Am J Physiol Endocrinol
Metab, 281, E891-9.

Trangmar, S. J., Gonzalez-Alonso, J. (2019). Heat, hydration and the human brain, heart and
skeletal muscles. Sports Med, 49, 69-85.

Trangmar, J., Gonzélez-Alonso, J. (2017). New insights into the impact of dehydration on blood
flow and metabolism during exercise. Exerc. Sport Sci. Rev., 45(3), 146-153.

Tucker, M. A., Caldwell, A. R., Butts, C. L., Robinson, F. B., Reynebeau, H. C., Kavouras, S.
A., McDermott, B. P., Washington, T. A., Turner, R. C., Ganio, M. S. (2017) Effect of
hypohydration on thermoregulatory responses in men with low and high body fat
exercising in the heat. J. Appl. Physiol, 122, 142-152.

Tucker, M. A., Gonzalez, M. A., Adams, J. D., Burchfeld, J. M., Moyen, N. E., Robinson, F. B.,
Schreiber, B. A., Ganio, M. S. (2016) Reliability of 24-h void frequency as an index of
hydration status when euhydrated and hypohydrated. Eur J Clin Nutr, 70,(8), 908-911.

Tyler, C. J., Reeve, T., Hodges, G. J., Cheung, S. S. (2016). The effects of heat adaptation on
physiology, perception, and exercise performance in the heat: A meta-analysis. Sports
Med, 46, 1699-1724.

Van Loan, M. (1996). Age, gender, and fluid balance. In: Buskirk, E. R., Puhl, S. M. Body fluid
balance: exercise and sport. Boca Raton: CRC Press, 215-30.

Van Loon, C. J. L., Greenhaff, L. P., Constantin-Teodosiu, D., Saris, M. H. W., Wagenmakers,
M. J. A. (2001). The effects of increasing exercise intensity on muscle fuel utilization in
humans. Journal of Physiology, 536(1), 295-305.

Vescovi, J. D., Watson, G., (2019). Variability of body mass and urine specific gravity in elite
male field hockey players during a pre-olympic training camp. International Journal of
Sport Nutrition and Exercise Metabolism, 29, 46-50.

Viitasalo, J. T., Kyrolainen, H., Bosco, C., Alen, M. (1987). Effects of rapid weight reductions
on force production and vertical jumping height. Innt J Sports Med, 8(4), 281-285.

Volpe, S. L., Poule, K. A, & Bland, E. G. (2009). Estimation of prepractice hydration status of
national collegiate athletic association division | athletes. Journal of Athletic Training,
44(6), 624-629.

Von Duvillard, S. P., Braun, W. A., Markofski, M., Beneke, R., Leithauser, R. (2004). Fluids and
hydration in prolonged endurance. Nutrition, 20, 651-656.

68



Wardenaar, F. C., Thompsett, D., Vento, K. A., Bacalzo, D. (2021). A lavatory urine color
(LUC) chart method can identify hypohydration in a physically active population.
European Journal of Nutrition, 60, 2795-2805.

Watso, J. C., Farquhar, W. B. (2019). Hydration status and cardiovascular function. Nutrients,
11, 1866, 1-21.

Watson, F., Austin, P. (2021). Physiology of human fluid balance. Anesthesia and Intensive
Care Medicine, 22, 10, 644-651.

Watson, G., Judelson, D. A., Armstrong, L. E., Yeargin, S. W., Casa, D. J., Maresh, C. M.
(2005). Influence of diuretic-induced dehydration on competitive sprint and power
performance. Medicine & Science in Sports & Exercise, 37, (7), 1168-1174.

Wenger, C. B. (1972). Heat of evaporation of sweat: Thermodynamic considerations. Journal of
Applied Physiology, 32(4), 456-459.

Weyand, P. G., Sternlight D. B., Bellizzi, M. J. (2000). Faster top running speeds are achieved
with greater ground forces not more rapid leg movements. J Appl Physiol, 89(5), 1991-
1999.

Williams, A.G, & Folland, J.P. (2008). Similarity of polygenic profiles limits the potential for

Wisloff, U., Castagna, C., Helgerud, J. (2004). Strong correlation of maximal squat strength with
sprint performance and vertical jump height in elite soccer players. Br J Sports Med,
38(3), 285-288.

Yasuki, S., Adams, M. W., Curtis, M. R., Benjamin, L. C., Casa, J. D. (2019). Factors
influencing hydration status during a national collegiate athletics association division 1
soccer preseason. Journal of Science and Medicine in Sport, 624-628.

Yeargin, S. W., Casa, D. J., Armstrong, L. E. (2006) Heat acclimatization and hydration status of
American football players during initial summer workouts. J Strength Cond Res, 20(3),
463-470.

Young, W. B., Newton, R. U., Doyle, T. L. A. (2005). Physiological and anthropometric

characteristics of starters and non-starters and playing positions in elite Australian Rules
football: a case study. J Sci Med Sport, 27(5), 648-660.

69



VITA

JOSHUA HOGG

* jhogg@go.olemiss.edu

EDUCATION
Ph.D., Nutrition and Hospitality Management, University of Mississippi, December 2022
Concentrations: Nutrition, Sports Nutrition

Dissertation: Effect of Hypohydration on Track and Field Performance

M.S., Exercise Physiology, Mississippi College, May 2018
Concentration: Applied Exercise Physiology
Thesis: Relationship between Daily Mileage and Upper Respiratory IlInesses in

Collegiate Cross Country Runners

B.S, Exercise Physiology, Miami University, May 2013

TEACHING EXPERIENCE
Teaching Assistant, 2016 - 2018
Mississippi College
Course: Applied Physiology Lab
HONORS and FELLOWSHIPS
Mississippi College Chapter

Phi Kappa Phi Honor Society, 2018

70



	The Effect of Hydration Status on Jump Height in Track and Field Athletes
	Recommended Citation

	tmp.1675890004.pdf.wAoGZ

