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ABSTRACT 

Schleppenbach, L.N. Effects of a maximal-effort interval workout on perceived mental 

toughness and salivary hormones in collegiate female swimmers. MS in Clinical Exercise 

Physiology, December 2017, 31pp. (M. Andre)  

The relationship between hormonal responses to maximal-effort training and mental 

toughness has not been thoroughly defined through previous research. Therefore, the 

purpose of this study is to explore relationships between perceived mental toughness and 

hormonal responses to maximal-effort interval training in collegiate swimmers. Seven 

female swimmers from the University of Wisconsin-La Crosse provided saliva, which 

was later analyzed for testosterone (T) and cortisol (C), in addition to completing the 

Mental Toughness Scale (MTS) before and after a maximal-effort interval workout. 

There were no group changes in MTS, C, T/C, or Repetitions Completed, but there was a 

trend (P = .071) towards an increase in T. Pearson correlations revealed statistically-

significant relationships (P < .05) between MTS and C (r = .58), T and C (r = .65), MTS3 

and T3 (r = .87), MTS3 and C3 (r = .80), and ΔMTS and ΔC (r = .77). There were trends 

towards very-large relationships between MTS2 and C2 (r = .73, P = .061) and ΔT and 

ΔC (r = .74, P = .059). Swimmers with higher MTS appeared to have larger increases in 

T and C in response to a stressful workout, suggesting those with higher MTS endure 

greater physiological stress responses. 
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INTRODUCTION 

Hormones, specifically testosterone (T) and cortisol (C), are widely studied in sports 

performance and psychology. The androgenic anabolic hormone  T  involves protein 

synthesis and prevents protein deprivation (Vingren et al., 2010). These characteristics 

contribute to muscle mass through improvements in muscular hypertrophy and strength 

in both men and women, as well as other aspects of performance and recovery (Vingren 

et al., 2010). Therefore, T concentrations have been observed to be higher in elite athletes 

compared to non-elite groups (Cook, Crewther, & Smith, 2012). This could indicate that 

those that perform at a greater level can display higher T values in a resting state.   

The catabolic hormone C, is released during physical and psychological stressors and 

provides an efficient supply of glucose in the blood (Fry & Hoffman, 2008).  Previous 

research related to acute exercise and hormonal responses suggest that, as exercise 

intensity increases, T and C  increase in both men and women (Kraemer, Fleck & 

Deschenes, 2012; Kraemer & Ratamess, 2005). However, women may appear to vary 

less due to the lower T concentrations in the body (Fry & Hoffman, 2008; Kraemer & 

Ratamess, 2005). 

There is scant literature on acute hormonal responses to competitive swimming. 

However, general exercise research indicates that hormone concentrations tend to 

increase within a given workout. Matsumoto et al. (2015) reported increases in 
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T, C, and lactate in swimmers after a 200-meter freestyle swim. This response 

displayed a linear relationship with the intensity of the swim so that harder efforts (i.e. 

faster times) in the 200-meter swim led to larger responses. In addition, Dimitriou and 

colleagues (2002) conducted a study involving a timed set of 5x400 m intervals in 

competitive swimmers and determined that there was a significant increase in C in 

response to the workout. In attempts to determine the hormonal response to a maximal-

effort time trial in well-trained swimmers, one study observed a decrease in T for both 

men and women (Cumming, Wall, Quinney, & Belcastro, 1987). This may be because 

the athletes range in age from 13-16 and because the test includes one repetition of 

swimming in-place against incremental resistance until failure as opposed to a maximal-

effort dynamic workout.  

In addition to T and C, mental toughness is presumed to be a strong contributing 

factor in sport competition. Although widely defined, the concept of mental toughness is 

thought to be a learned trait that represents the ability to achieve high success in 

performance under pressure while improving mental capacity (Anshel, 2014). Previous 

research has demonstrated that perceived mental toughness can be determined through 

the level of physical load and activities in which one participates. Gerber et al. (2012) 

found that individuals who achieved physical activity guidelines from the Center for 

Disease Control and Prevention (5 days per week of moderate activity for 30 minutes or 3 

days per week of vigorous activity for 20 minutes) displayed greater mental toughness 

than those who did not.  

 It has previously been indicated that mental toughness in athletes is positively 

correlated with total resilience and correlated negatively with total stress (Cowden, 
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Meyer-Weltz, & Asante, 2016). Individuals who report higher mental toughness tend to 

be intrinsically-motivated and may be able to withstand more challenging training than 

those who report less mental toughness. To our knowledge, there is limited data on the 

relationship between mental toughness and hormonal responses in sport. One study 

observed the role of C with mental toughness and stress through participants taking a 

questionnaire and performing both cognitive and physically-stressful tasks (Satterwhite, 

2016). Findings displayed that those who felt that they had greater control of their lives 

had less stress; however, those who had claimed to be less stressed displayed greater 

resting C. Therefore, mental toughness may relate to the perception of stress one may 

have.  

It appears that females that have greater T concentrations tend to display personality 

factors such as aggression and dominance at a higher frequency than women with lower 

T  (Kraemer, Fleck, & Deschenes, 2012). It is also suggested that there is a strong 

positive correlation between T and dominance (Netter, 2004). One study (Driska, 

Kamphoff, & Armentrout, 2012) researched coaches’ perceptions of swimmers’ mental 

toughness and indicated that both psychological and emotional attributes allowed them to 

be successful on poor training days and that coaches play an important role in building 

mental toughness in their athletes. However, there is little or no evidence about the 
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relationship between perceived mental toughness and performance during maximal-

effort interval training in collegiate swimmers. 

Although several studies have evaluated perceived mental toughness or acute 

hormonal responses to training in several types of athletes, no studies have attempted to 

analyze these variables together or in collegiate swimmers. This is of interest due to the 

high difficulty of training and the high-intensity of competition in those athletes. 

Therefore, the purpose of this study is to explore relationships between perceived mental 

toughness and physiological responses to maximal-effort interval training in collegiate 

female swimmers.  
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METHODS 

The participants for this study consisted of 7 women from the University of 

Wisconsin-La Crosse swim team (NCAA Division III). Upon arriving for regularly-

scheduled practice, athletes gave a saliva sample via an oral swab (Salimetrics Oral 

Swab, Salimetrics, PA, USA) and answered the Mental Toughness Scale (MTS) 

(Madrigal, Hamill & Gill, 2013). Saliva samples were frozen at -80° C for future analysis 

of hormonal concentrations (T and C) using enzyme immunoassays (Salimetrics, PA, 

USA).  Concentrations were determined with a plate reader (Epoch, Biotek Instruments, 

USA), and variation was documented for each sample.  

The athletes completed their typical warm-up as designed and implemented by the 

swim coach. Swimmers then performed a maximal-effort interval workout consisting of 

two rounds that involved timed 50-yard sprints set by the coach. Then they were be 

instructed by the coach to perform active recovery after each round. Athletes recorded the 

number of repetitions of 50-yard swims that they completed throughout each round. 

Saliva samples and MTS questionnaires were collected after each round performed. This 

workout was selected for this study because it is a typical workout used during the 

athletes’ competition peaking phase, and it is expected to be the hardest regularly-

scheduled workout, both physically and psychologically, for these athletes competition 

peaking phase, and it is expected to be the hardest regularly-scheduled workout, both 

physically and psychologically, for these athletes. 
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One-way repeated measures ANOVA and paired-sample t-tests were used to 

determine group changes in MTS, reps completed, T, C, and T/C ratio. Relationships 

between the variables (all timepoints combined, separate timepoints, and relative changes 

(Δ)) were determined via Pearson correlations. Statistical-significance was determined a 

priori (α = .05). 
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RESULTS 

Repeated-measures ANOVA and paired-sample t-tests suggested no changes in 

MTS (F(2) = .261, P = .775, ηP
2 = .042), C (F(2) = 1.677, P = .242, ηP

2 = .218), T/C (F(2) 

= .162, P = .852, ηP
2 = .026), Expected Pain (P = .356), and Repetitions Completed (P = 

.389). There was a trend towards a group increase in T (F(2) = 3.317, P = .071, ηP
2 = 

.356). Refer to Table 1 for detailed data.  

 

Table 1. Changes in Testing Variables (mean±SD) 

Pearson correlations suggested statistically-significant relationships between MTS 

and C (all time-points combined; r = .58, P = .006) and T and C (all time-points 

combined; r = .65, P = .001). Concerning specific time-points during the workout and 

 PRE ROUND 1 ROUND 2 (Post)  

 

MTS 

 

44.3 ± 3.9 43.6 ± 4.4 44.9 ± 5.3 

Testosterone 

 

.253 ± .075 .367 ± .117 .344 ± .081† 

Cortisol 

 

5.52 ± 2.59 12.0 ± 10.42 11.4 ± 12.19 

T/C Ratio 

 

.051 ± .015 .044 ± .022 .052 ±. 044 

Reps Completed 

 

 12.9 ± 7.7 11.1 ± 9.4 

*change from PRE (P < .05); ** change from POST (P < .05); †trend towards change from 

PRE (P < .10) 
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relative changes (Δ), there very large were statistically-significant relationships 

between MTS3 and T3 (r = .87, P = .010), MTS3 and C3 (r = .80, P = .032), ΔMTS and 

ΔC (r = .77, P = .042).  

There was a trend towards a very large relationship between MTS2 and C2 (r = 

.73, P = .061) and a trend towards a very large relationship between ΔT and ΔC (r = .74, 

P = .059). Additionally, REPS1, REPS2, and total REPS were all very strongly 

statistically-significantly related, suggesting that those who performed more REPS in 

total also produced more REPS at each time-point. 
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DISCUSSION 

 

The main finding of this study is that collegiate swimmers with higher perceived 

mental toughness also appeared to have larger increases in T and C in response to a 

stressful workout, suggesting that those with higher perceived mental toughness also 

endure greater physiological stress responses to high-intensity interval swimming. In 

conjunction to the hypothesis, with acute exercise, it is a natural for hormonal responses 

to increase (Kraemer, Fleck & Deschenes, 2012). Increases in hormonal responses within 

this current study can relate to similar findings by Matsumo et al. (2015) in that salivary 

C and T increased in both male and female intercollegiate swimmers after achieving a 

maximal peak workload of swimming 4 x 200 m. Therefore, increases in workloads can 

lead to greater increases in hormonal responses.  

Contrary to the current research findings, previous research conducted by Cumming 

and colleagues (1987) demonstrates a decrease in T for both men and women swimmers 

attempts after a maximal-effort time trial in well-trained swimmers. However, this may 

be due to the younger range within the subjects and the test includes swimming in-place 

against incremental resistance until failure. The results may have differed if athletes 

performed a maximal effort dynamic interval workout. Previous research has 

demonstrated a strong positive correlation between T and dominance and females that 

have greater T concentrations tend to display more aggression and dominance compared 

to women with lower T (Kraemer, Fleck, & Deschenes, 2012; Netter, 2004). Therefore, it 



10 
 

is possible that those who have displayed greater T increases obtain these personality 

factors that could contribute to their ability to be more mentally tough. 

 Mental toughness is related to achievement and success in an athlete’s performance 

under tense circumstances on top of simultaneously improving positive mentality 

(Anshel, 2014). The current study findings demonstrate that it is a possibility that those 

with higher mental toughness appear to have a stronger willingness to push themselves. 

This assumption could be compared to previous correlations with mental toughness and 

resilience factors seen in tennis players (Cowden, Meyer-Weltz, & Asante, 2016). 

Moreover, previous findings that evaluated coaches’ perceptions of swimmers’ mental 

toughness indicate both psychological and emotional attributes allow them to be 

successful on poor training days (Driska, Kamphoff, & Armentrout, 2012). Therefore, 

those that obtain greater mental toughness appear to obtain greater resilience in the 

competitive environment which can result in pushing themselves harder and enduring the 

greater physiological stress response that occurs. 

 It is possible that mental toughness can affect perceptions of stress. The current 

findings suggest that those who were shown to be more mentally-tough displayed greater 

hormonal responses. These findings could be explained through one study completed by 

Satterwhite (2016) which observed both mental toughness and stress through male and 

female university students taking a questionnaire and performing both cognitive and 

physically stressing tasks such as completing a puzzle and dipping their hands in cold 

water. Findings suggest that those who felt they had greater control of their lives had less 

stress, however those who had claimed to be less stressed displayed greater levels of C 

(Satterwhite, 2016).  
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Another study conducted by Meggs (2013), analyzed the association between the 

stress response of cortisol and mental toughness in swimming performance. The 

swimmers completed 100 m sprint during a national level competition. Cortisol responses 

were tested for a resting baseline previous to the day of their competition, Right before 

completing the sprint event, and shortly after during recovery. In addition various scales 

were used to determine components of mental toughness (confidence, anxiety, resilience, 

persistence and consistency).The study indicated that those who reported higher scores on 

resilience and obtained low cortisol levels were shown to be the most successful in their 

performance. Therefore, it is possible that components of mental toughness may relate to 

a reduction in physiological response to competition and could be associated with success 

in performance (Meggs, 2013).  

Hormonal responses to high-intensity interval swimming in collegiate women 

swimmers may differ between athletes. In this current study, differences may be because 

the athletes were in control of completing their own reps, and maybe some did not push 

themselves as hard as others. In regards to athletes’ relative abilities, some may make a 

harder effort than others without necessarily completing as many reps. In addition, 

previous findings demonstrate that coaches remain an important role in building mental 

toughness in their athletes (Driska, Kamphoff, & Armentrout, 2012).  Therefore, it should 

be considered that the directionality of the workout instructions from the coach could 

have strongly influenced the swimmers.  
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CONCLUSION 

Collegiate women swimmers with higher perceived mental toughness appear to be 

able to work relatively harder during high-intensity interval swimming. This information 

can be further used and included to determine how coaches may want to alter workouts. 

Coaches may be able to interpret certain areas throughout the workout where they need to 

encourage their athletes. It may be beneficial for coaches to consider implementing MTS 

interventions during the season to help determine how hard athletes are working and also 

to identify potential areas of improvement/intervention (i.e. athletes with lower MTS may 

need extra help to improve MTS). 

Further research is needed regarding MTS and hormonal responses to intense 

sport training. It may be taken into consideration whether autoregulated or standardized 

workouts are best for each individual athlete (i.e. which style elicits the greatest hormonal 

response). An increased sample size with a diverse population (including men) may have 

strengthened the current study further.  Mental toughness and hormonal responses could 

also be monitored chronically throughout preseason and the competitive season.   
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INFORMED CONSENT 

 

Project Title: Effects of a maximal-effort interval workout on perceived mental 

toughness and salivary hormones in collegiate swimmers 

 

Principal Investigators:  Lindsay N. Schleppenbach, Matthew J. Andre, PhD 

Emergency Contact: 138 Mitchell Hall, UWL 1725 State St. La Crosse, WI 54601 

   (608) 785-6521 

 

 Purpose & Procedure 

o The purpose of this study is to observe stress responses to a typical high-

intensity interval workout in collegiate swimmers.  

o My participation will involve giving saliva samples and survey answers 

before and after practice today. 

 Potential Risks 

o Saliva collection is non-invasive, the data will be kept locked and secured, 

and the performance tests are not expected to present any additional risk 

beyond the normal risk of training.  

 Rights & Confidentiality 

o My participation is voluntary.  I can withdraw or refuse to participate 

without consequences at any time. 

o The results of this study may be published in scientific literature or 

presented at professional meetings using grouped data only. 

o All information will kept confidential through the use of number codes.  

My data will not be linked with personally identifiable information. 

 Possible Benefits 

o I and other athletes may benefit by understanding how training impacts 

our physiological recovery.  This information could possibly be used to 

adjust next year’s training to lead to improved future performance. 

 

Questions regarding study procedures may be directed to Matt Andre, Department of 

Exercise and Sport Science, UWL (608-785-6521), the principal investigator. Questions 

regarding the protection of human subjects may be addressed to the UW-La Crosse 

Institutional Review Board for the Protection of Human Subjects (608-785-8124 or 

irb@uwlax.edu).  

 

 

Participant_______________________________ Date________________ 

 

 

Researcher_______________________________ Date________________ 
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REVIEW OF RELATED LITERATURE 

Introduction 

The purpose of this review is to address mental toughness and perceived stress in 

relation to salivary hormonal responses to intense exercise. A brief overview of 

testosterone and cortisol are given in this review. The hormonal responses to exercise are 

addressed through previous research for each variable. A summary of mental toughness is 

also provided.    

Testosterone 

Testosterone (T), an androgen or steroid sex hormone, is crucial in regulating 

physiological function and sex differences (Kraemer, Fleck, & Deschenes, 2012). Males 

and females display different distributions of T. Production of T is through the testes and 

adrenal glands in males. The role of T in males is to initiate development and 

maintenance of masculine characteristics. Testosterone is produced in the adrenal cortex 

and ovaries in females. However, T concentrations are 10-30 times lower than males, on 

average (Kraemer, Fleck, & Deschenes, 2012). Females that have greater T 

concentrations tend to display personality factors such as aggression and dominance 

compared to women with lower T (Kraemer, Fleck, & Deschenes, 2012). It has also been 

suggested that there is a strong positive correlation between T and dominance (Netter, 

2004).  
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Testosterone concentrations have been seen to be higher in elite athletes 

compared to a non-elite group (Cook, Crewther, & Smith, 2012). This could indicate that 

those that perform at a greater level can display higher T values in a resting state.  An 

acute T increase has been observed in relation to intensity and volume of exercise 

(Kraemer & Ratamess, 2005). Acute aerobic exercise and resistance training has been 

shown to increase T in both males and females, however, males display a greater 

response (Kremer, Fleck & Deshenes, 2012; Kraemer & Ratamess, 2005). Acute T 

increases during resistance exercise involve the use of larger muscle mass movements 

and/or high power output, as well as moderate-to-high-intensity exercise (Fry & 

Hoffman, 2008). Testosterone contributes to increases in muscular hypertrophy and 

muscular strength with training (Vingren et al., 2010). Exercise that induces a greater 

muscular response in type II muscle fibers such as weight-lifting are likely to cause a 

greater increase in T than other types of exercise (Kraemer, Fleck, Deshenes, 2012). 

Endurance training typically decreases T over time (Kobe, Joseph, Houmard, & Tyndall, 

1996). This is due to the increase in volume and duration of training and is more 

pronounced in men than women (Keizer, Janssen, Menheere, & Kranenburg, 1989). An 

inverse relationship between T and training stress has also been observed (Fry & 

Hoffman, 2008). Testosterone in women appears to vary less due to the lower 

testosterone concentrations in the body (Fry & Hoffman, 2008).  

Previous research has been completed with chronic T response in competitive 

endurance swimming. Kobe and colleagues (1996) determined whether hormone 

responses were associated with insulin resistance in competitive swimmers. After nine-

week and eighteen-week training cycles, authors noted a decrease in T in male 
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swimmers. However, insulin resistance was not affected. Cumming and colleagues 

(1987) investigated the response of serum T concentrations an incremental maximal 

swimming test. The authors observed a decrease in T in both male and female elite 

swimmers after the test. However, Matsumoto et al. (2015) observed an increase in 

salivary T, cortisol (C), and lactate in swimmers following a 200 m freestyle swim of 

varying efforts. Therefore, there is a need for future research in evaluating T and acute 

responses to swimming.   

Cortisol 

Cortisol, a glucocorticoid, is produced in the adrenal cortex and secreted from the 

zona fascivulata. The adrenocorticotropic hormone (ACTH), secreted by the pituitary 

gland, stimulates the release of C. Cortisol is involved in glucose metabolism by 

contributing to maintenance of normal glucose concentrations and limiting the uptake of 

glucose in adipose tissue and muscle (Kraemer, Fleck & Deschenes, 2012). The role of C 

is to conserve glucose to ensure providing energy to the brain and nervous system. 

Cortisol is released during physical-psychological stressors and provides for a dependable 

supply of glucose in the blood. Although nominally a catabolic hormone, C appears to be 

involved in remodeling of muscle tissue (Fry & Hoffman, 2008).  

A linear positive relationship has been observed between C and intensity of 

exercise. Therefore, it can be used as a marker of overtraining in athletes (O’Connor et al. 

1989; Flynn, 1994). If resting C is already high, then acute exercise may cause an even 

greater hormonal response (Kraemer, Fleck, Deschenss, 2012). Cortisol responses have 

been shown to have a greater increase following resistance training than T (Kraemer et 

al.1990). Cortisol increases with exercise that involves the use of large muscle mass and 
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high power, and it continues to increase during recovery intervals (Kraemer et al 1996). 

Increases in C have been be observed in prolonged aerobic exercise as well. Cortisol 

increases throughout the duration of the activity in endurance athletes. However, over 

time, C will decline due to the ability to utilize energy more efficiently (Fry & Hoffman, 

2008). A varied response has been displayed in both male and female endurance athletes 

which may be due the potentially different pituitary/adrenal axis influences (Keizer, 

Janssen, Menheere, & Kranenburg, 1989). 

 Previous research has observed C responses in male and female swimmers (Cook, 

Crewther, & Smith, 2012). Dimitriou and colleagues (2002) examined whether the time 

of day effected salivary Cand IgA concentrations before and after intermittent 

submaximal swimming. The study indicated that, after exercise, there was a significant 

increase in C. It was also noted that C responses were greater in the evening. Further 

research is needed regarding acute C responses in competitive swimmers. 

Mental Toughness 

In determining the success of sports competition, mental toughness is a crucial 

element because it involves the focus and commitment to overcome challenges 

(Madrigal, Hamill, & Gill, 2013). Mental toughness is sometimes considered to be a 

learned trait that represents the ability to achieve success in performance under pressure 

(Anshel, 2014). Individuals who are mentally tough tend to be intrinsically-motivated. 

Previous research has demonstrated that perceived mental toughness can be determined 

through the level of physical load and activities one participates in. Gerber and colleagues 

(2012) found that individuals who achieved physical activity guidelines from the CDC in 

2002, 5 days per week of moderate activity for 30 minutes or 3 days per week of vigorous 
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activity for 20 minutes, displayed greater concentrations of mental toughness than those 

who did not. Therefore, mental toughness is perceived to be associated with 

vigorous/moderate exercise activity. 

Mental toughness will aid in overcoming challenges and pressures in sports 

competition. Perceived mental toughness is recorded through self-report questionnaires. 

Many mental toughness evaluations that have been established have been used on elite 

athletes including; the Mental Toughness Questionnaire (MTQ-48), Psychological 

Performance Inventory (PPI), the Psychological Performance Inventory-A (PPI-A), the 

Sports Mental Toughness Questionnaire (SMTQ), the Mental, Emotional, and Bodily 

Toughness Inventory (MeBtough) (Clough, Earle, & Sewell, 2002; Golby, Sheard, & 

VanWersch, 2007; Golby & VanWersch, 2009; Gucciardi, Gordon, & Dimmock, 2009; 

Loehr, 1986; Mack & Ragan, 2008). In need of further exploration of mental toughness 

and collegiate athletes, Madrigal and colleagues (2013) developed a measure of mental 

toughness that focused on competition and training. The study explored mental toughness 

through their designed Mental Toughness Scale (MTS). The results of the MTS were 

consistent and similar to previous measurements of mental toughness such as the PPI-A, 

MTQ48 and MeBtough. Results demonstrated that the MTS was reliable and valid in 

measuring mental toughness in collegiate athletes. The MTS is designed for athletes 

optimizing in performance and sport experience (Madrigal, Hamill, & Gill, 2013).  

Previous research has been conducted on mental toughness and sport competition 

in training. Total mental toughness has been shown to be positively correlated with 

resilience and negatively correlated with stress (Cowden, Meyer-Weitz, Oppong Asante, 

2016).  There is little research on mental toughness and swimming. However, Driska 



23 
 

(2015) evaluated the perceptions of mental toughness through collegiate division and 

elite NCAA swim coaches. The authors interviewed thirteen diverse swim coaches and 

designed the study to determine elements of mental toughness in swimming, as well as 

evaluate situational and environmental factors contributing to mental toughness in 

swimmers. The research demonstrated that both psychological and emotional attributes 

allowed the swimmers to be successful on poor training days. This may be due to the 

need for swimmers to obtain tolerance to high-volume endurance training. Further 

research is needed to evaluate the relationship between mental toughness and acute 

physiological stress responses to swimming.  

Hormonal response in relation to Perceived Mental Toughness 

There is little evidence regarding the correlation of mental toughness and 

hormonal responses. Neiva and colleagues (2015) evaluated pre-race hormones. 

However, they did not investigate perceived mental toughness. A study has been 

completed in evaluating hormonal responses and lactate threshold values in comparison 

with mood disturbances for a 14-week swimming training program with elite female 

athletes (Santhiago, Da Silva, Papoti, & Gabatto, 2011). However, mental toughness was 

not addressed or taken into consideration. Durdiaková and colleagues (2012) analyzed 

endocrine responses and the impact of demanding tasks on mental rotation in healthy 

young adults. Although mental stability was evaluated in this process, mental toughness 

was not addressed during this inquiry. Therefore, further research is needed to determine 

the effects of intense swim training on these variables in collegiate swimmers. 
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