
ABSTRACT 

 

Dehydration in High School Girls Wrestling 

 

Jennae McKenzie Fenton, M.S. 

 

Mentor: Brian C. Leutholtz, Ph.D. 

 

 

Little data currently exists for the female wrestling population as the sport is ever-

growing. This study is to determine the effect of dehydration on mental toughness for 

high school female wrestlers. Nine athletes, ages 14–17 years old, underwent two 

measurements of hydration status which took place at the beginning and middle of the 

season, and one mental toughness questionnaire completed at the end of the season. The 

athletes were assigned a personal unique identifier, several non-invasive measures were 

captured to determine hydration, and the standardized MTQ-10 questionnaire was used to 

determine mental toughness. A negative correlation was found between the mental 

toughness attributes of feeling worthwhile, coping, and looking on the bright side to the 

hydration measure of urine color in the mid-season measurements. No other values were 

deemed statistically significant. The results provide preliminary evidence that hydration 

status affects mental toughness and additional research is recommended. 
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CHAPTER ONE 

 

Introduction 

 

 

Background 

 

Wrestling is one of the oldest forms of combat, tracing back 15,000 years to the 

early Egyptians and Greeks1. Many styles of wrestling exist; however, the style practiced 

in high school sports is known as Folkstyle. It is not necessarily known when Folkstyle 

wrestling originated since the sport of wrestling evolved over many years taking the 

various cultures that adapted and created the various forms. Although males have 

competed in regulated wrestling competitions since 1903 with the first dual meet taking 

place between Yale and Columbia University2, women’s wrestling is much newer and 

continues to evolve. The first Worlds Championships for women’s wrestling was in 

19873; however, to this day, only 36 states recognize and have sanctioned state 

championships for women’s wrestling. This includes the State of California and the State 

of Texas, which will serve as the locations of this study4. 

A key component of the sport of wrestling is that the athletes must “cut weight” to 

meet weight classifications. Cutting weight is fast weight loss prior to a sporting event, 

and for wrestling it is predominantly from excessive sweating and loss of water weight, 

change in diet such as restricted caloric intake, or increased exercise. High school 

wrestlers have been known to wear an abundance of warm clothing or sit in an extremely 

warm vehicle to sweat the fluid weight off, or repetitively spit to eliminate the fluid from 

their bodies in that manner. Girls wrestling at the high school level has 14 recognized 
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weight classifications depending on state rules and regulations. The weight classes 

consist of the following 101, 106, 111, 116, 121, 126, 131, 137, 143, 150, 160, 170, 189, 

and 235 pounds per California Interscholastic Federation (CIF)5. Cutting weight is 

regulated using the annual weight certifications process, where the athlete is given the 

lowest possible weight class that they can cut to in a safe manner. During the middle of 

the season, athletes are given a two-pound weight allowance as officials recognize that 

athletes, especially in high school, are still growing in both height and weight. The 

cutting process can be taxing on the body and may directly affect both physical and 

mental abilities. 

 

Statement of the Problem 

 

What is the effect of dehydration on the mental toughness of high school female 

wrestlers? 

 

Objectives 

 

The initial objectives of this research project per the International Review Board 

(IRB) approved on November 4, 2022, were to: 

1. Examine the effects of dietary factors of female wrestlers’ performance. 

2. Identify how mental toughness may be affected by changes in dehydration status. 

Subsequently on November 29, 2022, based on input and advice of the entire academic 

advising team, this research project was scaled back by eliminating the examination of 

dietary factors, focusing solely on the hydration aspect. 

As a result, the primary objective of this research project is to identify how mental 

toughness may be affected by changes in hydration status. 
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Hypotheses 

 

H1: Mental toughness will be negatively affected as a result of dehydration from weight 

cutting by minimizing fluid intake or sweating. 

H2: A correlation will exist between weight and mental toughness. 

H3: A correlation will exist between BMI and mental toughness. 

H4: A correlation will exist between urine specific gravity and mental toughness. 

H5: A correlation will exist between urine color and mental toughness. 

 

Rationale 

 

If a correlation is found between hydration and mental toughness, then a case can 

be made for the need to provide better techniques and overall increase safety for high 

school athletes meeting weight dependent sport demands. The increased focus on this 

population is warranted because minimal to no research articles highlight the 

physiological aspects of female wrestling, while this athlete population continues to 

grow. Additionally, hydration is a significant part of the wrestling season with cutting 

weight to meet match requirements, so ultimately this study is worth pursuing. 

 

Delimitations 

 

The study will utilize the following parameters: 

1. Twelve (12) high school female wrestlers (ages 13-19). 

2. Subjects recruited by word of mouth or via email. 

3. All baseline measurements assessed at the same point during the wrestling season. 

4. All mid-season measurements assessed at the same point during the wrestling 

season. 
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5. The questionnaire distributed at the same time for all athletes to review and 

answer. 

 

Limitations 

 

1. All measurements obtained in field work and not in a controlled laboratory 

setting. 

2. Athletes had differing day-to-day habits of nutrition and exercise. 

3. Athletes had differing weight cutting philosophies and practices. 

 

Assumptions 

 

1. The laboratory equipment such as scale weight, manual blood pressure cuff, 

stethoscope, timer, Multistix 10 SG Reagent Strips, and skinfold calipers were 

properly functioning to produce the most valid and reliable measures. Also, the 

equipment had the proper calibration and instructions for use to minimize the 

amount of potential error. 

2. The participants followed through with study visits and gave their best effort in 

answering the questionnaire. 

3. All participants maintained their normal day-to-day habits regarding nutrition and 

exercise during the duration of the study. 
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Definition of Terms 

 

Blood Pressure - the pressure of blood circulating throughout the body and measured by 

a sphygmomanometer 

 

Body Mass Index (BMI) - a measurement of a person’s weight in pounds divided by the 

height in feet squared 

 

Capillary Refill - the time it takes for the color to be perfused into the fingernail after use 

of pressure to blanch the capillary bed 

 

Diastolic Blood Pressure - the second sound when assessing blood pressure and the force 

on the arteries when the heart rests between beats 

 

Heart Rate - the frequency the heart contracts in one minute 

 

Mental Toughness (MT) - a measure of resilience and confidence which are considered 

predictors of success 

 

Skin Elasticity - the skin’s ability to retake shape after being stretched to assess physical 

signs of hydration 

 

Skinfolds - the pinching of the subcutaneous fat as a method of determining body fat 

 

Systolic Blood Pressure - the first sound when assessing blood pressure is the force of 

blood on the arteries when the heart beats 

 

Urine Sample Color - the range of color from clear to dark yellow or amber 

 

Urine Specific Gravity - a urinalysis used to assess the kidney function and in 

determining a factor of diseases or hydration status  
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CHAPTER TWO 

 

Review of Literature 

 

 

Women’s Wrestling Studies 

 

From the Baylor University's One Search Library Online Database, and using the 

search terms women’s wrestling, a total of 1,238 articles were obtained. However, the 

articles mainly focused on the sociocultural aspects of the sport as there is a stigma of 

women in a “combat” sport, or the integration of the sport into the NCAA/Equal Play as 

part of Title IX. Minimal to no research articles were about the physiological aspects 

related to women’s wrestling, and no articles involved mental toughness in wrestling. 

After redefining the search terms to women’s wrestling and hydration, a total of three 

articles were discovered. Of these three articles, only one related to the topic and it was 

about urine specific gravity and plasma osmolarity as a valid measurement of hydration 

status in both male and female collegiate athletes6. This indicates that the project is 

possible as well as the need for more research using different populations. 

 

Hydration Measures 

 

The most commonly used markers of hydration are plasma osmolarity, urine 

osmolarity, and urine specific gravity. However, the best way to measure hydration is 

considered to be body weight and urine specific gravity. Urine color is another reasonable 

method of obtaining hydration status7. Other non-invasive measures of hydration include 

capillary refill, skin elasticity and skinfolds. 
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Body Weight 

 

The changes in body weight are known to be the gold standard determining factor 

of hydration status8. As seen in the literature, body weight should be assessed in the 

morning, since weight tends to fluctuate throughout the day. For wrestling specifically, 

weigh-ins are conducted in the morning prior to competition9. Additionally, authors 

explain that body weight during strenuous exercise will affect hydration markers which 

results in a significant change in body weight over time8. 

 

Urine Specific Gravity and Urine Sample Color 

 

According to the literature, urine specific gravity as well as urine color have great 

applicability in the field setting as a measure of hydration. As found in one study, urine 

specific gravity at high levels will assume greater health risks such as heat illness and is 

correlated to impaired performance10. 

The Baylor Library Database has many articles which validate the effectiveness 

of urine sample color as an indicator of hydration. Researchers recognize that the color of 

urine as determined in the lab is a very subjective variable; however, models have been 

established that have helped to analyze the color quantitatively and objectively. The 

literature also mentions that in hydration studies they found a very high correlation 

between urine color and specific gravity11. 

 

Capillary Refill 

 

Capillary refill has been used in medicine to determine perfusion and is usually 

found under documentation for a patient’s external appearance of skin assessment. The 

typical capillary refill time is two seconds or less. Another article states that the usage of 
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capillary refill to be a measure of hydration, and yet the author Baraff has a slightly 

different opinion and does not believe it is a useful clinical sign. Most of the articles 

about capillary refill do not speak to the effectiveness of the measure but rather the 

measurement itself. Baraff states that the Trauma Scale has removed the element of 

capillary refill, and that ambient temperature has a profound effect on the capillary refill 

time as 69 percent of children did not experience a capillary refill time of greater than 

two seconds12. 

 

Skin Elasticity 

 

The measurement of skin elasticity in the laboratory setting is performed by 

pinching the back of the hand and witnessing the skin go back to its original position in 

two seconds or less, similar to the capillary refill. Most of the articles regarding skin 

elasticity as a measure of hydration are related to facial skin care habits. Thus, based on 

the literature, it is not exactly clear how effective the measurement of skin elasticity is in 

determining the hydration status for research purposes. 

 

Skinfolds 

 

Measuring skinfolds is a technique used to assess body fat by pinching the fat at 

different locations of the body. Dotson et. al. found in a research study that hydration 

status affects skinfolds as this body composition measurement should be executed after 

fasting13. Skinfolds is not considered a direct measurement of hydration status; however, 

it is an important measure of overall health and body composition as detailed by Esparza-

Ros et.al14.  
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Differences in Hydration Between Genders 

 

Sommerfield et. al., explain in their research article that male and female 

hydration status is substantially different. As such, men typically sweat more than women 

likely because of a greater body mass and higher metabolic rates during exercise. The 

article touched on many different sports such as cycling, soccer, and wrestling. Also 

described in the article is that with a loss of 3-5 percent of body mass from acute exercise 

it will increase the concentration of urine specific gravity to be higher than normal. The 

researchers stated that the least invasive method for determining hydration status is to 

measure urine specific gravity and it is also inexpensive, fast, simple and accurate. 

Although, researchers still claim that the best way to detect hydration status in both 

genders is by measuring plasma osmolarity. The authors concluded, “dehydration to even 

2-3% of BM [body mass] can have considerable effects on an athlete’s performance and 

overall well-being, so the use of field tests to monitor hydration status becomes 

warranted.” They stated, “Coaches and athletic trainers must continue to educate their 

athletes on safe weight loss methods in weight-classified sports”15. 

 

Mental Toughness Assessment 

 

Mental toughness is best described as “stress tolerance and the ability to 

maximize performance”16. Specific characteristics that make up mental toughness include 

“the capability to deal with adversity, the ability to thrive under pressure, self-belief, 

control, resilience, persistence, and superior mental skills”16. In addition, some 

researchers believe that “mental toughness is critical for achieving success (Loehr, 1994) 

and appears to be developed through experience”17. In a 2012 research study on 54 male 

high school wrestlers, a direct correlation was found that age and season winning 
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percentage influences mental toughness17. However, no studies were found relating to 

other factors, such as dehydration, affecting mental toughness. Additionally, a downside 

to most mental toughness research previously published is they are almost always self-

report or a ranking on a scale from 1-2018. Further research affirmed that the best and 

most appropriate way of measuring one’s mental toughness (MT), via a confirmatory 

factor analysis, is through answering the standardized MTQ-10 questionnaire. The MTQ-

10 is used to assess four “dimensions”: challenge, commitment, control and confidence. 

In all, studies have found that the MTQ-10 to be a strong predictor of well-being and to 

be a “superior unidimensional measure of MT”16. Also, the evidence suggests that the 

MTQ-10 has higher factor loadings and better a data-model fit, and displays gender 

invariance at the “configural, metric, and scalar level”16. 
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CHAPTER THREE 

 

Research Design and Methodology 

 

 

Conceptual Framework 

 

This conceptual framework is based on the literature review of previous studies to 

determine how the existing research problem will be explored. Thus, the research design 

is intended to determine the correlation between hydration and mental toughness. The 

initial research design was developed based on the preliminary literature review and was 

approved by the IRB on November 4, 2022. Based on the input and advice from the 

academic advising team and based on design issues discovered once data collection 

began, the research design was modified slightly in various places. The following 

provides details of the initial and final research design along with a description and 

reason for the change in design. 

 

Subject Selection and Recruitment 

 

 

Inclusion Criteria 

 

• Female wrestlers ages 13-19 recruited from McLennan County, TX and Placer 

County, CA via email to high school coaches (initial design) 

• Female wrestlers ages 13-19 recruited from Tarrant County, TX; El Dorado 

County, CA; Placer County, CA; and Sacramento County, CA (final design) 

• Participants classified as “Low Risk” according to the Initial American College of 

Sports Medicine Risk Stratification Guidelines (initial design) 
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• Subjects that meet requirements to be able to participate in physical activity 

according to the Physical Activity Readiness Questionnaire (PAR-Q) (initial 

design) 

 

Summary of design changes.  Additional counties were added to expand potential 

participant pool due to low numbers of volunteers after initial requests for participants 

were made. Also, the ability to participate in physical activities based on the student 

athlete obtaining clearance to participate on the high school wrestling team was used 

rather than the PAR-Q since this study was not adding any additional physical 

requirements over and above participating in the sport itself. Similarly, the participant’s 

risk classification was not considered. 

 

Exclusion Criteria 

 

• Subjects that have a family history or background of cardiovascular risks, 

cigarette smoking, a sedentary lifestyle or obesity (initial design) 

• Subjects that do not meet PAR-Q requirements (initial design) 

• Males will be excluded from the study as research around this subject is mostly 

involving male participants and data, and the purpose of this investigation is to 

gain a newer understanding of the sport from a different point of view. (initial and 

final design) 

 

Summary of design changes.  The family history and PAR-Q exclusions were 

eliminated because, instead, the ability to participate in physical activities was based on 

the student athlete obtaining clearance to participate on the high school wrestling team 
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since the study was not adding any additional physical requirements over and above 

participating in the sport itself. 

 

Recruiting Participants 

 

Recruiting wrestlers to participate in this study was a multi-step process, which 

began with an onsite visit to the six high schools located around Baylor University in 

McLennan County, TX. Through these visits it was discovered that female wrestling was 

not popular in this area of the country as none of them had a female wrestling team. As a 

result, a different approach was needed to obtain study participants. This entailed creating 

a list of all the high schools in an expanded area around Placer County, CA, then 

researching their school websites to determine if they had a wrestling team, and if so, 

identifying the wrestling coach or the athletic director and their contact information. 

Next, the coaches and/or athletic directors were contacted to let them know about the 

study, and to ask them if they had female wrestlers, and if they would be willing to 

support the study. For those coaches who provided a letter of support, a meeting was set 

up to share the study information with the wrestlers and their parents, answer any 

questions they may have, and obtain consent or assent forms to participate in the study. 

Subsequently, for those wrestlers willing to participate in the study and who provided 

their signed consent/assent forms, research data was obtained as described in the Study 

Activities section. In addition to the coaches and wrestlers recruited through email and 

phone contacts, attendance at four tournaments in Northern California at the beginning of 

the season was used to make in-person contacts and recruit via face-to-face interactions. 

From the in-person communications, a school from Azle, TX showed support and 
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allowed their athlete to participate. Table 3.1 summarizes these participant recruitment 

efforts. 

 

Table 3.1. Summary of Study Population and Wrestler Recruitment 

 California Texas Total 

 

Recruitment Activity 

El Dorado 

County 

Placer 

County 

Sacramento 

County 

McLennan 

County 

Tarrant 

County 

All 

Counties 

Number of schools 

identified in the county 

5 13 44 6 1 69 

Number of schools 

with possible wrestling 

teams 

5 10 33 0 1 49 

Number of coaches 

contacted 

5 10 33 6 1 55 

Number of coaches 

willing to support the 

study 

1 4 5 0 1 11 

Number of schools that 

participated in the 

study 

1 3 2 0 1 7 

Number of female 

wrestlers on teams 

with coaches willing to 

support the study 

1 22 13 0 1 37 

Number of female 

wrestlers willing to 

participate who 

submitted signed forms 

1 6 4 0 1 12 

Number of female 

wrestlers completing 

all aspects of the study 

1 4 3 0 1 9 

 

 

These recruitment efforts resulted in the participation of eight high schools and 12 

wrestlers. However, due to varying reasons (e.g., mental health issues, physical injury, or 

no longer participating in the sport), only nine athletes completed the study. 

 

Summary of design changes.  As part of the initial IRB, McLennan County and 

Placer County were going to serve as the sample population. After more investigation, 
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McLennan County did not have any girl wrestling teams, and the number of wrestlers in 

Placer County may be limited, so the sampling changed to three counties in California 

(Placer, El Dorado, and Sacramento County), followed by adding Tarrant County, TX 

based on the interest of the coach and wrestler to participate in the study. 

 

Participant Confidentiality 

 

Upon committing to participate and submitting signed consent/assent forms, the 

athlete was given a random, unique identifier that would follow them throughout the 

duration of the study. The random, unique identifier was used to provide privacy and 

confidentiality of the athlete’s measurements and responses related to the study activities. 

 

Study Activities 

 

 

Hydration Testing 

 

The high school wrestling season is from the end of October/start of November to 

the end of February. At the beginning of the wrestling season, all wrestlers must perform 

a hydration test to determine the lowest weight classes that they can qualify for, and each 

athlete receives their individual results. The league mandated measures as well as some 

additional measures gathered at the beginning of the season for this study served as the 

baseline values for hydration. Since the wrestlers are given a two-pound weight 

allowance mid-season, another hydration test was performed. The same variables were 

measured for the mid-season hydration test as was gathered for the beginning of the 

season measurements. The following data was gathered for both beginning and mid-

season measures: 
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• Bioelectrical Impedance Analysis (BIA) – The BIA is a method to estimate body 

composition, in particular the body fat and muscle mass, by using a weak electric 

current flow through the body. The league will obtain these body fat measures to 

determine the lowest possible weight the athlete can drop to, based on a safe body 

fat percentage for the athlete. (initial design) 

• Body Mass Index (BMI) – The BMI calculated using the reported height and 

weight and an online BMI calculator to have a precise measure with an 

uncertainty to the tenth decimal point. (initial and final design) 

• Height/Weight – The league obtains height and weight by the Detecto Eye- Level 

Beam Scale with Height Rod, which serves as a baseline measurement. A 

subsequent weigh-in at a mid-season tournament serves as the mid-season 

measurement. (initial and final design) 

• Urine Sample Color – The league assesses the urine color of the sample that the 

athletes provide for their hydration test and rates the sample from clear to amber. 

This test will be used for the baseline measure and the athlete will provide a 

sample mid-season to be tested in the same fashion. (initial design) 

• Urine Sample Color – Athletes provided a urine sample at the beginning of the 

season and again at mid-season for purposes of this study. Both urine samples 

assessed and rated from clear to amber. (final design) 

• Urine Specific Gravity – The same urine sample provided for the urine sample 

color to be used to assess urine specific gravity based on the Multistix 10 SG 

Reagent Strip scale. (initial and final design) 
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• Physical Activity Readiness Questionnaire (PAR-Q) – Athletes to complete the 

PAR-Q form to participate in the study. (initial design) 

• Heart Rate – Heart rate measured manually by taking the radial artery pulse. 

(initial and final design) 

• Blood Pressure – Resting blood pressure measured manually with a 

sphygmomanometer on the upper arm and a stethoscope applied under the cuff 

running along the artery to listen for Korotkoff sounds. (initial and final design) 

• Capillary Refill – Hydration tested by pressing down on the fingernail of the 

thumb and then releasing to determine if the coloring returns in more or less than 

two seconds. (initial and final design) 

• Skin Elasticity – Hydration tested by pinching the back of the hand and then 

releasing to determine if the skin returns to its original position in more or less 

than two seconds. (initial and final design) 

• 7-Point Skinfold Thickness – The skinfold thickness captured using skinfold 

calipers at the chest, mid axillary, abdomen, supra iliac, thigh, subscapular, and 

tricep. (initial and final design) 

 

Summary of design changes.  The initial and the final design consisted of the 

hydration tests being performed twice, once at the beginning of the season and once mid-

season after the two-pound weight allowance. However, some of the components of the 

test were either eliminated, such as the BIA and the PAR-Q, or the method of collection 

changed slightly, such as with the tests related to the urine sample. The BIA was 

eliminated because the league weight certifier was unwilling to provide wrestler test 

results for purposes of this study and the PAR-Q was eliminated since it was no longer 
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deemed necessary as athletes had obtained clearance to participate on the high school 

wrestling team and this study was not adding any additional physical requirements over 

and above participating in the sport itself. The method for collecting urine samples 

changed because of a recent league change, discovered once data collection began, to no 

longer require urine samples. Sine the urine sample was no longer needed by the league 

for hydration weight certification requirements, urine samples were collected from 

wrestlers solely for the purpose of this study.  

 

Three-Day Dietary Analysis 

 

The initial research design included a three-day dietary analysis whereby study 

participants log their food intake for three days via the Cronometer app either on their 

phone or computer. Then after each day, the subjects submit a screenshot of the 

numerical values provided via a google form. The three-day dietary analysis to be 

conducted at the beginning of the season and then repeated post-season with variables 

such as total caloric intake, water/electrolytes, lipids, carbohydrates, and proteins to be 

assessed. 

 

Summary of design changes.  The three-day dietary analysis was eliminated from 

the final research design based on input and advice from the academic advising team to 

focus solely on hydration as young athletes may not be able to accurately log the amount 

of food that they consume. 

 

Mental Toughness Questionnaire 

 

Based on the initial IRB, wrestlers were to complete six questionnaires throughout 

the season, each rating their mental toughness and the performance that they experienced 
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during a practice and a tournament at the beginning of the season, mid-season and at the 

end of the season. The custom google form questionnaires would be adapted from a 

DSM-5 questionnaire of quality of daily living and consist of a Likert scale format to 

capture their overall mental toughness and performance they experienced during that 

event. 

The final research design consisted of one standardized mental toughness 

questionnaire, known as the MTQ-10, given to the wrestlers at the end of the season. The 

questionnaire consists of 10 statements and the athlete had to rank each statement on a 

Likert scale of either strongly disagree, disagree, neutral, agree, or strongly agree. 

 

Summary of design changes.  The format and timing of the mental toughness 

questionnaires changed from six customized surveys to capture mental toughness and 

performance throughout the wrestling season to one standardized mental toughness 

questionnaire at the end of the season based on the input and advice of the academic 

advising team. The standardized questionnaire was beneficial since it has proven test 

results. 

 

Statistical Analysis 

 

This study is a randomized control pilot study on dehydration status and mental 

toughness in female wrestlers. The sample size consisted of 12 athletes; however, due to 

varying reasons (e.g., mental health, injury, or no longer participating in the sport) only 9 

athletes completed the study. 

The statistical analysis of the data obtained was conducted using IBM SPSS 26. 

The statistical significance for all tests was set at the p ≤ 0.05 level. Variables that were 
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collected and analyzed consisted of age, height, weight, BMI, urine color, urine specific 

gravity, blood pressure, heart rate, capillary refill, skin elasticity, 7-site skinfold 

thicknesses, and 10 statement responses from the MTQ-10 questionnaire. Correlations 

between test variables were determined by bivariate analysis either through Pearson, 

Spearmen, or Phi Coefficients. One Sample Chi-Squared Tests were used to determine if 

the null hypothesis is rejected or failed to reject. Furthermore, descriptive analyses were 

used for pre to post measurements. Lastly, frequencies were used to see the occurrence of 

a particular measurement in the sample population.  
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CHAPTER FOUR 

 

Results 

 

 

Study Sample Population 

 

Twelve female wrestlers submitted their signed forms and committed to 

participating in the study and parent permission form and were enrolled in the study. All 

12 wrestlers completed the first hydration test at the beginning of the season, but only 9 

wrestlers followed through with the subsequent study visits and completed the mid-

season hydration testing and the mental toughness questionnaire at the end of the season. 

 

Demographics 

 

Demographics of the sample population were captured during the first hydration 

test at the beginning of the season and then again during the second hydration test at mid-

season. In between these two tests, some wrestlers had birthdays; however, even though 

some of the ages changed, the average age of the wrestlers stayed the same at 15 years 

old. Table 4.1 displays the range of wrestler ages along with the frequency at each age for 

both the beginning-of-season and mid-season hydration tests. 

 

Table 4.1. Participant Age 

  Beginning-of-Season  Mid-Season 

Age (years)  Frequency Percentage  Frequency Percentage 

14  4 33.3  2 22.2 

15  5 41.7  5 55.6 

16  3 25.0  1 11.1 

17  0 0.0  1 11.1 
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Hydration Test Results 

 

 

Anthropometric Measures 

 

At the beginning of the season, athletes are required to do a weight certification in 

order to compete. This certification testing includes athletes’ height and weight, which 

was used for the initial hydration testing for this study. The height was originally 

captured in the unit of inches by the league and these values were converted to the metric 

system value of centimeters for this study in order to be directly comparable to other 

scientific research. Table 4.2 displays the range of wrestler heights in centimeters from 

152.4 cm to 172.7 cm along with the frequency at each measurement for both the 

beginning-of-season and mid-season hydration tests. Notably a quarter of the participants 

were 154.9 cm and another quarter were 167.6 cm tall in the beginning-of-season test; 

whereas, the measures were all unique values with only a grouping of a third of the 

participants 167.6 cm tall in the mid-season test. 

 

Table 4.2. Participant Height 

  Beginning-of-Season  Mid-Season 

Height (cm)  Frequency Percentage  Frequency Percentage 

152.4  1 8.3  1 11.1 

154.9  3 25.0  1 11.1 

160.0  1 8.3  1 11.1 

165.1  1 8.3  1 11.1 

166.4  1 8.3  0 0.0 

167.6  3 25.0  3 33.3 

170.2  1 8.3  1 11.1 

172.7  1 8.3  1 11.1 

 

 

Athletes were then measured for weight on a league-approved scale in the units of 

pounds, and these values obtained were converted to the metric unit of kilograms for 
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comparability. Table 4.3 displays the range of wrestler weights in kilograms from 49.804 

kg to 139.900 kg along with the frequency at each measurement for both the beginning-

of-season and mid-season hydration tests. Weights for both the beginning-of-season and 

mid-season tests were unique with only one duplicate of two participants weighing 

54.431 kg in the beginning-of-season test. 

 

Table 4.3. Participant Weight 

  Beginning-of-Season  Mid-Season 

Weight (kg)  Frequency Percentage  Frequency Percentage 

49.804  1 8.3  0 0.0 

49.895  0 0.0  1 11.1 

53.070  1 8.3  0 0.0 

53.524  1 8.3  1 11.1 

54.431  2 16.7  0 0.0 

61.235  0 0.0  1 11.1 

61.689  0 0.0  1 11.1 

63.049  1 8.3  0 0.0 

64.410  1 8.3  0 0.0 

64.864  1 8.3  1 11.1 

65.317  0 0.0  1 11.1 

71.395  1 8.3  0 0.0 

74.843  0 0.0  1 11.1 

89.811  1 8.3  1 11.1 

98.430  0 0.0  1 11.1 

100.560  1 8.3  0 0.0 

139.900  1 8.3  0 11.1 

 

 

The Body Mass Index (BMI) was obtained through an online calculator of BMI 

using the league’s measures for height and weight as converted to metric measurements. 

Table 4.4 displays the range of wrestlers’ BMI from 19.4 to 34.7 along with the 

frequency at each measurement for both the beginning-of-season and mid-season 
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hydration tests. This range of BMI indicates that no participants are underweight as all 

values are either in the healthy, overweight, or obese categories. 

 

Table 4.4. Participant Body Mass Index (BMI) 

  Beginning-of-Season  Mid-Season 

BMI  Frequency Percentage  Frequency Percentage 

19.4  1 8.3  0 0.0 

19.5  0 0.0  1 11.1 

21.8  0 0.0  1 11.1 

22.1  1 8.3  0 0.0 

22.6  1 8.3  1 11.1 

22.7  1 8.3  0 0.0 

22.9  1 8.3  0 0.0 

23.0  1 8.3  1 11.1 

23.1  1 8.3  1 11.1 

26.2  1 8.3  0 0.0 

26.3  1 8.3  0 0.0 

26.6  0 0.0  1 11.1 

27.2  0 0.0  1 11.1 

29.0  1 8.3  0 0.0 

30.1  1 8.3  1 11.1 

34.0  0 0.0  1 11.1 

34.7  1 8.3  0 0.0 

 

 

Table 4.5 summarizes the anthropometric data collected for height and weight and 

calculated for BMI and reflects the change in average height increasing from 162.9 cm to 

164.3 cm, the average weight decreasing from 71.604 kg to 68.845 kg, and the average 

BMI remaining consistent with only a slight change from 25.2 to 25.3 between the 

beginning-of-season and mid-season hydration tests. These average BMI values are 

considered overweight; however, interestingly, these results indicate that as a group, the 

participants got taller and thinner while their BMI remained virtually the same throughout 

the season. 
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Table 4.5. Summary of Anthropometric Data 

  Beginning-of-Season  Mid-Season 

Variable  Low High Mean SD  Low High Mean SD 

Height (cm)  152.4 172.7 162.9 ±7.0  152.4 172.7 164.3 ±7.0 

Weight (kg)  49.804 139.900 71.604 ±26.526  49.895 98.430 68.845 ±16.132 

BMI  19.4 34.7 25.2 ±4.3  19.5 34.0 25.3 ±4.6 

 

 

Vital Signs 

 

Table 4.6 displays the range of wrestler systolic blood pressures in millimeters of 

mercury from 100 mmHg to 160 mmHg along with the frequency at each measurement 

for both the beginning-of-season and mid-season hydration tests. Visibly several values 

occurred more than once in the beginning-of-season test but were all unique values in the 

mid-season test. Additionally, a healthy systolic blood pressure for adults is 120, with 

teenagers being about the same or just a bit lower based on age, thus indicating most of 

these wrestlers had an elevated systolic blood pressure. 

 

Table 4.6. Participant Systolic Blood Pressure (SBP) 

  Beginning-of-Season  Mid-Season 

SBP (mmHg)  Frequency Percentage  Frequency Percentage 

100  2 16.7  0 0.0 

106  0 0.0  1 11.1 

108  0 0.0  1 11.1 

112  1 8.3  0 0.0 

116  1 8.3  1 11.1 

118  1 8.3  1 11.1 

122  1 8.3  1 11.1 

126  2 16.7  0 0.0 

128  0 0.0  1 11.1 

130  1 8.3  1 11.1 

134  2 16.7  0 0.0 

140  1 8.3  1 11.1 

160  0 0.0  1 11.1 
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Table 4.7 displays the range of wrestler diastolic blood pressures in millimeters of 

mercury from 60 mmHg to 100 mmHg along with the frequency at each measurement for 

both the beginning-of-season and mid-season hydration tests. While the variation in 

values is evident, the diastolic blood pressure of 76 occurred a third of the time in the 

beginning-of-season test. Additionally, a healthy diastolic blood pressure for adults is 80, 

with teenagers being about the same or a just a bit lower based on age, thus indicating 

several of these wrestlers had an elevated diastolic blood pressure. 

 

Table 4.7. Participant Diastolic Blood Pressure (DBP) 

  Beginning-of-Season  Mid-Season 

DBP (mmHg)  Frequency Percentage  Frequency Percentage 

60  2 16.7  0 0.0 

64  1 8.3  2 22.2 

66  1 8.3  0 0.0 

70  1 8.3  0 0.0 

72  0 0.0  2 22.2 

76  4 33.3  0 0.0 

80  0 0.0  2 22.2 

82  0 0.0  1 11.1 

84  1 8.3  0 0.0 

86  1 8.3  1 11.1 

100  1 8.3  1 11.1 

 

 

Table 4.8 displays the range of wrestler heart rates in beats per minute from 72 

bpm to 132 bpm along with the frequency at each measurement for both the beginning-

of-season and mid-season hydration tests. As seen, heart rate values of 72, 84, and 96 

were repeated in the beginning-of-season test, while values of 78 and 96 were repeated in 

the mid-season test. Additionally, a third of these wrestlers had an elevated heart rate if 
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they were completely at rest according to standard resting heart rate values between 60 to 

100 beats per minute for both healthy adults and teens.  

 

Table 4.8. Participant Heart Rate (HR) 

  Beginning-of-Season  Mid-Season 

HR (bpm)  Frequency Percentage  Frequency Percentage 

72  2 16.7  1 0.0 

78  1 8.3  2 22.2 

84  2 16.7  1 0.0 

88  1 8.3  1 0.0 

96  2 16.7  2 22.2 

102  1 8.3  0 0.0 

108  1 8.3  1 22.2 

114  1 8.3  0 11.1 

120  1 8.3  0 11.1 

132  0 0.0  1 11.1 

 

 

Table 4.9 summarizes the vital signs collected for systolic blood pressure (SBP), 

diastolic blood pressure (DBP), and heart rate (HR) and reflects the slight changes in 

average SBP increasing from 122 mmHg to 127 mmHg, the average DPG increasing 

from 75 mmHg to 78 mmHg, and the average HR decreasing from 93 bpm to 92 bpm 

between the beginning-of-season and mid-season hydration tests. 

 

Table 4.9. Summary of Vital Signs 

  Beginning-of-Season  Mid-Season 

Variable  Low High Mean SD  Low High Mean SD 

SBP (mmHg))  100 140 122 ±13  106 160 127 ±17 

DBP (mmHg)  60 100 75 ±12  64 100 78 ±11 

HR (bpm)  72 120 93 ±16  72 132 92 ±19 

 

 

  



28 

 

External Appearance 

 

Capillary refill and skin elasticity tests were performed on the athletes during both 

the beginning-of-season and mid-season hydration tests; however, all measures received 

were less than two seconds for all tests. 

 

Urine Samples 

 

Athletes provided a urine sample to be tested for color and specific gravity. Table 

4.10 displays the range of wrestler urine color from light yellow to amber along with the 

frequency at each measurement for both the beginning-of-season and mid-season 

hydration tests. These results indicate that most participants were fairly hydrated as 

indicated by light yellow or yellow urine samples. 

 

Table 4.10. Participant Urine Sample Color 

  Beginning-of-Season  Mid-Season 

Urine Color  Frequency Percentage  Frequency Percentage 

Light Yellow  3 25.0  3 33.3 

Yellow  5 41.7  2 22.2 

Dark Yellow  2 16.7  3 33.3 

Amber  2 16.7  1 11.1 

 

 

Table 4.11 displays the range of wrestler urine specific gravity from 1.010 to 

1.030 along with the frequency at each measurement for both the beginning-of-season 

and mid-season hydration tests. These results indicate that half the wrestlers were fairly 

hydrated with measures of 1.010 and 1.015 during the beginning-of-season test; whereas 

only a third were as hydrated during the mid-season test. 
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Table 4.11. Participant Urine Specific Gravity (USG) 

  Beginning-of-Season  Mid-Season 

USG  Frequency Percentage  Frequency Percentage 

1.010  5 41.7  2 22.2 

1.015  1 8.3  1 11.1 

1.020  0 0.0  1 11.1 

1.025  3 25.0  2 22.2 

1.030  3 25.0  3 33.3 

 

 

Table 4.12 summarizes the urine sample data collected for color and specific 

gravity and reflects the slight change in average specific gravity increasing from 1.019 to 

1.022 between the beginning-of-season and mid-season hydration tests. This is an 

indicator that the athletes were slightly more dehydrated later in the season, although 

overall these measures indicate that, while some may be dehydrated, as a group the 

wrestlers are fairly hydrated based on urine color and urine specific gravity. 

 

Table 4.12. Summary of Urine Sample Data 

  Beginning-of-Season  Mid-Season 

Variable  Low High Mean SD  Low High Mean SD 

Color  Light Amber N/A N/A  Light Amber N/A N/A 

Specific Gravity  1.010 1.030 1.019 ±0.009  1.010 1.030 1.022 ±0.008 

 

 

Skinfold Measures 

 

Table 4.13 displays the range of wrestler skinfold measurements in centimeters at 

the chest from 1.270 cm to 2.540 cm along with the frequency at each measurement for 

both the beginning-of-season and mid-season hydration tests. 
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Table 4.13. Participant Skinfold Measurements at the Chest 

Chest  Beginning-of-Season  Mid-Season 

Skinfold (cm)  Frequency Percentage  Frequency Percentage 

1.270  4 33.3  3 33.3 

1.588  0 0.0  1 11.1 

1.905  1 8.3  5 55.6 

2.540  7 58.3  0 0.0 

 

 

Table 4.14 displays the range of wrestler skinfold measurements in centimeters at 

the mid axillary from 1.270 cm to 3.810 cm along with the frequency at each 

measurement for both the beginning-of-season and mid-season hydration tests. 

 

Table 4.14. Participant Skinfold Measurements at the Mid Axillary 

Mid Axillary  Beginning-of-Season  Mid-Season 

Skinfold (cm)  Frequency Percentage  Frequency Percentage 

1.270  1 8.3  0 0.0 

1.905  0 0.0  3 33.3 

2.540  7 58.3  5 55.6 

3.175  1 8.3  0 0.0 

3.810  3 25.0  1 11.1 

 

 

Table 4.15 displays the range of wrestler skinfold measurements in centimeters at 

the abdomen from 1.270 cm to 5.080 cm along with the frequency at each measurement 

for both the beginning-of-season and mid-season hydration tests. 
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Table 4.15. Participant Skinfold Measurements at the Abdomen 

Abdomen  Beginning-of-Season  Mid-Season 

Skinfold (cm)  Frequency Percentage  Frequency Percentage 

1.270  1 8.3  0 0.0 

1.905  0 0.0  2 22.2 

2.223  0 0.0  1 11.1 

2.540  6 50.0  2 22.2 

3.810  4 33.3  4 44.4 

5.080  1 8.3  0 0.0 

 

 

Table 4.16 displays the range of wrestler skinfold measurements in centimeters at 

the supra iliac from 1.270 cm to 4.445 cm along with the frequency at each measurement 

for both the beginning-of-season and mid-season hydration tests. 

 

Table 4.16. Participant Skinfold Measurements at the Supra Iliac 

Supra Iliac  Beginning-of-Season  Mid-Season 

Skinfold (cm)  Frequency Percentage  Frequency Percentage 

1.270  4 33.3  0 0.0 

1.588  0 0.0  1 11.1 

1.905  1 8.3  3 33.3 

2.540  5 41.7  4 44.4 

3.810  1 8.3  1 11.1 

4.445  1 8.3  0 0.0 

 

 

Table 4.17 displays the range of wrestler skinfold measurements in centimeters at 

the thigh from 2.540 cm to 5.715 cm along with the frequency at each measurement for 

both the beginning-of-season and mid-season hydration tests. 
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Table 4.17. Participant Skinfold Measurements at the Thigh 

Thigh  Beginning-of-Season  Mid-Season 

Skinfold (cm)  Frequency Percentage  Frequency Percentage 

2.540  5 41.7  5 55.6 

3.810  6 50.0  4 44.4 

5.715  1 8.3  0 0.0 

 

 

Table 4.18 displays the range of wrestler skinfold measurements in centimeters at 

the sub-scapular from 1.270 cm to 3.810 cm along with the frequency at each 

measurement for both the beginning-of-season and mid-season hydration tests. 

 

Table 4.18. Participant Skinfold Measurements at the Sub-Scapular 

Sub-Scapular  Beginning-of-Season  Mid-Season 

Skinfold (cm)  Frequency Percentage  Frequency Percentage 

1.270  2 16.7  0 0.0 

1.588  0 0.0  1 11.1 

1.905  2 16.7  3 33.3 

2.540  7 58.3  4 44.4 

3.810  1 8.3  1 11.1 

 

 

Table 4.19 displays the range of wrestler skinfold measurements in centimeters at 

the tricep from 1.270 cm to 3.810 cm along with the frequency at each measurement for 

both the beginning-of-season and mid-season hydration tests. 

 

Table 4.19. Participant Skinfold Measurements at the Tricep 

Tricep  Beginning-of-Season  Mid-Season 

Skinfold (cm)  Frequency Percentage  Frequency Percentage 

1.270  1 8.3  0 0.0 

1.905  0 0.0  2 22.2 

2.540  9 75.0  5 55.6 

3.175  1 8.3  0 0.0 

3.810  1 8.3  2 22.2 
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Table 4.20 summarizes the skinfold measures collected for chest, mid axillary, 

abdomen, supra iliac, thigh, sub-scapular, and tricep and reflects the subcutaneous fat on 

average had decreased for most location sites between the beginning-of-season and the 

mid-season measurements. Additionally, the two locations with the highest average 

thickness for both the beginning-of-season and mid-season were the abdomen and the 

thigh. 

 

Table 4.20. Summary of Participant Skinfold Measures 

  Beginning-of-Season  Mid-Season 

Variable  Low High Mean SD  Low High Mean SD 

Chest  1.270 2.540 2.064 ±0.613  1.270 1.905 1.658 ±0.309 

Mid Axillary  1.270 3.810 2.805 ±0.739  1.905 3.810 2.469 ±0.589 

Abdomen  1.270 5.080 3.069 ±1.007  1.905 3.810 2.928 ±0.866 

Supra Iliac  1.270 4.445 2.328 ±1.025  1.588 3.810 2.364 ±0.657 

Thigh  2.540 5.175 3.440 ±0.956  2.540 3.810 3.104 ±0.669 

Sub-Scapular  1.270 3.810 2.328 ±0.681  1.588 3.810 2.363 ±0.657 

Tricep  1.270 3.810 2.593 ±0.572  1.905 3.810 2.681 ±0.694 

 

 

Mental Toughness Questionnaire Results 

 

The mental toughness questionnaire had a total of 10 statements in which the 

participants had to then rank from strongly disagree to strongly agree. Table 4.21 

summarizes the participant responses for each of the questions. As seen, only 3 out of the 

10 questions received strongly disagree responses, while 7 out of the 10 questions 

received multiple strongly agree responses. Thus, most of the responses fell between 

disagree and agree. These results caused the means for every question to be close to 3.00, 

which was the numerical number given to the neutral response. In fact, the responses to 

the feeling of remaining calm even under considerable pressure were on average exactly 

neutral between strongly disagree and strongly agree with a mean of 3.00. The question 

which response fell furthest from neutral towards disagree with a mean of 2.44 was the 
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question related to finding enthusiasm to do tasks. Similarly, the two questions which 

responses fell furthest from neutral towards agree with a mean of 3.89 were related to 

feeling worthwhile and looking on the bright side of life. 

 

Table 4.21. Mental Toughness Questionnaire Responses 

Question 

Strongly 

Disagree 

(1) 

Disagree 

(2) 

Neutral 

(3) 

Agree 

(4) 

Strongly 

Agree 

(5) Mean 

1. Even when under considerable 

pressure I usually remain calm 

1 2 3 2 1 3.00 

2. I tend to worry about things well 

before they actually happen 

1 4 0 3 1 2.89 

3. I usually find it hard to summon 

enthusiasm for the task I have to 

do 

0 6 2 1 0 2.44 

4. I generally cope well with any 

problems that occur 

0 2 0 6 1 3.67 

5. I generally feel that I am a 

worthwhile person 

0 0 3 4 2 3.89 

6. I just don’t know where to begin 

is a feeling I usually have when 

presented with several things to 

do at once 

0 4 2 3 0 2.89 

7. I am generally able to react 

quickly when something 

unexpected happens 

0 2 1 5 1 2.67 

8. When I make mistakes, I usually 

let it worry me for days after 

0 5 2 2 0 3.33 

9. I generally feel in control 1 1 2 4 1 3.56 

10. I generally look on the bright side 

of life 

0 1 2 3 3 3.89 

 

 

Hydration Measures Compared to Questionnaire Responses 

 

After running a bivariate correlation for the beginning-of-season hydration 

measures and questionnaire responses, the same was conducted for the mid-season 

hydration measures of hydration and questionnaire responses. 

When using the bivariate correlation analysis and comparing the beginning-of-

season hydration measures to the mental toughness responses: 
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• No correlations were found with urine color and urine specific gravity to 

mental toughness. 

• No correlations were found between weight and mental toughness. 

• No correlations were found between BMI and mental toughness. 

When using the bivariate correlation analysis and comparing the mid-season 

hydration measures to the mental toughness responses: 

• Feeling like a worthwhile person was negatively correlated to urine color, 

r= -0.845, p= 0.004. 

• Being able to cope with problems that may occur was negatively 

correlated to urine color, r= -0.724, p= 0.027. 

• Looking on the bright side of life was negatively correlated to urine color, 

r= -0.735, p= 0.024. 

• No correlations were found between weight and mental toughness. 

• No correlations were found between BMI and mental toughness. 

• No correlations were found between urine specific gravity and mental 

toughness.  
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CHAPTER FIVE 

 

Discussion 

 

 

 Based on the literature review, several variables were identified as markers for 

determining hydration status. These variables included weight, BMI, urine specific 

gravity and urine color. Since it is known that wrestlers cut weight to meet weight 

classifications, and a primary method to cut weight is through a loss of water weight, it 

was expected that wrestlers would be dehydrated. This study was intended to determine if 

that dehydrated state then affects mental toughness. As a result, a correlation between 

mental toughness and the four variables of weight, BMI, urine specific gravity, and urine 

color was anticipated to prove the effect of dehydration on mental toughness. 

This study of female wrestlers during the 2022-2023 winter season was able to 

find a statistically significant correlation between urine color and mental toughness, thus 

proving one of the project’s five hypothesis. Specifically, a negative correlation between 

mid-season urine sample color and the attributes of feeling worthwhile, coping, and 

looking to the bright side of life were found.  

This study was not, however, able to find a statistically significant correlation 

between weight, BMI, or urine specific gravity and mental toughness. These results in 

themselves may lead someone to presume that there is no relation between dehydration 

and mental toughness, but that may not be the case. Upon further review of the data, it 

may not be so much a lack of a correlation between these hydration markers and mental 

toughness as it is whether the wrestlers were actually dehydrated. The study was based on 



37 

 

the premise that the wrestlers would have some significant level of dehydration due to 

cutting weight; however, based on the urine sample color data and the urine specific 

gravity data, as a group, the wrestlers in this study appeared to be more hydrated than 

dehydrated. Per the urine sample color results displayed in Table 4.10 most participants 

were fairly hydrated as indicated by the 66.7 percent with light yellow or yellow urine 

sample color for the beginning-of-season test and the 55.5 percent with light yellow or 

yellow urine sample color for the mid-season test. Similarly, per the urine specific gravity 

results displayed in Table 4.11, many of the participants were fairly hydrated as indicated 

by the 50 percent with 1.010 and 1.015 urine specific gravity for the beginning-of-season 

test and the 33.33 percent with 1.010 and 1.015 urine specific gravity for the mid-season 

test. In addition, in this drop of 16.67 percent not being as hydrated based on urine 

specific gravity between tests, the data reflected in Table 4.12 also indicates that the 

athletes were slightly more dehydrated later in the season with the change average urine 

specific gravity from 1.019 at the beginning-of-season test to 1.022 at the mid-season 

test. Furthermore, the statistically significant correlation between mid-season urine 

sample color and mental toughness supports the notion that the group may not have been 

dehydrated enough to impact the affect on mental toughness since the significant 

correlation was only found in the test results when more participants were dehydrated. 

 Since, based on the literature, urine specific gravity is considered the best 

indicator of hydration, a correlation is anticipated to exist between mental toughness and 

urine specific gravity. Based on the statistical analysis, urine specific gravity did not 

indicate that mental toughness is negatively correlated unlike the results achieved with 

urine color. Especially since when considered alone there is a Pearson correlation as 
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when urine color increases so does urine specific gravity (r= 0.694, p= 0.012). However, 

in this research study the null hypothesis that a correlation will exist between urine 

specific gravity and mental toughness was rejected, likely due to the small sample size, 

and no significance could be found. With that said, there is likely a correlation with urine 

specific gravity and mental toughness that was not proven through this study due to the 

sample size. 

In summary, the inability to find a statistically significant correlation between 

weight, BMI, or urine specific gravity may be a result of the sample population either not 

being as dehydrated as anticipated or being too small to perform a statistical analysis. 

Either way warrants further investigation and research. 
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CHAPTER SIX 

 

Conclusion 

 

 

It is encouraging that one variable, urine color, indicates that with increased urine 

color there is a negative correlation to mental toughness in female high school wrestlers. 

As a result, this study serves as a good steppingstone for further research on this sport 

and specific population. Since only one objective was able to be assessed during the 

2022-2023 wrestling season, more research is recommended to evaluate dietary factors of 

female performance, and through a bigger sample size, further evaluate female wrestlers 

hydrated state and its effects on their performance and mental toughness.  
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