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ABSTRACT 

 

 

Water is arguably the most important nutrient given that even minor deficits lead 

to performance detriment for athletes and, in a matter of days, total absence causes 

fatality for all. Despite this, several reports suggest that an overwhelming amount of the 

athletic population competes and trains in a dehydrated state. The impact of dehydration 

on leisure sports, such as golf, is less certain given that fine motor skill sports have 

received less attention in the literature and that existing research on dehydration and 

golfers is largely limited to males. In this randomized, controlled, crossover pilot 

experiment, elite female golfers on the Virginia Tech Women’s Golf Team (n=6) 

completed four laboratory simulated golf holes in both euhydrated and dehydrated states. 

Euhydration (mean urinary specific gravity [USG]=1.009; range=1.003–1.021) was 

attained by following the NCAA hydration guidelines, and dehydration (mean 

USG=1.021; range=1.018–1.026) was attained via a 12 hour overnight fast from fluids. 

No significant interactions of condition by time for perceived effort, 7-iron distance and 

accuracy, putting accuracy, reaction time, and executive cognitive function were found 

between euhydrated and dehydrated states. However, although not significant, euhydrated 

participants demonstrated improved 7-iron and putting accuracy and reported less 

perceived effort as compared to performance during their dehydrated state. Based on 

USG levels, NCAA hydration recommendations may not be adequate to induce a 

euhydrated state for all athletes. More research is needed with larger sample sizes to 

further elicit the impact of hydration status on variance in motor and cognitive function 

for elite golfers. 
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GENERAL AUDIENCE ABSTRACT 

 

Besides oxygen, our bodies need water more than anything else to function. Water 

is so vital to health that its absence can cause death in just three days. Athletic 

populations, in particular, should aim for adequate hydration to optimize sport 

performance, to avoid heat illness, and to promote overall health and wellbeing. Despite 

this importance, few studies have investigated the impact of hydration status on athletic 

performance of golfers, and of these studies, none have been done with females. In this 

experiment, female golfers on the Virginia Tech Women’s Golf Team (n=6) completed 

four laboratory simulated golf holes in both euhydrated and dehydrated states. Adequate 

hydration (euhydration) was attained by following the NCAA hydration guidelines, and 

dehydration was attained by restricting participants from drinking any fluid for 12 hours 

overnight. Performance in both adequate hydration and dehydration was measured by 

perceived effort, 7-iron distance and accuracy, putting accuracy, reaction time, and 

executive cognitive function. No significant interactions for any of the measures resulting 

in differences over time were found. However, although not significant, euhydrated 

participants demonstrated greater 7-iron and putting accuracy and reported less perceived 

effort as compared to performance during their dehydrated state. One participant did not 

reach adequate hydration by following the fluid intake guidelines during the hydration 

visit; therefore, NCAA hydration recommendations may not adequately hydrate all 

collegiate athletes. More research is needed with larger sample sizes to determine the 

impact of hydration status on motor and cognitive function of elite female golfers. 
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Chapter 1: Review of Literature 

Water Functions 

Water is vital to maintain life. Besides oxygen, human bodies need water more than 

anything else to function, and in its absence death can occur in just three days.1 Water functions 

in cell structure, transport of nutrients and waste throughout the body, and temperature and acid-

base homeostasis.1 Fluid also comes from sources outside of water like juice, milk, sports drinks, 

soups, fruits, and vegetables.1 Contrary to some beliefs, coffee and tea do provide fluids, but are 

considered less efficient hydrators due to the diuretic effects of caffeine.2  

The recommended level of adequate water intake is very general, based on retrospective 

data of healthy individuals.3,4 In 2004 the Institute of Medicine established the adequate intake 

for water based on the median intake of all fluids, including fluid from food, reported in the 

survey data.3 Suitable daily allowance for water for adults over the age of 19 is 3.7 L/day for 

men and 2.7 L/day for women.3 Total water intake constitutes all water in beverages and food, 

with approximately 80% coming from beverages and 20% coming from food.3 Therefore, the 

estimated fluid needs from beverages alone is slightly less at ~3 liters for men and ~2 liters for 

women.1 These guidelines are very generic, and individual needs vary depending a number of 

demographic and environmental factors such as sex, age, physical exertion, geographic location, 

ambient temperature, body temperature, etc. Equations using age, caloric intake, and/or weight 

are used to estimate specific individual fluid needs.5 

Dehydration and Water Regulation 

The human body stores water both within cells and outside cells.6 Intracellular fluid (ICF) 

and extracellular fluid (ECF) account for all the water in the body, approximately 65% and 35% 

of total body water, respectively.6 Humans turn over 5–10% of their total body water each day, 
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which requires regulatory processes to maintain fluid balance and thereby sustain hydration.6 

Water loss occurs through the kidneys by urination and through the gastrointestinal tract by 

defecation, in addition to water vapor evaporated on the skin by sweating and air expired through 

the lungs by respiration.5 Factors that affect these pathways and contribute to water loss include 

the use of dietary diuretics such as caffeine and alcohol intake, eating a high protein diet, high 

ambient temperature, low humidity, high altitude, presence of fever, etc.5 Therefore, the body 

can be losing large amounts of water without apparent sweating – for example, by insensible 

(unmeasurable) processes in the lungs – demanding fluids to be replaced accordingly.  

Euhydration represents the normal daily water content of an individual.7 The steady-state 

conditions of hyperhydration and hypohydration represent positive and negative deviance from 

normal body water content, respectively.7 While dehydration and hypohydration are often used 

interchangeably, they have slightly different purposes.8 Dehydration refers to the process of fluid 

loss (hyperhydration to euhydration and euhydration to hypohydration). Dehydration can be used 

more generally, while hypohydration refers to the outcome of low body fluid and illustrates a 

more specific state of uncompensated fluid loss.8 Hypohydration is defined as >2% body weight 

loss.6,9 

Water balance is regulated in the body by renal water retention and secretion through the 

release of hormones such as antidiuretic hormone arginine vasopressin (AVP), angiotensin II, 

cortisone, aldosterone, epinephrine and norepinephrine.5,9 The posterior pituitary releases AVP 

in response to increased body temperature and decreased blood volume.9 Renal fluid retention is 

no longer sufficient to balance water in the body following large amounts of fluid loss, such as 

through sweating, vomiting, or diarrhea.9 In turn, the kidneys release renin which produces 

angiotensin II, eventually leading to vasoconstriction and thirst mechanisms.5 Ultimately, thirst 
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aids in the fluid intake required for restoration of blood volume. Peripheral osmoreceptors and 

oropharyngeal mechanisms often act as buffers and downregulate thirst well before full 

restoration of fluid volume.9 Solutes in food, such as salt, can stimulate thirst to counteract this 

brief, immediate response and, therefore, reduce the occurrence of involuntary dehydration 

following significant losses of sweat.1,9 

Dehydration in an Athletic Setting 

Dehydration can be defined as “the loss of fluids and salts essential to maintain normal 

body function.”10 In general, dehydration occurs when fluid loss exceeds fluid intake; thus, water 

balance should be monitored and maintained throughout exercise.10 Hydration status can be 

categorized into euhydration between +1% body weight†; minimal dehydration between 1% and 

3% body weight loss; significant dehydration between 3% and 5% body weight loss; and serious 

dehydration at >5% body weight loss.9–11  

Water is arguably the most important nutrient for athletes.1 Compared to essential 

macronutrients that provide the body with energy, water is still valued above nutrients with 

energetic utility.1 The anticipated effect of dehydration on athletic performance becomes 

apparent after understanding this reality.1 Generally, 1% body weight loss borders euhydration 

and the onset of dehydration.9 With a fluid loss of more than 1% body weight, exercise 

performance, thermoregulation, and appetite decrease.2,9 Additionally, thirst sets in at the 1% 

loss mark.1 At 2% loss, the thirst response increases, and there is a loss of appetite, general 

discomfort, and an increase in heart rate.1,8 As the severity of dehydration progresses past 2% 

body weight loss, heat exhaustion (moderate severity) and heat stroke (highest severity) become 

a greater concern.1 At 4% body weight loss, body temperature and respiratory rate increase, 

                                                 
† Other sources note water balance fluctuates between +0.5% total body weight.2 
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concentration decreases, headaches, irritability, and sleepiness ensues, and athletic performance 

reduces severely, exhibiting a 20% – 30% loss in physical work capacity.2,7 Finally, at 8% loss 

death can occur.2  

The American College of Sports Medicine (ACSM) takes the position that fluid intake 

during prolonged exercise should be sufficient to limit any body mass loss to less than 2%.8 The 

goal of hydration during exercise is to keep body weight loss to less than 2% in order to avoid 

reduced plasma volume, reduced cardiac output, impaired sweat responses, and electrolyte 

imbalance.1, 12 Losing 2-3% of body weight is very common among athletes and can occur 

relatively quickly during training and competition.1  

Measures of Hydration 

There is no gold standard to assess hydration status at either the athletic, clinical, or 

population level.4,5,9 Plasma or serum osmolality is the most accurate indicator of hydration and 

measures the number of solutes, primarily sodium, chloride, bicarbonate, glucose and urea, per 

kilogram of water.9,13 An increase in plasma osmolality of 2% (~5 mmol/kg) signals the need for 

compensatory fluid intake secondary to dehydration.9 While plasma osmolality is considered the 

most accurate measure of hydration status, the need to draw blood limits the settings in which 

plasma osmolality can be used. Next in validity and reliability is urine and saliva osmolality 

measures.9 Succeeding osmolality, urine specific gravity (USG) estimates hydration status and 

the concentrating and diluting function of the kidneys.5 The expected value for specific gravity in 

a clinical setting falls between 1.010–1.025.5 The National Athletic Trainer’s Association 

provides slightly lower reference ranges, suggesting athletes should fall on the more hydrated 

side.11 Measures less than 1.010 imply euhydration, measures between 1.010 – 1.020 are 

considered minimal dehydration, measures between 1.021 – 1.030 qualify for significant 
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dehydration, and measures >1.030 qualify for serious dehydration.1,11 Even more feasible 

measures include percent body weight change and urine color analysis with increasing validity of 

measures, respectively.1 Urine color, urine volume, and body weight are the most practical self-

monitoring methods for athletes to assess their daily hydration status.1 Urine indices, however, 

reflect current volume of fluid consumed and are consequently lesser indicators of overall 

hydration status.4 In addition, frequency of urination can also be used to indicate hydration 

status.1 An adequately hydrated individual urinates every one to two hours; therefore, less 

frequent urination can flag dehydration.1  

Some argue the human mechanism of thirst is the only hydration monitor that is 

necessary.14 One consensus panel agreed "using the innate thirst mechanism to guide fluid 

consumption is a strategy that should limit drinking in excess and developing hyponatremia (low 

blood sodium) while providing sufficient fluid to prevent excessive dehydration.”14 Thirst can be 

defined as a desire to drink resulting from the deficit of water.7 The ACSM also defines thirst as 

a mechanism of the body to signal it is headed towards dehydration.10 Therefore, the ACSM 

argues athletes should not rely on thirst as an indicator of hydration and recommends athletes 

drink fluid before feeling thirsty.10 Sports dietitians recommend athletes calculate their sweat 

rates to determine their individual fluid needs.1 Sweat rate can be calculated by using the 

following formula:1  

[(𝑝𝑟𝑒 𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 –  𝑝𝑜𝑠𝑡 𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒 𝑤𝑒𝑖𝑔ℎ𝑡) 𝑙𝑏 ∗ 16 𝑡𝑜 24 𝑜𝑧
𝑙𝑏⁄ ] + 𝑓𝑙 𝑜𝑧 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒

𝐻𝑜𝑢𝑟 𝑜𝑓 𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒
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Water Intake Recommendations 

Scientific recommendations for upholding hydration before exercise, maintaining 

hydration during exercise, and promoting rehydration after exercise vary across organizations 

(Table 1). 

 

Table 1. Hydration Recommendations for Exercise from Various Organizations 

Organization Pre-exercise During exercise Post-exercise 

 

American College of 

Sports Medicine 

(ACSM) 

16-20 fl oz of water 

or sports beverage at 

least 4 hours before 

exercise10 

 

8-12 fl oz of water 

10-15 minutes before 

exercise10 

7 – 10 fl oz of fluid 

every 15 minutes1 

16 – 24 fl oz of fluid 

for every pound of 

water weight lost 

during exercise1  

 

 

National Athletic 

Trainers’ Association 

(NATA)  

17-20 fl oz of water 

or a sports drink 2 to 

3 hours before 

exercise11  

 

7-10 fl oz of water or 

a sports drink 10 to 

20 minutes before 

exercise11 

 

7-10 fl oz of fluid 

every 10 to 20 

minutes during 

exercise11 

 

Drink 25% to 50% 

more than the sweat 

losses 4 to 6 hours 

after event11  

 

(This is equivalent to 

20 to 24 fl oz per 

pound lost)1 

 

Academy of Nutrition 

and Dietetics (AND)  

5 to 10 mL/kg BW 

(~2 to 4 mL/lb) in the 

2 to 4 hours before 

exercise to achieve 

pale yellow color 

urine while allowing 

for sufficient time for 

excess fluid to be 

voided8 

 

An intake of 0.4 to 

0.8 L/h suits most 

athletes and athletic 

events8 

 

Drink 25% to 50% 

more than the sweat 

losses (eg, 1.25 to 1.5 

L fluid for 

every 1 kg BW lost) 8 

 

(This is equivalent to 

20 to 24 oz per pound 

lost)1 

The National 

Collegiate Athletic 

Association (NCAA)  

 

Drink 16 fl oz of 

fluid 2-3 hours before 

exertion and 8 fl oz 

of fluid 15 minutes 

before exertion15 

Drink 4 fl oz of fluid 

every 15-20 minutes 

during exertion15 

 

After exertion drink 

16-20 fl oz of fluid 

for every pound lost15 
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Although following these recommendations can help maintain health and promote peak 

performance for the general population, individual fluid needs for athletes depend on a wide 

range of factors, including sweat rate, sport demands (e.g., intensity, duration, rest breaks), 

environmental factors, and acclimatization status.11  

Reports reveal many athletes consume less than 500 ml of fluid per hour compared to 

average gastric emptying rates of 1 liter per hour, or more in some cases, suggesting athletes 

could benefit from increasing fluid intake during exercise.1 In some cases, athletes are limited by 

their maximal gastric emptying rates and are not able to consume enough fluids to achieve 

euhydration.1 For example, athletes exercising in hot and humid environments at hard intensities 

can lose up to 2–3 liters of sweat an hour, but most can only tolerate drinking about 1 liter of 

fluid in an hour.1 In this case maintaining hydration is not feasible; however, for the majority of 

athletes the hydration potential is attainable – it simply remains unreached by voluntary intake.1 

Other influencers on hydration needs include environment, training, and diet. Training in hot, 

humid environments will have a significant impact on long-duration exercise and will increase 

fluid consumption needs.1 Athletes training in temperature of 80° F and low humidity can lose 

3–4 pounds from fluid losses and even more at higher temperatures.5 Additionally, training in 

high altitudes, which are typically accompanied by colder, drier air and decreased air pressure, 

increases the breathing rate and the insensible water losses from respiration.1 Cold temperatures 

and high altitudes are examples of isotonic-hypovolemia, or salt-depletion dehydration.9 Isotonic 

hypovolemia, which can also occur with diuretic use, secretory diarrhea, or vomiting, decreases 

the gradient in which intracellular fluid flows out of the cell, and therefore increases the percent 

body loss of fluid.9 
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Beverage Consumption Patterns of Athletes 

A host of factors influence the amount and quality of drinking behaviors of athletes. 

Examples of these factors include social and cultural norms, gastrointestinal tolerance (as a result 

of typical practices during training), thirst stimuli, drink palatability, nutrition knowledge, and 

other factors.7,16 In addition, a number of factors outside the control of the athlete raise the 

question whether beverage intake can truly be ad libitum, including competition rules and 

format, location and availability of fluids, sport technique or speed, and gut fluid capacity.16 

Despite these differences, attempts have been made to show typical beverage consumption 

patterns of athletes. An observational study conducted on male football and basketball players 

who competed for the Premier League of Bosnia-Herzegovina revealed 94 out of 100 football 

and basketball players reported drinking water during training with the other 6 consuming 

isotonic solutions or energy drinks.17 The study also revealed a majority of the athletes were not 

drinking the recommended amount of water prior to training or drinking enough daily to meet 

the adequate intake.17 

Prevalence of Dehydration Among Athletes 

Given that an array of organizations support the notion that athletes can adequately assess 

their hydration status, questions arise on why preventing dehydration is still a current obstacle 

for athletes.1,8,11 One study on the prevalence of dehydration in the National Basketball 

Association (NBA) reported one-half of players recorded a pre-game urine specific gravity of 

>1.02 (dehydration classified as a USG >1.02) and revealed drinking habits during the game did 

not compensate for the hypohydration.18 Similarly, in a study on football players, the average 

athlete only took in half as much fluid (0.84 L) as lost in sweat (1.68 L).19 Even in cool 

environments researchers found one-third of football players recorded a postgame urine 
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osmolality of >900 mOsm/kg (500–800 mOsm/kg is considered the normal reference range; 

greater than 900 mOsm/kg is a typical osmolality after 12-14 hours of fluid restriction).19,20 

Moreover, in one study assessing urine specific gravity, two-thirds of college athletes from a 

number of different sports demonstrated levels consistent with hypohydration.21 Similar effects 

have also been observed in young age cohorts. An observational study of young soccer players in 

a summer training camp revealed 90% of youth began the training session hypohydrated and ad 

libitum water drinking did not prevent further dehydration among the players.22 One possible 

explanation for explaining the high prevalence is a knowledge gap in the population. Evidence 

suggests there is a high prevalence of dehydration and nutritional knowledge deficit at the 

university level.23 A systematic review determined five out of seven studies conducted in athletic 

populations showed a weak positive (r<0.50) correlation between nutrition knowledge and 

dietary intake.24 Training sessions that observe dehydration among athletes, despite ad libitum 

water drinking, suggest the insufficiency of thirst as the sole regulator of fluid intake and the 

need for nutritional education among athletes. Another proposed reason why athletes exhibit a 

high prevalence of dehydration is that they perceive the costs of hydration as greater than the 

benefits, i.e., taking time out of a race or off the playing field.16  

Athletes have at their disposal a toolbox of hydration measurements to determine whether 

their usual hydration practices are adequate.21 During heavy trainings, especially in hot and 

humid environments, athletes can weigh themselves to ensure body weight loss does not exceed 

1–2%.21 Athletes can also monitor frequency, volume, and color of urine to assess hydration 

status.21 For endurance athletes, hyponatremia is a concern and salt losses should be taken into 

consideration to prevent electrolyte imbalances.1 A recent investigation of marathon runners 

reported high variability in concentrations of sodium and chloride found in sweat, and 
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determined that one in five runners might need special sodium intake recommendations due to 

their high salt sweat rate, i.e., salty sweaters.25 The study also found salty sweaters were not 

correlated with any individual characteristics, making electrolyte losses difficult to predict or 

estimate without measuring.25 The high cost of sweat patches used in this study to determine 

sodium and chloride losses make this measure impractical for the majority of athletes. More 

practically, athletes can determine if they are a salty sweaters by working out in a black T-shirt 

and looking for white salt stains on the chest and under the armpits when the sweat has 

evaporated.21 In doing so, athletes can gauge how high their salt losses are and estimate sodium 

needs of food and drink.21 It is important to note, these measures are not always feasible or 

accurate. While these methods appear simple and practical, reports show limited use of these 

self-monitoring steps.17 In a study on adult and adolescent football and basketball players 

(average age 19.3 ± 4.58) competing at a national level, less than 44% reported habits of 

weighing themselves before and after training to assess water loss.17 Furthermore, less than half 

of the athletes reported paying attention to fluid intake 24 hours before training.17 Evidence 

points to the difficulty of assessing hydration status for the lay person and the need for nutritional 

education to change behavior patterns among athletes.  

Impact of Dehydration on Exercise Performance 

Physical Performance 

Current literature suggests the greater the percent body weight loss the greater 

physiologic response and detriment to exercise performance.11 Exercise refers to any and all 

activity generated by the force of an activated muscle; exercise is quantified by force, torque, 

work, power or velocity.26 In addition to these measures, exercise performance can be evaluated 

by individual sport performance. Dehydration leads to compromised cardiovascular function by 



11 

 

the role of water in maintenance of blood volume.5 Water loss beginning at 3–5% of body weight 

leads to a loss of blood volume.1 Low blood volume results in low blood available for delivery to 

the muscles and, therefore, low oxygen delivery to muscles.1 Less available oxygen necessitates 

a heavier reliance on anaerobic respiration.1 The more the anaerobic respiration pathway is used, 

the quicker lactic acid builds up causing undesired effects for the athlete, including a higher rate 

of perceived exertion, faster onset of fatigue, decreased ability to concentrate, and decreased 

training and performance overall.1 In addition to concerns of reduced plasma volume, decreased 

sweat responses present threats to athletes’ performance and safety by causing the body to heat 

up faster.12 The rise in body temperature can contribute to a greater release of catecholemines in 

the body.27 This leads to increased rates of glycogen breakdown in the exercising muscle, which 

also contributes to the faster onset of fatigue.27  

Performance detriments of prior dehydration have been observed on a number of 

occasions. In general, fluid intake is not as much of a concern for sports that last less than an 

hour and occur in neutral environments.1 Studies have shown no difference in performance of 

cyclists in competition lasting less than 60 minutes in ambient temperature.1 The greatest effect 

of fluid ingestion during exercise shown in research is found in athletes who compete in 

endurance exercise or in hot and humid environments.1 A review examining dehydration in 

competitive sports concluded in hot environments (temperature >86⁰F) dehydration of 2–7% 

reduction in body weight consistently decreased athletic performance.21 The authors observed a 

range of magnitude in the effects from 7–60% performance reductions.21 In ambient 

temperatures, performance reductions of dehydrated athletes were only observed in endurance 

activities lasting longer than 90 minutes.21 Dehydration of 1–2% body weight did not appear to 

impact performance of exercise lasting less than 90 minutes.21 However, some evidence supports 
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minimal dehydration (body weight loss of 1 – 2%) can impact performance of fine-motor tasks 

often used in team sports.21 Fine-motor tasks, or skill-based tasks such as a golf swing or a three-

point shot in basketball, require long term development of both motor skill and cognitive 

function.28 One study reported reduction in soccer-specific fitness test outcomes between players 

with 2.4% body weight loss compared to players with 0.7% body weight loss.21 A study in 

bowlers with similar disparities showed significantly worse accuracy of bowls from the line.21 

Additionally, fluid deficits of 1.5–2% body weight loss have shown to reduce performance in 

1500 m, 5000 m, and 10,000 m track races.21 In sum, fluid intake plays the greatest role in long-

duration activity (>60 minutes) performed in hot and humid environments but could have an 

impact on fine-motor tasks of other activities beginning at ~2% body weight loss.1  

Cognitive Performance 

Cognitive performance should be considered as important as physical performance for an 

athlete who fights daily for even the slightest of improvement in his or her game. Cognitive 

performance can be defined as the ability to use the knowledge acquired by mental processes in 

our brains and, therefore, depends on the essential nutrients available for brain function, 

including water.29 Thus, hypohydration results not only in physical performance detriments but 

also mental performance losses.21 It is clear that mild dehydration impacts cognitive function and 

mood; however, it is unclear at what point the effects materialize.21 Studies measuring differing 

aspects of performance could see consequences set in at 1%, 5%, or 10% body weight loss.21 A 

few studies have reported loss of cognitive function and alertness in mildly dehydrated 

individuals (body weight loss of 1 – 2%).5 A nutrition review reported several studies have 

shown higher ratings of perceived effort for individuals in a dehydrated state than in a 

euhydrated state.30 This effect may become exacerbated in hot, uncomfortable environments.30 



13 

 

On the other hand, one study showed no changes in cognitive performance of recreational 

athletes after 50 minutes of cycling with no fluid.31  

While many agree there are a number of reasons that contribute to impaired cognitive 

performance, there is still much research to be done on the roles of each factor to better 

understand their importance. For example, a study on soccer players concluded that the 

researchers were uncertain whether the impairment was attributed to water loss alone or whether 

negative psychological effects resulting from a greater perception of effort play a role as well.12 

Perception of effort is often measured using a Rate of Perceived Exertion (RPE) Scale or the 

Borg Scale to estimate how hard the individual perceives he or she is working during exercise.32 

The authors of the soccer study concluded moderate dehydration was detrimental to soccer 

performance, yet the exact physiological cause remained unclear.12 Some have proposed the 

sensation of thirst increases the athlete’s perception of effort leading to a reduction in physical 

effort.33 While evidence on this is equivocal, research suggests that dehydration is one of many 

factors in a complex regulatory system that leads to mental fatigue.33 

Cognitive performance tests used to assess a person's functional capacity for everyday 

tasks can be administered to athletes to measure cognitive performance in sport. A previous 

study on dehydration in golfers measured perceived distance to pin to appraise perceptual 

function, an aspect of cognitive performance.34 Cognitive tests found in other exercise-related 

studies include but are not limited to a reaction time task, a psychomotor vigilance task, a 

temporal orienting task, and a duration discrimination task.35 For years psychologists of many 

disciplines have used reaction time in particular to “[capture] the capacity of processing speed.”36 

Reaction time is a useful measure of sport performance because to a degree it measures cognitive 

performance, or processing speed, and it directly influences physical performance related to the 
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response to a stimuli in a sporting event. To illustrate, reaction time has been used to determine 

the ergogenic effect of caffeine in elite archers,37 to measure performance decrements related to 

mental fatigue,38 to indicate general fluid intelligence, to predict survival, and for a host of other 

outcome variables.36 The Deary-Liewald choice reaction time (CRT) task is a classic mental task 

used to measure reaction time.36 A validation study of the Deary-Liewald CRT task showed a 

strong positive correlation between the mean response times of the Deary-Liewald task and a 

validated numbers task.36 Another frequently used test of cognitive function is Trail Making Test 

(TMT) A and B. The trail making tests measure a number of cognitive processes, including 

attention, visual scanning, and speed of processing to name a few. A study on TMT B validated 

the task as a measure of executive cognitive function, i.e., fluid cognitive ability.39 Fluid 

cognitive ability, or fluid intelligence, is “the ability to generate, transform, and manipulate 

different types of novel information in real time” and influences reasoning capabilities of an 

athlete during training and competition.40 In addition, a study reported strong correlation between 

trail making test scores to intelligence and severity of impairment and a weak correlation to age, 

education, and memory functioning.41 TMT B was used to evaluate post-exercise cognitive 

function compared to water intake in an observational study of long distance walkers and 

runners.42  

Golf 

The sport of golf is enjoyed not only by professionals, but also by recreational players – 

an estimated 55 million people in total.43 A review study on the relationship between golf and 

health revealed a positive correlation between improved physical health and mental well-being 

and golf.43 Additionally, the study suggested golf provides a potential contribution to increased 

life expectancy. It is suggested these benefits may be attributed to the physical and social 
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benefits of the exercise. Participation in golf can help individuals meet and exceed the 

recommended moderate to vigorous physical activity guidelines.43 The average golfer achieves 

moderate intensity physical activity, but differences in exercise intensity and energy expenditure 

can vary greatly. Studying the demands of golf in terms of Metabolic Equivalent of Task (MET) 

reveals the intensity differences. On the low end, an individual practicing on the driving range 

was measured at 3 METs, light physical activity similar to walking at 2 mph.43 On the high end, 

an individual walking and using a pull cart was measured at 5.3 METs, similar to cycling at 9 

MPH.43 In general, the sport of golf has low energy expenditure and is nonfatiguing.44 Although 

the sport is non-contact and non-explosive demanding, 4–8 hours of prolonged walking and high 

cognitive demand of shot and putting execution could pose threats to homeostasis by the end of 

an 18 or 36 hole round.  

Relevance of Dehydration in Golf 

Surveys involving Professional Golf Association (PGA) Tour players revealed many 

reasons why dehydration commonly occurs and inhibits performance.45 First, tour professionals 

admitted to being less willing to comply with hydration requirements because it increased 

frequency of urination.45 Restroom facilities are often not easily accessible during competitive 

rounds, and players may choose to hold off on drinking to avoid pressure on pace of play from 

using the restroom more frequently. Second, they reported not drinking fluids because they did 

not feel thirsty.45 It is important to note that stress reduces thirst, contributing to the proportional 

relationship between involuntary dehydration and total stress incurred by the body.7,45 Other 

reasons included an underestimation of perspiration, unpreparedness of carrying fluids, and 

worry of feeling uncomfortable and less athletic with lots of water in their stomachs.45  



16 

 

In 2013, top-ranked professional golfer Rory Mcllroy attributed his poor year of 

performance to mental fatigue and noted, "It’s becoming more and more common that these sorts 

of stress-related illnesses are happening and it just shows how much of a mental toll it takes on 

you sometimes.”46 Hydration contributes to overall health and well-being and sport performance. 

It is well understood that dehydration leads to systemic and exercise-related problems. Some 

sport psychologists even claim dehydration can “wreck” the best of games by compromising 

stamina, focus, emotions, and ultimately worsening golf scores.45 Substantial evidence to support 

these claims is lacking; however, some recent research has been done specifically with golfers to 

determine the degree to which dehydration impacts motor skill, cognitive precision, and overall 

performance. A recent study conducted with male elite golfers demonstrated mild dehydration 

(1–2% loss in body weight) lead to an 11% loss in average iron distance, near doubling of off 

target iron accuracy, and over a six fold increase in overestimation of distance from pin.34 In 

addition, another study demonstrated that golfers who were dehydrated had a four stroke higher 

average than golfers who were euhydrated.23 

It is generally understood dehydration leads to performance detriments, yet an 

overwhelming amount of the athletic population competes and trains in a hypohydrated state.18–23 

Moreover, researchers are unsure whether the detriments of low to moderate dehydration on 

physical performance can be attributed to water loss alone or to the self-pacing psychological 

effects of a greater perception of effort.12,33 Few studies have investigated the detriment of 

dehydration specifically on golfers, and more research is required to better understand the 

effects. Additionally, existing literature on dehydration and golfers is largely limited to male 

golfers. If people perish for a lack of knowledge, then dissemination of understanding is critical. 

Athletes need a greater awareness of the silent detriments of dehydration on their overall 
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performance in training and competition. Increasing the strength of evidence of the effects of 

mild dehydration can highlight the need for behavior change in competitive golf.  
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Chapter 2: Cognitive and Physical Performance of Euhydrated and Dehydrated States in 

Collegiate Female Golfers 

Abstract 

Background: Despite the observed effects and the understood importance of water as a nutrient, 

a number of reports suggest that an overwhelming amount of the athletic population competes 

and trains in a dehydrated state. A lack of agreement in the research perpetuates differing 

opinions when it comes to making recommendations for adequate hydration. In addition, 

researchers are unsure whether the detriments of dehydration on physical and cognitive 

performance can be attributed to water loss alone or to the self-pacing psychological effects due 

to a greater perception of effort. Existing literature on dehydration and golfers is largely limited 

to male golfers. 

Purpose: The purpose of this study was to determine differences in cognitive and motor 

performance in elite female golfers in a euhydrated and a dehydrated state.  

Methods: In this randomized, controlled, crossover experiment, female elite golfers on the 

Virginia Tech Women’s Golf Team (n=6) completed four simulated golf holes under two 

conditions: a euhydrated and dehydrated state. The euhydrated state was achieved by following 

the NCAA hydration recommendations, and the dehydrated state was achieved via a 12 hour 

overnight fast from fluids. Perception of effort was measured via the Borg Scale, distance and 

accuracy of golf shots was assessed via a golf simulator, putting accuracy was measured by a 

clock-drill putting test, reaction time was measured using the Deary-Liewald choice reaction 

time task, and executive cognitive function was measured by the Trail Making Test B. Results 

from each of the tests were compared between the euhydrated and dehydrated states using 

repeated measures analysis of variance in SPSS version 24. 
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Results: Mean urinary specific gravity (USG) for the euhydrated state was 1.009 (range=1.003–

1.021) and was 1.021 (range=1.018–1.026) for the dehydrated state. No significant interactions 

of condition by time for perceived effort, 7-iron distance and accuracy, putting accuracy, reaction 

time, and executive cognitive function were found between euhydrated and dehydrated states. 

However, although not significant, euhydrated participants demonstrated greater 7-iron and 

putting accuracy and reported less perceived effort as compared to performance during their 

dehydrated state. 

Conclusion: Based on USG levels, NCAA hydration recommendations may not be adequate to 

induce a euhydrated state for all athletes. This pilot study should be reproduced in both males 

and females with a larger sample size to increase statistical power. In addition, golf performance 

measures are limited in a simulated setting, and real life assessment on the golf course would 

increase validity. 
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Introduction 

Despite its lack of energetic yield, taste, or glamor, water is so vital to human function 

that it is perhaps the most important nutrient for athletes. In fact, humans can survive 30–40 days 

without food, but absence of water in the diet can lead to fatality in as few as 3 days.1,2 

Moreover, human bodies are largely fluid: water contributes 55–60% of the average human’s 

body weight and constitutes 70% of muscle tissue composition.1 As such, the paramount role 

fluid consumption plays on athletic performance is apparent, yet an overwhelming amount of the 

athletic population competes and trains in a dehydrated state.3–7  

Athletes in water balance or slight positive water balance, i.e., euhydration or slight 

hyperhydration, should demonstrate improved performance as compared to slight negative water 

balance, or dehydration.1 Euhydrated athletes have greater body fluid available to supply blood 

and oxygen to working muscles and to produce sweat to cool the body and prevent heat-related 

disorders. Some sources report water loss beginning at 1–2% of body weight leads to an increase 

in heart rate and a decrease in exercise performance.1,6,8,9 In general, dehydration of 1–2% body 

weight does not appear to impact exercise performance of exercise lasting less than 90 minutes; 

however, some evidence supports minimal dehydration can impact performance of fine-motor 

tasks often used in team sports.6 Water loss at 3–5% of body weight leads to loss of blood 

volume, low oxygen delivery to muscles, and faster lactic acid build up, ultimately causing 

higher rates of perceived exertion, faster onset of fatigue, decreased ability to concentrate, and 

decreased training and performance overall.1 Severe dehydration, indicated by >4% losses in 

body weight, can result in increased body temperatures and respiratory rate, decreased 

concentration, headaches, irritability, sleepiness, heat illness, and severe reductions in athletic 

performance and physical work capacity.1,10,11 The literature clearly shows that dehydration 

reduces skill-based performance by causing detriment to both motor skill and cognitive function, 
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yet research supporting a numerical threshold at which effects are displayed is equivocal.12 

Therefore, the question remains whether decreased physical performance and cognitive 

performance in mildly dehydrated athletes attenuate overall sport performance. 

Minimal research has examined the effects of fluid ingestion during golf as compared to 

its endurance counterparts, presumably due to the slow-paced, low intensity nature of the sport. 

Although the sport of golf reports low energy expenditure and is non-contact, non-explosive, and 

generally non-fatiguing, it may still pose threats to homeostasis by 4–8 hours of prolonged 

walking and high cognitive demand of shot and putting execution during an 18 or 36 hole 

round.13 Only two studies have examined golf performance in dehydrated athletes and only male 

participants were included. One study demonstrated that male elite collegiate golfers (n=15) who 

were significantly dehydrated (urinary specific gravity [USG] > 1.020) or severely seriously 

dehydrated (USG > 1.0320) had a four stroke higher average than golfers who were euhydrated 

(USG < 1.010) or minimally dehydrated (USG < 1.020) after a competitive 18 hole round 

following normal drinking habits.9 Another study conducted with male elite golfers (n=7) who 

were mildly dehydrated (change in body weight = –1.5 + 0.5%) had an 11% loss in average iron 

distance, near doubling of off target iron accuracy, and over a six fold increase in overestimation 

of distance from pin compared to their euhydrated condition (change in body weight = –0.3 + 

0.6%).9 Still, more research needs to be done on cognition as a potential physiological cause of 

impaired performance in golf. Therefore, this study is one of the first to look at perceptions of 

effort in euhydrated and dehydrated states in female competitive golfers and to measure reaction 

time and executive cognitive function to estimate mental fatigue and reasoning capability, 

respectively, during golf competition and training. 
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Aims and Hypotheses  

The purpose of this study was to examine the impact of mild dehydration on the 

performance and cognitive function of female elite golfers as compared to performance 

following standard NCAA hydration recommendations, i.e., euhydrated. Several measures were 

used to assess motor and cognitive function, including perception of effort, hitting distance and 

accuracy, putting accuracy, reaction time and fluid cognitive ability. Hitting, putting, and 

decision making are core elements of competitive golf. We first aimed to determine the 

differences in athletic performance of female golfers between a euhydrated and mildly 

dehydrated state by measuring ball striking distance and accuracy and putting accuracy. Second, 

we aimed to determine the differences in cognitive function of golfers in a euhydrated and mildly 

dehydrated state by measuring the rating of perceived exertion during exercise, reaction time, 

and fluid cognitive ability. Additionally, we aimed to identify differences over time between 

euhydrated and dehydrated states in motor and cognitive performance by repeated measures 

designed to simulate holes during a round of golf. It is hypothesized that participants in their 

dehydrated state will demonstrate increased perceived exertion in exercise, decreased golf 

performance by distance, accuracy, and number of putts made, and more impaired cognitive 

function as compared to their euhydrated state. 

Methods 

Subjects 

Participants included female collegiate golfers from the Virginia Tech Women’s Golf 

Team. The sample population represented elite golfers participating in high level, regional and 

national competition. The study excluded any person not cleared for exercise by Virginia Tech 

athletic training and physician staff. Each participant signed an informed consent form signifying 
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they were aware of the expectations and risks, were approved by the Virginia Tech Athletic 

Department for exercise, and wished to continue with participation. Compensation included a 

drawing for a $25 gift card. The study was approved by the Virginia Tech Institutional Review 

Board (See Appendix A).  

 

Study Design  

The research study design is a randomized, controlled, crossover experiment (Figure 1). 

The study consists of three visits with baseline measurements taken on visit 1 and repeated 

measures taken on visits 2 and 3. Visits were scheduled around participants’ competition to limit 

consequences of dehydration and around participants’ menstrual cycles to avoid confounding 

factors on hydration status or performance. Participants were randomized into one of two groups, 

sequence A or sequence B, to control for potential biases in ordering of ensured euhydration or 

induced mild dehydration on test results. Participants in sequence A performed the tests in the 

euhydrated condition first, and participants in sequence B performed the tests in the dehydrated 

condition first. For both conditions participants were instructed to record fluid intake and to 

drink a minimum amount of fluid (40ml/kg of body weight) to maintain adequate water balance 

on the day before the visit. Euhydration on the day of the visit was expected as a result of 

compliance to NCAA (National Collegiate Athletic Association) hydration recommendations to 

drink 16 oz water 2–3 hours before exercise, 8 oz water 15 minutes before exercise, 4 ounces 

water every 15–20 minutes during exercise, and 16–20 ounces of fluid after exercise for every 

pound lost.15 Dehydration on the day of the visit was induced by a 12 hour overnight fast, which 

was previously used by Smith et al., and had previously demonstrated a USG >1.010 and a 1-2% 

body weight loss.9  
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Figure 1. Study Design 

 

 
 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 
 

Visit 1 ~ 30 min 
(1) Baseline measurements including weight, BIA, BEVQ-15 and USG via urine sample 

(2) Inform participant of study requirements and include clear instructions for follow up visit  

(3) Randomize into hydration sequence (A = euhydrated first, B = dehydrated first) 

1 week washout 
 

Euhydrated Condition (visit 2 for sequence A or visit 3 for sequence B)  ~ 1.5 hours 

Drink 8 oz water. Take weight/BIA and urine sample for USG measurements. 

Hole 1: 3 min treadmill walking (5% incline, 3 mph) wearing a 15# weighted vest, 4 7-  

     iron shots on the simulator, 4 6’ putts in the clock drill, CRT, TMT. 

Hole 2: 3 min treadmill walking (5% incline, 3 mph) wearing a 15# weighted vest, 4 7- 

     iron shots on the simulator, 4 6’ putts in the clock drill, CRT. Retake weight.  

Drink 4 oz water. 

Hole 3: 3 min treadmill walking (5% incline, 3 mph) wearing a 15# weighted vest, 4 7- 

     iron shots on the simulator, 4 6’ putts in the clock drill, CRT. 

Hole 4: 3 min treadmill walking (5% incline, 3 mph) wearing a 15# weighted vest, 4 7- 

     iron shots on the simulator, 4 6’ putts in the clock drill, CRT, TMT. Retake weight. 

 

Dehydrated Condition (visit 2 for sequence B or visit 3 for sequence A)  ~ 1.5 hours 

12-hr fluid fast - no water. Take weight/BIA and urine sample for USG measurements. 

Hole 1: 3 min treadmill walking (5% incline, 3 mph) wearing a 15# weighted vest, 4 7- 

     iron shots on the simulator, 4 6’ putts in the clock drill, CRT, TMT. 

Hole 2: 3 min treadmill walking (5% incline, 3 mph) wearing a 15# weighted vest, 4 7- 

     iron shots on the simulator, 4 6’ putts in the clock drill, CRT. Retake weight.  

Hole 3: 3 min treadmill walking (5% incline, 3 mph) wearing a 15# weighted vest, 4 7- 

     iron shots on the simulator, 4 6’ putts in the clock drill, CRT. 

Hole 4: 3 min treadmill walking (5% incline, 3 mph) wearing a 15# weighted vest, 4 7- 

     iron shots on the simulator, 4 6’ putts in the clock drill, CRT, TMT. Retake weight. 
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All sessions were held in the Willis and Mary Blackwood Indoor Golf Facility on site at 

Virginia Tech. During visit 1 researchers obtained baseline measurements including weight, 

body composition via bioelectrical impedance analysis (BIA), USG via urine sample and typical 

beverage intake via a beverage questionnaire (BEVQ-15) (Appendix B). Participants were given 

instructions to meet hydration requirements based on the sequence assigned and were provided 

with a fluid intake log to fill out before returning for their second visit. 

Participants were asked to eat a standardized breakfast of 2 pieces of toast (with peanut 

butter and jelly or honey) and a banana. During visit 2 researchers measured participant weight 

and USG from the urine sample upon arrival. For the exercise bouts, participants first performed 

3 minutes of walking on a treadmill (5% incline at 3 mph) wearing a 15 pound weighted vest to 

mimic competition demands of carrying a golf bag. Second, participants began the golf-specific 

tests in the simulator by performing a typical warm up (~5 minutes). The golfers hit 4 full shots 

with their 7 iron towards the simulator target. Next, the golfers performed a clock drill putting 

test in which 4 six-footers were set up on the putting green around the hole. Participants were 

instructed to putt as many balls in around the hole, and the total number of putts made were 

recorded. Third, participants underwent two cognitive function tests: the Deary-Liewald choice 

reaction time task and the Trail Making Test B. This series of tests was repeated 4 times to 

simulate 4 holes with the exception of Trail Making Test B, which was only performed at the 

beginning and the end (holes 1 and 4). At completion of the second set of tests (hole 2), weight 

was taken again to ensure weight loss did not exceed 5% of body weight (classification of 

serious dehydration) for the safety of the participants, and participants in the euhydrated 

condition were given 4 oz of water.16 At the end of the fourth set of tests (hole 4), weight was 
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retaken and recorded. To aid in proper rehydration post-test, participants were given water or 

Gatorade and instructed to drink 16–20 ounces of fluid for every pound lost. 

A washout period of at least 7 days was implemented before participants reported back 

for the third and final visit to conduct the same tests in the opposite condition, i.e., those who 

were tested in the dehydrated condition at visit 2 were then re-tested in the euhydrated condition 

at visit 3 and vice versa. Similarly in visit 2, the night before visit 3 participants filled out the 

fluid intake log and met hydration requirements. Also, participants were asked to eat the same 

breakfast of 2 pieces of toast with peanut butter and jelly or honey and a banana. Participants 

repeated the tasks from the previous visit and all data was recorded. 

Measures 

Weight and Body Composition  

Body weight and total body water was measured to the nearest 0.1 kg using a digital scale 

(model 310GS; Tanita, Tokyo, Japan).  

Urinary Specific Gravity 

 USG estimates hydration status and the concentrating and diluting function of the 

kidneys.8 The expected value for USG in a clinical setting falls between 1.010–1.025.8 However, 

these expected values are more liberal compared to the classifications used by the National 

Athletic Trainers’ Association (NATA). NATA considers USG values <1.010 well hydrated, 

1.010–1.020 mild dehydration, 1.021–1.030 significant dehydration, and USG values >1.030 

serious dehydration.17 For the purpose of this study, NATA values were used. USG was 

determined using a handheld refractometer (ATAGO 4410 Urinary Specific Gravity 

Refractometer, Bellevue, WA) at the beginning of each visit. 



31 

 

Heart Rate 

 Heart rate was measured using a Polar A300 heart rate monitor with a chest strap to 

estimate beats per minute at the end of each three minute weighted walking exercise test. 

Perception of Effort 

Perception of effort was measured using a Rate of Perceived Exertion (RPE) Scale or the 

Borg Scale (Appendix C) at the end of each three minute weighted walking exercise test. The 

Borg scale estimates intensity level during exercise based on how hard the individual perceives 

he or she is working.18 The scale numerically represents an individual’s perception of intensity 

ranging from no exertion (score of 6) at all to maximal exertion (score of 20).18 Validation 

studies have shown strong correlation between perception of effort using the Borg scale and 

actual heart rate of the individual.18 

Motor Performance  

 Distance (yards) and off-target accuracy (yards) were measured using the Foresight 

Sports golf simulation and GC2 quadrascopic launch monitor. Prior testing by the manufacturer 

of the GC2 monitor established a distance accuracy of 2-3 yards for 150 to 200 yard golf shots. 

For each simulated golf hole, participants were asked to hit 4 shots with their 7 iron towards the 

simulator target to the best of their ability. The simulation target was set to visually represent 

each golfer’s typical full shot distance using a 7 iron. Putting accuracy for each round was 

determined by the total number of putts made out of 4 attempts in a clock-drill putting test.  

Cognitive Performance 

 The Deary-Liewald choice reaction time task and Trail Making Test B were used to 

measure cognitive function in this study, Appendices D and E, respectively. The Deary-Liewald 
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CRT task represents mean reaction times of the participants.19 The CRT task is administered 

through the Deary-Liewald Reaction Time Tester program downloaded on the investigator’s 

laptop. Procedures for this test simply require the subject to press keys on a computer in response 

to flashing cues on the screen as fast as they are able. The cues are flashing “X’s” in four boxes 

that correspond to the four keys the participants rest their middle and pointer fingers on. The 

participants had a total of 30 cues flash each within 200 to 1500 milliseconds of each other. The 

program reports mean response time, the variable of interest, as well as other variables including 

number of correct responses. Trail Making Test B requires the participants to connect the 

numbers 1 to 13, but also a letter in alphabetical order following each number, i.e., 1-A-2-B, etc. 

by tracing with a pen. Trail Making Test B measures fluid cognitive ability.20 Fluid cognitive 

ability, or fluid intelligence, is “the ability to generate, transform, and manipulate different types 

of novel information in real time” and influences reasoning capabilities of an athlete during 

training and competition.21 

Statistics 

Statistical analysis of the euhydrated condition versus the dehydrated condition was 

assessed using repeated measures ANOVA to determine differences within subject conditions 

over time. Two-way repeated measures ANOVA was used to determine if there was an 

interaction between time and hydration status on the dependent variables impacting the main 

effects, e.g., whether the magnitude of the effect of time on hitting accuracy depends on the 

condition.  

Paired samples t-tests of the averages were used to interpret the main effects by 

comparing the means of dependent variables in euhydrated and dehydrated conditions. Variables 

used to assess hydration status included USG and change in body weight. The dependent 
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variables tested include perception of effort (RPE), heart rate (HR), 7-iron distance and off-target 

accuracy, successful putts, mean CRT time, and TMT-B time. Analysis of average RPE scores 

over time included a 2 x 2 (holes 1 and 4) repeated measures analysis of variance to determine 

differences between the two hydration conditions (euhydrated vs. dehydrated). Analysis of motor 

performance task data over time included a 2 x 2 repeated measures analysis of variance to 

determine differences between the two hydration conditions and the first and last time points for 

each of the following: average shot distance (yards), off-target accuracy (yards), and total putts 

made. Similarly, analysis of cognitive performance included a 2 x 2 repeated measures analysis 

of variance to determine differences between the 2 hydration conditions and the mean CRT times 

and TMT times. Significant values were assessed by the determined significance level (p < 0.05). 

All analyses were performed using SPSS Statistics 24.  

Results 

Demographic Characteristics 

 Seven female golfers enrolled in the study, however, only six completed all sessions. Of 

the six golfers, all were between the ages of 19 and 22 (Table 1). All of the participants were 

white (100%). All were golfers participating in elite level, regional and national competition (i.e., 

competition on the Virginia Tech Women’s Golf Team). Typical total fluid intake via the 

BEVQ-15 ranged from 26 to 167 fl oz per day. The mean typical total water consumption was 53 

fl oz per day and ranged from 22 to 120 fl oz per day. 
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Table 1: Participant Demographic Characteristics (n=6) 

 

Age (years), M (SD) 20.8 (1.1) 

Race/Ethnicity, n (%)                                                               

White                                                                                                                      
 

6 (100%) 

Height (cm), M (SD) 167.6 (6.5) 

Baseline Weight (kg), M (SD) 63.8 (10.0) 

Baseline BMI (kg/m2), M (SD) 22.6 (2.0) 

Baseline Total Body Water (kg), M (SD) 34.2 (3.2) 

Baseline USG, M (SD) 1.017 (0.006) 

Typical total fluid intake via BEVQ-15 (fl oz), M (SD) 71 (50) 

Typical total calories from beverages intake via BEVQ-15 (kcals), M (SD) 126 (98) 

 

Comparison of Body Weight between Hydration Conditions 

The initial weight at the beginning of the euhydrated visit was 1.53 + 0.73% higher as 

compared to baseline weights at visit 1 (p = 0.091), while the initial weight at the beginning of 

the dehydrated visit was only increased by 0.74 + 0.88% as compared to baseline weight at visit 

1 (p = 0.439) (Table 2). Furthermore, there was no significant difference in the initial euhydrated 

weight and initial dehydrated weight (mean difference = 0.78 + 0.52%, p = 0.194). 

Comparison of USG between Hydration Conditions 

 The initial USG at the beginning of the euhydrated visit was significantly lower than the 

baseline USG at visit 1 (mean difference = 0.010 + 0.007, p = 0.034), and USG at the beginning 

of the dehydrated visit was significantly higher than the euhydrated USG (mean difference = 

0.012 + 0.004, p = 0.030) (Table 2). There was no significant difference in baseline USG and the 

dehydrated visit USG. One participant was not able to give a urine sample at the beginning of the 

dehydrated visit; therefore, only five pairs were used for USG analysis between conditions. Of 

the USG values at visit one, one classified as significantly dehydrated (1.021), four classified as 

minimally dehydrated (1.010–1.020), and 1 classified as euhydrated (<1.010). The minimum 

USG from visit 1 was 1.007 and the maximum was 1.023. 
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Table 2: Comparison of Body Weight (kg) and Urinary Specific Gravity (USG) across 

Baseline and Euhydrated and Dehydrated States  

Variable Baseline 

Mean (SD) 

Euhydrated 

Mean (SD) 

Dehydrated 

Mean (SD) 

p-value 

Weight, kg 63.3 (9.0) 64.3 (9.8) 63.8 (9.9) 0.160 

USG 1.019 (0.004)a 1.009 (0.007)a,b 1.021 (0.003)b 0.014 
aIndicates significance between groups at p=0.034 
bIndicates significance between groups at p=0.030 

 

Comparison of Heart Rate between Hydration Conditions  

Difference in heart rate was not significant between the euhydrated and dehydrated states. 

Euhydrated heart rate was 5 bpm higher than the dehydrated heart rate (See Tables 3 and 4).  

 

Table 3. Comparison of Mean Heart Rate between Euhydrated and Dehydrated States 

 

Variables 
Euhydrated 

Mean (SD) 

Dehydrated 

Mean (SD) 

Difference 

Mean (SE) 
p-value 

Heart rate (bpm)  120.9 (16.9) 115.9 (14.2) 5.0 (2.0) p = 0.057 

 

Table 4. Comparison of Heart Rate within Groups over Time 

 

Variables 
Hole 1 

Mean (SD) 

Hole 4 

Mean (SD) 

Difference between 

Hole 1 and Hole 4 
Condition by 

Time Difference 

F (p-value) 
Mean 

(SE) 
p-value 

Heart rate (bpm) 

Euhydrated 

Dehydrated 

 

120.0 (13.4) 

114.7 (13.3) 

 

122.5 (19.4) 

116.8 (17.1) 

 

2.5 (2.5) 

2.2 (2.7) 

 

0.366 

0.451 

 

0.019 (0.896) 

 

Comparison of Motor Function between Hydration Conditions 

Motor function variables of interest included average shot distance (yards), off-target 

accuracy (yards), and total putts made. Paired samples t-tests revealed numerical differences in 

data, but no statistical significance for any of the data pairs (Table 5). There was a significant 
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decrease in 7-iron hitting distance between holes 1 and 4 in the euhydrated condition (mean 

difference = 5.1+1.6 yards, p = 0.025) and in the dehydrated condition (mean difference = 

3.5+1.4 yards, p = 0.049). However, no significant interactions of condition by time for distance 

or for other motor performance measures were indicated (Table 6).  

Table 5. Comparison of Mean Motor Performance Measures between Euhydrated and 

Dehydrated States 

Variables 
Euhydrated 

Mean (SD) 

Dehydrated 

Mean (SD) 

Difference 

Mean (SE) 
p-value 

Distance (yards)  157.7 (8.7) 155.2 (10.9) 2.5 (1.0) p = 0.055 

Accuracy (yards)  7.9 (1.5) 7.7 (1.9) 0.2 (1.0) p = 0.858 

Putts made (out of 4) 2.9 (0.7) 2.6 (1.1) 0.3 (0.4) p = 0.516 

 

Table 6. Comparison of Motor Performance Measures within Groups over Time 

 

Variables 
Hole 1 

Mean (SD) 

Hole 4 

Mean (SD) 

Difference between 

Hole 1 and Hole 4 

Condition by 

Time 

Difference 

F (p-value) 

Mean 

(SE) 
p-value 

Distance (yards) 

Euhydrated 

Dehydrated 

 

161.4 (9.3) 

157.5 (11.1) 

 

156.3 (7.6) 

154.0 (11.1) 

 

5.1 (1.6) 

3.5 (1.4) 

 

0.025 

0.049 

 

0.391 (0.559) 

Accuracy (yards) 

Euhydrated 

Dehydrated 

 

6.5 (3.1) 

7.1 (3.3) 

 

7.2 (3.2) 

10.4 (4.9) 

 

0.7 (1.2) 

3.3 (2.2) 

 

0.581 

0.200 

 

2.796 (0.155) 

Putts made (out of 4) 

Euhydrated 

Dehydrated 

 

2.7 (1.2) 

2.2 (1.0) 

 

3.0 (0.9) 

2.7 (0.8) 

 

0.3 (0.7) 

0.5 (0.3) 

 

0.661 

0.203 

 

0.077 (0.793) 

 

Comparison of Cognitive Function between Hydration Conditions 

Analysis of cognitive function included rate of perceived exertion (RPE), choice reaction 

task (CRT) time, and trail making test B (TMT-B) time. A rating of 9 on the Borg Scale (RPE) 

would be considered very light perceived exertion, and a rating of 11 would be considered light. 
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Paired samples t-tests revealed numerical differences in data between the euhydrated and 

dehydrated states, but no statistical significance for any of the cognitive data pairs (Table 7). 

Both cognitive function test times were higher in the euhydrated condition, but neither 

differences in euhydrated and dehydrated CRT times nor TMT-B times were significant. 

Similarly, there was no difference in cognitive function over time between hydration conditions 

nor was there an interaction between time and condition on cognitive function. (Table 8).  

Table 7. Comparison of Mean Cognitive Performance Measures between Euhydrated and 

Dehydrated States 

Variables 
Euhydrated 

Mean (SD) 

Dehydrated 

Mean (SD) 

Difference 

Mean (SE) 
p-value 

RPE 10.5 (2.1) 10.9 (1.6) 0.4 (0.6) p = 0.544 

CRT time (ms)  391.4 (22.3) 377.9 (39.9) 13.5 (9.0) p = 0.194 

TMT-B time (sec)  59.4 (12.8) 58.3 (14.0) 1.1 (6.1) p = 0.865 

 

Table 8. Comparison of Cognitive Performance Measures within Groups over Time 

 

Variables 
Hole 1 

Mean (SD) 

Hole 4 

Mean (SD) 

Difference between 

Hole 1 and Hole 4 
Condition by 

Time Difference 

F (p-value) 
Mean 

(SE) 
p-value 

RPE 

Euhydrated 

Dehydrated 

 

9.9 (1.8) 

10.6 (1.6) 

 

10.9 (2.2) 

11.3 (1.9) 

 

1.0 (0.5) 

0.8 (0.5) 

 

0.111 

0.178 

 

0.484 (0.518) 

CRT time (ms) 

Euhydrated 

Dehydrated 

 

399.8 (25.4) 

382.8 (33.7) 

 

386.6 (24.3) 

379.4 (45.5) 

 

13.2 (8.0) 

3.3 (6.1) 

 

0.159 

0.610 

 

1.629 (0.258) 

TMT-B time (sec) 

Euhydrated 

Dehydrated 

 

65.7 (20.0) 

67.6 (24.9) 

 

53.1 (10.7) 

49.1 (8.3) 

 

12.6 (7.8) 

18.5 (9.9) 

 

0.168 

0.121 

 

0.144 (0.720) 
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Discussion 

The results of this pilot study demonstrate trends of improved golf performance and 

perception of effort in euhydrated athletes. Although not statistically significant, euhydrated 

participants’ 7-iron distance was greater by 2.5 yards, putting accuracy was 7.5% higher, and 

weighted walking was perceived as 3.8% easier as compared to their dehydrated state. These 

findings suggest euhydration may improve the motor and cognitive skills of competitive golfers, 

consistent with results of another study that demonstrated golfers who were dehydrated had a 

four stroke higher scoring average than golfers who were euhydrated.3 A recent study conducted 

with male elite golfers (n=7) demonstrated mild dehydration (1–2% loss in body weight) lead to 

an 11% loss in average iron distance and near doubling of off target iron accuracy after hitting 

only 30 golf balls in a temperature controlled laboratory (temperature: 20.6+0.3 C; humidity: 

53.6+3%).9 Additionally, the study reported dehydrated golfers demonstrated over a six fold 

increase in overestimation of distance from the pin.9 The results suggest the detriments of 

dehydration present themselves earlier than in other sports, such as cycling. Minor improvements 

in distance can play a much bigger role in a round of golf than the physical inches gained. Two 

to three yards of extra distance can impact the confidence and the demeanor of the player. 

Elevated confidence can in turn improve ball striking and other areas of the game which then 

improves demeanor. Similarly, decreased perception of effort can enhance demeanor to improve 

performance. The higher putting percentage found during euhydration may secure one stroke that 

is the difference between first and second place.  

There was a significant decrease in 7-iron hitting distance over time between holes 1 and 

4 in the euhydrated condition (mean difference = 5.1+1.6 yards, p = 0.025) and in the dehydrated 

condition (mean difference = 3.5+1.4 yards, p = 0.049). More research is warranted to determine 

the cause of this loss in distance, e.g., fatigue, stress hormones, etc. The loss in distance in the 
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euhydrated state was ultimately similar to the loss in distance in the dehydrated state, because no 

significant interactions of condition by time for distance or for other motor performance 

measures were indicated.  

Heart rate in the dehydrated state was lower than heart rate in the euhydrated state, 

trending in the opposite direction as expected as previous studies have shown a strong correlation 

between perception of effort using the Borg scale and actual heart rate of the individual.18 One 

possible explanation for the trend in heart rate is physical adaptations to training in dehydrated 

conditions, an area that warrants more research in golfers. Furthermore, a difference between 

resting heart rate and peak heart rate could have existed and would have accounted for variability 

in resting heart rate between hydration conditions; however, resting heart rate data was not 

collected. Because the trend did not reach statistical significance, future studies with larger 

sample sizes likely will see heart rate trend in a direction consistent with the literature.1,18  

Dehydration is one of many factors in a complex regulatory system that leads to mental 

fatigue.22 A few studies have reported higher ratings of perceived effort for individuals in a 

dehydrated state than in a euhydrated state and others have shown loss of cognitive function and 

alertness in mildly dehydrated individuals (body weight loss of 1 – 2%).8,23 Some have proposed 

the sensation of thirst increases the athlete’s perception of effort leading to a reduction in 

physical effort, which could lead to a reduction in hitting distance for golfers.22 Previously, 

reaction time has been used to determine the ergogenic effect of caffeine in elite archers,24 to 

measure performance decrements related to mental fatigue,25 to indicate general fluid 

intelligence, to predict survival, and for a host of other outcome variables.19 The small sample 

size, including one participant whose USG indicated significant dehydration during the 

euhydration visit, may have contributed to the lack of significant differences in cognitive 
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function between hydration conditions. Further research should be conducted to elicit the 

potential impact of hydration status, as golfers who are properly hydrated may demonstrate 

improved reaction time, and thus have delayed mental fatigue and greater ability to sustain effort 

throughout prolonged competitions.25 

Overall, the sample population reflected current literature’s estimates that a majority of 

athletes train and compete in a dehydrated state.3–7 Using the USG classifications for hydration 

(USG<1.010) and dehydration (USG>1.010), 86% of participants at baseline demonstrated 

dehydration. Furthermore, the average euhydrated hydration status was significantly more 

hydrated than baseline, and the average dehydrated hydration status was significantly different 

from baseline, corroborating the high prevalence of dehydration among the sample population.  

Finally, the results suggest NCAA recommendations for before exercise and daily fluid 

needs based on weight administered by a fluid intake log may not be appropriate for all 

athletes.15 One participant out of six did not achieve euhydration despite reported compliance to 

the written guidelines on her fluid intake logs but was, in fact, significantly dehydrated (USG = 

1.021). Participants in the euhydrated condition followed personalized hydration guidelines the 

day before (40 ml of fluid/kg of body weight) and standard hydration guidelines (drink 16 fl oz 

2-3 hours before exercise, 8 fl oz 15 minutes before exercise, and 4 fl oz every 15 minutes of 

exercise) on the day of the euhydration visit.15 It is possible that a food dye, such as blackberries 

or beets, a drug, or the presence of hemoglobin or myoglobin could have changed the color of 

the urine causing a false USG measurement.26 In the future, researchers should obtain another 

indication of hydration status, such as an accurate baseline measure of weight to measure weight 

change, or use a dietary recall can help eliminate false USG measurements. Blood glucose tests 

could also be added to measure potential confounding detriments on cognitive-motor 
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performance. In this study, it is not known whether the abnormally high USG was caused by 

inadequate fluid intake or by a tainting substance in the urine, but preliminary evidence suggests 

current hydration guidelines administered by a fluid intake log may not ensure euhydration of all 

athletes. Thus, more research should be done on effective hydration education methods and 

hydration planning practices. 

Limitations of the study include small sample size (n=6) and limited generalizability from 

a laboratory setting to the golf course. A similarly designed study that measured differences in 

performance over time in male golfers who consumed a caffeinated carbohydrate beverage or a 

placebo beverage had a sample size of 20.13 Stevenson, et al. additionally repeated measures and 

conducted data points over 18 holes. Four hours of testing over the course of 18 simulated holes 

is more similar to competition conditions than 1 hour of testing over the course of 4 simulated 

holes. Greater statistical power as a result of more participants and prolonged exercise would 

have likely led to statistical significance. In addition, although the present study was designed to 

simulate four holes of golf via metabolically equivalent exercise, hitting, putting, and cognitive 

demands, true performance results should be measured on the golf course in a competitive round. 

The accuracy of the GC2 monitor for distance should also be considered as the difference 

between hydration conditions was within the reported error of the simulator. The collection of 

resting heart rate would have allowed for further insight into the impact of hydration status on 

changes in heart rate during exercise. Finally, a single weight measurement was not adequate to 

establish a baseline weight and USG. Smith et al. conducted three visits with weight 

measurements to calculate a baseline weight from used to find percent body weight loss from 

euhydration and dehydration conditions.9 
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Conclusion 

Although no significant differences between euhydrated and dehydrated states were 

found, based on the trends of these results and the findings of other studies, a similarly designed 

study with a larger sample size might elicit results showing decline in motor or cognitive 

performance due to dehydration. Based on USG levels, NCAA hydration recommendations may 

not be adequate to induce a euhydrated state for all athletes. More research is needed with larger 

sample sizes to further elicit the impact of hydration status on variance in motor and cognitive 

function for elite golfers.  
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Chapter 3: Future Directions and Conclusion  

Athletes constantly work towards gaining a performance edge. An athlete’s commitment 

to plan and follow through with nutrition practices can set the competitor apart in his or her field. 

Successful nutrition practices include intent to begin exercise well hydrated and maintain 

adequate hydration status throughout the activity. The sport of golf, albeit slow paced, is no 

exception. Hydration is key to peak motor and cognitive function in fine motor skill sports, such 

as golf, and essential to preventing consequences during prolonged play lasting 4–8 hours. 

Current literature suggests mild dehydration (1–2% loss in body weight) significantly impairs 

physical performance of male golfers as exhibited by 11% loss in average iron distance and near 

doubling of off iron target accuracy in male golfers.1 Results from this pilot study showed that 

euhydrated female golfers mean 7-iron distance was 2.5 yards greater, putting accuracy was 

7.5% greater, and perceived exertion during weighted walking was 3.8% easier as compared to 

their dehydrated state. The small sample size and the inability of the NCAA hydration 

recommendations to ensure euhydration may have contributed to the lack of significant 

differences in motor and cognitive function between hydration conditions. 

Many problems have been identified with maintaining hydration among golfers, 

including exercise in warm environments. In order to lose 1.5% body weight, a 65 kg player only 

has to lose 1 kg of sweat. Over a four hour round, that is less than 250 ml (~8 fl oz) of sweat lost 

without replenished fluid per hour. Sweat rates of golfers playing a round in temperate 

conditions are estimated at 400 ml/hr.1 Golfers in warm environments could easily lose 250 ml of 

sweat an hour if forgetting to drink regularly. In addition, dehydration can be voluntary among 

golfers. Professional golfers reported that worry of increased frequency of urination and feeling 

uncomfortable and less athletic prevents them from drinking lots of fluid during the round.2 

Other reported reasons for inadequate fluid intake include decreased sensation of thirst, 
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underestimation of perspiration, and unpreparedness of carrying fluids.2 Additionally, general 

hydration guidelines may not guarantee an athlete achieves euhydration. The findings purport 

NCAA recommendations for before exercise and daily fluid needs based on weight administered 

by a fluid intake log may not be appropriate for all athletes. More research needs to be done to 

determine whether the current guidelines underestimate fluid requirements of some individuals 

or whether recording fluid intake via a log is inadequate in order to promote euhydration and its 

performance benefits.  

Despite the observed effects and the understood importance of water as a nutrient, a 

number of reports suggest that an overwhelming amount of the athletic population competes and 

trains in a dehydrated state, including golfers.3–7 Similarly, the findings reported 86% of 

participants at baseline demonstrated either minimal or serious dehydration (USG>1.010). The 

high prevalence of dehydration in this sample female collegiate golfers and the potential of 

euhydration to improve performance highlight the need for competitive golfers to seek out 

professional help. Not only should athletes seek attention, but sports dietitians and sport coaches 

should also encourage competitive golfers to implement good hydration practices, such as 

weighing before and after a round to calculate sweat rates. Sports dietitians can work with 

athletes to overcome the obstacles to proper hydration and to reach the proposed performance 

benefits. Upcoming research will support the need to implement hydration plans as the impact of 

hydration status on variance in motor and cognitive function for elite golfers is further elicited.  
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Appendix B. BEVQ-15 
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Appendix C. Deary-Liewald choice reaction time test screenshots 
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Appendix D. Trail Making A and B instructions and instruments 
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Appendix E. Borg Scale 

 
 

 

 


