
 
 
 
 
 
 
 
 

ABSTRACT 
 
 

Overtraining in Sport: Physiological, Psychological and Performance Effects of 
Participation in Division I Competitive Softball 

 
Brandon M. Marcello, M.S. 

 
Mentor:  Richard B. Kreider, Ph.D. 

 
 

Overtraining has been one of the most popular topics in meetings and journals 

dealing with top-level sports. The problem has been well known for 70 years, but many 

specifics concerning overtraining are still very unclear.  The purpose of this study was to 

examine the acute and chronic effects of a competitive softball season on its respective 

players competing at the Division I level, and to determine if there were any global 

changes in performance, physiological or psychological variables which indicated some 

type of overtraining syndrome.  Twenty female subjects were recruited for this study.  

Twelve subjects were recruited from the University Softball team (SB) (20.3 ± 1.2 yrs), 

the other eight from the general student population (GEN) (22.0 ± 1.4 yrs).  Participants 

were measured at preseason and 3 time points throughout the 16-week season to assess 

changes in performance, physiological and performance variables.  Statistical analyses 

were performed by utilizing an ANOVA with repeated measures (level of significance 

was set at p < 0.05).  Results indicated that many of the physiological, performance, and 

psychological variables examined during the duration of the study did not exhibit any 



significant changes.  Relative peak power was the only performance variable in this study 

which elicited a significant group x time interaction (p < 0.05).  However, observed 

changes in this variable indicated an increase across the season.  A number of 

physiological variables demonstrated significant group x time interactions: lean body 

mass (p < 0.05), extra-cellular fluid (p < 0.05) and creatine kinase (p < 0.05).  

Psychometric testing revealed significant time effects discovered in feelings of fatigue (p 

< 0.05), feelings of being overtrained (p < 0.05), overwhelmed (p < 0.05) as well as 

feelings of being tired of school (p < 0.001) and never being able to get caught up (p < 

0.05).  Our findings indicate that the stresses placed upon collegiate softball players from 

a combination of their academic and athletic responsibilities indicate some perturbations 

in select variables which are indicative of overtraining syndrome (OTS).  While OTS 

occurs in three phases (psychological, physiological, performance), negative changes in 

performance were not indicated.  Physiologically, changes were elicited in a few 

variables, yet these variations remained within normal clinical ranges for this population.   
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CHAPTER ONE 
 

Introduction 
 
 

Overtraining has for decades been one of the most popular topics in meetings and 

journals dealing with top-level sports (A. L. Uusitalo, 2001).  The problem has been well 

known for 70 years (A. L. Uusitalo & Tahvanainen, K. Uusitalo, A., 1996; A. L. 

Uusitalo, 2001), but many specifics concerning overtraining are still very unclear. This 

ambiguity has lead researchers to try and determine specifically what happens to athletes 

when they begin to overtrain.  In medical literature, the word "overtraining" has had 

many meanings (A. L. Uusitalo, 2001). It has been used to mean overload training, 

overreaching, and overtraining syndrome (Armstrong & VanHeest, 2002; A. L. Uusitalo, 

2001). Overload training is commonplace in all athletes’ training regimens and acts as 

appropriate stimuli for the body to adapt and supercompensate thus leading to improved 

performance.  Overtraining syndrome (OTS) is characterized by a sports-specific 

decrease in performance together with disturbances in mood state (Urhausen & 

Kindermann, 2002).  OTS  corresponds to a loss of adaptability resulting in a well-known 

symptomatology: deterioration in performance, difficulty training and an absence of 

motivation, behavioral disorders (irritability, melancholy), sleeping disorders, difficult 

recovery, an increased occurrence of muscular accidents, and higher sensitivity to 

infections (Lac & Maso, 2004). To determine and predict overtraining in athletes a 

myriad of biological markers have been propounded.  Taken alone, none of them have an 

absolute significance (Lac & Maso, 2004).  Biological markers are those which are 
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physiological, biochemical, hormonal and immunological in nature (Lac & Maso, 2004).  

Questionnaires (physiological profiling, overtraining questionnaires, etc.) used to 

determine the states of mood are valuable and probably precious aids for the evaluation 

of the state of the current training cycle, when to taper, or the onset of overtraining (Lac 

& Maso, 2004).  Additionally, cardiac control is used widely in athletes to adjust the 

intensity of training (Lac & Maso, 2004).  In an overtrained athlete, resting heart rate and 

blood pressure are elevated, the adaptation of the heart rate to exercise is altered, and 

there are some anomalies on the ECG (S. L. Hooper, Mackinnon, Howard, Gordon, & 

Bachmann, 1995; Lac & Maso, 2004; Urhausen & Kindermann, 2002).  These 

modifications constitute good indicators of fatigue. It has long been a challenge for sports 

medicine researchers to propose reliable markers which would allow the mood, or 

conversely the tiredness of an athlete to be detected (Lac & Maso, 2004).  A method 

called “longitudinal follow-up” of the athlete, is considered by some to be the best 

method to identify OTS (Lac & Maso, 2004).  Overtraining syndrome is one of the most 

feared complications among competitive athletes and thus is of real interest in sports 

medicine and scientific research (Urhausen & Kindermann, 2002).  The purpose of this 

study was to examine the acute and chronic effects of a competitive softball season on its 

respective players competing at the Division I level, and to determine if there were any 

global changes in performance, physiological or psychological variables which indicated 

some type of overtraining syndrome. 
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Purposes of the Study 

1) Investigate the effects of a Division-I competitive softball season on performance 

variables.   

2) Investigate the effects of a Division-I competitive softball season on psychological 

variables.   

3) Investigate the effects of a Division-I competitive softball season on physiological 

variables.   

4) To determine if there were significant differences in those athletes playing softball 

compared to other females who are enrolled in a similar university setting and are 

recreationally active. 

Introduction to the Hypothesis 

Despite the confusion around its etiology and the research in the area of overtraining 

indicating negative changes in the performance, mood, and physiological alterations, the 

investigators of this study decided to choose the null hypothesis.  This decision was based 

upon the fact that we are not introducing a known overtraining stimulus to either group.  

Rather, we are examining the effects of a competitive season on a group of individuals 

who have been competing in the same sport and in some instances, within the same 

environment. 

Hypotheses 

Ho1: Significant changes will not be seen in performance variables as a result of a 

Division-I competitive softball season. 

Ho2: Significant changes will not be seen in physiological variables as a result of a 

Division-I competitive softball season.  
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Ho3:  Significant changes will not be seen in psychological variables as a result of a 

Division-I competitive softball season.  

Delimitations 

This study was completed using the following guidelines: 

1.) Fifteen to seventeen athletes from the Baylor University softball team (18-22 y) and 

fifteen to seventeen, recreationally active, females (18-22 y) participated in this study. 

2.) Participants were recruited from the Baylor University women’s softball team.  

Control group participants were recruited from the student population at Baylor 

University by flyers posted throughout campus.   

3.) Fasting venous blood was collected prior to each testing session. 

4.) All participants in the study did not participate in any other forms of vigorous exercise 

during the duration of the study and did not modify their nutritional intake in any manner. 

5.) All testing was conducted in the ESNL and EBNL at Baylor University in the Marrs-

McLean Gym according to all policies and procedures within each respective laboratory. 

Limitations 

1.) The sample size was limited to those who come forward to participate in the study, 

which could limit the statistical power of the study thus not revealing significant 

differences between groups that can be inferred to a larger population. 

2.) This study examined the global effects of a competitive Division-I softball season on 

selected performance, physiological, and psychological variables of the team (18-22 y) 

compared to females of the same age who do not compete yet maintain a recreationally 

active lifestyle while concurrently being enrolled in college. 
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3.) Certain methods of evaluation could not be used each testing session, as the 

investigator was concerned that the residual effects if these methods may possibly 

attenuate their performance. 

4.) Hormonal variations as a result of the menstrual cycle may indicate changes in certain 

variables which otherwise may not be seen during that collection point.   

5.) The daily schedules of each participant and the inherent circadian rhythms that exist 

for all humans as a result of slightly different testing times, stresses, etc. 

Assumptions 

1.) All participants followed all guidelines for the duration of the study. 

2.) Participants fasted for twelve hours prior to reporting for testing. 

3.) Participants maintained close contact with the research nurse, primary investigators 

and other research assistants each day and provide accurate feedback regarding their 

exercise status. 

4.) Participants were apparently healthy with no contraindications to any of the 

prescribed treatments involved with this protocol. 

5.) Participants were recreationally active.   

6.) All participants followed all instructions throughout the testing sessions and 

maximally exerted themselves while completing the protocol. 

7.) All participants maintained their regular dietary habits throughout the study and will 

arrive at every scheduled session. 

8.) All participants completed the on-line questionnaires on time and to the best of their 

abilities.  
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9.) All assay reagents and equipment used in the sample analysis were accurate and 

reliable in quantification of the criterion variables. 

10.) All methods were previously established and were accurate and reliable methods for 

determination of the criterion variables. 
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CHAPTER TWO 
 

Review of Literature 
 
 

Incidence of Overtraining 

Studies examining the incidence of overtraining suggest its occurrence to be 

relatively high (Kreider, Fry, & O'Toole, 1998).  A classic study by Morgan, Brown, 

Raglin, O'Connor, & Ellickson (1987) monitored 400 swimmers over a 1-year period, 

who trained up to 14,000 m/day.  They concluded that 5-10% of the swimmers were 

determined to be ‘stale’ (Morgan, Brown, Raglin, O'Connor, & Ellickson, 1987).  In 

additional studies on swimmers and overtraining, both O'Connor, Morgan, Raglin, 

Barksdale, & Kalin (1989) and Hooper & Mackinnin (1995) demonstrated comparable 

occurrences of overtraining in their respective studies.  O’Conner et al. (1989) examined 

both mood state and salivary cortisol levels following overtraining in female swimmers, 

and classified three of 11 swimmers as 'stale'; however, performance changes were not 

described (O'Connor, Morgan, Raglin, Barksdale, & Kalin, 1989).  Similarly, Hooper et 

al. (1995), investigated mood states as an indication of staleness and recovery, reporting 

three of 14 swimmers as ‘stale’.  Staleness was based on a failure to improve 

performance over a designated time period and consistent elevated fatigue ratings 

(Hooper, MacKinnon, & Wilson, 1995). However, although high fatigue ratings may be 

indicative of overreaching, a failure to improve performance may alternatively suggest 

that the training volume and intensity was not sufficient to induce a positive adaptation 

(Hooper et al., 1995).  In a study of 170 college swimmers over a 4-year period, Raglin 
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and Morgan (1994) classified 6.8% of swimmers as 'stale' each season. However, on 

average, 32.1% of the swimmers studied showed signs of training 'distress' each season 

and 45.9% were 'distressed' in more than one training session (Raglin & Morgan, 1994). 

Again, performance was not assessed. 

In a more recent study, Koutedakis and Sharp (1998) examined 257 elite athletes 

who were members of British National Teams and/or Olympic squads in a variety of 

sports over a 12-month training season.  Results indicated that 15% of athletes were 

classified as being overtrained and in 50% of those cases, overtraining was said to have 

occurred during the 3-month competition phase (Koutedakis & Sharp, 1998).  Athletes 

diagnosed as overtrained in this study reported experiencing feelings of constant fatigue 

and unexplained underperformance (Koutedakis & Sharp, 1998).   Additionally, 

incidence of overtraining was slightly elevated in males when compared to their female 

counterparts, with rates of 17% and 11% being overtrained respectively (Koutedakis & 

Sharp, 1998).  It is important to add that performance was neither measured nor reported. 

The previous studies while pertinent to the topic of overtraining do raise some 

questions relating to their interpretation.  Inconsistent use of specific terminology and 

lack of the investigations including definitions of terms such as staleness within their 

respective studies make it difficult to effectively compare investigations in order to 

ascertain a conclusion regarding their research.  Additionally, measures of performance 

were not investigated in all studies and diagnostic tests to determine training/overtraining 

state were also overlooked in certain instances.    

Halson and Jeukendrup (2004) indicate that despite this relatively high suggested 

incidence of overtraining, there is very little scientific evidence describing this condition 
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(Halson & Jeukendrup, 2004). Cross-sectional studies on athletes suggested to be 

overtrained are extremely rare and therefore there is little information detailing 

symptoms. In addition, these studies do not provide information on the development of 

overtraining. A practical method of trying to gain an understanding of the early signs and 

symptoms of overtraining has commonly been to intensify training and induce a state of 

overreaching.  

Overreaching Research 

Overreaching has been defined as an accumulation of training and/or non-training 

stress resulting in short-term decrement in performance capacity with or without related 

physiological and psychological signs and symptoms of overtraining in which restoration 

of performance capacity may take from several days to several weeks (Kreider et al., 

1998). 

A number of investigators have examined various aspects related to overtraining.  

Both possible mechanisms and potential markers of overtraining have been scrutinized in 

hopes of determining some indication of a looming overtraining-like syndrome.  Some of 

these variables include but are not limited to changes in performance, mood states, 

biochemistry and physiological indices such as glycogen depletion, changes with immune 

function, hormones, and alterations in the autonomic balance.  As mentioned previously, 

there is a definite lack of precision used in the diagnostic criteria for overtraining.  This 

deficiency is reflected in much of the overreaching and overtraining research by a lack of 

consistent findings (Kreider et al., 1998). Additionally, almost all suggested markers of 

overtraining are based on findings of a relatively small number of investigations that have 

induced overreaching and not overtraining.  Consequently, it is necessary to critically 
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examine the findings and conclusions of these studies so that they may be interpreted 

accurately (Lac & Maso, 2004).  The following sections provide a review of literature on 

many of the variables listed above. 

Performance 

With the intent of inducing a state of overtraining, numerous studies have used the 

manipulation of volume and/or intensity.  While this increase in the two variables is 

considered to be a viable method of provoking and overtrained state, it does not 

guarantee an overtraining effect will occur.  The vast differences in athletes’ training 

states, fitness levels, hardiness and levels of competition (i.e. professional, collegiate, 

Olympic) make it possible for any given athlete to respond in a positive manner to an 

intensified cycle of training.  This is one of the reasons that performance should be 

assessed.  If performance is measured and remains unchanged after the increased training 

load, by definition the athlete cannot be diagnosed as overtrained (Halson & Jeukendrup, 

2004). 

There have been a number of studies reporting changes in a variety of 

physiological and biochemical responses to intensified training; however, it is necessary 

to differentiate between those studies that have induced a decline in performance, (Flynn 

et al., 1994; Fry, Morton, Garcia-Webb, Crawford, & Keast, 1992; Hooper, MacKinnon, 

Gordon, & Bachmann, 1993; Jeukendrup, Hesselink, Snyder, Kuipers, & Keizer, 1992; 

Lehmann, Wieland, & Gastmann, 1997; Urhausen, Gabriel, Weiler, & Kindermann, 

1998) those that did not (Costill et al., 1988; O'Connor, Morgan, & Raglin, 1991; Tanaka, 

West, Duncan, & Bassett, 1997) and those that have either failed to measure or did not 
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report performance changes (Barron, Noakes, Levy, Smith, & Millar, 1985; Morgan, 

1994; O'Connor et al., 1989). 

The importance of measuring performance is highlighted when examining many 

of the commonly suggested markers of overreaching and overtraining (Halson & 

Jeukendrup, 2004).  Many of the assessments to determine an overreaching state are also 

those which indicate a positive adaptation to training (i.e. reduced submaximal heart rate 

and plasma lactate concentrations). Therefore, it is critical to consider variables which are 

performance-based to gain an applied viewpoint.  While the decline of performance is 

important to demonstrate overreaching, depending on the type of assessment used to 

measure performance, the extent of the decrease in performance may vary extensively.   

Hooper et al. (1993) reported a 2.4% increase in performance times in swimmers 

who were overreached compared with a 1.1% decrease in well trained swimmers (S. L. 

Hooper et al., 1993). While only percentage change data were presented and not absolute 

times, performance tests were completed over 100m for sprinters and 400m for distance 

swimmers. Both Jeukendrup et al. (1992) and Snyder et al. (1995) reported a decrease in 

maximal aerobic power achieved during a graded incremental cycle test to exhaustion of 

approximately 3-4% as a result of 2 weeks of intensified cycling training (Jeukendrup et 

al., 1992; Snyder, Kuipers, Cheng, Servais, & Fransen, 1995). Jeukendrup et al. (1992) 

reported a slightly larger decline in performance (5%) when the same subjects completed 

a time-trial test with an approximate duration of 15 minutes (Jeukendrup et al., 1992). 

When researchers incorporate time to fatigue assessments, a larger decline in endurance 

capacity is evident as indicated by both Fry et al. (1992) and Urhausen et al. (1998) who 
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reported a 29% and 27% decline in performance, respectively, when using a time to 

fatigue protocol (Fry et al., 1992; Urhausen, Gabriel, & Weiler et al., 1998). 

Kraemer et al. (2004) investigated the physiological and performance changes 

that take place over a Big Ten season in college soccer players.  Measures of physical 

performance (isokinetic and isometric strength, sprint speed, vertical jump), body 

composition (body density, percent body fat), and hormonal concentrations (testosterone, 

cortisol) were assessed during the course of the season to determine how players adapted 

to the effects of conditioning, practice, and high level competition over an entire season 

(Kraemer et al., 2004).  Measures of isometric strength showed no significant changes 

during the season.  Significant decreases in sprint speed reported over 20 yards and 

significant drops in vertical jump performance were observed (Kraemer et al., 2004).   

It can be ascertained that the type of performance test used and the duration of the 

assessment are vital when attempting to elucidate changes in performance incurred from 

overreaching or overtraining (Hartmann & Mester, 2000).  A plethora of performance 

assessments has been employed throughout the overtraining research, and as a result, it 

has become difficult to compare changes of these variables.    

There is a continual debate as to which measurement of performance may be the 

most beneficial when attempting to determine overreaching and overtraining.  It seems to 

be an accepted notion that tests measuring time to fatigue will demonstrate greater 

changes in exercise capacity as a result of overreaching and overtraining.  While these 

tests may permit submaximal measurements at intensities and durations which are fixed, 

these tests are not accurate performance indicators, as they do not sufficiently reflect the 

true demands of the athletic competition (Halson & Jeukendrup, 2004). 
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Performance and the Menstrual Cycle 

Skeletal Muscle Contractile Characteristics and the Menstrual Cycle   

Conflicting results exist in the literature regarding muscle contractile 

characteristics and strength throughout the menstrual cycle.  In 1996, Sarwar et al. 

examined the effect of different phases of the menstrual cycle on skeletal muscle 

strength.  Additionally, the investigators examined contractile properties and fatigability.  

They found that regularly menstruating women were stronger mid-cycle which was 

defined as day 12-18 (Sarwar, Niclos, & Rutherford, 1996).  In the same year Philips et 

al. (1996), reported an increase in adductor pollicus strength during the follicular phase, 

followed by a rapid decrease in strength around ovulation.  

While the results from both of these studies indicated that estrogen may induce a 

strengthening effect on skeletal muscle, a 1995 study concluded that estrogen 

concentration and handgrip strength had a negative association (Bassey, Coates, & 

Culpan, 1995).   

In 1999, a study by Greeves, Cable, & Reilly, found the lowest strength during the 

late-follicular phase (with rising estrogen levels) and the highest strength during the mid-

luteal phase (with high progesterone levels).  This study measured maximal isometric 

strength of the quadriceps and was conducted at seven time points throughout the 

menstrual cycle.  Progesterone concentrations were measured on five occasions (Greeves, 

Cable, & Reilly, 1999). 

White & Weekes (1998) examined the muscle contractile characteristics of the 

triceps at four time points during the menstrual cycle.  They concluded no link between 

menstrual cycle phase and voluntary and electrically evoked contractile characteristics.   
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According to Janse de Jonge (2003), the major shortcoming was that White and Weekes, 

did not measure hormone concentrations to verify menstrual cycle phase (Janse de Jonge, 

2003).   

Janse de Jonge (2001) investigated skeletal muscle contractile characteristics 

using electrical stimulation in 15 women. Testing was conducted in a way that ensured 

that the three distinct hormonal profiles of the menstrual cycle were represented (i.e. low 

estrogen and progesterone concentrations during the early-follicular phase, high estrogen 

and low progesterone during the late-follicular phase, and high estrogen and progesterone 

during the mid-luteal phase). Results obtained by the investigators indicated no changes 

over the menstrual cycle for strength and fatigability of the quadriceps. Additionally, 

there were no correlations found between the measured muscle contractile characteristics 

and the hormone concentrations of estrogen and progesterone (Janse de Jonge, Boot, 

Thom, Ruell, & Thompson, 2001). 

While the aforementioned studies examine the effect of strength on the menstrual 

cycle, Reis et al. (1995) were the first to examine the planning of strength training with 

respect to hormonal fluctuations during the menstrual cycle.  The aim of their study was 

to compare the effects of two different models of altering the frequency of strength 

training sessions of females (Reis, Frick, & Schmidtbleicher, 1995).  The rationale of 

their study was based upon the characteristics of the menstrual cycle.  More specifically, 

the menstrual cycle’s enormous variations of hormones in the follicular (time between 

menstruation and ovulation) and luteal phase (period between ovulation and 

menstruation) coupled with fact that these hormones affect both the autonomous nervous 

system and the metabolic functions, so that athletic performance as well as certain 
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important parameters change along with the menstrual phases (Reis et al., 1995).  

Therefore, one can assume that the condition for muscle growth and for muscle tissue 

remain different in the follicular and luteal phase (Reis et al., 1995).  Consequently, 

training which considers the different endocrine milieus of both menstrual phases may 

improve the strength adaptations in a more effective manner (Reis et al., 1995).  While 

the investigators were not able to measure all of the hormones which might have been of 

interest (e.g., HGG and IGF), they did conclude that taking the regular endocrine changes 

during the menstrual cycle into consideration seems to reveal new resources in females’ 

training adaptations (Reis et al., 1995).   

Based on the above research, it would seem that skeletal muscle function may be altered 

by the menstrual cycle and variations in hormone levels.    

Effect on Performance   

How the menstrual cycle affects the quality of performance of the female athlete 

is very much an individual matter.  Some suffer pain and disruption to performance 

during menstruation and others will claim that they perform at their best (Frankovich & 

Lebrun, 2000).  After all, world records have been achieved during all phases of the 

menstrual cycle.  However, anecdotal evidence would suggest that many athletic women 

experience disruption to some extent during the premenstrual week when pain and 

emotional upset can hinder application to training and competition.  These athletes are 

just as likely to experience painful periods, pre-menstrual syndrome, endometriosis, and 

heavy bleeding as do other women; while it is the way these disruptions impact in 

training and competition that is relevant and what steps the athlete takes in order to cope 

with these distractions.  In addition to dealing with these matters are the issues that are 



16 

 

specific to athletes’ risk of injury.  There are many women who do not have problems 

with their menstrual cycle affecting performance.  However, there is some anecdotal 

evidence to suggest that there are some female athletes who are vulnerable to injury in 

the premenstrual week (Lebrun, 1993).  It is therefore important to consider the notion of 

planning of training around the menstrual cycle.   

Susanne Robson, Director of Unitest, Southern Cross University, NSW, has been 

conduction research on the varying hormone levels throughout the phases of a 28 day 

cycle and the effect they have on metabolism and energy systems.  According to this 

research, it is suggested that fluctuations in both estrogen and progesterone have the 

potential to alter total energy intake as well as the relative utilization of carbohydrates 

fats and proteins.  During the normal menstrual cycle, there are two hormonal peaks (e.g., 

high levels of estrogen in the late follicular phase [pre-ovulation] and high levels of 

progesterone and estrogen in the mid luteal phase).  These peaks correspond with 

increased glycogen uptake and storage in liver and muscle, increased fat and protein 

relative to carbohydrate utilization and relatively increased glycogen repletion following 

exercise.  This creates a physiological conditions ideal for high intensity, high volume 

training, with a particular bias to aerobic work (Robson, 1994).   

Low levels of estrogen during the early to mid follicular phase and during the 

early luteal increase carbohydrate utilization and glycogen stores.  This creates 

physiological conditions suited to anaerobic and power based activity.  Muscle endurance 

has been shown to be highest during mid follicular phase, early and late luteal phase and 

is suggested that strength training may be optimized if high intensity training is 

programmed at these times.  Care must be taken however in the late luteal phase 
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(premenstrual) to maintain relatively simple tasks with a low stress level to avoid the 

increased risk of injury or illness (Robson, 1994). 

Weight increases associated with the two hormonal peaks are caused by a 

combination of increased glycogen storage, water and electrolyte retention.  The increase 

in body weight is an additional stress and may be sufficient to reduce the quality of 

performance during weight bearing activities.  However, depending on the duration and 

external stresses of the exercise, this increased water, electrolyte and glycogen storage 

may be an advantage in long duration, non weight bearing, or thermally stressful 

activities (Robson, 1994). 

Maximum oxygen consumption (Vo2 max) has been demonstrated by the 

majority of research groups to be unaffected by the hormonal cycle (Daly & Ey, 1996).  

However the general trend of current literature is toward an “increase in time to 

exhaustion” over prolonged exercise during the luteal phase relative to the follicular 

phase and an improvement in aerobic performance due to high levels of progesterone and 

estrogen despite the relative increase in body weight (Robson, 1994).   

Psychological studies during the late luteal and early follicular phases of the cycle 

(premenstrual and menstrual), when estrogen and progesterone are at low levels, indicate 

changes in mood, reaction times, and increase in stress levels and increased risk of injury 

and accidents (S. Robson, 1994).  It may be beneficial therefore to put the training 

emphasis during this vulnerable time on simple tasks with low stress factors. 

 The effect of the menstrual cycle on performance seems to individual; however, 

changes in training programs should be assessed for each athlete.   
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Oral Contraceptive Pill   

Sawar et al. (1996), and Philips et al. (1996), indicate that estrogen may have a 

muscle strengthening action. This could explain the findings of a decline in muscle 

strength during menopause in women, which is reversed with hormone replacement 

therapy (Phillips, Rook, Siddle, Bruce, & Woledge, 1993; Sarwar et al., 1996).  Few 

studies have investigated the effect of the Oral Contraceptive Pill (OCP) on muscle 

strength in female athletes.  The OCP is usually prescribed in the form of a combined 

estrogen and progesterone tablet, with the combined pill presented as a monophasic pill 

in which the dose of both hormones is constant throughout the cycle (Bennell, White, & 

Crossley, 1999).  This monophasic form is the type of birth control generally used to 

manipulate cycles for competition and travel (Bennell et al., 1999).  According to Phillips 

et al., who examined cross sectional comparisons of pill and non-pill users concluded no 

differences in strength of various muscles (Phillips, Sanderson, Birch, Bruce, & Woledge, 

1996).  Conversely, Wirth and Lohman (1982), examined handgrip endurance in relation 

to eight different typed of OCPs and indicated that time and force output was lower in the 

OCP groups.  While well designed randomized control trials are lacking, overall it would 

appear that the OCP does not affect muscle strength but does reduce strength variations 

associated with the normal menstrual cycle (Bennell et al., 1999).  It is unlikely that this 

would impact negatively on performance.  

Mood State 

Mood state is considered by some to be an objective marker to indicate negative 

adaptation to training stress (Morgan et al., 1987).  It has been widely accepted that 

overtraining syndrome is characterized by both psychological disturbances and negative 
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affective states (Fry et al., 1994; Hooper, MacKinnon, & Hanrahan, 1997; Hooper & 

Mackinnon, 1995; Jeukendrup et al., 1992; Morgan et al., 1987; Morgan, Costill, Flynn, 

Raglin, & O'Connor, 1988; Morgan, 1994).  Most commonly, the mood of a sportsperson 

can be successfully monitored using the Profile of Mood States (POMS).  The POMS 

consistently has been employed to measure the mood states associated with overtraining 

(Berger, Grove, Prapavessis, & Butki, 1997).    

Evident signs of psychological distress have been observed in many studies (Fry 

et al., 1992; Halson et al., 2002; Jeukendrup et al., 1992; Morgan et al., 1987; Morgan et 

al., 1988; Morgan, 1994; O'Connor et al., 1989; O'Connor, Raglin, & Morgan, 1996; 

Snyder, Jeukendrup, Hesselink, Kuipers, & Foster, 1993; Urhausen, Gabriel, & Weiler et 

al., 1998; Veale, 1991).  However, increases in global POMS scores have also been 

reported in periods of increased training that have not resulted in a state of overtraining 

(Morgan et al., 1988; O'Connor et al., 1996).  Increased global POMS scores were noted 

in swimmers after 3 days of increased training (O'Connor et al., 1991) as well as after 10 

days of increased training (Morgan et al., 1988).  In both of these studies, alterations in 

mood state occurred in the absence of changes in performance. Over a 4-year period, the 

POMS questionnaire was able to correctly identify 'stale' (“burned out”) athletes on an 

average of 81.45% of occasions in collegiate swimmers (Morgan et al., 1988; O'Connor 

et al., 1989).  However, in one study, performance was not measured and the team coach 

completed the classification of stale athletes based on an inability to train at a previous 

level (Halson & Jeukendrup, 2004; O'Connor et al., 1989). 

No significant correlations between changes in total mood disturbance (TMD) 

scores and the cycling performance variables were found in eight cyclists from the US 
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Olympic Training Center (Berger, Grove, Prapavessis & Butki, 1997).  These athletes 

completed the POMS on 13 occasions to investigate changes in mood and performance in 

response to high intensity, short duration overtraining and a subsequent taper.  The 

overtraining protocol however, did lead to temporary decrements in mood, while 

performance improved steadily throughout the study (Berger et al., 1997).   

There appears to be some reported gender effects in stress and recovery.  In 2001, 

Kellmann and Günther (2000) assessed that stress and recovery of 24 female and 30 

males during a 6-week preparation for the world championships in rowing (Kellmann & 

Günter, 2000).  These investigators found similar responses from a study a year prior 

indicating that while experiencing the same training load, females show higher stress and 

lower recovery scores compared to male athletes when training is monitored (Kellmann 

& Günter, 2000).   

In a more recent contradictory study by Martin and Anderson (2000), the POMS 

was used to monitor high-intensity training in cyclists to determine whether the Profile of 

Mood States questionnaire (POMS) is a useful tool for monitoring training stress in 

cycling athletes (Martin & Andersen, 2000).  During this study, 11 subjects completed 

the POMS weekly during six-weeks of high-intensity interval cycling and a one-week 

taper.  The investigators concluded that their findings should raise the questions about the 

usefulness of POMS to distinguish, at an individual level, between periods of productive 

and counterproductive high-intensity training (Martin & Andersen, 2000).   

While there are few contradictory investigations, these studies do seem to indicate 

that changes in mood state may be a useful indicator of overreaching.  It is believed that 
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measures of mood state should be combined with measures of performance to properly 

assesses OTS (Halson & Jeukendrup, 2004).   

Physiology 

In an attempt to further investigate potential markers and mechanisms of 

overtraining and overreaching, studies have been conducted to measure physiological 

variables relating to exercise and performance.  Jeukendrup et al. (1992) monitored 

physiological characteristics after 14 days of intensified training.  As a result, 8% 

decrease in peak oxygen uptake (V-dotO2peak) [4.8 vs. 4.4 L/min] was reported in the 

competitive cyclists completing this study.  Snyder et al. (1995) showed a similar 

decrease in V-dotO2peak after 15 days of increased high-intensity training (4.94 vs. 4.65 

L/min (Snyder et al., 1995).   

Studies by Jeukendrup et al., Lehmann, Dickhuth, Gendrisch, Lazar, Thum and 

Kaminski (1991) and Urhausen et al. (1998), all reported reduced maximal heart rates 

(HRmax) after increased training (Jeukendrup et al., 1992; Lehmann et al., 1991; 

Urhausen, Gabriel, & Weiler et al., 1998). It was thought that this may be the result of a 

reduced power output observed during maximal exercise due to an inability to attain a 

maximal effort. However, it is not clear whether the decreased HRmax and possibly a 

decreased cardiac output is the cause or the consequence of premature fatigue (Halson & 

Jeukendrup, 2004). 

Lehmann et al. (1991) reported a tendency towards increased resting stroke 

volume after an increase in training volume in middle- and long-distance runners 

(Lehmann et al., 1991). This was in conjunction with a decreased HRmax. A recent study 

by Hedelin et al. (2000), reported increased plasma volume and reduced HRmax 
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following a 50% increase in training volume in elite canoeists (Hedelin, Kentta, Wiklund, 

Bjerle, & Henriksson-Larsen, 2000). However, performance was not assessed following 

recovery and, therefore, it could not be determined if the athletes were fatigued or 

overreached. 

Biochemistry 

In the search for a reliable and valid indicator of a state of overreaching and 

overtraining, a variety of biochemical responses to an increased training load have been 

explored with biochemical markers such as concentrations of creatine kinase, urea and 

iron levels have all been considered as possible indicators of overtraining (Halson & 

Jeukendrup, 2004; Kreider et al., 1998; Lac & Maso, 2004). However, inconsistent 

findings and the inability to distinguish acute fatigue resulting from intensified training 

from overreaching or overtraining does not support the use of the majority of biochemical 

markers as diagnostic tools. Importantly, if decreases in maximal and submaximal lactate 

are to be used as indicators of overreaching, this must be in conjunction with a decline in 

performance. This ascertains whether or not the athlete demonstrates a positive or 

negative training adaptation (Halson & Jeukendrup, 2004). 

Glycogen Depletion 

It has been hypothesized that a decline in muscle glycogen levels may be 

somewhat responsible for the decrease in performance associated with overtraining.  Vast 

amounts of research exists indicating that muscle glycogen levels decrease considerably 

over a 2-hour intensive training session (Brooks, Fahey, White, & Baldwin, 2000), 

therefore it is conceivable that this may be a contributor since overreaching is thought to 

be brought about by high-intensity training and an underrecovered state.  To better 
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understand this, two different studies by Costill (1988) and Snyder (1995) have been 

conducted in an attempt to explain the role of carbohydrate and dietary intake on 

performance after intensified training (Costill et al., 1988; Snyder et al., 1995).   

Costill et al. (1988) investigated this possibility by examining the effects of 10 

days of increased training volume on performance and muscle glycogen levels.   Twelve 

swimmers participated in the investigation, with four unable to tolerate the increase from 

4000 to 9000 m/day and were consequently classified as non-responders (Costill et al., 

1988). The group of non-responders consumed approximately 1000 kcal/day less than 

their estimated energy requirement and consumed less carbohydrate than the responders 

(5.3 vs. 8.2 g/kg/day).  Importantly, muscular power, sprint and endurance swimming 

ability were not affected in either the responders or the non-responder.  It was concluded 

that the glycogen levels of the non-responders were sufficient to maintain performance, 

but inadequate for the energy required during training and, therefore, fatigue resulted 

(Costill et al., 1988). As overreaching and overtraining are primarily defined by a 

reduction in performance, the ability to ascertain whether the non-responders were indeed 

overreached is limited. 

Snyder et al. (1995) examined performance responses to intensified training with 

the addition of sufficient dietary carbohydrate, in an attempt to determine whether 

overreaching could still occur in the presence of normal muscle glycogen levels (Snyder 

et al., 1995).   Within this study, subjects consumed 160g of a liquid carbohydrate in the 

2 hours following exercise. Subjects completed 7 days of normal training, 15 days of 

intensified training and 6 days of minimal training. Results indicated that resting muscle 

glycogen was not significantly different when compared with normal training and 
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intensified training (Snyder et al., 1995).  Both studies concluded that the role of 

carbohydrate intake and glycogen depletion in overreaching is unclear (Costill et al., 

1988; Snyder et al., 1995).   

Immune System 

High-level competitive sport, especially if it involves extensive endurance 

training, may lead to a degree of immunosuppression. Such immune malfunction may be 

a component of the overtraining syndrome, in which recurrent infections during periods 

of maximum training or competition stress may form part of the syndrome (Sharp & 

Koutedakis, 1992).  There are a variety of changes in immune system components after 

prolonged heavy exertion and are outlined in Table 1. 

Table 1 
Changes in immune system components after prolonged heavy exertion 

(Nieman & Pederson, 1999) 
 

 
Immune system change 

 
Neutrocytosis and lymphopenia, induced by high plasma cortisol 

Increase in blood granulocyte and monocyte phagocytosis, but a decrease in nasal neutrophil 

phagocytosis 

Decrease in granulocyte oxidative burst activity 

Decrease in nasal mucociliary clearance 

Decrease in natural killer cell cytotoxic activity 

Decrease in mitogen-induced lymphocyte proliferation (a measure of T cell function) 

Decrease in the delayed-type hypersensitivity response 

Increase in plasma levels of pro- and anti-inflammatory cytokines (e.g. interleukin-6 and 

interleukin-1 receptor antagonist)  

(table continues) 
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Immune system change 

 
Decrease in ex vivo production of cytokines (interferon-γ, interleukin-1 and interleukin-6) in 

response to mitogens and endotoxin 

Decrease in nasal and salivary IgA level 

Blunted major histocompatibility complex II expression in macrophages 

As a result of many anecdotal reports of increased illness rates and upper 

respiratory tract infections (URTI) in overreached and overtrained athletes (Smith, 2000), 

the role of exercise-induced immunosuppression has been explored. It seems realistic that 

the prolonged and/or intense exercise usually required to induce overtraining, may 

increase both the duration of the ‘open window’ and the degree of the resultant 

immunosuppression. While this alteration in immune function is indeed possible and 

there are numerous anecdotal reports of increased susceptibility to illness in athletes who 

are overtrained, there is little scientific information to substantiate this inference (Halson 

& Jeukendrup, 2004). 

Mackinnon and Hooper (1996) increased the intensity of training of a group of 24 

swimmers. Of those swimmers that were identified as overreached, one in eight (12.5%) 

reported symptoms of URTI. Surprisingly, in the group of 16 athletes who responded 

positively to the intensified training, nine (56%) exhibited self-reported symptoms of 

URTI. Therefore, increased URTI incidence is likely to reflect the increase in training, 

regardless of the response of the athlete to the increased physical stress (Halson & 

Jeukendrup, 2004). 

While there is a vast amount of literature regarding URTI incidence and single 

exercise bouts and periods of increased training, Mackinnon and Hooper’s study is the 
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only investigation of its kind examining an increased incidence of URTI in conjunction 

with a decline in performance; a decline which is considered to be indicative of an 

overtrained or overreached state (Mackinnon & Hooper, 1996).  Similarly, a limited 

number of investigations have been performed that explore the relationship between 

immune suppression and the overtrained athlete (Fry et al., 1994; S. L. Hooper et al., 

1995; Lehmann et al., 1997; Mackinnon, Hooper, Jones, Gordon, & Bachmann, 1997; 

Rowbottom, Keast, Goodman, & Morton, 1995). 

As leucocytosis is typically the immediate response to intensive exercise 

(Shephard & Shek, 1998), resting peripheral blood leukocyte numbers have been 

determined during both periods of training that has resulted in overreaching and in 

athletes diagnosed as overtrained (Hooper et al., 1995; Lehmann et al., 1997; Mackinnon 

et al., 1997; Rowbottom et al., 1995).  With the exception of Lehmann et al. all previous 

studies have not demonstrated changes in leukocyte number in overreached subjects. 

Interestingly, Lehmann et al. (1997) reported a significant decline in leukocyte number 

when the training volume was increased (Lehmann et al., 1997). No changes were 

observed following an increase in training intensity and during this condition a state of 

overreaching did not develop. The clinical consequence of a reduction in leukocyte 

number is presently unclear and changes may simply reflect cell redistribution or 

increased cell turnover (Mackinnon, 2000). 

Intensified training resulting in an overreached state has produced increases (S. L. 

Hooper et al., 1995) in neutrophil numbers and unchanged (Fry et al., 1994; Gabriel, 

Urhausen, Valet, Heidelbach, & Kindermann, 1998; Mackinnon et al., 1997) values.  

Importantly, neutrophil function has not been assessed in overreached athletes and, 
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therefore, the relative contribution of neutrophil cells to possible immune dysfunction in 

overreached athletes is unknown (Halson & Jeukendrup, 2004). 

Two investigations examining natural killer cell numbers have concluded that 

they appear to be unaltered in athletes displaying symptoms of overreaching (Fry et al., 

1994; Gabriel et al., 1998).  Currently, there are no reports in the literature that document 

natural killer cell function in overreached or overtrained athletes (Halson & Jeukendrup, 

2004). 

Filaire et al. (2003) examined changes in the hematological, metabolic, 

immunological, hormonal, and psychological fields using selected variables in 20 

professional soccer players over the course of a competitive season (Filaire, Lac, & 

Pequignot, 2003).  They concluded that despite lower glutamine concentrations than the 

normal range throughout the study, infection occurred only in two of the soccer players 

(Filaire et al., 2003). Additionally, the levels of immunological factors IgA, IgG, and 

IgM, and the hematological parameters were unaltered (Filaire et al., 2003).   IgA 

antibodies are found mainly in areas of the body such the nose, breathing passages, 

digestive tract, ears, eyes, and vagina. IgA antibodies protect body surfaces that are 

exposed to the outside from foreign organisms and substances. This type of antibody is 

also found in saliva and tears. About 10% to 15% of the antibodies usually present in the 

body are IgA antibodies. A small percentage of people do not make IgA antibodies (A-Z 

health guide from WebMD: Medical tests.2006). 

To determine the circulating leukocytic response to acute exercise in trained 

athletes during a 28-day intense exercise training program, Ndon Snyder, Foster and 

Wehrenberg (1992) measured levels of circulating white blood cells, lymphocytes, 
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polymorphonuclear neutrophils and monocytes (Ndon et al, 1992).  While only eight 

subjects were used in the study, the investigators concluded that chronic intense exercise 

training does not alter the circulating leukocytic response to acute.  

The mucosal immune system response has been examined in athletes who were 

reported to be overtrained using salivary IgA as a marker (MacKinnon, 2000).  IgA is an 

important factor in host defense and has been observed in relation to increased URTI 

incidence in endurance-trained athletes (Mackinnon, 2000).  To date, there are limited 

data on changes in mucosal IgA as a result of overreaching. Mackinnon and Hooper 

(2000) reported 18-32% lower salivary IgA concentrations in three athletes showing 

symptoms of overtraining compared with those who were well trained.  In a 2003 study 

by Halson, Lancaster, Jeukendrup and Gleeson, it was reported lower IgA levels after 

intensified training; however, this was not statistically significant (Halson et al., 2003).  

Even when significant changes in the level and functional activity of immune parameters 

have been observed in athletes, investigators have had little success in linking these to a 

higher incidence of infection and illness.  Pyne and Gleeson (1998), for example, 

reported that elite swimmers undertaking intensive training had a significantly lower 

neutrophil oxidative activity at rest than age- and gender-matched sedentary individuals, 

and that function was further suppressed during the period of strenuous training prior to 

national-level competition (Pyne & Gleeson, 1998). Nonetheless, upper respiratory tract 

infection rates did not differ between the swimmers and sedentary control individuals.  

An additional concern by the same investigators was that in the lack of functional cell 

measurements. It is generally accepted that exercise-induced leucocytosis is transient and 

cell number changes have little clinical significance (Pyne & Gleeson, 1998). 
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Sharp and Koutedakis (1992) state that acute exercise of varying severity and 

corresponding levels of long term competition and training have been found to affect 

various components of the immune system including lymphocyte subsets, 

immunoglobulin levels, the mononuclear phagocytic system, polymorphonuclear 

leukocytes and cytokines, especially IL-1, IL-2, IL-6 and TNF.  

In a recent review by Lakier Smith (2003), it was hypothesized that exercise-

related immunosuppression is due to tissue trauma sustained during intense exercise, 

producing cytokines, which drive the development of a T(H)2 lymphocyte profile (Lakier 

Smith, 2003). A T (H)2 cell response results in simultaneous suppression of cell mediated 

immunity (CMI), rendering the athlete susceptible to infection (Lakier Smith, 2003). 

Additionally, increased levels of circulating stress hormones (cortisol and 

catecholamines), as well as prostaglandin E (2), support up-regulation of T(H)2 

lymphocytes (Lakier Smith, 2003).  It is concluded that an increased incidence of illness 

associated with OTS and in response to EE is not due to immunosuppression per se, but 

rather to an altered focus of immune function, with an up-regulation of humoral 

immunity and suppression of CMI (Lakier Smith, 2003). 

Overtrained athletes often anecdotally report an alteration in immune system 

function and the use of markers of immune function as a diagnostic test for overtraining 

has been suggested. However, while some studies claim the athletes investigated are 

overtrained, it is more likely that the athletes were overreached. Whether immune 

function is seriously impaired in overtrained athletes is unknown as the scientific data are 

not available (Hooper et al., 1995).  
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In general, the immune systems (resting state) of athletes and nonathletes appear 

to be more similar than disparate. Of the various immune function tests that show some 

change with athletic endeavor, only salivary IgA has emerged as a potential marker of 

infection risk. Future research should concentrate on this immune measure, using large 

groups of athletes and nonathletes to demonstrate its clinical usefulness. 

Glutamine 

Glutamine is synthesized from glutamate (salt of glutamic acid) (Mourtzakis & 

Graham, 2002) by the enzyme glutamine synthase.  Glutamine is the most abundant 

amino acid in the body (MacKinnon, 2000).  It is also the most abundant amino acid in 

plasma as well as skeletal muscle and comprises 60% of the total intramuscular free 

amino acid pool (Antonio & Street, 1999).  Physiologically, glutamine acts as a major 

fuel source for tissues such as the small intestines and immune system (Antonio & Street, 

1999).  The gastrointestinal tract alone accounts for approximately 40% of total 

glutamine used by the body (Antonio & Street, 1999).  Glutamine is also an important 

substrate for cells of the immune system, especially lymphocytes, macrophages and 

possibly natural killer cells, during periods of immunological challenge glutamine 

production is increased (Rowbottom, Keast, & Morton, 1996). It can then be inferred that 

low plasma glutamine levels which are commonly seen after bouts of prolonged exercise 

may contribute to a decrease in immune function.  

Given the changes in plasma glutamine levels that are commonly observed after 

prolonged exercise and the function of glutamine in immune cells, the role of this amino 

acid in overtraining has recently gained attention (Halson et al., 2003). Parry-Billings et 

al., reported lower plasma glutamine concentrations (503 ¼mol/L) in 40 athletes 
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diagnosed as overtrained when compared with controls (550 ¼mol/L). While Mackinnon 

and Hooper (1996) found no relationship between incidence of URTI and glutamine, they 

observed 23% lower glutamine concentrations in swimmers considered overtrained than 

in well trained swimmers (Mackinnon & Hooper, 1996).   

Currently, the role in which glutamine may play in overreaching and recovery is 

not clear.  While there seems to be a fluctuation in plasma glutamine concentration 

following intensified training bouts, there is still no conclusive evidence which links 

levels of low glutamine concentrations with an attenuated immune response leading to an 

increase predisposition of or infection. 

There are a vast number of sports, each relying on different physiological 

(metabolic and biomechanical) processes.  For example, certain sports such as long 

distance running, cycling, and certain swimming events can be classified as an 

“endurance sport”  which rely heavily on the oxidative energy pathways.  Powerlifting, 

however, would utilize more of the anaerobic or non-oxidative energy systems. 

In 2002 Antonio, et al. examined the effects of high-dose glutamine ingestion on 

weightlifting performance.  This study concluded that there was no significant 

improvement in weightlifting performance among the three groups of six subjects who 

were given a 0.3 kg/kg glutamine, glycine or placebo solution.  The rational for this study 

was based on the conversion of glutamine to α-ketogluterate and then to NH4+ 

(ammonium ion) which was thought to act as a buffer of metabolic acidosis that would be 

brought on by the weightlifting exercises performed by the subjects (Antonio, Sanders, 

Kalman, Woodgate, & Street, 2002).  
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A study from 1998 investigated the ergogenic effect of glutamine during maximal 

effort exercise.  The rationale of Haub, Potteiger, Nau, Webster and Zebas et al. (1998), 

was based on a similar premise as Antonio’s group of glutamine inducing an alkalosis 

effect which would improve performance by improving the buffering capacity of the 

blood and the tissues to withstand the decreases in pH associated with high intensity 

maximal effort exercise (Haub et al., 1998).  The investigators concluded that acute 

ingestion of glutamine does not enhance the buffering ability or the performance of well-

trained males during high intensity exercise. 

While these two studies focused on the possible metabolic effects of glutamine, 

other studies have shown greater success demonstrating glutamines role of preventing 

infections and enhancing the immune function of athletes (Bassit, Sawada, Bacurau, 

Navarro, & Costa Rosa, 2000; Castell, Poortmans, & Newsholme, 1996; MacKinnon, 

2000; Mourtzakis & Graham, 2002; D. J. Smith & Norris, 2000).     

Overtraining is a process of excessive exercise training without sufficient 

recovery.  It can lead to decreased performance, changes in mood state, neuroendocrine 

factors and frequent illness (MacKinnon, 2000).    Plasma glutamine has been shown to 

decrease as a result of intense exercise training (Antonio & Street, 1999; Castell et al., 

1996; Mourtzakis & Graham, 2002; D. J. Smith & Norris, 2000).  This intense training 

without proper recovery can lead to overtraining (MacKinnon, 2000; D. J. Smith & 

Norris, 2000). Several immune parameters are suppressed during prolonged periods of 

intense exercise training.  These include decreases in neutrophil function, serum and 

salivary immunoglobin concentrations, and natural killer cell number and possibly 

cytotoxic activity in peripheral blood (MacKinnon, 2000).  Some studies indicate that 
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plasma glutamine concentration may decline in some instances of overtraining, but there 

is little evidence to link this decline with immune suppression (Haub et al., 1998).  

However, in 1996 Castell et al. investigated the effects of ingesting 5g of glutamine on 

the reduction of infections in marathon and middle distance runners.  They demonstrated 

a significant decrease in infections by those within the glutamine group.  They further 

explained this effect may be in part to restoring glutamine levels that decrease from a 

result of intense training, thus allowing more glutamine to become available for key cells 

in the immune system (Castell et al., 1996; MacKinnon, 2000; D. J. Smith & Norris, 

2000).  Hindering this decrease in glutamine levels was also examined in 2000 by 

Reinaldo et al. who concluded that BCAA supplementation reduced the reduction of 

serum glutamine which are paralleled by an increase incidence of symptoms of infections 

(as cited in Bassit et al., 2000).  

While most of the research indicates that glutamine does play a role in the 

reduction of infections linked to intense bouts of exercise training, additional research 

that needs to be done in the area of glutamine and its role as an ergogenic aid.   

Hormones 

Cortisol and Testosterone 

In a 1988 study examining the impaired pituitary hormonal response to exhaustive 

exercise in overtrained endurance athletes, Urhausen et al. (1988) reported no significant 

changes in resting cortisol (254 ± 19 vs. 264 ± 28 nmol/L, normal vs overtrained, 

respectively) when subjects were examined prior to and during a state of 'short-term 

overtraining' (Urhausen, Gabriel, & Kindermann, 1998). Three other studies reported 
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similar findings, indicating that there were no changes in resting serum cortisol 

concentration (Flynn et al., 1994; Hooper et al., 1995; Mackinnon et al., 1997).    

Snyder et al. reported a decrease in plasma cortisol concentration from 514.8 ± 

56.8 to 381.8 ± 52 nmol/L following a period of intensified training that resulted in a 

state of overreaching (Snyder et al., 1995). Their findings indicate that maximal cortisol 

responses appear to be reduced during overreaching. Urhausen et al. (1998) also reported 

similar reductions in maximal cortisol levels in overreached athletes (Urhausen, Gabriel, 

& Kindermann, 1998). 

Kraemer et al. (2004) describes elevated cortisol concentrations in soccer players.  

They also reported that players already entering the season with high cortisol levels and 

lower testosterone, experience reductions in performance during the season (Kraemer et 

al., 2004).  Additionally, significant increases of circulating concentrations of plasma 

testosterone were observed (Kraemer et al., 2004).   

In a 2004 study, 24 hour cortisol/cortisone ratio was examined as a potential 

monitor of training for elite swimmers.  They reported that 24 hour cortisol/cortisone 

ratio was moderately related to both training and performance, where cortisone levels 

were only related to training (Atlaoui et al., 2004).     

The documented response of both total and free testosterone concentrations in 

overreached athletes is contradictory (Halson & Jeukendrup, 2004). Flynn et al. observed 

decreased serum total and free testosterone levels coincident with a decrease in 

performance following intensive training (Flynn et al., 1994). Vervoorn et al. (1991) also 

reported lower testosterone levels in rowers following an increase in intensive training; 

however, there were no significant changes in performance and, therefore, the presence 
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of a state of overreaching or overtraining cannot be confirmed. There were no significant 

differences in resting testosterone levels during normal training and during a state of 

overreaching in endurance athletes identified as overreached by a significant reduction in 

performance (Urhausen, Gabriel, & Kindermann, 1998). 

The testosterone: cortisol ratio has been suggested to indicate the balance between 

anabolic activity (testosterone) and catabolic (cortisol) activity (Adlercreutz et al., 1986; 

Urhausen, Gabriel, & Kindermann, 1995).  Cortisol (a steroid and primary stress 

hormone) and testosterone (a primary androgenic-anabolic hormone) are both released in 

response to high intensity (>60% maximal oxygen uptake [V-dotO2max]) aerobic and 

anaerobic exercise (Stone, Keith, & Kearney, 1991).  The testosterone: cortisol ratio is 

believed to be an indicator of the positive and negative effects of training due to the 

opposing effects that the hormones have on growth, protein synthesis and muscle 

metabolism (Mackinnon et al., 1997). 

Vervoorn et al (1992) examined the seasonal behavior of the plasma free 

testosterone: cortisol ratio and to relate these hormonal changes to daily volume and 

performance parameters in female rowers (Vervoorn et al., 1992).  Their findings were 

contrary to other studies with elite rowers.  They concluded that the free testosterone: 

cortisol ratio seemed to be a useful indicator of hormonal training status of the elite 

female rower, yet was not an adequate indicator of the anabolic/catabolic balance 

(Vervoorn et al., 1992).   

A decrease in the testosterone: cortisol ratio of approximately 30% or a fall below 

0.35 × 10-3 has been suggested as an indicator of a state of overtraining (Adlercreutz et 

al., 1986).  The usefulness of this ratio as a diagnostic tool has not been supported in the 
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literature. The ratio has been shown to remain unchanged in overreached athletes 

(Urhausen, Gabriel, & Kindermann, 1998), yet a decreased ratio has been reported in 

athletes who show no performance decrements after intensive training (Vervoorn et al., 

1991).  Therefore, the ratio of testosterone: cortisol has not been proven to have the 

ability to discriminate overreached athletes from well trained athletes. 

Autonomic Nervous System  

In 1976 Israel proposed that two types of overtraining might exist: 

parasympathetic also known as addisonic or vagal form of overtraining and sympathetic 

or basedowoid.  According to Israel (1976), the parasympathetic form is suggested to be 

characterized by increased fatigue and apathy, altered mood state and depressed immune 

and reproductive function (Israel, 1976).  While the sympathetic type for the most part is 

completely opposite and is characterized by restlessness, irritability and altered mood 

states (Israel, 1976).  Both types are characterized by a variety of characteristics which 

are listed in Table 2.   While these two different types of overtraining exist, it has been 

suggested by Lehman et al. (1998) that the parasympathetic variety is more frequently 

observed and may be referred to as the modern form of overtraining. This form of 

overtraining is said to be the consequence of an imbalance between extended duration, 

high-intensity endurance training and little regeneration (underreceovery), possibly in 

combination with other non-training stress factors (Lehmann, Foster, Dickhuth, & 

Gastmann, 1998).  Catecholamine levels in urine and plasma can reflect the activity of 

the sympathetic nervous system and can, therefore, examine the possibility of a 

parasympathetic-sympathetic imbalance or autonomic imbalance.  It is important to note 

that these types of overtraining are typically associated with endurance athletes (Kreider 
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et al., 1998), however this does not mean that these short term physiological responses 

will be absent in strength and power athletes (Halson & Jeukendrup, 2004).   

 
Table 2 

Some Findings in Sympathetic and Parasympathetic-Type Overtraining 
Syndromes 

 
 

Sympathetic Type 
 

Parasympathetic type 
 

 
Impaired performance 

 
Impaired performance 

  
Lack of supercompensation Lack of supercompensation 
  
Restlessness, irritability Fatigue, depression, apathy 
  
Disturbed sleep Not sleep disturbed 
  
Weight loss Constant weight 
  
Increased resting heart rate Low resting heart rate 
  
Increased resting blood pressure Low resting blood pressure 
  
Retarded recovery after exercise Suppressed heart rate-exercise 

profile 
  

Catecholamines 

In a study examining autonomic imbalance hypothesis and overtraining 

syndrome, Lehmann et al (1998), reported Basal urinary catecholamine excretion to be 

significantly reduced in overtrained athletes (Lehmann et al., 1998).  Catecholamine 

excretion was negatively correlated to fatigue ratings and following a period of recovery, 

catecholamine excretion returned to baseline levels (Lehmann et al., 1998).  Increased 

resting plasma noradrenaline levels were observed by Hooper et al. (1993), in athletes 
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who were suggested to be overtrained. Lehmann, Schnee, Scheu, Stockhausen and Bachl 

et al. (1992) also observed increased resting noradrenaline levels following a period of 

increased training volume that resulted in performance incompetence (Lehmann et al., 

1992).  

However, Urhausen et al. (1998) could not replicate the above findings and 

reported no significant differences in submaximal and maximal plasma catecholamine 

concentrations in overtrained athletes. The differences in the above findings may be 

related to methodological differences and high inter-individual differences in 

catecholamine responses to exercise (S. L. Hooper et al., 1995).  

Other studies have measured the activity of the autonomic nervous system using 

urinary 24 hour catecholamine excretion.  Other studies have employed different 

techniques such as plasma or serum measurements which make comparison quite 

difficult.  It should be noted that 24 hour catecholamine excretion is often considered a 

more valid measure, catecholamine responses to an exercise challenge can give additional 

information on autonomic nervous system responses to  

Heart Rate Variability 

Heart rate variability (HRV) is the term used to describe the oscillation in the 

interval between consecutive heart beats (Heart rate variability. standards of 

measurement, physiological interpretation, and clinical use. task force of the European 

society of cardiology and the North American society of pacing and 

electrophysiology.1996).  HRV is commonly assessed by examining the intervals 

between successive R waves, which is determined from the detection of each QRS 

complex (Heart rate variability. standards of measurement, physiological interpretation, 
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and clinical use. task force of the European society of cardiology and the North American 

society of pacing and electrophysiology.1996).  It is believed by some that continued 

exposure to prolonged periods of intense exercise may unfavorably alter neuroendocrine, 

neuromuscular and cardiovascular function (Earnest et al., 2004). 

To date, few studies have investigated HRV in overreached athletes, with studies 

showing either no change (Hedelin et al., 2000; A. L. Uusitalo, Uusitalo, & Rusko, 1998),  

inconsistent changes (A. L. Uusitalo, Uusitalo, & Rusko, 2000), or potential changes 

(Earnest et al., 2004).  The lack of uniformity in findings is most likely related to 

different techniques and methods of presenting HRV analysis, and the various methods of 

identifying overreaching as well as the individual variation which is found as a result of 

training. 

Earnest et al (2004) examined the relation between quantifiable levels of exertion 

and resting heart rate and resting supine heart rate variability in professional cyclists 

during a three week stage race.  It was concluded that HRV may strongly be affected by 

chronic exposure to heavy exertion (Earnest et al., 2004).  

Hedelin et al. (2000) increased the training load of nine canoeists by 50% over a 

6-day training camp (Hedelin et al., 2000). Running time to fatigue, V-dotO2max, 

submaximal and maximal heart rates and maximal blood lactate production decreased (all 

previously reported responses to overreaching) in response to the intensified training; 

however, all indices of HRV remained unchanged (Hedelin et al., 2000). On average, 

there were no significant changes in low- or high-frequency power, total power or the 

ratio of low- to high-frequency power, both in the supine position and after head-up tilt.  

It should be noted that performance was not measured during this investigation. 
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Similarly, Uusitalo et al. (1998) reported no change in intrinsic heart rate and autonomic 

balance, assessed through pharmacological vagal blockade, in female athletes following 

6-9 weeks of intensified training.  Results suggest that HRV in the standing position had 

a tendency to decrease in response to intensified training in the subjects who were 

identified as overreached.  However, intra-individual variability was high in this 

investigation and again performance was not measured (Halson & Jeukendrup, 2004).    

As a result of the varying observations surrounding the changes in HRV, one 

cannot say with certainty that HRV exists in the overtrained or overreached athlete.  

Again, because of the lack of performance assessment, once cannot determine if the 

subjects within the studies experienced a positive or negative adaptation to training.  The 

makes it very difficult to indicate weather athlete’s are overreached.   

Overtraining Research 

Scientific data on overtrained athletes are extremely scarce. One of the most 

commonly cited papers in the area of overtraining and its mechanisms was by Barron et 

al. (1985) In this 1985 experiment, an insulin-induced hypoglycemic challenge was 

administered to assess hypothalamic-pituitary function in overtrained athletes (Barron et 

al., 1985). This event stimulates the release of ACTH, GH and prolactin. Athletes were 

also intravenously administered luteinising hormone-releasing hormone (LHRH) and 

thyrotropin-releasing hormone (TRH), which act at the level of the pituitary (Barron et 

al., 1985). Overtrained athletes had significant decreases in GH, ACTH and consequently 

cortisol responses in response to insulin administration, which returned to levels similar 

to that of asymptomatic runners following 4 weeks of rest (Barron et al., 1985). This 

suggests that there was impairment at the hypothalamic level. Responses of hormones 
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released as a result of LHRH and TRH (i.e. thyroid-stimulating hormone, prolactin, 

luteinising hormone and follicle-stimulating hormone) were unchanged. This 

demonstrated that there was no evidence of pituitary dysfunction and hence the 

impairment was at the level of the hypothalamus. 

Additionally, this study examining the hypothalamic dysfunction in overtrained 

athletes was one of the first and only studies investigating possible mechanisms of 

overtraining; hormonal imbalance has since been cited by numerous authors as a 

mechanism of overtraining (Barron et al., 1985). While this research provided new and 

interesting information, subject numbers were very small and individual variation was 

high. Four overtrained athletes were investigated in total, with only two subjects given 

actrapid insulin alone. The prolactin responses of the subjects to this challenge ranged 

from <1 to 98 ng/min/mL. Additionally, subjects were reported to be recovered after a 4-

week rest period. This suggests that the athletes were, indeed, overtrained; however, 

performance was not measured in this study at any time point. Although this study 

provides information on changes that may be associated with overtraining, the results are 

not entirely conclusive. 

Rowbottom et al. (1995) examined a combination of parameters in ten athletes 

from different sports who were diagnosed as overtrained. Within this study, athletes self-

reported difficulty maintaining their training regimen and debilitating fatigue.  In this 

case, debilitating fatigue was defined as fatigue which was not alleviated by rest or bed-

rest; however, performance could not be measured at baseline (Rowbottom et al., 1995). 

The investigators measured, resting hematological, biochemical and immunological 

measures and compared with established normal ranges. The only measured parameter 
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that was significantly different to normal ranges was glutamine, indicating that in most 

hematological, biochemical and immunological aspects, these athletes were not different 

from normal controls. A recent study by Smith and Norris (2000) reported similar plasma 

glutamine levels in five athletes who were diagnosed as overtrained and athletes who 

responded normally to training and competition (Smith & Norris, 2000). While time 

taken to recover was not reported, it was stated that athletes took longer than 4 weeks to 

return to baseline training volume and intensity levels. 

In 2000, Hedelin Wiklund, Bjerle and Henriksson-Larsen reported increased HRV 

and decreased resting heart rate in an athlete who was suggested to be overtrained. The 

athlete reported accumulated fatigue and reduced performance; however, the change in 

performance was not reported and the type of exercise test employed was unclear. 

Compared with normally responding subjects examined during the same period, the 

overtrained subject exhibited an increase in high-frequency and total power in the lying 

position during intensified training, which decreased after recovery (Hedelin et al., 

2000a). The increase in high-frequency power was suggested to be most likely the result 

of increased parasympathetic activity (Hedelin et al.,2000a).  In other studies by Hedelin 

et al. (2000) in the same year, HRV did not seem to be affected by short-term 

overtraining (Hedelin et al., 2000; Hedelin, Wiklund, Bjerle, & Henriksson-Larsen, 

2000b).   

According to Halson (Halson & Jeukendrup, 2004), it is not possible to 

conclusively comment on the similarities or differences between overreaching and 

overtraining because of the following reasons: 

1. The lack of research in the overtraining area; 
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2. A lack of baseline measures as symptoms are often evident before a 

performance assessment can be made; and 

3. The variation in methodologies and outcomes in experiments investigating 

overreaching. 

Rowbottom et al. (1995) indicate that the abnormalities seen in the variables 

which often indicate a state of fatigue induced by an increase in exercise are minimal 

(Rowbottom et al., 1995).  This is congruent with overreaching research which has been 

conducted.  Comparisons cannot be made between the maximal exercise responses in 

overreached athletes and those of overtrained athletes, as the information does not exist in 

overtrained athletes (Halson & Jeukendrup, 2004; S. L. Hooper et al., 1995).  While 

comparisons cannot be made, the does seem to be slight similarities within hormonal 

changes indicating a possible link between the two, however, this is based on an 

extremely small amount of scientific literature relating to this topic. 
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CHAPTER THREE 
 

Methods 
 
 

Participants 

Twenty female subjects between the ages of 18 and 22 were recruited to 

participate in this study.  Twelve of them were from the Baylor University Women’s 

Softball Team.  Participants who were not members of the University Softball Team were 

recreationally active members recruited from the general student population.  All subjects 

had weight training experience and were currently engaged in resistance and 

cardiovascular exercise programs at least 3 times per week and were screened to 

determine whether they meet the entry criteria to participate in the study.  Subjects were 

not allowed to participate in this study if they were pregnant, became pregnant, or had a 

desire for pregnancy.  Additionally, only participants who had no contraindications to 

exercise as outlined by the American College of Sports Medicine (ACSM) were allowed 

to participate.  The only exception was if the prospective subject had a medical condition 

or history that the subject’s personal physician felt was controlled and therefore would 

not be a limitation for her to participate in the study. All eligible participants were asked 

to provide informed oral and written consent based on university-approved documents, 

and approval was granted by the Institutional Review Board for Human Subjects of 

Baylor University.  Additionally, all experimental procedures involved in the study 

conformed to the ethical considerations of the Helsinki Code.  The participants were told 
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the purpose of the research, the protocol to be followed, and the experimental procedures 

to be used.  

Independent and Dependent Variables 

 Table 3 shows the general research design protocol that was administered in this 

study.  The independent variable was the collegiate extra-curricular activities (i.e. college 

softball season or active, non-collegiate athlete during the course of the study).  

Dependent variables evaluated included: anthropometric and physiological variables 

(body weight, height, body mass, body water, body composition, resting values for heart 

rate, blood pressure and electrocardiogram (ECG), and selected blood variables), 

performance variables (vertical jump, 20-yard sprint, anaerobic capacity), and 

psychological variables (Profile of Mood States [POMS], Life Events Survey for College 

Athletes [LESCA] and a fatigue inventory index).   

Entry/Familiarization Session 

 Students expressing interest in participating in the study were interviewed over 

the phone to determine whether they were potential candidates for this investigation.  

Participants believed to meet eligibility criteria were then invited to attend an 

entry/familiarization testing session.  Once reporting to the lab, participants completed a 

medical history questionnaire to determine whether they met the eligibility criteria. 

Eligible participants who agreed to participate in the study read and signed university-

approved informed consent document.  Participants meeting entry criteria were 

familiarized to the study protocol by way of a verbal and written explanation outlining 

the study design.  This session included familiarizing the subjects with the tests to be 

performed and practicing the Wingate anaerobic capacity test, vertical jump and 20-yard 
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sprint test (see section for “Anaerobic Capacity Measurement”, “Vertical Jump Protocol”, 

and “20-Yard Sprint Protocol”). At the conclusion of the entry/familiarization session, 

subjects were then given an appointment time to perform baseline assessments.   

Table 3 

General Research Protocol 

Familiarization 
& 

Entry 

 
Week 0 (T1) 

 
Week 3 (T2) 

 
Week 12 (T3) 

End of 
Season 

(T4) 

End of 
Season + 1 
Week (T5) 
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Fitness History 
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Baseline Testing Protocol 

Participants recorded all food intakes on dietary record forms for four days (4-d).  

Subjects were instructed to fast 12 hours prior to baseline testing.  After reporting to the 

ESNL for body composition and functional assessments, subjects were then weighed, had 

total body water determined by bioelectrical impedance (BIA) (Xitron 4200 Bioelectrical 

Impedance Analyzer, San Diego, CA), and had body composition determined using a 

Discovery W Dual Energy X-ray Absorptiometer (DEXA) (Hologic, Inc., Waltman, 

MA).  Following these assessments, subjects had heart rate and blood pressure 

determined using standard procedures and a resting ECG conducted using a Quinton 710 

ECG (Bothell, WA).  Subjects donated approximately 20 ml of fasting blood (about 4 

teaspoons) using venipuncture techniques of an antecubital vein in the forearm according 

to standard procedures.  Blood samples were allowed to stand for 10 minutes at room 

temperature and then centrifuged at 2,400 rpm for 15 minutes.  Plasma was separated and 

stored at -80ºC until assay.  Blood samples were analyzed by the Baylor Exercise & 

Biochemistry Laboratory (Waco, TX) for clinical chemistry profiles (glucose, total 

protein, blood urea nitrogen, creatinine, BUN/creatinine ratio, uric acid, AST, ALT, CK, 

LDH, GGT, albumin, globulin, sodium, chloride, calcium, carbon dioxide, total bilirubin, 

alkaline phosphatase, triglycerides, cholesterol, HDL, LDL and whole blood cell counts 

(including hemoglobin, hematocrit, red blood cell counts, MCV, MCH, MCHC, RDW, 

white blood cell counts, neutrophils, lymphocytes, monocytes, eosinophils, baosphils).  In 

addition, serum samples were assayed for interleukin-6 (IL-6), interleukin-10 (IL-10), 

interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-α), immunoglobin-A (IgA), 

cortisol and testosterone.  Finally, subjects then performed vertical jump testing and a 20 
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yard sprint test.  At week zero (0) and time points four (4) and five (5), subjects 

performed a Wingate anaerobic capacity test.  Subjects completed a Fatigue Inventory 

Index, the Life Events Survey for Collegiate Athletes (LESCA) and Profile of Mood 

States (POMS) on–line via Perseus Survey Solutions Pro.  Each testing session lasted 

approximately 1 hour.  Subjects completed a weekly medical safety/side effect report 

analyzed by the lab research nurse.   

Dietary Analysis 

Four day dietary recalls were analyzed via the Food Processor dietary assessment 

software program (ESHA Research, Inc., Salem, OR).  The participants’ diets were not 

standardized and participants were asked not to change their dietary habits during the 

course of the study.  Participants were required to keep dietary records for 4-days prior to 

each of their testing sessions.  Each 4-day recall consisted of 3 weekdays and 1 weekend.  

The 24-hour dietary recalls were evaluated to determine the average daily macronutrient 

consumption of fat, carbohydrate, and protein in the diet prior to exercise.  

Anthropometric Measurements 

Total body weight was determined using a digital scale accurate to ±0.02 kg.  The 

scale was calibrated by placing certified 25-kg weights and balancing the scale.  The 

same device was used to measure participants’ height.   

Body Water Measurements 

Body water was estimated using a Xitron 4200 Bioelectrical Impedance Analyzer 

(San Diego, CA) which measures bio-resistance of water and body tissues based on a 

minute low energy, high frequency current (500 micro-Amps at a frequency of 50 kHz) 
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transmitted through the body.  One electrode was placed on the posterior surface of the 

right wrist, between the radial and ulna styloid processes; another electrode was placed 

on the posterior surface of the right hand at the distal base of the second metacarpal; the 

third electrode was placed on the anterior surface of the right foot at the distal end of the 

first metatarsal.  Participants were in the supine position on a non-conductive table.  All 

measurements were taken on the right side of the body using disposable electrodes.  

Water compartments were directly calculated from resistance values with extracellular 

water and intracellular water. Resistance values were provided by the manufacturer.  The 

analyzer is calibrated internally to a standard electrical current by pressing the calibration 

key located on the unit.  

Body Composition Measurements 

Body composition measurements were determined using a Discovery W dual 

energy x-ray absorptiometer (Hologic, Inc, Waltman, MA) by qualified personnel with x-

ray technology training.  The DEXA body composition test involved having the subject 

lie down on their back in a standardized position in a pair of shorts/t-shirt or a gown.  A 

low dose of radiation was used to scan the participants for approximately six minutes. 

The DEXA segments regions of the body (right arm, left arm, trunk, right leg, and left 

leg) into three compartments for determination of fat, soft tissue (muscle), and bone 

mass.  The amount of absorbed energy from the x-ray source is used to determine body 

fat percentage.  Additionally, body fat levels were obtained from the manufacturer’s 

ready report that had been adjusted for participant gender, race, and age.  Body fat was 

determined by measuring differential attenuation of bone, fat and lean tissue between the 

lower and higher energy of the x-ray beam. Quality control calibration procedures were 
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performed on a spine phantom (Hologic X-CALIBER Model DPA/QDR-1 

anthropometric spine phantom) prior to the testing session.  In addition, weekly 

calibration procedures were performed on a density step calibration phantom.  The 

DEXA was also calibrated on-site, twice a year by the manufacturer and had been 

calibrated four weeks prior to testing.  Participants complete a standard radiation 

exposure questionnaire prior to each testing session. 

Resting HR/BP/ECG Assessments 

 Participants had resting heart rate (HR) and resting electrocardiogram (ECG) 

assessed via the Quinton 710 ECG (Bothell, WA).  Resting ECGs were performed in 

accordance to standard procedures described by the American College of Sports 

Medicine’s (ACSM) Guidelines for Exercise Testing and Prescription.  This involved 

preparing the subjects’ skin for placement of 10 ECG electrodes.  Electrode sites were 

cleansed with sterile alcohol gauze using a circular motion.  The site was allowed to air 

dry or will be dried with a gauze pad.  Electrodes were then placed on the right 

subclavicular fossa (RA), left subclavicular fossa (LA), right abdomen (RL), left 

abdomen (LL), 4th intercostals space at the right sternal border (V1), 4th intercostals 

space at the left sternal border (V2), equidistant between V2 and V4 (V3), 5th intercostal 

space at the midclavicular line (V4), 5th intercostal space at the anterior axillary line 

(V5), and 5th intercostals space at the axillary line (V6) of the chest.  The subject was 

then attached to a Quinton 710 ECG.  Heart rate and a 12-lead ECG were obtained to 

determine PR, QRS and QT intervals.  PR, QRS, and QT intervals were measured using a 

McCoy EKG caliper (Lübeck, Germany), blood pressure was assessed by auscultation of 
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the brachial artery using a mercurial sphygmomanometer using standard clinical 

procedures. 

Venous Blood Sampling 

Participants underwent blood sampling at all testing sessions.  Prior to sampling, 

participants had fasted for twelve hours.  Venous blood samples were obtained from the 

antecubital vein via 23 gauge sterile needles into two serum separation VacutainerTM 

collection tubes, and one EDTA VacutainerTM collection tubes.  Blood samples were 

allowed to stand at room temperature for 10 min and then centrifuged at 2,400 rpm for 15 

minutes.  Serum was removed and frozen at -80°C for later analysis.  Serum and whole 

blood samples were analyzed by the Baylor Exercise & Biochemistry Laboratory (Waco, 

TX) for assay of a standard clinical chemistry profile (glucose, total protein, blood urea 

nitrogen, creatinine, BUN/creatinine ratio, uric acid, AST, ALT, CK, LDH, GGT, 

albumin, globulin, sodium, chloride, calcium, carbon dioxide, total bilirubin, alkaline 

phosphatase, triglycerides, cholesterol, HDL, LDL) and whole blood cell counts 

(including hemoglobin, hematocrit, red blood cell counts, MCV, MCH, MCHC, RDW, 

white blood cell counts, neutrophils, lymphocytes, monocytes, eosinophils, baosphils).  

Serum microcentrifuge samples will be assayed for interleukin-6 (IL-6), interleukin-10 

(IL-10), interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-α), immunogobin-A 

(IgA), cortisol and testosterone levels using standard ELISA and spectrophotometric 

techniques in the EBNL at Baylor University. 
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Vertical Jump Protocol 

Power was assessed via vertical jump utilizing the VER-TEC (M-F Athletic, 

Cranston, RI).  Standing reach was assessed by each participant by overlapping her hands 

aligning her middle fingers and reaching as high as she could.  Once standing reach had 

been determined, subjects completed three vertical jump attempts with 20 seconds rest 

between each bout to determine jump height.  Vertical jump (VJ) was then calculated by 

subtracting standing reach (SR) from jump height (HJ).   

[VJ = HJ – SR] 

20 Yard Sprint Protocol 

Speed was assessed by completing two 20-yard sprints timed with the Brower 

Wireless Sprint System (Draper, Utah).  The distance of twenty yards was chosen since it 

is the standard distance from home to first base in the sport of softball.  Each subject was 

given a one-minute passive rest in between bouts. 

Anaerobic Capacity Measurements 

 The use of a standardized Wingate cycle ergometer test was employed to assess 

anaerobic capacity and power. This test consisted of having each participant sprint in an 

all out fashion on the bicycle ergometer for 30-sec against a standard workload of 0.075 

kg/kg of body weight. This resistance was based on a pretest assessment of body mass 

and follows standard procedures of the Wingate Anaerobic Power test. During the test, 

each subject began pedaling at a slow, self-selected pace on the LODE electronically 

braked bicycle ergometer (Amsterdam, The Netherlands). The investigator then gave the 

subject a verbal 5 sec count down so that subjects would be pedaling at maximal speed by 

the end of the count down. This count down period is employed so that the subject can 
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increase pedaling speed against a low resistance in order to overcome both the inertial 

and frictional resistance of the flywheel and shorten the time encompassed in the 

acceleration phase when full flywheel resistance is applied. After the countdown period, 

the workload was applied. Subjects were given verbal encouragement to perform to the 

best of their ability during each 30-sec sprint test.  The LODE bicycle was interfaced to a 

computer for data acquisition.   

Psychometric Assessments 

Three psychometric assessments (Profile of Mood States, Life Events Survey for 

College Athletes and a Fatigue Inventory) were utilized and are discussed in further detail 

later.  Questionnaires were completed via SurveySolutions Pro (Perseus, Braintree, MA).  

This is a single user platform for professional level survey projects requiring advanced 

survey functionality, multiple deployment options, and advanced reporting.  

SurveySolutions Pro distributed the surveys via the Web and email.   

POMS  

Mood changes were assessed by the Profile of Moods States (POMS) Inventory.  

The POMS is a validated, standardized self-rating scale consisting of 57 items that 

measures six identifiable mood states; Tension-Anxiety; Depression-Dejection; Anger-

Hostility; Vigor-Activity; Fatigue-Inertia; Confusion-Bewilderment.  A 5-point scale is 

used from 0 = not at all to 4 = extremely. Subjects completed the POMS at each testing 

session of the study.  The POMS has been chosen because it is hypothesized that the 

overtraining protocol may affect mood states of the subjects performing the training 

protocol.   
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LESCA 

 The Life Events Survey for Collegiate Athletes (LESCA), a 69-item life events 

survey, measures life events experienced during the preceding 12 months. The survey is a 

checklist on which the participants indicate if they had experienced a life event during the 

preceding 12 months. The athletes then rate the impact of the events on an 8-point Likert 

type scale ranging from +4 (extremely positive) to -4 (extremely negative). The 

questionnaire provides three life-events scores, which include a negative life-event score, 

a positive life-event score, and a total life-event score. Test-retest reliability has been 

found to range from .76 to .84. 

Fatigue Inventory Index 

This index is a 15 question inventory to assess fatigue.  Fatigue is rated on a 10-

point Likert scale ranging from 0 = no fatigue to 10 = very high fatigue.  Subjects rate 

their sensation of fatigue based on the fatigue experienced during the week preceding the 

questionnaire.  Previous work by the investigators of this study, have found this index to 

be a valuable tool for the assessment of overreaching.  

Assessment Schedule 

 There will be five testing sessions where data will be collected.  The time points 

for each testing session have been selected around the 2006 Baylor Softball Schedule 

(Table 4).  The first testing session (T1) was the baseline data collection and was 

completed prior to the beginning of the competitive softball season.  T2 occurred three 

weeks later after the team had returned from Palm Spring, CA where competed in a 

tournament and playing five games in three days.  T3 took place at week 12 of the 

season, immediately following conference play and before the team entered the post-
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season.  T5 occurred at the end of post-season the week of May 22, 2006 and T6 was 

planned to occur one week after the post-season testing date.  After statistical analysis of 

performance variables indicating no significant group x time interactions, it was decided 

by the investigators that T6 was not necessary considering the statistical findings at the 

time that a significant effect would be observed at a time when training and competition 

load was reduced.  

Table 4  

2006 Baylor University softball schedule 

 
Date 

 
Opponent 

 
Location 

 
02/10/06 Tulsa Waco, Texas 
02/10/06 Illinois Waco, Texas 
02/11/06 Wichita State Waco, Texas 
02/11/06 Illinois Waco, Texas 
02/12/06 Wichita State Waco, Texas 
02/12/06 Tulsa Waco, Texas 
02/17/06 Houston Houston, Texas 
02/17/06 Sam Houston State Houston, Texas 
02/18/06 Texas A&M-CC Houston, Texas 
02/18/06 Samford Houston, Texas 
02/19/06 Northwestern State Houston, Texas 
02/24/06 Pacific Palm Springs, Calif. 
02/24/06 Oregon Palm Springs, Calif. 
02/25/06 Stanford Palm Springs, Calif. 
02/25/06 Oregon State Palm Springs, Calif. 
02/26/06 Long Island Palm Springs, Calif. 
03/01/06 Texas State Waco, Texas 
03/01/06 Texas State Waco, Texas 
03/03/06 Bowling Green Waco, Texas 
03/03/06 Mississippi State Waco, Texas 
03/04/06 Washington Waco, Texas 
03/04/06 Bowling Green Waco, Texas 
03/05/06 Washington Waco, Texas 
03/05/06 Mississippi State Waco, Texas 
03/08/06 Houston Waco, Texas 
03/08/06 Houston Waco, Texas 
  (table continues) 
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Date 

 
Opponent 

 
Location 

 
03/10/06 Arizona Tucson, Ariz. 
03/11/06 Arizona Tucson, Ariz. 
03/12/06 Arizona Tucson, Ariz. 
03/14/06 Arizona State Tempe, Ariz. 
03/21/06 Georgia Tech Waco, Texas 
03/22/06 Texas A&M Waco, Texas 
03/25/06 Texas Tech Waco, Texas 
03/26/06 Texas Tech Waco, Texas 
03/29/06 Texas Austin, Texas 
04/01/06 Missouri Columbia, Mo. 
04/02/06 Missouri Columbia, Mo. 
04/05/06 Sam Houston State Huntsville, Texas 
04/05/06 Sam Houston State Huntsville, Texas 
04/08/06 Kansas Waco, Texas 
04/09/06 Kansas Waco, Texas 
04/10/06 Oklahoma Waco, Texas 
04/10/06 Oklahoma Waco, Texas 
04/12/06 Northwestern State Waco, Texas 
04/14/06 Nebraska Lincoln, Neb. 
04/15/06 Nebraska Lincoln, Neb. 
04/19/06 Texas A&M College Station, Texas 
04/20/06 Nicholls State Waco, Texas 
04/20/06 Nicholls State Waco, Texas 
04/22/06 Oklahoma State Stillwater, Okla 
04/23/06 Oklahoma State Stillwater, Okla 
04/27/06 North Texas Waco, Texas 
04/29/06 Iowa State Waco, Texas 
04/30/06 Iowa State Waco, Texas 
05/03/06 Texas Waco, Texas 
05/10/06 Big 12 Tournament Oklahoma City, Okla. 
05/11/06 Big 12 Tournament Oklahoma City, Okla. 
05/12/06 Big 12 Tournament Oklahoma City, Okla. 
05/13/06 Big 12 Tournament Oklahoma City, Okla. 
05/19/06 NCAA Regional Campus Sites 
05/20/06 NCAA Regional Campus Sites 
05/21/06 NCAA Regional Campus Sites 
05/26/06 NCAA Super Regional Campus Sites 
05/27/06 NCAA Super Regional Campus Sites 
06/01/06 College World Series Oklahoma City, Okla. 
06/02/06 College World Series Oklahoma City, Okla. 
06/03/06 College World Series Oklahoma City, Okla. 
06/04/06 College World Series Oklahoma City, Okla. 
06/05/06 College World Series Oklahoma City, Okla. 
06/06/06 College World Series Oklahoma City, Okla. 
06/07/06 College World Series Oklahoma City, Okla. 
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Statistical Analyses 

Analysis of variance (ANOVA) for repeated measures univariate tests were used 

to analyze data. Data was considered statistically significant when the probability of type 

I error was 0.05 or less.  If a significant group, treatment and/or interaction alpha level 

were observed, Tukey’s honestly significantly different (HSD) post-hoc analyses were 

performed to determine where significance was obtained.  After statistical analysis, 

evaluations of individual results were examined to determine if any individuals have 

elicited an overtrained response.  Cohen’s d was used as a measure of effect size, to 

determine proportional overlap between the two distributions where 0.2 will be 

considered a small-effect size, 0.5 and 0.8 will be considered a medium-effect and large-

effect respectively (Kirk, 1982).   We felt that this evaluation was necessary from the fact 

that this study was underpowered due to the small number of subjects. 
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CHAPTER FOUR 
 

Results 
 
 

Subject Demographics 
 

Subjects were recruited from the university softball team (NCAA Division-I, 

member of the Big 12 conference) and the general university population.  Twenty 

subjects were recruited for the study and completed informed consent statement in 

compliance with the Baylor University Institutional Review Board.  All twenty subjects 

(SB = 12 GEN = 8) completed the study.  Table 5 summarizes the mean age, height, and 

initial (T1) weight for each group.  While no significant differences were found between 

groups prior to testing, a trend was observed in weight (p = 0.063), with the SB group 

had a greater mean weight 70 ± 21.8 than the GEN group (58.3 ± 12.7).  This trend in 

means was not a surprise due to the fact the SB group sample is comprised of an athletic 

population. 

Table 5 

Subject Demographics 
 

 
Variable 

 
SB Group (± SD) 

 
GEN Group (± 

SD) 

 
Group p-

level 
Age (yr) 

 
20.3 (1.2) 22.0 (1.4) .909 

Height (in) 
 

66.0 (2.5) 65.0 (1.9) .491 

Weight (kg) 
 

70.5 (21.8) 58.3 (12.7) .063 

Note: This data represents subject demographics over the course of the study.  
Data are expressed as means ± SD.  Significant time effects and/or group x time 
effects contain an asterisk. 
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Dietary Intake 
 

Dietary intake values over the course of the study were assessed via ESHA 

Nutritional Software (ESHA Nutritional Research, Salem, OR) from 4-day self-reported 

dietary food logs prior to each testing session.  Table 6 represents the average, relative 

dietary intake levels for both groups throughout the course of the study.  Statistical 

analysis indicated that there were no time main effects, or group x time for calories (p = 

0.957), protein (p = 0.286), dietary fat (p = 0.464) and carbohydrates (p = 0.466) across 

the testing sessions.  While no group differences were reported in any of dietary 

variables, there was a significant trend in protein intake (p = 0.066) between groups.   

Table 6 

Relative Dietary Intake Levels over the Course of the Study 
 

 
Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

 
Time effect 

p-level 

 
Group x Time 

p-level 

 
Group 
p-level 

Calories 
(Kcal/kg/d) 

T 1 28.79 (3.31) 33.08 (0.57) - - - 

 
 

T 2 28.08 (2.41) 29.59 (0.50) - - - 

 
 

T 3 29.38 (2.01) 32.11 (0.55) - - - 

 
 

T 4 29.59 (1.87) 32.74 (0.55) .508 .957 .203 

Protein 
(g/kg/d) 

T 1 1.15 (0.02) 1.25 (0.02) - - - 

 
 

T 2 1.16 (0.02) 1.14 (0.02) - - - 

 
 

T 3 1.17 (0.02) 1.13 (0.02) - - - 

 
 

T 4 1.19 (0.02) 1.17 (0.02) .838 .286 .066 

Dietary Fat 
(g/kg/d) 

T 1 0.95 (0.01) 1.13 (0.02) - - - 

 
 

T 2 0.87 (0.01) 0.93 (0.02) - - - 

 
 

T 3 0.89 (0.01) 0.95 (0.02) - - - 

 
 

T 4 0.89 (0.01) 0.95 (0.02) .061 .464 .460 

     (table continues) 
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Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

 
Time effect 

p-level 

 
Group x Time 

p-level 

 
Group 
p-level 

Carbohydrates 
(g/kg/d) 

T 1 4.07 (0.06) 4.60 (0.8) - - - 

 
 

T 2 4.05 (0.06) 4.27 (0.7) - - - 

 
 

T 3 4.12 (0.06) 5.25 (0.7) - - - 

 
 

T 4 4.15 (0.06) 2.35 (0.7) .735 .466 .189 

Note: These data represent relative dietary intake levels over the course of the study.  Data are expressed as 
means ± SD. Significant time and/or group x time interactions contain an asterisk.  § Represents post hoc 
differences in means between groups. † Indicates significant mean change from baseline. 

Performance Variables 
 

Variables relating to performance and power are shown in Table 7.  No 

statistically significant time effects, group x time interaction or group differences were 

seen in vertical jump, twenty yard dash, peak power or relative mean power.  Other 

performance variables assessed via the Wingate cycle ergometer test showed significant 

group differences, with mean power (SB 545.54 ± 20.72, GEN 462.50 ± 25.37) and rate 

of fatigue (SB 42.55 ± 13.60, GEN 22.32 ± 16.65) demonstrating p-values of (p = 0.021) 

and (p = 0.047) respectively.  While relative peak power did not indicate any significant 

time effect or group effect, a significant group x time interaction (p = 0.035) was 

demonstrated with mean differences from baseline T 4 means of 0.88 ± 0.53 for SB and 

0.24 ± 0.64 for GEN.  Tukey’s HSD post hoc test did not reveal significance between 

means.  This post hoc test may have been slightly more conservative than other post-hoc 

tests establishing a minimum difference of 1.97 between the means, which was not found.  

Figure 1 illustrates the group x time interaction for relative peak power.  The significant 

interaction observed with relative peak power, indicated an increase in with both groups 

over time, with the GEN group eliciting a greater increase in relative peak power.  Due to 
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these findings, H1 hypothesis stating that there will be no significant changes found in 

performance variables as a result of a Division-I competitive softball season is accepted.    

Table 7 

Performance Variables 

 
Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time 
effect 
p-level 

Group x 
Time 

 p-level 

 
 Group 
p-level 

Vertical 
Jump (in) 

T 1 17.8 (2.9) 18.6 (2.4) - - - 

 
 

T 2 18.3 (2.2) 19.1 (2.5) - - - 

 
 

T 3 18.8 (2.0) 19.0 (2.2) - - - 

 
 

T 4 18.6 (2.3) 19.1 (2.6) .199 .572 .582 

20 yard sprint 
(sec) 

T 1 3.11 (.180) 3.02 (.128) - - - 

 
 

T 2 3.00 (.128) 3.00 (.137) - - - 

 
 

T 3 2.99 (.148) 3.04 (.160) - - - 

 
 

^T 4 3.02 (.145) 3.01 (.115) .223 .210 .851 

Mean power 
(w) 

T 1 546.9 (75.0) 462.6 (63.8) - - - 

 
 

T 4 544.1 (81.9) 462.3 (64.4) .829 .857 *.021 

Mean power 
(w/kg) 

T 1 7.78 (.644) 7.93 (.694) - - - 

 
 

T 4 7.81 (.970) 7.79 (.541) .502 .365 .904 

Rate of fatigue 
(w/sec) 

T 1 43.3 (62.5) 23.0 (6.6) - - - 

 
 

T 4 41.7 (57.8) 21.6 (7.7) .469 .978 *.047 

Peak power 
(w) 

T 1 982.1 (159.0) 862.7 (177.5) - - - 

 
 

 T 4 981.2 (196.4) 837.3 (236.9) .721 .739 .115 

Relative 
peak power 

T 1 14.6 (2.7) 14.7 (2.4) - - - 

(w/kg) 
 

 T 4 14.8 (3.6) 15.2 (5.0) § .159 *.035 .836 

Note: This data represents the performance variable values over the course of the study.  Data are expressed 
as means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § Represents post 
hoc differences in means between groups. † Indicates significant mean change from baseline. 
^ Due to facility construction, testing for the T4 20 yard dash was moved to another venue with similar 
surface. 
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Figure 1.  Changes in relative peak power (∆W) over the course of the study  
A significant group x time interaction was present for relative peak power (p = 0.035). 

Physiological Variables 

Body Composition Values 
 

Table 8 depicts changes in body composition across the 3 month duration of the 

study.  Significant between group differences were seen in weight (SB 154.26 ± 5.26, 

GEN 129.61 ± 6.45, p = 0.008), lean body mass (LBM) (SB 46.12 ± 1.40, GEN 40.29 ± 

1.70, p = 0.016), fat mass (SB 16.0 ± 1.1, GEN 11.3 ± 1.3, p = 0.012), fat free mass 

(FFM) (SB 48.20 ± 1.44, GEN 42.30 ± 1.80, p = 0.018), and percent body fat (SB 24.44 

±  0.99, GEN 21.02 ± 1.21, p = 0.043).  These differences in body composition were 

expected, given the demographic makeup of the population used in this study.  While 

there was no significant differences reported for bone mineral content (BMC), there was 

a between group trend reported (SB 2.14 ± 0.6, GEN 1.97 ± 0.7, p = 0.061).  While no 

significant time differences were shown to exist, a group x time interaction was reported 

for LBM with baseline changes of -.560 ± 1.30 and .381± 0.71 for both SB and GEN 

groups respectively (p = 0.033).  Post-Hoc analysis of this interaction revealed significant 
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differences at all time points, with a mean of 45.6 ± 5.4 for the SB group at T 4, and 40.5 

± 4.4 for the GEN group at the same time point.  Additionally, the SB group indicated a 

decrease in lean body mass over time with a decrease from 46.2 ± 5.4 at T 1 to a mean of 

45.6 ± 5.0 at T4.  This decrease in LBM is a typical response to a competitive season, and 

in some cases may be a sign of overtraining.  Changes in LBM are illustrated in Figure 2.  

Intra-cellular fluid (ICF), and total body water (TBW) both maintained significant 

groups differences with reported means for ICF of 20.13 ± 0.59 for SB and 17.40 ± 0.73 

for GEN, and TBW group means of 35.11 ± 1.08 for SB and 30.38 ± 1.32 for GEN.  

Extra-cellular fluid (ECF) demonstrated not only a significant group effects, but also a 

group x time interaction was indicated with changes of 0.069 ± 0.095 for SB groups and 

0.160 ± 0.117 for GEN group from baseline values (p = 0.35).  Post hoc analysis 

indicated significant differences between means at all time points, with the greatest 

significant difference seen at T 2 with mean values of 15.3 ± 2.2 for SB and 13.0 ± 0.8 

for GEN and is illustrated in Figure 3.  Cohen’s d revealed a medium effect size for 

weight (d = 0.61) indicating that this variable may have reached significance if enough 

statistical power was achieved. 

Table 8 

Body Composition Values 
 

 
Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

 
Time effect 

p-level 

 
Group x Time 

p-level 

 
Group 
p-level 

Weight (kg) 
 

T 1 70.5 (21.8) 58.3 (12.7) - - - 

 
 

T 2 71.1 (20.4) 58.8 (11.5) - - - 

 
 

T 3 69.8 (22.2) 58.9 (11.4) - - - 

 T 4 70.0 (20.8) 59.5 (12.8) .494 .060 *.008 
(table continues) 
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Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

 
Time effect 

p-level 

 
Group x Time 

p-level 

 
Group 
p-level 

LBM (kg) 
 

T 1 46.2 (5.4) 40.1 (4.3) - - - 

 
 

T 2 46.6 (5.0) 40.3 (3.4) - - - 

 
 

T 3 45.9 (5.5) 40.1 (4.0) - - - 

 
 

T 4 45.6 (5.0) 40.5 (4.4) § .337 *.033 *.016 

Fat mass 
(kg) 

T 1 16.3 (4.7) 11.0 (1.7) - - - 

 
 

T 2 15.4 (4.5) 11.2 (1.8) - - - 

 
 

T 3 15.8 (4.4) 11.2 (1.4) - - - 

 
 

T 4 16.1 (4.6) 11.4 (1.7) .637 .552 *.012 

FFM (kg) 
 

T 1 47.9 (5.8) 42.1 (4.4) - - - 

 
 

T 2 48.7 (5.2) 42.2 (3.5) - - - 

 
 

T 3 48.0 (5.7) 42.1 (4.1) - - - 

 
 

T 4 47.8 (5.2) 42.4 (4.5) .920 .388 *.018 

% Body fat 
 

T 1 24.8 (4.4) 20.7 (2.1) - - - 

 
 

 T 2 23.6 (4.2) 20.9 (1.5) - - - 

 
 

T 3 24.3 (3.8) 21.1 (1.8) - - - 

 
 

T 4 24.8 (4.4) 21.2 (2.1) .334 .717 *.043 

BMC 
 

T 1 2152.5 (209.9) 1972.4 (189.2) - - - 

 
 

T 2 2131.6 (212.0) 1967.5 (188.3) - - - 

 
 

T 3 2143.5 (202.4) 1968.0 (184.1) - - - 

 T 4 2159.9 (225.2) 1952.4 (156.7) .681 .143 .061 
       

ICF (l) 
 

T 1 19.9 (2.3) 16.9 (2.0) - - - 

 
 

T 2 20.3 (2.5) 18.0 (2.7) - - - 

 
 

T 3 20.0 (2.3) 17.2 (1.2) - - - 

 T 4 20.3 (2.6) 17.4 (1.7) .457 .905 *.008 
(table continues) 
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Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

 
Time effect 

p-level 

 
Group x Time 

p-level 

 
Group 
p-level 

ECF (l) 
 

T 1 14.9 (2.1) 12.9 (1.3) - - - 

 
 

T 2 15.3 (2.2) 13.0 (0.8) - - - 

 
 

T 3 14.9 (2.4) 12.9 (1.2) - - - 

 
 

T 4 14.8 (2.2) 13.2 (1.1) § .412 *.035 *.033 

Total body 
water (%) 

T 1 49.14 (19.18) 50.88 (23.51) - - - 

 
 

T 2 49.84 (21.96) 52.31 (25.97) - - - 

 
 

T 3 49.77 (20.63) 50.87 (19.21) - - - 

 
 

T 4 49.91 (21.54) 51.36 (21.00) .369 .522 *.013 

Note: These data represent body composition variables over the course of the study.  Data are expressed as 
means ± SD. Significant time and/or group x time interactions contain an asterisk.  § Represents post hoc 
differences in means between groups. † Indicates significant mean change from baseline. 
 
 

 
Figure 2. Changes in LBM (∆kg) over the course of the study 
A significant group x time interaction was present for lean body mass (p = 0.033). 
† Indicates a significant time effect from baseline (p < 0.05). 
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Figure 3. Changes in ECF (∆L) over the course of the study 
A significant group x time interaction was present for extra-cellular fluid (p = 0.035). 
† Indicates a significant time effect from baseline (p < 0.05). 

 

Cardiovascular and Hemodynamic Values 
 
Changes in selected cardiovascular and hemodynamic values are shown in Table 

9.  No statistically significant time effects or group x time interactions were seen in 

resting heart rate (resting HR), systolic blood pressure (SBP), or diastolic blood pressure 

(DBP) values.  A statistical trend was revealed for heart rate between groups (p = 0.068) 

with T 1 mean HR values of 55.9 ± 6.3 and 59.8 ± 6.0 for SB and GEN groups, 

respectively.  These mean differences were anticipated due to the increased physical 

training which the SB group participated in prior to the season.  ECG analysis resulted in 

no significant time effect or group x time interaction in PR interval, QRS complex or QT 

interval.  There was a significant group effect revealed for both PR (p = 0.019) and QT 

intervals (p = 0.001).  While a significant group effect was discovered, all means fell 

within the normal clinical value range.  
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Table 9 

Cardiovascular and Hemodynamic Values 
 

 
Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group  

(± SD) 

Time 
effect 
p-level 

Group x 
Time 

 p-level 

Group 
p-level 

 
Resting HR 

(bpm) 
T 1 55.9 (6.3) 59.8 (6.0) - - - 

 
 

T 2 54.7 (5.4) 60.8 (6.3) - - - 

 
 

T 3 56.1 (5.9) 61.5 (7.7) - - - 

 
 

T 4 54.5 (7.7) 59.6 (8.0) .771 .702 .068 

SBP(mmHg) 
 

T 1 108.5 (6.8) 102.5 (8.0) - - - 

 
 

T 2 108.0 (6.8) 109.5 (9.0) - - - 

 
 

T 3 108.8 (4.9) 106.5 (7.6) - - - 

 
 

T 4 109.3 (5.5) 107.4 (9.2) .234 .503 .309 

DBP (mmHg) 
 

T 1 67.8 (5.4) 67.0 (5.0) - - - 

 
 

T 2 69.3 (9.6) 68.5 (4.8) - - - 

 
 

T 3 72.3 (6.0) 65.5 (3.5) - - - 

 
 

T 4 66.5 (6.3) 66.9 (8.3) .632 .794 .337 

PR interval 
(mm) 

T 1 3.04 (.450) 3.63 (.518) - - - 

 
 

T 2 3.21 (.334) 3.75 (.802) - - - 

 
 

T 3 3.04 (.396) 3.62 (.582) - - - 

 
 

T 4 3.13 (.570) 3.38 (.582) .793 .295 *.019 

QRS complex 
(mm) 

T 1 2.25 (.261) 2.13 (.231) - - - 

 
 

T 2 2.25 (.399) 2.06 (.177) - - - 

 
 

T 3 2.25 (.337) 2.13 (.231) - - - 

 
 

T 4 2.21 (.334) 2.19 (.259) .842 .552 .248 

(table continues) 
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Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group  

(± SD) 

Time 
effect 
p-level 

Group x 
Time 

 p-level 

Group 
p-level 

 
       

QT interval 
(mm) 

T 1 .435 (.026) .403 (.017) - - - 

 
 

T 2 .442 (.028) .395 (.014) - - - 

 
 

T 3 .442 (.018) .418 (.020) - - - 

 
 

T 4 .432 (.022) .413 (.028) .337 .164 *.001 

Note: These data represent the cardiovascular and hemodynamic values over the course of the study.  Data 
are expressed as means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § 
Represents post hoc differences in means between groups. † Indicates significant mean change from 
baseline. 

Red Blood Cell Count Values 
 

Analyses of red blood cell (RBC) values are indicated in Table 10.  No significant 

group, time, or group x time differences were found in red blood cell count (RBC) or 

hemoglobin.   Statistical analysis did reveal a significant time effect for both hematocrit 

(SB 39.47 ± 0.45, GEN 41.93 ± 0.74) and mean corpuscular volume (MCV) (SB 87.58 ± 

.32, GEN 91.01 ± 0.72), which increased over the course of the study.  A significant time 

effect was also indicated for mean corpuscular hemoglobin (MCH) (SB 30.83 ± 0.32, 

GEN 30.02 ± 0.30) and mean corpuscular hemoglobin concentration (MCHC) (SB 35.0 ± 

0.12. GEN 32.96 ± 0.14), both of which decreased over the study duration.  While a 

significant time effect was demonstrated, values for all four variables remained within 

normal clinical ranges.  A significant time effect trend also existed for the increase in 

RBC levels for both groups (SB 4.55 ± 0.086, GEN 4.59 ± 0.105, p = 0.056); although, 

these levels remained within normal clinical ranges.   
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Table 10 

Red Blood Cell Count Values 
 

 
Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time effect 
p-level 

Group x 
Time  

p-level 

Group 
p-level 

RBC (M/µl) 
 

T 1 4.5 (0.3) 4.6 (0.3) - - - 

 
 

T 2 4.5 (0.3) 4.6 (0.4) - - - 

 
 

T 3 4.7 (0.3) 4.5 (0.2) - - - 

 
 

T 4 4.6 (0.4) 4.6 (0.4) .056 .199 .808 

Hemoglobin 
(g/dl) 

T 1 13.6 (0.6) 14.0 (0.8) - - - 

 
 

T 2 13.3 (0.6) 13.9 (0.9) - - - 

 
 

T 3 13.8 (0.6) 13.9 (0.8) - - - 

 
 

T 4 13.6 (1.0) 14.0 (1.1) .704 .388 .238 

Hematocrit 
(%) 

T 1 38.8 (1.9) 40.1 (2.1) - - - 

 
 

T 2 38.6 (1.9) 41.5 (2.6) - - - 

 
 

T 3 42.4 (1.7)† 42.0 (2.2)† - - - 

 
 

T 4 41.4 (3.1)† 42.4 (3.4)† *.000 .242 .188 

MCV (fL) 
 

T 1 87.0 (2.5) 88.0 (4.5) - - - 

 
 

T 2 86.7 (2.1) 90.0 (4.7) - - - 

 
 

T 3 90.3 (2.9)† 93.1 (2.9)† - - - 

 
 

T 4 90.4 (2.4)† 91.5 (4.0)† *.000 .972 .148 

MCH (pg) 
 

T 1 30.4 (1.1) 30.9 (1.8) - - - 

 
 

T 2 29.9 (0.9)† 30.2 (1.9)† - - - 

 
 

T 3 29.4 (1.0)† 30.8 (1.4)† - - - 

 
 

T 4 29.8 (0.9)† 30.3 (1.7)† *.002 318 .262 

(table continues) 
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Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time effect 
p-level 

Group x 
Time  

p-level 

Group 
p-level 

MCHC (g/dl) 
 

T 1 34.9 (0.5) 35.0 (0.6) - - - 

 
 

T 2 34.4 (0.4)† 33.5 (1.3)† - - - 

 
 

T 3 32.6 (0.5)† 33.0 (0.5)† - - - 

 
 

T 4 32.9 (0.4)† 33.0 (0.8)† *.000 .095 .783 
 

Note: These data represent red blood cell count values over the course of the study.  Data are expressed as 
means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § Represents post 
hoc differences in means between groups. † Indicates significant mean change from baseline. 

Differential White Blood Cell Values 
 

Analyses of whole blood differential white blood cell values are indicated in 

Table 11.  Statistical analysis revealed no significant group, time or groups x time 

differences in the following variables: white blood cell (WBC), neutrophils, lymphocytes, 

neutrophil:lymphocyte ratio, monocytes, basophils or eosinophils.   

Table 11  

Differential White Blood Cell Values 
 

 
Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time effect 
p-level 

Group x 
Time  

p-level 

Group 
p-level 

WBC (K/µl) 
 

T 1 4.9 (1.1) 5.2 (1.2) - - - 

 
 

T 2 5.2 (1.0) 5.7 (1.0) - - - 

 
 

T 3 5.7 (1.6) 5.0 (1.1) - - - 

 
 

T 4 5.2 (1.2) 5.3 (1.3) .417 .287 .844 

Neutrophils 
(K/µl) 

T 1 2.6 (1.1) 2.7 (1.3) - - - 

 
 

T 2 2.8 (0.7) 3.0 (0.8) - - - 

 
 

T 3 3.1 (1.4) 2.6 (1.2) - - - 

 
 

T 4 2.7 (0.8) 2.7 (0.9) .971 .545 .908 

(table continues) 
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Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time effect 
p-level 

Group x 
Time  

p-level 

Group 
p-level 

Lymphocytes 
(K/µl) 

T 1 1.7 (0.5) 1.9 (0.6 - - - 

 
 

T 2 1.8 (0.3) 2.2 (0.5) - - - 

 
 

T 3 1.9 (0.4) 1.9 (0.4) - - - 

 
 

T 4 2.0 (0.5) 2.0 (0.4) .269 .299 .396 

Neutrophil: 
lymphocyte 

T 1 1.677 (0.930) 1.723 (1.285) - - - 

 
 

T 2 1.607 (0.454) 1.496 (0.674) - - - 

 
 

T 3 1.643 (0.593) 1.545 (1.172) - - - 

 
 

T 4 1.349 (0.294) 1.354 (0.373) .226 .945 .861 

Monocytes 
(K/µl) 

T 1 0.42 (0.07) 0.37 (0.07) - - - 

 
 

T 2 0.46 (0.10) 0.36 (0.12) - - - 

 
 

T 3 0.47 (0.08) 0.41 (0.10) - - - 

 
 

T 4 0.42 (0.10) 0.42 (0.07) .107 .133 .098 

Basophils 
(K/µl) 

T 1 0.07 (0.02) 0.07 (0.02) - - - 

 
 

T 2 0.06 (0.02) 0.17 (0.27) - - - 

 
 

T 3 0.06 (0.02) 0.07 (0.21) - - - 

 
 

T 4 0.05 (0.03) 0.07 (0.24) .123 .529 .105 

Eosinophils 
(K/µl) 

T 1 0.08 (0.05) 0.11 (0.07) - - - 

 
 

T 2 0.09 (0.07) 0.12 (0.10) - - - 

 
 

T 3 0.12 (0.05) 0.24 (0.27) - - - 

 
 

T 4 0.09 (0.04) 0.15 (0.20) .093 .363 .102 

Note: These data represent the differential white blood cell values over the course of the study.  Data are 
expressed as means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § 
Represents post hoc differences in means between groups. † Indicates significant mean change from 
baseline. 
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Serum Analysis 

The data in Table 12 indicates the changes in serum metabolite values.  Statistical 

analysis did not reveal any time effect, group effect or group x time interaction for 

glucose, BUN, creatinine, BUN:creatinine, calcium and uric acid.  Cohen’s d revealed a 

medium effect size for both calcium (d = 0.60) and uric acid (d = 0.60) indicating that 

these variables may have reached significance if enough statistical power was achieved.   

 
Table 12 

Select Serum Values 
 

 
Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time 
effect 

p-level 

Group x 
Time  

p-level 

Group 
p-level 

Glucose 
(mmol/L) 

T 1 4.69 (0.33) 4.37 (0.74) - - - 

 
 

T 2 4.38 (0.47) 4.47 (0.49) - - - 

 
 

T 3 4.70 (0.57) 4.98 (0.38) - - - 

 
 

T 4 4.84 (0.25) 4.40 (0.79) .133 .868 .560 

BUN (mg/dl) 
 

T 1 13.0 (2.6) 11.5 (2.7)  - - - 

 
 

T 2 11.8 (2.6) 11.1 (2.2) - - - 

 
 

T 3 12.1 (3.1) 11.6 (2.3) - - - 

 
 

T 4 12.1 (2.5) 11.9 (3.3) .880 .480 .404 

Creatinine 
(µmol/L) 

T 1 72.22 (3.44) 75.14 (1.49) - - - 

 
 

T 2 64.80 (11.52) 69.66 (12.89) - - - 

 
 

T 3 75.14 (13.33) 83.78 (4.73) - - - 

 
 

T 4 72.22 (6.35) 68.51 (18.75) .796 .396 .306 

(table continues) 
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Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time 
effect 

p-level 

Group x 
Time  

p-level 

Group 
p-level 

BUN: 
creatinine 

T 1 15.9 (3.2) 13.7 - - - 

 
 

T 2 16.4 (3.6) 14.1 - - - 

 
 

T 3 14.4 (3.9) 12.2 - - - 

 
 

T 4 14.8 (2.7) 14.8 .310 .703 .147 

Calcium 
(mmol/L) 

T 1 2.23 (0.13) 2.23 (0.09) - - - 

 
 

T 2 2.09 (0.20) 2.16 (0.26) - - - 

 
 

T 3 2.25 (0.29) 2.33 (0.12) - - - 

 
 

T 4 2.23 (0.11) 2.07 (0.36) .691 .195 .971 

Uric acid 
(U/L) 

T 1 3.9 (0.9) 4.1 (1.1) - - - 

 
 

T 2 3.9 (0.9) 3.9 (0.8) - - - 

 
 

T 3 4.3 (0.9) 4.4 (0.8) - - - 

 
 

T 4 4.1 (0.8) 3.7 (0.5) .885 .165 .854 

Note: This data represents the serum metabolite values over the course of the study.  Data are expressed as 
means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § Represents post 
hoc differences in means between groups. † Indicates significant mean change from baseline. 

Lipid Panel Values 
 

The data in Table 13 demonstrates the alterations in blood lipid panels over the 

course of the study.  No significant interactions were established over time, group x time 

or group for triglycerides, total cholesterol, LDL cholesterol, or HDL cholesterol.  Thus, 

based upon the previous data we accept hypothesis H2 stating that there would be no 

significant changes in the aforementioned physiological variables between groups.   
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Table 13 

Lipid Panel Values 
 

 
Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group  

(± SD) 

Time 
effect 
p-level 

Group x 
Time 

 p-level 

Group 
p-level 

Triglycerides 
(mmol/L) 

T 1 0.924 (0.469) 0.884 (0.545) - - - 

 
 

T 2 0.885 (0.346) 0.985 (0.603) - - - 

 
 

T 3 0.900 (0.010) 1.030 (0.712) - - - 

 
 

T 4 1.138 (0.393) 0.838 (0.402) .360 .225 .887 

Total cholesterol 
(mmol/L) 

T 1 4.27 (0.79) 3.99 (0.53) - - - 

 
 

T 2 3.78 (0.72) 3.98 (0.74) - - - 

 
 

T 3 4.34 (1.36) 3.98 (0.54) - - - 

 
 

T 4 4.29 (0.84) 3.69 (0.79) .819 .164 .432 

LDL cholesterol 
(mmol/L) 

T 1 2.40 (0.68) 1.93 (0.37) - - - 

 
 

T 2 2.19 (0.66) 1.96 (0.42) - - - 

 
 

T 3 2.55 (1.06) 1.93 (0.39) - - - 

 
 

T 4 2.37 (0.62) 1.70 (0.41) .503 .105 .080 

HDL cholesterol 
(mmol/L) 

T 1 1.50 (0.34) 1.66 (0.28) - - - 

 
 

T 2 1.28 (0.26) 1.68 (0.49) - - - 

 
 

T 3 1.52 (0.38) 1.74 (0.27) - - - 

 
 

T 4 1.46 (0.35) 162 (0.52) .812 .640 .107 

Note: These data represent lipid panel values over the course of the study.  Data are expressed as means ± 
SD.  Significant time effects and/or group x time effects contain an asterisk.  § Represents post hoc 
differences in means between groups. † Indicates significant mean change from baseline. 

Muscle Damage and Serum Liver Function Markers 
 

Table 14 represents muscle damage and liver function markers assessed from the 

blood collected during each testing session.  Statistical analysis revealed a significant 

group effect for lactate dehydrogenase (LDH) levels (p = 0.001).  LDH means for SB and 
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GEN groups were 135.5 ± 19.8 and 97.4 ± 14.3 respectively at baseline, and 123.5 ± 25.7 

and 100.4 ± 22.3 at T 4.  No significant time effect or group x time interactions were 

observed for this variable.  Contrary to hypothesis H2, a significant group x time 

interaction increase was for creatine kinase (CK) levels (p = 0.002).  Mean changes from 

baseline for both groups were -4.81 ± 7.5 (SB), and 17.34 ± 9.2.  Post hoc analysis 

revealed the difference occurred at the T 2 time point.  While a significant difference was 

observed, it should be noted that CK levels did not exceed normal clinical values.  This 

would indicate that the level of training was not significant enough to produce an 

extensive amount of muscle damage to elicit a considerable increase in CK levels.  No 

significant group interaction or time effect was shown for CK.  Changes in CK are 

illustrated below in Figure 4.  Liver function tests measured from serum exhibited no 

significant time or group effect, nor were any group x time interactions seen in alanine 

transaminase (ALT), aspartate transaminase (AST), alkaline phosphatase (ALP), or 

gamma glutamyl transpeptidase (GGT).  AST however, did reveal a group x time trend (p 

= 0.061).   

Table 14  

Muscle Damage and Serum Liver Function Markers 
 

 
Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group 

(± SD) 

Time 
effect 

p-level 
 

Group x 
Time  

p-level 

Group 
p-level 

LDH (U/L) 
 

T 1 135.5 (19.8) 97.4 (14.3) - - - 

 
 

T 2 127.4 (17.0) 103.9 (19.7) - - - 

 
 

T 3 131.7 (15.2) 120.9 (26.3) - - - 

 
 

T 4 123.5 (25.7) 100.4 (22.3) .809 .106 *.001 

(table continues) 
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Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group 

(± SD) 

Time 
effect 

p-level 

Group x 
Time  

p-level 

Group 
p-level 

Creatine kinase 
(U/L) 

T 1 87.8 (39.0) 47.4 (24.8) - - - 

 
 

T 2 100.8 (60.3) 59.9 (45.2) 
§ 

- - - 

 
 

T 3 83.4 (57.4) 73.3 (54.9) - - - 

 T 4 59.8 (22.5) 78.4 (37.1) .929 *.002 .164 
 

GGT (U/L) 
 

T 1 23.2 (3.9) 25.1 (3.6) - - - 

 
 

T 2 20.8 (3.9) 23.1 (3.0) - - - 

 
 

T 3 22.0 (4.7) 23.5 (3.1) - - - 

 T 4 22.6 (4.1) 23.13 (4.2) .230 .326 .341 
       

ALT (U/L) 
 

T 1 15.0 (2.7) 12.1 (1.2) - - - 

 
 

T 2 12.5 (2.3) 12.3 (2.5) - - - 

 
 

T 3 14.0 (3.3) 15.0 (6.6) - - - 

 
 

T 4 14.0 (3.3) 15.3 (6.4) .191 .116 .847 

AST (U/L) 
 

T 1 21.7 (5.6) 14.0 (5.0) - - - 

 
 

T 2 19.7 (2.8) 16.1 (6.1) - - - 

 
 

T 3 19.2 (8.5) 18.6 (9.0) - - - 

 
 

T 4 16.4 (3.6) 14.5 (6.5) .242 .061 .110 

ALP (U/L) 
 

T 1 60.2 (20.7) 45.3 (25.9) - - - 

 
 

T 2 54.5 (21.2) 42.0 (19.0) - - - 

 
 

T 3 58.4 (24.2) 46.5 (19.8) - - - 

 
 

T 4 56.0 (22.4) 39.4 (17.6) .224 .795 .149 

Total protein 
(g/L) 

T 1 70.58 (5.21) 69.13 (4.45) - - - 

 
 

T 2 65.42 (7.53) 68.75 (9.36) - - - 

 
 

T 3 78.42 (11.76) 72.75 (3.81) - - - 

 
 

T 4 70.33 (5.88) 64.38 (1.31) .699 .239 .797 

(table continues) 
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Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group 

(± SD) 

Time 
effect 

p-level 

Group x 
Time  

p-level 

Group 
p-level 

Albumin  (g/L) 
 

T 1 42.58 (3.48) 42.25 (4.03) - - - 

 
 

T 2 38.83 (4.55) 41.38 (6.41) - - - 

 
 

T 3 42.25 (6.61) 43.25 (3.66) - - - 

 
 

T 4 41.25 (3.93) 38.38 (8.11) .195 .248 .963 

Total bilirubin 
(µmol/L) 

T 1 7.93 (3.77) 7.49 (3.53) - - - 

 
 

T 2 6.07 (3.45) 6.84 (2.89) - - - 

 
 

T 3 7.78 (3.93) 7.92 (3.76) - - - 

 
 

T 4 7.78 (6.04) 7.49 (5.00) .717 .978 .980 

Note: These data represent muscle damage and serum liver function markers 
over the course of the study.  Data are expressed as means ± SD.  Significant time effects and/or group x 
time effects contain an asterisk.  § Represents post hoc differences in means between groups. † Indicates 
significant mean change from baseline. 
 

 
Figure 4. Changes in creatine kinase (∆UL) over the course of the study 
Note: A significant group x time interaction was present for CK (p = 0.002). 
† Indicates a significant time effect from baseline (p < 0.05). 
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Hormonal Alterations 
 

Table 15 represents hormonal alterations observed over the duration of the study.  

Statistical analysis revealed that there was no time effect or group effect or group x time 

interaction for interleukin-6 (IL-6), total testosterone (tTEST), or free testosterone 

(fTEST).  Two participants within the SB group indicated testosterone levels of ~150% 

above the normal range for females of that age range.  As a result, we considered them to 

be outliers and were therefore removed from the statistical analysis.  Additionally, 

examination of the cortisol data indicated a large variability and abnormally high cortisol 

values observed in some subjects.  Therefore we were not confident in the validity or 

results of cortisol and tTEST:CORT and thus will not report them.  We will re-run the 

samples at a later date.   

Initially cortisol, total testosterone, free testosterone, interlukins-1, 6, 10, IGA-1 

and TNF-α were proposed.  However, since no significant differences were observed in 

IL-6 and the nutrophill:lymphocyte ratio, we felt it to be an unnecessary and cost 

prohibitive to examine IL-1, IL-10, IGA-1 and TNF-α based on the lack of effects 

observed in these variables.   
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Table 15 

Hormonal Values 
 

 
Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time 
effect 

p-
level 

Group x 
Time  

p-level 

Group 
p-level 

IL-6 (pg/ml) 
 

T 1 13.8 (12.2) 27.7 (41.8) - - - 

 
 

T 2 25.2 (40.6) 9.4 (3.4) - - - 

 
 

T 3 19.5 (25.3) 10.3 (3.9) - - - 

 
 

T 4 19.9 (24.6) 14.2 (11.4) .547 .254 .636 

tTEST 
(nmol/L) 

T 1 5.63 (2.92) 4.97 (2.13) - - - 

 
 

T 2 4.91 (1.60) 4.64 (2.98) - - - 

 
 

T 3 5.05 (2.36) 4.18 (2.59) - - - 

 
 

T 4 5.26 (3.06) 3.68 (2.50) .316 .512 .367 

fTEST 
(nmol/ml) 

T 1 5.74 (2.55) 5.45 (2.43) - - - 

 
 

T 2 6.34 (2.91) 5.56 (2.63) - - - 

 
 

T 3 6.87 (2.62) 5.53 (2.50) - - - 

 
 

T 4 6.32 (2.75) 6.51 (3.58) .132 .800 .650 

Note: These data represent hormonal variable values over the course of the study.  Data are expressed as 
means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § Represents post 
hoc differences in means between groups. † Indicates significant mean change from baseline. 

Based upon our data which indicated a statistically significant decrease in LBM 

which is indicative of OTS,  we reject hypothesis H2 stating that there will be no 

significant changes found in physiological variables as a result of a Division-I 

competitive softball season.  While significant changes occurred in other physiological 

variables such as ECF, CK and hematocrit, these changes were either not indicative of 

OTS, or both groups responded in a similar manner thus indicating that the changes were 

not a result of a Division-I competitive softball season.  We speculate that the 
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aforementioned changes were as result of the training programs performed by both 

groups. 

Psychological Variables 

Profile of Mood States (POMS)  

Table 16 represents changes in the POMS questionnaire.  No significant changes 

were indicated for five of the six dimensions measured by POMS.  There was a 

significant time effect reported for fatigue (p = 0.005).  Fatigue increased in the SB group 

with a baseline mean of 12.3 ± 3.7 to 18.5 ± 7.6 at the last time point.  Additionally, the 

GEN group showed an increase of 11.1 ± 3.5 at baseline and a mean of 13.5 ± 3.9 at T 4.  

These increases in fatigue indicated that subjects within the SB and GEN groups 

demonstrated an increased feeling of fatigue as the study progressed.  A large effect size 

was demonstrated (d = 0.83) in fatigue as well indicating that the likelihood of this 

variable showing significant group x time effects would have been high if statistical 

power were increased.  Increase in fatigue is depicted in Figure 7.  A statistical time 

effect trend for anger and hostility was also reported (p = 0.07).   

Table 16  

Profile of Mood States 
 

 
Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time effect 
p-level 

 

Group x 
Time  

p-level 

Group 
p-level 

 
Tension-
anxiety 

T 1 15.8 (4.9) 11.1 (3.3) - - - 

 
 

T 3 14.4 (4.6) 13.6 (8.0) - - - 

 
 

T 4 17.0 (6.7) 12.0 (5.0) .424 .887 .108 

(table continues) 
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Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group  

(± SD) 

Time effect 
p-level 

 

Group x 
Time  

p-level 

Group 
p-level 

 
Depression-

dejection 
T 1 19.6 (3.0) 16.8 (1.5) - - - 

 
 

T 3 21.9 (9.0) 19.8 (6.8) - - - 

 
 

T 4 24.7 (10.7) 18.5 (4.5) .111 .425 .142 

Anger-
hostility 

T 1 15.8 (2.4) 13.1 (1.4) - - - 

 
 

T 3 19.4 (9.4) 16.4 (6.1) - - - 

 
 

T 4 22.0 (11.5) 15.6 (6.8) .070 
 

.420 .146 

Vigor 
 

T 1 22.3 (6.8) 22.5 (6.6) - - - 

 
 

T 3 17.6 (3.7) 20.9 (7.4) - - - 

 
 

T 4 18.4 (7.3) 23.5 (9.4) .280 .280 .219 

Fatigue 
 

T 1 12.3 (3.7) 11.1 (3.5) - - - 

 
 

T 3 15.2 (4.9) 14.6 (3.2) - - - 

 
 

T 4† 18.5 (7.6) 13.5 (3.9) *.005 .168 .217 

Confusion-
bewilderment 

T 1 13.8 (3.8) 11.3 (3.5) - - - 

 
 

T 3 13.9 (3.6) 12.4 (4.8) - - - 

 
 

T 4 13.4 (3.7) 12.4 (4.9) .171 .809 .302 

Note: This data represents the Profile of Mood States scoring over the course of the study.  Data are 
expressed as means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § 
Represents post hoc differences in means between groups. † Indicates significant mean change from 
baseline. 
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Figure 5.  Changes in fatigue in the POMS over the course of the study 
† Indicates a significant time effect from baseline (p < 0.05). 

Fatigue Index 

Table 17 represents changes in perceived values of fatigue from the fifteen 

question fatigue index.  Of the fifteen questions asked on the index, no group x time 

interaction was statistically determined.  However, there was a group x time trend in “I 

am tired of school?” (p = 0.081).  Groups effects were observed in with differences in 

feeling physically fatigued, with higher means reported in the SB group (4.1 ± 1.7 at T 1 

and 5.2 ± 2.3 at T 5) compared to the GEN group (3.5 ± 1.6 at T 1 and 2.9 ± 1.0 at T 5).  

Similar observations were noted in feelings of fatigue in arms and shoulders with 

baseline reported means of 5.1 ± 3.0 and 2.5 ± 1.6 for SB and GEN groups respectively.  

Group difference seen in leg fatigue were greater in the SB group as the study progressed, 

with slight increases in means from T 1 to T 4 of 4.3 ± 1.4 to 5.1 ± 2.6 for the SB group.  

Leg fatigue in the GEN groups decreased slightly from 4.0 ± 1.9 at T 1 to 2.9 ± 1.5 at T 

4.  A group effect was also present for general tiredness.  The SB group reported a higher 
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mean of 4.3 ± 2.3 at T 1 when compared to the GEN group at 2.0 ± 1.1.  The SB group 

maintained a higher feeling of general tiredness, leg fatigue, physical fatigue and 

tiredness in the arms and shoulders.  These differences are expected since the SB group is 

most likely undergoing increased amounts of then the GEN group.  Group effect trends 

existed for feelings of mental fatigue, and feelings of heart and lung fatigue.  Calculation 

of effect size for mental fatigue indicated a medium-effect (d = 0.61).  Significant time 

effects were seen in seven of the fifteen questions relating to fatigue.  Both groups 

increased in over time with feelings of heart and lung fatigue with means changes of 2.45 

± 0.28 (SB) and 1.60 ± 0.34, general tiredness (SB 4.97 ± 0.48, GEN 3.10 ± .59), feelings 

of being overtrained (SB 6.03 ± 0.65, GEN 6.05 ± 0.80), feelings of being overwhelmed 

(SB 2.52 ± 0.35, GEN 1.53 ± 0.43), being tired of school (SB 7.60 ± 0.64, GEN 6.35 ± 

0.78), and a felling of not getting caught up (SB 5.07 ± 0.58, GEN 3.43 ± 0.72).  Feeling 

of physical strength decreased in both groups over time from 7.5 ± 2.2 and 6.5 ± 2.7.  

These changes are illustrated in Figures 8-12.  Also noted was a trend was seen in 

feelings of a stressful family life.   

Table 17  

Fatigue Index 
 

 
Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

Time 
effect 

p-level 

Group x 
Time p-

level 

Group 
p-level 

 
Mental fatigue 

 
T 1 4.3 (2.3) 3.1 (2.3) - - - 

 
 

T 2 5.1 (2.6) 4.5 (1.9) - - - 

 
 

T 3 4.8 (1.9) 2.8 (1.3) - - - 

 
 

T 4 5.1 (1.9) 3.4 (2.7) - - - 

 
 

T 5 4.9 (1.6) 3.9 (1.7) .347 .109 .060 

(table continues) 
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Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

Time 
effect 

p-level 

Group x 
Time p-

level 

Group 
p-level 

 
Physical 
fatigue 

T 1 4.1 (1.7) 3.5 (1.6) - - - 

 
 

T 2 4.5 (2.2) 3.6 (2.3) - - - 

 
 

T 3 4.5 (1.6) 3.3 (1.5) - - - 

 
 

T 4 5.0 (2.2) 3.0 (1.8) - - - 

 
 

T 5 5.2 (2.3) 2.9 (1.0) .792 .143 *.026 

Arms & 
shoulders 

T 1 5.1 (3.0) 2.5 (1.6) - - - 

 
 

T 2 3.8 (2.4) 2.0 (1.9) - - - 

 
 

T 3 4.8 (2.5) 2.4 (1.7) - - - 

 
 

T 4 5.0 (2.6) 2.4 (1.7) - - - 

 
 

T 5 5.1 (2.5) 2.4 (1.2) .672 .729 *.011 

Leg fatigue 
 

T 1 4.3 (1.4) 4.0 (1.9) - - - 

 
 

T 2 4.3 (2.3) 2.6 (1.8) - - - 

 
 

T 3 4.3 (2.4) 3.1 (1.2) - - - 

 
 

T 4 5.1 (2.6) 2.9 (1.5) - - - 

 
 

T 5 4.7 (1.8) 3.0 (1.1) .976 .231 *.014 

Heart & lung 
fatigue 

T 1 2.3 (1.2) 1.9 (1.4) - - - 

 
 

T 2 1.3 (1.5) 0.5 (0.8) - - - 

 
 

T 3 2.8 (1.8) 1.5 (0.8) - - - 

 
 

T 4 2.8 (1.5) 2.1 (1.7) - - - 

 
 

T 5† 3.2 (1.5) 2.0 (1.1) *0.16 .468 .069 

General 
tiredness 

T 1 4.3 (2.2) 2.3 (1.8) - - - 

 
 

T 2 4.5 (2.3) 3.6 (2.9) - - - 

 
 

T 3 5.2 (2.1) 2.5 (1.8) - - - 

 
 

T 4 5.3 (2.5) 3.1 (2.2) - - - 

 
 

T 5† 5.6 (2.5) 4.0 (1.9) *.047 .871 *.025 

(table continues) 
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Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

Time 
effect 

p-level 

Group x 
Time p-

level 

Group 
p-level 

 
Positive 
attitude 

T 1 8.3 (1.6) 7.9 (3.1) - - - 

 
 

T 2 6.0 (1.9) 7.0 (3.5) - - - 

 
 

T 3 7.6 (2.2) 7.0 (3.7) - - - 

 
 

T 4 6.9 (3.1) 8.0 (3.1) - - - 

 
 

T 5 7.3 (2.7) 7.0 (3.3) .552 .881 .882 

Ready to 
perform 

T 1 8.6 (1.4) 6.0 (3.3) - - - 

 
 

T 2 6.3 (2.4) 5.0 (3.5) - - - 

 
 

T 3 7.8 (2.3) 7.8 (3.7) - - - 

 
 

T 4 7.0 (3.0) 5.9 (3.2) - - - 

 
 

T 5 7.0 (3.0) 4.8 (2.1) .184 .773 .113 

Physically 
strong 

T 1 7.5 (2.2) 6.5 (2.7) - - - 

 
 

T 2 5.3 (1.4) 5.4 (3.3) - - - 

 
 

T 3 5.9 (2.2) 6.5 (3.3) - - - 

 
 

T 4 5.8 (2.1) 6.3(3.2) - - - 

 
 

T 5† 5.7 (2.6) 5.6 (2.1) *.025 .176 .987 

Feel 
overtrained  

T 1 2.4 (1.4) 1.3 (0.7) - - - 

 
 

T 2 2.3 (1.9) 0.9 (1.1) - - - 

 
 

T 3 2.3 (1.5) 1.4 (0.7) - - - 

 
 

T 4 2.6 (1.9) 1.8 (1.5) - - - 

 T 5† 2.9 (1.6) 2.3 (1.3) *.018 .366 .093 
 

Feel 
overwhelmed 

T 1 4.8 (3.2) 4.8 (3.7) - - - 

 
 

T 2 4.7 (3.2) 4.4 (4.1) - - - 

 
 

T 3 5.8 (2.7) 5.6 (3.3) - - - 

 
 

T 4 5.8 (2.8) 6.1 (3.6) - - - 

 
 

T 5† 5.9 (2.8) 6.4 (3.3) *.014 .591 .970 

(table continues) 
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Variable 

 
Session 

 
SB Group 

(± SD) 

 
GEN Group 

(± SD) 

Time 
effect 

p-level 

Group x 
Time p-

level 

Group 
p-level 

 
Stressful 
social life 

T 1 4.6 (2.6) 3.8 (1.4) - - - 

 
 

T 2 4.1 (2.9) 4.1 (2.6) - - - 

 
 

T 3 5.1 (2.9) 4.1 (1.7) - - - 

 
 

T 4 5.1 (3.0) 4.4 (2.2) - - - 

 
 

T 5 5.4 (3.3) 4.6 (2.5) .159 .836 .528 

Stressful 
family life 

T 1 3.1 (2.8) 3.0 (2.1) - - - 

 
 

T 2 2.8 (2.4) 1.9 (2.0) - - - 

 
 

T 3 3.7 (2.6) 3.5 (2.0) - - - 

 
 

T 4 3.8 (2.6) 3.4 (2.1) - - - 

 
 

T 5 3.4 (2.1) 3.3 (2.3) .066 .822 .726 

Tired of 
school 

T 1 5.4 (2.3) 5.4 (3.1) - - - 

 
 

T 2 7.0 (2.0) 5.8 (3.2) - - - 

 
 

T 3 7.4 (2.7) 6.6 (2.7) - - - 

 
 

T 4 9.4 (1.6) 7.6 (2.7) - - - 

 
 

T 5 † 8.8 (2.9) 6.4 (3.7) *.000 .081 .230 

Never get 
caught up 

T 1 4.1 (3.3) 2.8 (2.0) - - - 

 
 

T 2 4.9 (2.9) 2.6 (2.6) - - - 

 
 

T 3 5.5 (2.7) 3.0 (2.0) - - - 

 
 

T 4 5.8 (2.4) 3.9 (2.6) - - - 

 
 

T 5 † 5.1 (4.9) 4.9 (2.1) *.015 .401 .092 

Note: These data represent the fatigue index scoring values over the course of the study.  Data are 
expressed as means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § 
Represents post hoc differences in means between groups. † Indicates significant mean change from 
baseline. 
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Figure 6.  Changes in perceived general tiredness from the fatigue index over the course 
of the study.   † Indicates a significant time effect from baseline (p < 0.05). 

 
 

 
Figure 7 Changes in perceived felling of being overtrained from the fatigue index over 
the course of the study.  † Indicates a significant time effect from baseline (p < 0.05). 
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Figure 8.  Changes in perceived physical strength from the fatigue index over the course 
of the study.  † Indicates a significant time effect from baseline (p < 0.05). 

 
 

 
Figure 9.  Changes in perceived feeling of tired of school fatigue index over the course of 
the study.  † Indicates a significant time effect from baseline (p < 0.05).  
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Figure 10.  Changes in perceived feeling of never getting caught up from the fatigue 
index over the course of the study. † Indicates a significant time effect from baseline (p < 
0.05). 

Life Events Survey for College Athletes (LESCA) 

 Changes in life events over the length of the study are shown in Table 18.  No 

statistical significance was seen in reported number of life events over time, group, or 

group x time.  The effect of events represents the overall effect which the event had on 

the respondent (positive or negative).  While no time effect or group x time interaction 

was observed for effect of events, a significant group effect was revealed.  At baseline, 

effect of events for both SB and GEN groups were positive overall, reporting means of 

0.60 ± 12.29 and 11.73 ± 6.31, respectively.  At T 3, a definitive change from positive 

effect of events to a negative effect of events was reported with means of -18.92 ± 18.12 

for SB groups and -4.27 ± 18.09 for GEN group.  At T 4, both groups again moved more 

toward a positive effect, yet the SB group remained in the negative for effect of events 
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with a mean of -10.36 ± 13.37, while the GEN group elicited a positive effect of events 

with a mean of 2.16 ± 9.6.   

Table 18 

LESCA 
 

 
Variable 

 
Session 

 
SB Group  

(± SD) 

 
GEN Group 

(± SD) 

Time 
effect 

p-level 

Group x 
Time  

p-level 

Group 
p-level 

Life events 
(0 mo – 1 yr) 

T 1 16.92 (9.04) 11.73 (6.31) - - - 

 
 

T 3 18.58 (19.16) 17.62 (12.87) - - - 

 
 

T 4 13.49 (7.39) 13.76 (6.82) .807 .343 .589 

Effect of 
events  

T 1 0.60 (12.29) 2.64 (9.37) - - - 

 
 

T 3 -18.92 (18.12) -4.27 (18.09) - - - 

 
 

T 4 -10.36 (13.37)  2.16 (9.61)  .117 .148 *.012 

Note: These data represent the LESCA scoring values over the course of the study.  Data are expressed as 
means ± SD.  Significant time effects and/or group x time effects contain an asterisk.  § Represents post 
hoc differences in means between groups. † Indicates significant mean change from baseline. 

Based upon our data which indicated statistically significant changes in POMS, 

and the self reported Fatigue Index, we reject hypothesis H3 stating that there will be no 

significant changes found in psychological variables as a result of a Division-I 

competitive softball season.  

Summary 

Results from this study indicated that many of the physiological, performance, 

and psychological variable examined during the duration of the study did not reveal any 

significant changes.  Relative peak power was the only performance variable in this study 

which elicited a significant group x time interactions.  However, observed changes in this 

variable indicated an increase in both groups.  Consequently, H1 was retained because of 
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this interaction.  Five of the examined physiological variables maintained significant 

group x time interactions: lean body mass, extra-cellular fluid, creatine kinase, cortisol 

and total testosterone:cortisol ratio.  Weight, calcium and uric acid all demonstrated a 

medium-effect size.  Variations over time were also seen in some of the variables relating 

to red blood cell counts such as MCV, MCH, and MCHC.  Therefore, H2 was rejected 

based on the significant statistical interactions found in the aforementioned variables.  

Psychometric testing revealed no significant group by time interactions, however, there 

were significant time effects discovered in feelings of fatigue, feelings of being 

overtrained, overwhelmed as well as feelings of being tired of school and never being 

able to get caught up.  Additionally, fatigue demonstrated a large-effect size indicating 

that significance might have been seen if there was higher statistical power present.    

Interestingly enough, while both groups showed similar change across the duration, some 

variables indicated a definitive change in between the two groups.  Based on these 

findings, H3 was rejected.  
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CHAPTER FIVE 
 

Discussion 
 
 

How athletes respond to the stresses of preparation and competition is complex 

and is an area which is not completely understood.  Placing enough stress on the athlete 

to provide a positive adaptation is critical, but knowing when increase volume and 

intensity and when to recover is challenging.  Overtraining is a problem that has been 

well known for 70 years (A. L. Uusitalo & Tahvanainen, K. Uusitalo, A., 1996; A. L. 

Uusitalo, 2001).  Overtraining corresponds to a loss of adaptability resulting in a well-

known symptomatology: deterioration in performance, difficulty training and an absence 

of motivation, behavioral disorders (irritability, melancholy), sleeping disorders, difficult 

recovery, an increased occurrence of muscular accidents and higher sensitivity to 

infections (Lac & Maso, 2004). To determine and predict overtraining in athletes a 

myriad of biological markers have been propounded.  Taken alone, none of them have an 

absolute significance (Lac & Maso, 2004).  Biological markers are those which are 

physiological, biochemical, hormonal and immunological in nature (Lac & Maso, 2004).  

While numerous studies have examined many of these markers individually (Angeli, 

Minetto, Dovio, & Paccotti, 2004; Armstrong & VanHeest, 2002; Atlaoui et al., 2004; 

Barron et al., 1985; Berger et al., 1997; Costill et al., 1988; Fry et al., 1994; Gastmann & 

Lehmann, 1998; Hedelin, Wiklund, Bjerle, & Henriksson-Larsen, 2000a; Jeukendrup & 

Hesselink, 1994; Koutedakis & Sharp, 1998), to our knowledge this is the first study to 

examine the acute and chronic effects of a competitive softball season on its respective 
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players competing at the Division I level, and to determine if there are any collective, 

global changes in performance, physiological and psychological variables which may 

indicate some type of overtraining syndrome.   

Performance Variations 

Several studies in the past have been conducted to assess overreaching and 

overtraining in swimmers (Barr & Costill, 1992; Kirwan et al., 1988; Kreider et al., 1998) 

and a recent study examined physiological and performance changes in collegiate soccer 

players (Kraemer et al., 2004).  Though there have been a number of studies focusing on 

the physiological (Ndon et al., 1992; Rajappan, O'Connell, & Sheridan, 2003; 

Rowbottom et al., 1995; Sharp & Koutedakis, 1992; L. L. Smith, 2000) and 

psychological (Morgan et al., 1987; Morgan et al., 1988; Morgan, 1994; O'Connor et al., 

1989; Raglin, Morgan, & O'Connor, 1991) variations involved with athletic competition, 

yet it is very hard to examine performance during competition.   

The findings of this study indicated that relative peak power was the only aspect 

of performance which significantly changed over the duration of this investigation with 

increases reported in both groups.  Vertical jump and 20-yard sprint times did not show 

any significant differences.  This conclusion does not match that of Kraemer et al (2004), 

who reported  significant changes in both of these variables over the course of a Big Ten 

soccer season (Kraemer et al., 2004).  In their study, collegiate soccer payers who started 

revealed a -13.8% decrease in vertical jump and an increase of 4.3% in 20-yard sprint 

speed.  We believe that nature and demands of both sports (soccer and softball) are quite 

different and this may explain why vertical jump and 20 yard sprint times did not 

decrease.  Also the variation in season training (volume and intensities of practice, 
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competition and strength and conditioning) my also in part be responsible as well.  These 

changes in vertical jumps and 20 yard sprint times may be exclusive to the training 

approach to collegiate soccer players.  The training approach and decrements in 

performance has been documented in swimmers (Barr & Costill, 1992; Kreider et al., 

1998), rowers (Kellmann & Gunther, 2000) and cyclists (Jeukendrup et al., 1992).  It is 

important to remember that there has not been one definitive performance test which has 

been shown to indicate overtraining, thus any test performed may not be indicative of 

overall athletic performance (Lac & Maso, 2004).   

Physiological Variations 

A decrease in body weight and lean body mass has been reported as a marker of 

overtraining (Armstrong & VanHeest, 2002; Fry, Morton, & Keast, 1991; S. L. Hooper & 

Mackinnon, 1995; S. L. Hooper et al., 1995; Kreider et al., 1998; Lac & Maso, 2004; 

Lehmann, Foster, & Keul, 1993).  The results of this study indicated similar findings with 

a significant drop of 1.3 ± 0.25% of lean body mass by softball players throughout their 

competitive season.  Since the relative amount of evidence indicating that softball players 

exhibit signs of OTS is small, we believe that the decrease in LBM seen in the SB group 

may be a result of the decreased amount of training time in the weight room during the 

season.  A medium-effect size was noted for body weight indicating the possibility of a 

significant drop in weight had enough statistical power been present.  This drop in weight 

would most likely have been correlated with the decrease in lean body mass previously 

discussed.  It is interesting that significant increases in relative peak power occurred 

across a season, and while not significant, there was an increase in vertical jump 

performance with the SB group which is another index of power.  This would indicate 
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that while LBM decreased, power and nervous system activation was maintained across 

the competitive season.  While some studies have indicated changes in bone mineral 

content in (Stone et al., 1991) our results indicate no changes in BMC in softball players.   

Another physiological variable examined in this study was resting heart rate and 

blood pressure.  Changes in resting heart rate were not observed during this investigation.  

Our results indicated a mean resting HR of 55.9 ± 6.3 bpm at baseline and 54.5 ± 8.0 bpm 

at the conclusion of the season.  The usefulness of maximal heart rate has been 

questioned due to the individual decrease of ~3 to 5 beats per minute (Urhausen & 

Kindermann, 2002).    Regardless, the majority of the literature has indicated that resting 

heart rate changes do occur in overtrained athletes (Hedelin et al., 2000; Hedelin, 

Wiklund, Bjerle, & Henriksson-Larsen, 2000a; Hedelin, Wiklund, Bjerle, & Henriksson-

Larsen, 2000b; L. L. Smith, 2000; A. L. Uusitalo et al., 2000).  Others seem to be more 

conservative and have reported similar findings indicating no variation in resting heart 

rate (Urhausen, Gabriel, & Kindermann, 1998).  Overall, the softball players in this study 

expressed slightly lower mean resting HR values.  These lower values are perhaps a 

result of the cardiovascular and hemodynamic adaptations from their conditioning 

program.   

The primary purpose of the immune system is to monitor the internal environment 

for the presence of foreign pathogens such as viruses, bacteria, and parasites, which could 

ultimately cause extreme harm, including death, to the organism (Smith, 2004).  The 

immune system operates using specific immune cells, white blood cells (WBC), to survey 

the internal environment, and also receives support from additional immune-related 

systems (Smith, 2004).  Overtrained athletes often anecdotally report an alteration in 
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immune system function and the use of markers of immune function as a diagnostic test 

for overtraining has been suggested (Halson & Jeukendrup, 2004).  The overtrained 

athlete displays numerous signs and symptoms suggestive of altered immune function. 

These include increased susceptibility to colds and allergies, increased incidence of upper 

respiratory tract infections (UTRI), and swollen lymph glands (Fry et al., 1991; Nieman 

& Pedersen, 1999), and tissue trauma (Smith, 2004).  Whether immune function is 

seriously impaired in overtrained athletes is unknown as the scientific data are not 

available (Halson & Jeukendrup, 2004).  This study revealed no significant perturbations 

with immune function in WBC count, basophil, eosinophil, or monocyte values assessed 

from whole blood.  Furthermore, neutrophil and lymphocyte levels were not significantly 

altered, which is in agreement with Fry et al, (1994) indicating that neutrophil numbers 

have been reported to be unchanged in response to intensified training that resulted in a 

state of overreaching (Fry et al., 1994), and that overtraining and overreaching do not 

appear to significantly alter circulating lymphocyte number (Kreider et al., 1998).  

Importantly, neutrophil function has not been assessed in overreached athletes and, 

therefore the relative contribution of neutrophil cells to possible immune dysfunction in 

overreached athletes is unknown (Halson & Jeukendrup, 2004).  Based upon present 

findings, results indicate that participation in a competitive softball season does not 

initiate a negative effect on immune function and response.   

Hematological responses may be variable in athletes and not always related to 

decreased performance (Kreider et al., 1998).  Red blood cell (RBC) indices are useful in 

the diagnosis of types of anemia (Rita Nanda, 2005).  These indices include MCH (mean 

corpuscular hemoglobin), MCHC (mean corpuscular hemoglobin concentration, MCV 
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(mean corpuscular volume) and hematocrit (A-Z health guide from WebMD: Medical 

tests.2006).  Both groups elicited similar changes in aforementioned indices.  MCV 

increased, in both SB and GEN groups as did hematocrit, while MCH and MCHC 

decreased in both groups. While variations did take place, all of the variables remained 

within normal clinical ranges.  All other blood variables including liver enzymes and 

blood lipid values showed no variation outside of normal clinical values indicating that 

sufficient stress was not placed upon participants to elicit some change in hematological 

values.   

Increased levels of creatine kinase occur as a result of muscle damage, and has 

been measured and evaluated in sports as an outcome of muscular stress (Halson & 

Jeukendrup, 2004).  The evaluation of CK levels in the blood, has been proposed to help 

diagnose OTS (L. L. Smith, 2004).  CK activity mirrors the mechanical-muscular strain 

of the training in the preceding days and reacts to the intensity and volume of exercise 

(Urhausen & Kindermann, 2002), yet some believe that the reliance of this as an OTS 

marker is overestimated and believed not to confirm changes in overtrained athletes (Fry 

et al., 1992; Rowbottom et al., 1995; Urhausen, Gabriel, & Kindermann, 1998) .  In fact, 

CK activity may only reflect the level of training activity following periods of intensified 

training and may be a reflection of training stress (Kreider et al., 1998).   The results of 

this study indicated a significant change in CK levels with both groups with mean 

changes from baseline of -4.81 ± 7.5 (SB), and 17.34 ± 9.2.  While these changes were 

significant, levels did remain within the normal referenced range for CK levels.  The 

magnitude of this range was not sufficient enough to indicate an increased level of 

training.  The CK results may be explained by the beliefs of some investigators who have 
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indicated that some athletes are nonresponders and show only vary small increases in CK 

activity (Urhausen & Kindermann, 2002).  In addition, after a single bout of eccentric 

exercise, a muscular adaptation lasting several weeks can occur (Clarkson & Tremblay, 

1988), which may explain the decreased levels seen in the softball population due to the 

fact that there was a significant amount of resistance training performed prior to season.  

Increased uric acid concentrations have consistently been found to remain elevated above 

resting levels 24 hours after exercise and longer in overtrained individuals (Kreider et al., 

1998).  While uric acid failed to show a significant increase, there was a medium-effect 

size reported indicating that something was occurring, however there was not enough 

statistical power to indicate significance of this variable.     

Another outcome of this study was to examine specific hormone and cytokine 

changes.  Initially cortisol, total testosterone, free testosterone, interlukins-1, 6, 10, IGA-1 

and TNF-α were proposed.  However, since no significant differences were observed in 

IL-6 and the nutrophil:lymphocyte ratio, we felt it to be an unnecessary and not cost 

effective to examine IL-1, IL-10, IGA-1 and TNF-α.  Additionally, two participants 

within the SB group indicated testosterone levels of ~150% above the normal range for 

females of that age range.  As a result, we considered them to be outliers and were 

therefore removed from the statistical analysis.  Furthermore, examination of the cortisol 

data indicated a large variability and abnormally high cortisol values observed in some 

subjects.  Therefore we were not confident in the validity or results of cortisol and 

tTEST:CORT and thus will not report them.  We will re-run the samples at a later date.   

The results of this found no significant change in total or free testosterone levels.  

This conclusion did not support the results documented by Flynn et al.(1994) who 
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observed decreased serum total and free testosterone levels concurrent with a decrease in 

performance following intensive training in runners and swimmers (Flynn et al., 1994).  

The investigators indicated that both serum total testosterone and free testosterone were 

significantly (P < 0.05) lower for the swimmers at T2 (TT 16.7 ± 2.5; FT 85.3 ± 8.5) 

compared to T1 (TT 30.3 ± 2.8; FT 130.2 +/- 20.9) (Flynn et al., 1994).  This study failed 

to reproduce these effects, for total testosterone (T1 0.067 ± 0.042; T4 0.070 ± 0.034) and 

free testosterone (T1 1.6 ± 0.8; T4 1.5 ± 0.9) in the SB group.  Since the documented 

response of both total and free testosterone concentrations in overreached athletes is 

contradictory (Halson & Jeukendrup, 2004), and given the fact that the goal of this study 

was not to produce an overtrained state, but rather observe softball athletes across a 

season, the results indicated that there was not sufficient stress to elicit a change in total 

or free testosterone across a season.   

Interleukin-6 (IL-6) is a pro-inflammatory cytokine secreted by T cells and 

macrophages to stimulate immune response to trauma, especially burns or other tissue 

damage leading to inflammation (Febbraio & Pedersen, 2005).  Recent research has also 

indicated that IL-6 possesses anti-inflammatory properties as well (Smith, 2004).  It has 

been proposed that overtraining syndrome may be caused by excessive cytokine release 

during and following exercise causing a chronic inflammatory state and “cytokine 

sickness” (Robson, 2003).  This sickness is a result of excessive training/competing with 

insufficient time for rest and recovery, results in some form of tissue trauma and 

associated chronic inflammation, with the resulting release of a group of molecules, 

cytokines(Smith, 2004). It is further proposed that increased blood cytokine levels are 

capable of accessing the central nervous system and stimulating specific brain areas, 
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resulting in behaviors such as depression, loss of appetite, and sleep disturbances (Smith, 

2004).  The results of this study indicated no significant change in IL-6 levels for either 

group.  While tissue trauma occurred in both groups through the duration of the study, the 

degree of trauma may not have been significant enough in all athletes eliciting a 

noteworthy change.  Another consideration is that the times of the testing sessions were 

not associated with elevated levels of IL-6. There is also the notion that neither the 

stresses of a competitive division I softball season nor the stresses of a recreationally 

active college female will develop significantly elevated levels of IL-6.   

Psychological Variations 

Another component of this study was to investigate psychological variables using 

three different measures to determine if any changes would occur as a result of a 

competitive softball season. When stressors outweigh the individual’s resiliency, that 

person begins to physically or psychologically deteriorate (Kreider et al., 1998).   It has 

been reported that an impaired mood state and subjective complaints are considered as 

sensitive and early markers of OTS (Urhausen & Kindermann, 2002).  The mood of a 

sportsperson can be successfully monitored using the Profile of Mood States (POMS) 

(Veale, 1991).  The POMS consistently has been employed to measure the mood states 

associated with overtraining (Berger et al., 1997).  The use of the POMS in this study 

revealed significant feelings of increased fatigue in both groups and a continual increase 

of fatigue in the SB group.  Fatigue increased in the SB group with a baseline mean of 

12.3 ± 3.7 to 18.5 ± 7.6 at the last time point.  Additionally, the GEN group showed an 

increase of 11.1 ± 3.5 at baseline and a mean of 13.5 ± 3.9 at T 4.  These changes 

translated to a 34% increase in fatigue for the SB group, and an 18% increase in fatigue 
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for the GEN group.  No other category (tension-anxiety, depression-dejection, vigor, or 

confusion-bewilderment) indicated a significant increase with the exception of anger, 

which revealed a statistical time effect trend indicating that both groups perceived greater 

amounts of fatigue in the later part of the study.  Our results support those of Smith 

(2004), indicating that signs and symptoms of overtraining include psychological or 

behavioral changes including, constant fatigue, depression, and emotional instability 

(Smith, 2004).  The investigators of this study feel that the reason for this continued 

increase in fatigue may be related to the cessation of the spring semester.  Once the 

semester was complete, the SB group continued to train and practice longer to prepare for 

the post season, where the GEN group did not have any additional responsibilities once 

the semester was over.   

Results of the fatigue index revealed that initially, the SB group experienced 

increased feelings of physical fatigue, arms and shoulder fatigue, leg fatigue and general 

tiredness when compared to the GEN group.  In our estimation, these group differences 

can be attributed to the increased amount volume and intensity the softball team was 

undergoing prior to the start of the season.  The demands of this weekly schedule would 

elicit these increases in perceived fatigue.  Seven other factors were shown to increase 

over the course of the study for both groups.  Heart and lung fatigue, general tiredness, 

feeling physically strong, feeling overwhelmed, feeling overtrained, tired of school and a 

feeling of never being able to get caught up.  Understandably, with the increasing 

demands of athletics and academics, it would stand to reason that as a semester 

progresses a sensation of not being able to get caught up, being overwhelmed and 

becoming tired of school would increase, which in turn would lead the increased general 



102 

 

tiredness.  Along the same lines, general tiredness from the increase in stress would also 

explain the decreased feelings of physical strength, increased heart and lung fatigue.  

These results support the hypothesis that the deterioration of mood state usually starts 

well before the definitive drop in performance and parallels the increase in training load 

(Urhausen & Kindermann, 2002).  While there were increased feelings of being 

overtrained reported, there was no clear reason why this variable increased in both 

groups.  This study however, did reveal clear and evident signs of psychological distress 

much like other investigators in past studies (Fry et al., 1992; Halson et al., 2002; 

Jeukendrup et al., 1992; Morgan et al., 1987; Morgan et al., 1988; Morgan, 1994; 

O'Connor et al., 1989; O'Connor et al., 1996; Snyder et al., 1993; Urhausen, Gabriel, & 

Weiler et al., 1998; Veale, 1991).   

Life events monitoring indicated that the number of life events was no different 

between groups.  However, the extent which the groups were affected was dissimilar.  

The SB participants indicated a higher negative effect of life events occurring in the last 

month to year, while the GEN group participants indicated an overall positive reaction to 

life events occurring in the same time frame.  It has been widely accepted that 

overtraining syndrome is characterized by both psychological disturbances and negative 

affective states (Fry et al., 1994; S. Hooper et al., 1997; S. Hooper et al., 1995; 

Jeukendrup et al., 1992; Morgan et al., 1987; Morgan et al., 1988; Morgan, 1994) and it 

seems that the results of this study are not to the contrary.   

Individual Consideration 

 The assessment of overtraining and its associated effects can be difficult to 

ascertain when examined from a group or team vantage point due to individual variability 
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in response to a training or competitive stressor.  The investigators of this study examined 

the individuals within each group to determine if any one softball player elicited negative 

changes any of the variables which might place them at a higher risk of overtraining.  

Examination of the individuals revealed two softball players were of greater risk than 

others of being overtrained.  These athletes demonstrated a notable decrease in body 

weight of 5.64 kg. and 2.89 kg. this is equivalent to a decline of 6.7% and 3.5% 

respectively over the duration of the study.  The softball player with the 12.4 lb. loss 

demonstrated a decrease in lean body mass of 7.7%.  Psychologically, these athletes both 

indicated notable changes in their respective POMS profiles, with a 71% and 24% 

increase in fatigue.  Other notable increases in the POMS domains were elicited by one 

athlete with increases in tension-anxiety (85%), depression-dejection (119%), and anger-

hostility (223%).  Decreases in vigor were demonstrated by both athletes with respective 

decreases of 41% and 38%.  Individual assessment of the fatigue index revealed that one 

athlete reported a notable increase in their feelings of mental fatigue (40%), physical 

fatigue (60%), arm and shoulder fatigue (60%), general tiredness (80%) and personal and 

social stress (80%).  The other athlete indicated notable increases in feelings of mental 

fatigue (30%), physical fatigue (50%), and leg fatigue (50%).  From the examination of 

these individuals, and the notable changes in the aforementioned variables, we conclude 

that when assessing overtraining in athletes, one must look at both individual and group 

responses any particular training stimulus.   

Conclusion 

We can conclude from our findings that the stresses placed upon collegiate 

softball players from a combination of their academic and athletic responsibilities 



104 

 

indicate some perturbations in select variables which are indicative of OTS.  While OTS 

occurs in three phases (psychological, physiological, performance), negative changes in 

performance were not indicated.  Physiologically, changes were elicited in a few 

variables, the variations reminded within normal clinical ranges for this demographic.  

Psychological changes indicated that softball players demonstrated an increased negative 

effect on life events, yet mirrored their non-athletic counterparts in feelings of fatigue, 

and being tired of school.  It is clear that more research in this area needs to be completed 

to determine the exact mechanisms and manifestations of overtraining and its effect on 

athletes at all levels. 
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APPENDIX A 
 

Informed Consent 
 

BAYLOR UNIVERSITY 

Department of Health, Human Performance, & Recreation 

Informed Consent Form 

 

 

Title of Investigation:   Are There Global Effects on Selected Performance, Psychological 
and Physiological Variables as a Result of a Division I 
Competitive Softball Season.   

 

Principal Investigator:  Brandon Marcello, Ph.D. Candidate   
    Exercise and Sport Nutrition Lab, Baylor University 

 
CoInvestigators:  Richard B. Kreider, PhD, EPC, FACSM, FASEP.  
    Department of HHPR, Baylor University 
 
    Chris Rasmussen, M.S. CSCS, EPC, MX.    
  

Department of HHPR, Baylor University 
 

Mike Greenwood, Ph.D. 
Department of HHPR, Baylor University 
 
Rodney Bowden, Ph.D. 
Department of HHPR, Baylor University 

 
    Rafer Lutz, PhD 
    Department of HHPR, Baylor University 
 

Eric Robinson, PhD 
    Department of Educational Psychology, Baylor University 
 

Melyn Galbreath, MSN, FNP-C    
 Department of HHPR, Baylor University 

 
Ron Wilson, M.D.   

    Department of HHPR, Baylor University   
  
      
         

 Rationale: 
 

Overtraining syndrome is one of the most feared complications in competitive athletes and thus is 
of real interest in sports medicine and scientific research.  Overtraining corresponds to a loss of 
adaptability resulting in a well-known symptomatology: deterioration in performance, difficulty to 
train and an absence of motivation, behavioral disorders (irritability, melancholy), sleeping 
disorders, difficult recovery, an increased occurrence of muscular accidents and higher sensitivity 
to infections.  Because of the need to determine what types of stressors athletes endure 
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throughout their respective competitive seasons, the purpose of this study is to examine the acute 
and chronic effects of a competitive softball season on its respective players competing at the 
Division I level, and to determine if there are any global changes in performance, physiological 
and psychological variables which may indicate some type of overtraining syndrome. 
 
Description of the Study:   

 

I will be one of approximately 34 apparently healthy, trained, and recreationally or athletically 
active females between the ages 18 to 22 who will participate in this study.  During an initial 
familiarization session, I will be informed of the requirements of the study and sign an informed 
consent statement in compliance with the Human Subjects Guidelines of Baylor University and 
the American College of Sports Medicine. A trained individual will examine me to determine if I 
am qualified to participate in this study. I understand that if I qualify medically to participate in this 
study, I will need a letter from my personal physician providing medical clearance to participate in 
the study.  I understand that I will be familiarized to the study requirements and diet recording, be 
familiarized to the tests to be conducted during the study, and practice the exercise tests to be 
evaluated in this study.  I will also have a counseling session with a dietitian to discuss how to 
record food intake on dietary record logs. Additionally I will be instructed on how to access the 
psychological assessments via the internet. This session will take approximately 30 minutes to 
complete. Once I complete the familiarization sessions, I will be scheduled for baseline testing.   
 

Prior to reporting to the lab for baseline testing, I will record all food that I eat on dietary record 
forms for four days (including one weekend day). I will not eat for 12 hours prior to reporting to the 
lab for baseline testing. Once reporting to the lab I will then undergo a battery of tests as 
described in Table 1.  I will fill out a radiation safety form, a Profile of Mood States (POMS), Life 
Events Survey for Athletes (LESCA), and a Fatigue Inventory Index.  I will keep a journal where I 
will record any adverse side effects and completed on a daily basis.  I will turn in said assessment 
form each week via phone, fax, or e-mail to report any adverse side effects.  I will then be 
weighed and have my total body water determined using a bioelectrical impedance analyzer 
(BIA).  The BIA analysis will involve lying down on my back on a table and having two small 
electrodes placed on my right hand and my right foot.  The analyzer wires will be attached and a 
small and safe current (500 micro-amps at a frequency of 5- kHz) will pass through my body so 
that the amount of water can be measured. This analyzer is commercially available and has been 
used in the health care/fitness industry as a means to assess body composition and body water 
for over 20 years. The use of this device has been approved by the Food and Drug Administration 
(FDA) to assess total body water and the current to be used has been deemed safe.     

 

My body composition and bone density will then be determined by using a Discovery W dual 
energy x-ray absorptiometer (DEXA). This will involve lying down on my back on the DEXA exam 
table in a pair of shorts or a gown for about 6 minutes.  I understand that a low dose of radiation 
will scan my entire body to determine the amount of fat weight, muscle weight, and bone weight. I 
understand that I will be exposed to an x-ray dose that is similar to the amount of natural 
background radiation a person would receive in one month while living in Waco.  After this test, I 
will have resting blood pressure determined using a blood pressure cuff and stethoscope.       

 

I will then be prepared for a resting electrocardiogram (ECG). I will have my right and left 
shoulder, right and left part of my stomach, and several places around my upper chest and below 
my bra line rubbed with alcohol gauze.  I understand that 10 electrocardiograph (ECG) electrodes 
will then be placed on my shoulders, chest, and stomach and that I will be attached to an ECG to 
evaluate my heart.  I understand that heart rate, and ECG tracings will be monitored throughout 
the test.  This test will take about 10 minutes to complete.  During this test I will have resting heart 
rate monitored and recorded.   
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I understand that I will then donate about 20 milliliters (4 teaspoons) of venous blood from a vein 
in my arm.  Blood samples will be obtained using standard/sterile procedures using a needle 
inserted into a vein in my arm.  I understand that personnel who will be taking my blood are 
experienced in phlebotomy (procedures to take blood samples) and are qualified to do so under 
guidelines established by the Texas Department of Health and Human Services.  This will take 
about 5-minutes. 

 

I will then perform a vertical jump test using standard procedures.  This will involve warming up 
and performing three successive vertical jumps until I determine my maximum jump height.  I will 
then rest for 5-minutes and then perform a 20 yard sprint test. This will involve warming-up and 
performing two maximal 20 yard sprints.  I will then rest 10 minutes and perform a 30-second 
Wingate anaerobic capacity test on a Lode computerized cycle ergometer. These tests will help 
assess anaerobic exercise capacity and will take about 5 minutes to complete. In addition, I 
understand these tests will be repeated at 5 additional times throughout the duration of the study 
with the exception of the Wingate anaerobic capacity test which will be assessed again during the 
last two data collection points.  These tests will take about 15 minutes to complete.   

 

I understand that I will be required to call a research assistant on a weekly basis to describe my 
progress in the study as well as whether I have experienced any unexpected problems or 
adverse events from participating in this study.  If I don’t call in, I understand that the research 
assistant will call me.  I understand that if clinically significant side effects are reported, I will be 
referred to discuss the problem with Melyn Galbreath, MSN, FNP-C, a nurse practitioner with 
Exercise and Sport Nutrition Lab (ESNL) at Baylor University.  Upon her discretion, I may be 
referred to discuss the matter with Dr. Ron Wilson to determine whether any medical treatment is 
needed and/or whether I can continue in the study.  I understand that if I fail to report my progress 
and health status to the research assistant I may be removed from the study. 

 

I understand that following 3, 6, and 12 weeks, and at 2 other time points that coincide with the 
end of the competitive softball season, I will be scheduled to return to the lab to repeat some or 
all of the battery of tests as described in Table 1.  I agree to do my best to:  1) follow the 
instructions outline by the investigators; and 2) show up to all scheduled testing sessions. I agree 
not to take any other nutritional supplements or performance enhancing aids during this study 
(i.e., vitamins/minerals, creatine, HMB, androstenedione, DHEA, etc).  In addition, I agree not to 
take any non-medically prescribed medications and to report any medication that is prescribed for 
me to take during this study.  I understand that if I take any other nutritional supplements or 
medications during the course of the study that may affect vitamin/mineral status, body 
composition, or strength that I may be removed from the study.     

 

Exclusionary Criteria: 

I understand that in order to participate in the study, a trained individual will examine me to 
determine whether I qualify to participate. I understand that I will not be allowed to participate in 
this study if: 1.) I am pregnant, become pregnant, or have a desire for pregnancy; 2.) I understand 
that I must be free of metabolic disorder including known electrolyte abnormalities; heart disease, 
arrhythmias, diabetes, thyroid disease, hypogonadism, etc.;3.) Have no history of hypertension, 
hepatorenal, musculoskeletal, autoimmune, or neurological disease or impairment; 4.) I 
understand that I can not be taking thyroid, hyperlipidemic, hypoglycemic, antidepressant, anti-
hypertensive, or androgenic medications; 5.) have taken ergogenic levels of select nutritional 
supplements that may affect muscle mass (e.g., creatine, HMB), anabolic/catabolic hormone 
levels (androstenedione, DHEA, etc), or weight loss (e.g., ephedra, thermogenics, etc) for 6 
weeks prior to the start of the study; and, 6.) report any unusual adverse events associated with 
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this study that in consultation with the supervising physician recommends removal from the study.  
I have reported all nutritional supplements, medically prescribed drugs, and non-medically 
prescribed drugs that I am presently taking. I have completed medical history questionnaires and 
am not aware of any additional medical problems that would prevent me from participating in this 
study.  I agree to report all changes in medical status, nutritional and/or pharmacological agents 
(drugs) that I take during the course of the investigation to Melyn Galbreath, MSN, FNP-C 
(254/710-7199).  I understand that if I experience any unexpected problems or adverse events 
from participating in this study I may be referred to discuss the problem with Melyn Galbreath, 
MSN, FNP-C who is a registered nurse within the Exercise and Sport Nutrition Laboratory at 
Baylor University.   Upon her discretion, I may be referred to discuss the matter with Dr. Ronald 
Wilson to determine whether any medical treatment is needed and/or whether I can continue in 
the study.    
 

Risks and Benefits: 

 

I understand that I will be exposed to a low level of radiation during the DEXA body composition 
tests, which is similar to the amount of natural background radiation a person would receive in 
one month while living in Waco.  In addition, a very low level of electrical current will be passed 
through my body using a bioelectrical impedance analyzer. This analyzer is commercially 
available and has been used in the health care/fitness industry as a means to assess body 
composition and body water for over 20 years.  The use of the BIA and DEXA analyzers has 
been shown to be safe methods of assessing body composition and total body water and is 
approved by the FDA.  I also understand that I will have about 4 teaspoons (20 milliliters) of blood 
drawn from a vein in my forearm using a sterile needle and blood tubes by an experienced 
phlebotomist six (6) times during this study.  This procedure may cause a small amount of pain 
when the needle is inserted into my vein as well as some bleeding and bruising.  I may also 
experience some dizziness, nausea, and/or faint if I am unaccustomed to having blood drawn.  
The exercise tests that will be performed in the study may cause symptoms of fatigue, shortness 
of breath, and/or muscular fatigue/discomfort.  I understand that I may also experience muscle 
strains/pulls during the exercise testing.  However, these risks will be similar to the risk of 
participating in activities of daily living or a normal exercise program.  The diet inventories, 
POMS, LESCA, Fatigue inventory index, and anthropometric procedures pose no risk to me.   

Researchers involved in collecting data represent trained, non-physician, certified exercise 
specialists, and rehabilitation specialists (Athletic Trainer Certified, Texas Licensed Athletic 
Trainer, American Society of Exercise Physiologies, Certified Exercise Physiologist, Certified 
Strength & Conditioning Specialists, and/or American College of Sports Medicine Health Fitness 
InstructorSM, Exercise TechnologistSM, Exercise SpecialistsSM ).  All personnel involved in 
collecting data will be certified in CPR, which is also a condition to holding these professional 
certifications.  A telephone and automated electronic defibrillator is in the laboratory in case of 
any emergencies, and there will be no less than two researchers working with subject during 
testing.  In the unlikely event of an emergency, one researcher will check for vital signs and begin 
any necessary interventions while the other researcher contacts Baylor’s campus police at 
extension 2222.  Instructions for emergencies are posted above the phone in the event that any 
other research investigators are available for assistance.     

I understand that the main benefit I may obtain from this study is that I may gain insight about my 
health and fitness status from the assessments to be performed.  However, even if no individual 
benefit is obtained, participating in this study will help to determine the impact that a NCAA 
Division-I softball season has upon female athletes.    

 

Alternative Treatments: 
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I understand that this is not a medical treatment. Therefore, if medical treatment is needed, I must 
continue to obtain treatment for any medical problem I might have from my personal physician. 

 

Costs and Payments: 

 

I understand that if I am a Baylor University student, I will not receive any academic credit for 
participating in this study. I understand that if I am an intercollegiate scholarship athlete I may not 
be eligible to receive payment to participate in this study. I understand that eligible subjects will 
be paid $100 for completing the familiarization and experimental testing sessions with all support 
documentation. I also understand that I will be given free exercise assessments during the course 
of the study as described above and may receive information regarding results of these tests if I 
desire. 

 

New Information: 

 

I understand that any new information obtained during the course of this research that may affect 
my willingness to continue participation in this study will be provided to me. In addition, I will be 
informed of any unusual/abnormal clinical findings in which medical referral to my personal 
physician may be warranted. If I desire, I may request that this information be provided to my 
physician. 

 

Confidentiality: 

 

I understand that any information obtained about me in this research, including questionnaires, 
medical history, laboratory findings, or physical examination will be kept confidential to the extent 
permitted by law.  However, I understand in order to ensure that FDA regulations are being 
followed, it may be necessary for a representative of the FDA to review my records from this 
study which may include questionnaires, medical history, laboratory findings/reports, statistical 
data, and/or notes taken about my participation in this study. In addition, I understand that my 
records of this research may be subpoenaed by court order or may be inspected by federal 
regulatory authorities. I understand that data derived may be used in reports, presentations, and 
publications.  However, I will not be individually identified unless my consent is granted in writing.  
Additionally, that confidentiality will be maintained by assigning code numbers to my files, limiting 
access to data to research assistants, locking cabinets that store data, and providing passwords 
to limit access to computer files to authorized personnel only. I understand that once blood 
samples are analyzed that they will be discarded. 

 
Disclaimer for Use of The Internet In Collecting Research Data:  
 
I am aware that electronic communication may be subject to interception, legally by your 
employer or illegally by another party, while the information is in transit. Therefore, I understand 
that it is possible that my information might be seen by another party and I cannot control whether 
that happens. Although none of the information requested is of a personal nature, if I am 
concerned about my data security, I may print the e-mail, fill out the answers by hand, remove 
information from headers, etc. that identifies me as the respondent and mail the completed 
survey to the following address:  
 
Brandon Marcello 
Exercise & Sport Nutrition Laboratory 
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Center for Exercise, Nutrition, & Preventive Health Research 
Department of Health, Human Performance, & Recreation 
Baylor University 
P.O. Box 97313 
Waco, Texas  76798 
 

Right to Withdrawal: 

 

I understand that I am not required to participate in this study and I am free to refuse to 
participate or to withdraw from the study at any time. Further, that my decision to withdraw from 
the study will not affect my care at this institution or cause a loss of benefits to which I might be 
otherwise entitled.  If there is concern about my medical safety, I may be referred to seek medical 
attention. 

 

Compensation for Illness or Injury: 

 

I understand that if I am injured as a direct result of taking part in this study, I should consult my 
personal physician to obtain treatment. I understand that the cost associated with the care and 
treatment of such injury will be the responsibility of me or my insurance carrier.  In some cases, 
insurers may not reimburse claims submitted for a research-related injury resulting from medical 
procedures or treatments performed as part of a research study.  I understand that Baylor 
University, the investigator’s institutions, and the grant sponsor have not budgeted funds to 
compensate me for injury or illness that may result from my participation in this study and thus will 
not be accountable for illness or injury acquired during the course of this study.   However, I may 
be referred to my personal physician if any clinically significant medical/psychological findings are 
observed during the course of this study. 

 

I AGREE TO INDEMNIFY AND HOLD HARMLESS BAYLOR UNIVERSITY, ITS OFFICERS, 
DIRECTORS, FACULTY, EMPLOYEES, AND STUDENTS FOR ANY AND ALL CLAIMS FOR 
ANY INJURY, DAMAGE OR LOSS I SUFFER AS A RESULT OF MY PARTICIPATION IN THIS 
STUDY REGARDLESS OF THE CAUSE OF MY INJURY, DAMAGE OR LOSS. 

  

Statement of Conflict of Interest: 

 

I understand that funding for this study will be obtained internally from the Department of HHPR.  
I understand that researchers involved in collecting data in this study have no financial or 
personal interest in the outcome of results or sponsors. 

 

Voluntary Consent: 

     

I certify that I have read this consent form or it has been read to me and that I understand the 
contents and that any questions that I have pertaining to the research have been, or will be 
answered by Richard B. Kreider, PhD, EPC, FACSM, FASEP. , Department of Health, Human 
Performance & Recreation, 106 Marrs McLean Gymnasium, Baylor University, phone: 254/710-
7199) or one of the research associates. My signature below means that I am at least 18 years of 
age and that I freely agree to participate in this investigation. I understand that I will be given a 
copy of this consent form for my records.  If I have any questions regarding my rights as a 
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research subject in this study, I may contact Baylor's University Committee for Protection of 
Human Subjects in Research. The chairman is Dr. Matt Stanford, Professor of Psychology and 
Neuroscience, BSB A320, P.O. Box 97334, Waco, TX 76798-7334, phone number 254-710-
2236. 
 

Date ________________          Subject's Signature________________________________ 

 

I certify that I have explained to the above individual the nature and purpose of the potential 
benefits and possible risks associated with participation in this study. I have answered any 
questions that have been raised and have witnessed the above signature. I have explained the 
above to the volunteer on the date stated on this consent form. 

 

Date ________________ Investigator's Signature ________________________________ 
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APPENDIX B 
 

IRB Approval 
 
 
 
IRB Project #: 200506103 
Title of Proposal: Are There Global Effects on Selected Performance, Psychological and 
Physiological Variables as a Result of a Division I Competitive Softball Season.   
Principal Investigator: Richard Kreider 
 
Notice is hereby given that the Baylor IRB has reviewed your proposal.  The action taken 
was: 
 
 
Approved -- Approval period is for twelve months and ends one year from  ".Jan 11 
2006 12:00AM.". If any untoward events should occur or you need to make any revisions 
to the research protocol during the conduct of this study, you must advise the IRB.  
Please see the two forms attached regarding completion/termination of your project and 
annual reviews required if not completed by the end date. The enclosed consent form 
with the IRB approval stamp must be used.  Please note that federal guidelines dictate 
that records must be kept for at least 3 years after completion of the research. 
 
Thank you for your cooperation.  Please feel free to contact Dr. Matthew Stanford, Chair 
of the Baylor IRB, or his assistant, Mrs. Nancy Ulman, at 254-710-2811  for more 
information or if you have any questions. 
 
Dr. Matthew Stanford, Chair, Baylor IRB 
 
This is a computer generated email from the IRB Online. If you feel that you have 
received this email by error, please contact irbhelp@baylor.edu. 
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APPENDIX C 
 

IRB Proposal 
 

Application to the Baylor IRB 
For Review of Research/Activity Proposal 

 
Part 1: Signature Page 

 
 

1.  Name                                        Richard B. Kreider, PhD, FACSM________________                           
 
2.  Email Address (optional)         Richard_Kreider@baylor.edu____________________ 
 
3.  Complete Mailing Address      P.O. Box 97313_______________________________  
 
4.  Position                                    Professor & Chair______________________________  
 
5.  Faculty Advisor (if researcher is Graduate Student) ____________________________ 
 
6.  Department/School                  HHPR_______________________________________   
 
7.  Telephone #    x4003                             FAX #     x3527_________________________  
 
8.  Are you using subjects in research (Y or N)  Y  or in teaching exercises (Y or N)? 
 
9.  Title of the research project/teaching exercise: 
 

Are There Global Effects on Selected Performance, Psychological and 
Physiological Variables as a Result of a Division I Competitive Softball 
Season. 

 
10. Please return this signed form along with all the other parts of the application and 
other documentation to the University Committee for Protection of Human Subjects in 
Research; Dr. Matt Stanford, P.O. Box 97334, Waco, TX 76798-7334. If you have 
questions, or if you would like to see a copy of the OHRP Report on protection of human 
subjects in research, contact Dr. Stanford at 254-710-2236.  
 
__________________________________________  _12/17/05________ 
Signature of Principal Investigator      Date 
 
________________________________________________________________________ 
Signature of Faculty Advisor (required if researcher is a Graduate Student) 
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Departmental Review: _____________________________________________________ 
                                                   Department Chair or the Chair's Designate 

Part 2:  Introduction & Rationale 

Introduction 
Overtraining has for decades been one of the most popular topics in meetings and journals 
dealing with top-level sports (1). The problem has been well known for 70 years (1, 2), but many 
specifics concerning overtraining are still very unclear. This ambiguity has lead researchers in an 
effort to try and determine specifically what happens to athletes when they begin to overtrain.  In 
medical literature, the word "overtraining" has had many meanings (1). It has been used to mean 
overload training, overreaching, and overtraining syndrome (1, 3). Overload training is 
commonplace in all athletes training regimen and act as appropriate stimuli for the body to adapt 
and supercompensate thus leading to improved performance.  Overtraining syndrome (OTS) is 
characterized by a sports-specific decrease in performance together with disturbances in mood 
state (4).  Overtraining corresponds to a loss of adaptability resulting in a well-known 
symptomatology: deterioration in performance, difficulty to train and an absence of motivation, 
behavioral disorders (irritability, melancholy), sleeping disorders, difficult recovery, an increased 
occurrence of muscular accidents and higher sensitivity to infections (5). To determine and 
predict overtraining in athletes a myriad of biological markers have been propounded.  Taken 
alone, none of them have an absolute significance (5).  Biological markers are those which are 
physiological, biochemical, hormonal and immunological in nature (5).  Questionnaires 
(physiological profiling, overtraining questionnaires, etc.) used to determine the states of form are 
valuable and probably precious aids for the evaluation of the state of tapering off or overtraining 
(5).  Additionally, cardiac control is used widely in athletes to adjust the intensity of training (5).  
In an overtrained athlete, resting heart rate and blood pressure are elevated, the adaptation of the 
heart rate to exercise is altered, and there are some anomalies on the ECG (5, 4).  These 
modifications constitute good indicators of fatigue. It has long been a challenge for sports 
medicine to propose reliable markers which would allow the form, or conversely the tiredness of 
an athlete to be detected (5).  A method called “longitudinal follow-up” of the athlete, is 
considered by some to be the best method to identify OTS (5).  Overtraining syndrome is one of 
the most feared complications in competitive athletes and thus is of real interest in sports 
medicine and scientific research (4).  The purpose of this study is to examine the acute and 
chronic effects of a competitive softball season on its respective players competing at the 
Division I level, and to determine if there are any global changes in performance, physiological 
and psychological variables which may indicate some type of overtraining syndrome. 

 
Part 3:  Methodology 

Subjects 
 
Approximately 34 female subjects between the ages 18 and 22 will participate in this study.  
Approximately 17 of them will be from the Baylor University Women’s Softball Team.  
Participants that are not members of the University Softball Team, will be recreationally active 
members recruited from the general student population.  Subjects will have weight training 
experience and currently participate in resistance and cardiovascular exercise programs at least 3 
times per week. Subjects will not be allowed to participate in this study if they are pregnant, 
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become pregnant, or have a desire for pregnancy; have any metabolic disorder including known 
electrolyte abnormalities; heart disease, arrhythmias, diabetes, thyroid disease, or hypogonadism; 
a history of hypertension, hepatorenal, musculoskeletal, autoimmune, or neurological disease; if 
they are taking thyroid, hyperlipidemic, hypoglycemic, anti-hypertensive, or androgenic 
medications; if they have taken ergogenic levels of nutritional supplements that may affect 
muscle mass (e.g., creatine, HMB), anabolic/catabolic hormone levels (androstenedione, DHEA, 
etc), or weight loss (e.g., ephedra, thermogenics, etc) within six weeks prior to the start of the 
study; if any unusual adverse events associated with this study are reported that in consultation 
with the supervising physician recommends removal from the study; and have any absolute or 
relative contraindication for exercise testing or prescription as outlined by the American College 
of Sports Medicine.  The only exception will be if the prospective subject has a medical condition 
or history that the subject’s personal physician feels is controlled and therefore would not be a 
limitation for them to participate in the study.  Subjects meeting eligibility criteria will be 
informed of the requirements of the study and sign informed consent statements in compliance 
with the Human Subjects Guidelines of Baylor University and the American College of Sports 
Medicine.  Subjects will be required to obtain clearance to participate in the study from their 
personal physician before participating in baseline assessments.   
 

Study Site 
 
All testing will be conducted in the Exercise & Sport Nutrition Laboratory (ESNL) and/or the 
Exercise Physiology Lab in the Department of Health, Human Performance, and Recreation at 
Baylor University. 

 

Experimental Design 
 
Table 1 shows the general research design and time course for assessments.  The independent 
variable will be the Baylor Women’s Softball 2006 competitive softball season.  Dependent 
variables will include: estimated energy intake from weekly dietary records; total body mass, 
body water (total, intracellular, and extracellular water), anthropometric measurements, body 
composition; resting heart rate and blood pressure, 20 yard sprint times, vertical jump, anaerobic 
capacity test, resting ECG; the Life Events Survey for Collegiate Athletes (LESCA), a Fatigue 
Inventory Index, and the Profile of Mood States (POMS); fasting clinical blood profiles 
(substrates, electrolytes, muscle and liver enzymes, red blood cells, white blood cells, for 
interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-1 (IL-1), tumor necrosis factor-alpha 
(TNF-α), immunoglobin-A (IgA), cortisol and testosterone. 
 

Entry and Familiarization Session 

Subjects expressing interest in participating in this study will be interviewed on the phone to 
determine whether they appear to qualify to participate in this study.  (Please refer to Selection 
Criteria listed below.)  Subjects believed to meet eligibility criteria will then be invited to attend 
an entry/familiarization session.  During this session, subjects will sign Informed Consent 
Statements and complete personal and medical histories. Subjects will then undergo a general 
physical examination to determine whether they meet eligibility criteria.  Subjects meeting entry 
criteria will be familiarized to the study protocol via a verbal and written explanation outlining 
the study design. This will include familiarizing the subjects to the tests to be performed, and 
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practicing the Wingate anaerobic capacity test, vertical jump and 20 yard sprint test. Subjects will 
then be given an appointment time to perform baseline assessments.     

 

Baseline Testing 
 
Following the familiarization/practice session, the subjects will record all food intakes on dietary 
record forms for four days (4-d).  Subjects will be instructed to fast 12 hours prior to baseline 
testing.  Subjects will then report to the ESNL for body composition and functional assessments. 
Subjects will then be weighed, have total body water determined by bioelectrical impedance 
(BIA), and have body composition determined using a Discovery W Dual Energy X-ray 
Absorptiometer (DEXA).  Following these assessments, subjects will have heart rate and blood 
pressure determined using standard procedures, and a resting ECG conducted using a Quinton 
710 ECG.  Subjects will donate approximately 20 ml of fasting blood (about 4 teaspoons) using 
venipuncture techniques of an antecubital vein in the forearm according to standard procedures.  
Blood samples will be analyzed by the Baylor Exercise & Biochemistry Laboratory (Waco, TX) 
for clinical chemistry profiles (glucose, total protein, blood urea nitrogen, creatinine, 
BUN/creatinine ratio, uric acid, AST, ALT, CK, LDH, GGT, albumin, globulin, sodium, 
chloride, calcium, carbon dioxide, total bilirubin, alkaline phosphatase, triglycerides, cholesterol, 
HDL, LDL) and whole blood cell counts (including hemoglobin, hematocrit, red blood cell 
counts, MCV, MCH, MCHC, RDW, white blood cell counts, neutrophils, lymphocytes, 
monocytes, eosinophils, baosphils).  In addition, serum samples will be assayed for interleukin-6 
(IL-6), interleukin-10 (IL-10), interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-α), 
immunoglobin-A (IgA), cortisol and testosterone.  Finally, subjects will then perform vertical 
jump testing and 20 yard sprint test.  At week zero (0) and time points five (5) and six (6), 
subjects will perform a Wingate anaerobic capacity test.  Subjects will complete a Fatigue 
Inventory Index, the Life Events Survey for Collegiate Athletes (LESCA) and Profile of Mood 
States (POMS) on –line via Perseus Survey Solutions Pro.  Each testing session will last 
approximately 1 hour.  Subjects will complete weekly a medical safety/side effect report to be 
analyzed by the lab research nurse.   

  

Assessment Schedule 
 
Table 1 describes the assessment schedule to be used in the study.  The assessment schedule is 
designed to be able to evaluate the effects of a competitive sport season on psychological, 
performance and physiological variables. Subjects will record 4-day dietary records during weeks 
0, 3, 6, 12, and at the 5th and 6th time points.  Because of the competition schedule and the 
ambiguity involved with post-season play (i.e. regional playoffs, super-regional playoffs, and 
World Series), the 5th time point will represent the end of the season which will be dependent on 
the success of the team’s on-field performance.  Consequently the 6th data collection point can 
also not be determined until that point, for it will occur one week after the 5th data collection time 
point.  Subjects will repeat all baseline assessments at weeks all time points except the Wingate 
which will be performed at week 0, and the 5th and 6th data collection point.   
 
Data Analysis  
 
Analysis of variance (ANOVA) for repeated measures univariate tests will be used to analyze 
data. Data will be considered statistically significant when the probability of type I error is 0.05 or 



119 

 

less.  If a significant group, treatment and/or interaction alpha level is observed, least significant 
differences (LSD) post-hoc analyses will be performed to determine where significance was 
obtained.  Power analysis of the design indicates that an n-size of 15 per group yields high power 
(>0.8) for delta values of 0.75 to 1.25.   
 
Research Team 
 
Richard B. Kreider, PhD, FACSM. Dr. Kreider serves as Professor and Chair of the Department 
of Health, Human Performance, & Recreation at Baylor University. Dr. Kreider is an 
internationally recognized exercise scientist and is currently President of the American Society of 
Exercise Physiologists.  He has conducted a vast amount of research on primarily focusing on the 
role of exercise and nutrition and health and performance.  He is also extensively published in the 
area of overtraning.  Dr. Kreider will serve as the supervising investigator in coordinating the 
conduct of the study.  
 
Brandon Marcello, PhD Candidate, CSCS. Mr. Marcello is a PhD Candidate in Exercise, 
Nutrition and Preventative Health.  Additionally, Mr. Marcello serves as a doctoral research 
assistant in the ESNL.  He will assist in data collection and analysis.  Mr. Marcello will serve as 
the primary investigator of the study. 
 
 
Mike Greenwood, PhD, CSCS*D.   Dr. Greenwood is Professor and Graduate/Research 
Coordinator in the Department of HHPR at Baylor University. Dr. Greenwood’s research 
expertise is in exercise nutrition, exercise programming and overtraining. Dr. Greenwood will 
oversee warm-up and performance testing protocols for the study. 
 
Chris Rasmussen, MS, CSCS, EPC, MX.  Mr. Rasmussen serves as research coordinator in the 
ESNL.  Mr. Rasmussen will aid in scheduling of the ESNL. 
 
Rodney Bowden, PhD.  Dr. Bowden serves as Assistant Professor of Health in the Department of 
Health, Human Performance, & Recreation at Baylor University.  Dr. Bowden will assist in the 
daily operations of the study, manuscript preparation, and mentoring for the supervising 
investigator. 
 
Rafer Lutz, PhD. Dr. Lutz serves as Assistant Professor, in the Department of Health, Human 
Performance, & Recreation at Baylor University.  Dr. Lutz has been involved with a variety of 
research projects in the area of sports psychology.  Dr. Lutz will work in conjunction with Dr. 
Robinson with statistical analysis and psychological survey protocols.  
 
Eric Robinson, PhD.  Dr. Robinson serves as Associate Professor, Department of Educational 
Psychology and as the Director, School Psychology Graduate Program, both at Baylor University.  
Dr. Robinson will work in conjunction with Dr. Lutz with statistical analysis and psychological 
survey protocols.  
 
Ronald Wilson, MD.  Dr. Wilson serves as medical supervisor for the ESNL and Center for 
Exercise, Nutrition & Preventive Health Research (CENPHR). 
 
Ronald Bradshaw, MD. Dr. Bradshaw serves as a staff physician for Baylor University Health 
Services.  Dr. Bradshaw also serves as the team physician for the Baylor University Softball 
Team. 
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Melissa Marcello, MS.  Ms. Marcello is the President of Pursuant, Inc., a research firm that 
specializes in research-based solutions that drive communication strategy. She also serves as an 
adjunct instructor at Georgetown University in the Communication, Culture and Technology 
(CCT) Program. Her research background is extensive as she is the former Vice President of 
SWR Worldwide, and Project Director at the University of Wisconsin Survey Center, where she 
directed research projects for faculty, state and federal government.  Ms. Marcello will aid in the 
online use of the Perseus software. 
 
Melyn Galbreath, MSN, FNP-C. Ms. Galbreath serves as the nurse practitioner for the ESNL 
and Center for Exercise, Nutrition & Preventive Health Research (CENPHR).  She will oversee 
medical monitoring and initial screening of participants throughout the study. 
 
Research Assistants.  Research assistants will be assigned to assist in data collection and 
analysis.  Additional research assistants will supervise training sessions. 
 
Procedures  

 

Medical Monitoring.  Interested subjects will be invited to familiarization sessions.  During this 
time, subjects will sign consent forms and complete medical history information.  Subjects will 
then undergo a general exam to determine whether the subject meets entry criteria to participate 
in the study.  This exam will include evaluating the medical and training history questionnaires 
and performing a general physical examination according to ACSM exercise testing guidelines 
(7). Based on this examination, a recommendation will be made on whether the subject meets 
entry criteria and may therefore participate in the study.  Subjects who meet entrance criteria must 
obtain a letter of medial clearance from their personal physician on their practice letterhead to 
participate in the study.  Trained, non-physician exercise specialists certified in CPR will 
supervise subjects undergoing exercise assessments. A telephone and an automated electronic 
defibrillator are located in the laboratory in case of any emergencies and there will be no less than 
two researchers working with each subject during testing sessions.  In the event of any unlikely 
emergency one researcher will check for vital signs and begin any necessary interventions while 
the other researcher contacts Baylor’s campus police at extension 2222.  Instructions for 
emergencies are posted above the phone in the event that any other research investigators are 
available for assistance.  Subjects will be informed to report any unexpected problems or adverse 
events they may encounter during the course of the study to Richard B. Kreider, Ph.D. or Chris 
Rasmussen, M.S., MX, CSCS.  If clinically significant side effects are reported, the subjects will 
be referred to discuss the problem with the research nurse (currently Melyn Galbreath, MSN, 
FNP-C).  If deemed necessary, Ms. Galbreath will refer the subject to Ron Wilson, M.D. for 
medical follow-up.    Dr. Wilson is one of the Sports Medicine physicians for Baylor University 
and is an adjunct Professor in the Department of HHPR. He has agreed to provide medical 
support and consultation for this study and to our lab.  Dr. Wilson will evaluate the complaint and 
make a recommendation whether any medical treatment is needed and/or whether the subject can 
continue in the study.  If Dr. Wilson feels medical follow-up is necessary, the subject will be 
referred to obtain medical treatment from their personal physician. This is a similar 
referral/medical follow-up system that Baylor athletes are provided with the exception that 
subjects in this study will not be provided medical care.  Subjects who are Baylor athletes will be 
referred to Dr. Ronald Bradshaw who serves as the softball team physician.  Dr. Bradshaw is also 
on staff at the Baylor Health Center located in the Student Life Center on the Baylor University 
Campus.  New findings and/or medical referrals of unexpected problems and/or adverse events 
will be documented, placed in the subjects research file, and reported to the Baylor IRB 
committee.   
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Dietary Inventories.  Subjects will record all food and fluid intake on dietary record forms four 
days before each testing session for weeks 0, 3, 6, 12 and the two (2) additional time points.  The 
dietary record should include three days during the week and one weekend day prior to starting 
the study and prior to each testing session.  Dietary intake will be assessed using the Food 
Processor III Nutrition Software.    
 
Body Composition Assessments.  Subjects will undergo body composition tests in the ESNL.  
Prior to each assessment, height will be measured using standard anthropometry and total body 
weight will be measured using a calibrated electronic scale with a precision of +/-0.02 kg.  Total 
body water will then be estimated using a Xitron 4200 Bioelectrical Impedance Analyzer (San 
Diego, CA) which measures bio-resistance of water and body tissues based on a minute low 
energy, high frequency current (500 micro-amps at a frequency of 50 kHz) transmitted through 
the body. This analyzer is commercially available and has been used in the health care/fitness 
industry as a means to assess body composition and body water for over 20 years.  The use of this 
device has been approved by the Food and Drug Administration (FDA) to assess total body water 
and the current to be used has been deemed safe (6). This is measured through four electrodes 
placed on the body: one electrode will be placed on the posterior surface of the right wrist, in 
between the radial and ulna styloid processes (wrist bones), another electrode will be placed on 
the posterior surface of the right hand at the distal base of the second metacarpal; the third 
electrode will be placed on the anterior surface of the right foot at the distal end of the first 
metatarsal.  Subjects will lie on a table in the supine position and electrodes will be connected to 
the analyzer.  After the subject is connected, age, gender, weight, height, and activity level are 
entered into the unit by the technician.  After the unit has measured the resistance, which takes 
approximately 30 seconds, the unit then calculates total body water and body water percent.  
Body composition/bone density will then be determined using a calibrated Discovery W dual-
energy x-ray absorptiometry (DEXA) by qualified personnel with limited x-ray technology 
training under the supervision of Richard B. Kreider, Ph.D., MX. The DEXA body composition 
test will involve having the subject lie down on their back in a standardized position in a pair of 
shorts/t-shirt or a gown.  A low dose of radiation will then scan their entire body for 
approximately six (6) minutes. The DEXA segments regions of the body (right arm, left arm, 
trunk, right leg, and left leg) into three compartments for determination of fat, soft tissue 
(muscle), and bone mass. Radiation exposure from DEXA for the whole body scan is 
approximately 1.5mR per scan. This is similar to the amount of natural background radiation a 
person would receive in one month while living in Waco.  The maximal permissible x-ray dose 
for non-occupational exposure is 500 mR per year. Total radiation dose will be less than 5mR for 
the entire study.  Subjects will complete a radiation exposure questionnaire for women and apply 
the 10 or 14-day rule for x-ray exposure. 
 
Blood Pressure.  Blood pressure will be assessed in the supine position after resting for 5-min 
using a mercurial sphygmomanometer using standard procedures (6). 
 
Blood Samples. Subjects will fast overnight for twelve (12) hours and then donate approximately 
4 teaspoons of fasting venous blood (20 milliliters).  Blood samples will be obtained using 
standard phlebotomy procedures using standard sterile venipuncture of an antecubital vein by 
laboratory technician’s trained in phlebotomy in compliance with guidelines established by the 
Texas Department of Health and Human Services. The phlebotomists and lab technicians will 
wear personal protective clothing (gloves, lab coats, etc.) when handling blood samples.  Subjects 
will be seated in a phlebotomy chair.  Their arm will be cleaned with a sterile alcohol wipe and 
sterile gauze.  A standard rubber tourniquet will then be placed on the brachium.  An antecubital 
vein will be palpated and then a 23 gauge sterile needle attached to a plastic vacutainer holder 
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will be inserted into the vein using standard procedures. Two serum separation vacutainer tubes 
(red tops) and one EDTA vacutainer tubes (purple top) will be inserted into the vacutainer holder 
for blood collection in succession using multiple sample phlebotomy techniques.  Once samples 
are obtained, the vacutainer holder and needle will be removed.  The needle will be discarded as 
hazardous waste in a plastic sharps container.  The site of the blood draw will then be cleaned 
with a sterile alcohol wipe and gauze and a sterile Band-Aid will be placed on the site.  The blood 
collection tubes will be labeled and placed in a test tube rack.  Laboratory technicians (who have 
received blood borne pathogen training and will be wearing personal protective clothing) will 
centrifuge the serum samples, transfer serum into labeled serum storage containers, and prepare 
samples for shipment or storage into a refrigerator or freezer for subsequent analysis.  Serum and 
whole blood samples will be analyzed by the Baylor Exercise & Biochemistry Laboratory (Waco, 
TX) for assay of a standard clinical chemistry profile (glucose, total protein, blood urea nitrogen, 
creatinine, BUN/creatinine ratio, uric acid, AST, ALT, CK, LDH, GGT, albumin, globulin, 
sodium, chloride, calcium, carbon dioxide, total bilirubin, alkaline phosphatase, triglycerides, 
cholesterol, HDL, LDL) and whole blood cell counts (including hemoglobin, hematocrit, red 
blood cell counts, MCV, MCH, MCHC, RDW, white blood cell counts, neutrophils, 
lymphocytes, monocytes, eosinophils, baosphils) in order to evaluate markers of catabolism and 
clinical safety of the supplementation protocol.  Serum microcentrifuge samples will be assayed 
for interleukin-6 (IL-6), interleukin-10 (IL-10), interleukin-1 (IL-1), tumor necrosis factor-alpha 
(TNF-α), immunoglobin-A (IgA), cortisol and testosterone levels using standard ELISA and 
spectrophotometric techniques in the EBNL at Baylor University.  Analysis of these blood 
parameters will be used determine the levels of general markers of clinical health status, as well 
as stress, and inflammation.    
 
Resting ECG & Heart Rate. Resting ECGs will be performed by certified exercise physiologists 
in accordance to standard procedures described by the American College of Sports Medicine’s 
(ACSM) Guidelines for Exercise Testing and Prescription (6).  This will involve preparing the 
subject’s skin for placement of 10 ECG electrodes.  Electrode sites will be cleansed with a sterile 
alcohol gauze using a circular motion.  The site will be allowed to air dry or will be dried with a 
gauze pad.  Electrodes will then be placed on the right subclavicular fossa (RA), left 
subclavicular fossa (LA), right abdomen (RL), left abdomen (LL), 4th intercostals space at the 
right sternal border (V1), 4th intercostals space at the left sternal border (V2), equidistant between 
V2 and V4 (V3), 5th intercostal space at the midclavicular line (V4), 5th intercostal space at the 
anterior axillary line (V5), and 5th intercostals space at the axillarly line (V6) of the chest.  The 
subject will then be attached to a Quinton 710 ECG.  Heart rate and a 12-lead ECG will be 
obtained.   
 
Standard Warm Up Cycle Ergometer.  Systemic warm-up will be accomplished by cycling for 
five minutes on a Monark (Varberg, Sweden) cycle ergometer at 50 to 60 pedal revolutions per 
minute with a resistance of approximately 25 Watts.   
 
Speed/Power Tests.  All speed/power exercise tests will be supervised by certified lab assistants 
experienced in conducting strength/anaerobic exercise tests using standard procedures (6).  Speed 
testing will involve the subjects performing two 20 yard sprints after completing a standardized 
dynamic warm-up protocol.  Each subject will be given a one-minute rest in between bouts.  
Power will be assessed via vertical jump, which will involve the subjects completing three 
vertical jump attempts with 20 seconds rest between each bout.  Subjects will complete this test 
after completing a standardized warm-up. 
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Anaerobic Capacity Tests.  Subjects will perform a standardized Wingate cycle ergometer test to 
assess anaerobic capacity and power (7). This test will consist of having each participant sprint in 
an all out fashion on the bicycle ergometer for 30-sec against a standard workload of 0.075 kg/kg 
of body weight. This resistance is based on a pretest assessment of body mass and follows 
standard procedures of the Wingate Anaerobic Power test. During the test, each subject will begin 
pedaling at a slow, self-selected pace on the LODE (Amsterdam, The Netherlands) bicycle 
ergometer. The investigator will then give the subject a verbal 5 sec count down so that subjects 
will be pedaling at maximal speed by the end of the count down. This count down period is 
employed so that the subject can increase pedaling speed against a low resistance in order to 
overcome both the inertial and frictional resistance of the flywheel and shorten the time 
encompassed in the acceleration phase when full flywheel resistance was applied. After the 
countdown period, the workload will be applied. Subjects will be given verbal encouragement to 
perform to the best of their ability during each 30-sec sprint test. 
 

Profile of Mood States (POMS). It is hypothesized that the overtraining protocol may affect 
mood states of the subjects performing the training protocol. It may also be a possibility that the 
supplementation protocol can help the subjects tolerate training thereby enhancing mood states 
(8, 9). Mood changes will be assessed by the Profile of Moods States (POMS) Inventory.  The 
POMS is a validated, standardized self-rating scale consisting of 57 items that measures six 
identifiable mood states; Tension-Anxiety; Depression-Dejection; Anger-Hostility; Vigor-
Activity; Fatigue-Inertia; Confusion-Bewilderment.  A 5-point scale is used from 0 = not at all to 
4 = extremely (8, 9). Subjects will complete the POMS on each testing and training day of the 
study.  

 

Life Events Survey for Collegiate Athletes (LESCA). The Life Events Survey for Collegiate 
Athletes (LESCA), (10) a 69-item life events survey, measures life events experienced during the 
preceding 12 months. The survey is a checklist on which the participants indicated if they had 
experienced a life event during the preceding 12 months. The athletes then rated the impact of the 
events on an 8-point Likert type scale ranging from +4 (extremely positive) to -4 (extremely 
negative). The questionnaire provides three life-events scores, which include a negative life-event 
score, a positive life-event score, and a total life-event score. Test-retest reliability has been found 
to range from .76 to .84. (10) 

 
Fatigue Inventory Index. This index is a 15 question inventory to assess fatigue.  Fatigue is 
rated on a 10-point Likert scale ranging from 0 = no fatigue to 10 = very high fatigue.  Subjects 
rate their sensation of fatigue based on the fatigue experienced during the week preceding the 
questionnaire (11).     
 

Equipment   
 
Digital Scale.  Total body weight will be determined using a digital scale accurate to ±0.02 kg.  
The scale is calibrated by placing certified 25-kg weights and balancing the scale.  Other than 
general instructions, special skills are not required to measure body weight.   
 
Bioelectrical Impedance Analyzer (BIA).  The Xitron 4200 Bioelectrical Impedance Analyzer 
(San Diego, CA) which measures bio-resistance and body composition based on a minute low 
energy, high frequency current transmitted through the body from surface electrodes attached to 
standardized anatomical locations on the dorsal surface of the right hand and foot while the 
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subject lies motionless in a supine position. The analyzer is calibrated internally to a standard 
electrical current by pressing the calibration key located on the unit. A trained research assistant 
will perform this procedure.    
 
Dual-Energy X-Ray Absorptiometer (DEXA).  Body composition measurements will be 
determined by qualified personnel (in compliance with State Regulations) using a Discovery W 
dual energy x-ray absorptiometer (Waltman, MA). This system segments regions of the body 
(right arm, left arm, trunk, right leg, and left leg) into three compartments (i.e., bone mass, fat 
mass, and fat-free/soft tissue mass). Quality control (QC) calibration procedures will be 
performed on a spine phantom (Discovery W-CALIBER Model DPA/QDR-1 anthropometric 
spine phantom) prior to each testing session.  In addition, weekly calibration procedures will be 
performed on a density step calibration phantom.   

 
Mercurial Sphygmomanometer.  Blood pressure will be assessed by auscultation of the brachial 
artery using a mercurial sphygmomanometer using standard clinical procedures.     
 
Dietary Inventories.  Subjects will record all food and fluid intake on dietary record forms three 
weekdays and one weekend day prior to each testing session for the duration of the study to 
standardize nutritional intake.  Dietary intake will be assessed using the Food Processor IV 
Nutrition Software.   
 
Electrocardiogram.  Resting ECG will be assessed by attaching subjects to Quinton 710 ECG 
(Bothell, WA). 
 
Speed/Power Testing Equipment.  Times for the 20-yard sprint will be assessed by the Brower 
Wireless Sprint System (Draper, Utah).  Power will be assessed via vertical jump utilizing the 
VER-TEC (Cranston, RI). 
 
Anaerobic Capacity Testing. The anaerobic capacity tests (Wingate) will be performed on an 
LODE electronically braked bicycle ergometer (Amsterdam, The Netherlands) interfaced to a 
computer for data acquisition.   
 
Survey Completeion.  Questionnaires will be competed via SurveySolutions Pro (Perseus, 
Braintree, MA).  This is a single user platform for professional level survey projects requiring 
advanced survey functionality, multiple deployment options, and advanced reporting, 
SurveySolutions Pro allows users to create complex surveys, distribute them via the Web, email, 
or phone, automate survey response collection, and produce attractive presentations.  A 
disclaimer regarding the use of the internet in collecting research data has been included in the 
informed consent.   
 
Profile of Mood States (POMS). Mood changes will be assessed by the Profile of Moods States 
(POMS) Inventory.  

 

Life Events Survey for Collegiate Athletes (LESCA). Subjects will complete the LESCA to 
measure life events experienced during the preceding 12 months.  

 
Fatigue Inventory Index. Fatigue and its various subtypes will be examined via the 15 question 
Fatigue Inventory Index. 
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Subjects   
 
Recruitment     
 
Approximately 34 recreationally or athletically active female subjects between the ages 18 to 22 
will participate in this study.  Approximately 15 of the subjects will be from the Baylor 
University Women’s Softball Team.  Participants that are not members of the University Softball 
Team, will be recreationally active members recruited from the general student population.  
Additionally, subjects will have weight training experience and currently participate in resistance 
and cardiovascular exercise programs at least 3 times per week.   A recruitment flyer that will be 
posted on campus, on the Internet (http://www3.baylor.edu/HHPR/research/subjects/) and sent 
via campus mail is attached. 
 
Selection Criteria     
 
Subjects will not be allowed to participate in this study if they:    
 
1. have any metabolic disorder including known electrolyte abnormalities; heart disease, 

arrhythmias, diabetes, thyroid disease, or hypogonadism; a history of hypertension, 
hepatorenal, musculoskeletal, autoimmune, or neurological disease;   

2. are taking thyroid, hyperlipidemic, hypoglycemic, anti-hypertensive, or androgenic 
medications;   

3. have taken ergogenic levels of nutritional supplements that may affect muscle mass (e.g., 
creatine, HMB), anabolic/catabolic hormone levels (androstenedione, DHEA, etc), or weight 
loss (e.g., ephedra, thermogenics, etc) within 6 weeks prior to the start of the study 

4. report any unusual adverse events associated with this study that in consultation with the 
supervising physician recommends removal from the study.    

5. are pregnant or breastfeeding;  
6. have any known metabolic disorder including heart disease, arrhythmias, diabetes, thyroid 

disease, or hypogonadism;   
7. have any absolute or relative contraindication for exercise testing or prescription as outlined 

by the American College of Sports Medicine. 
 
Compensation or Incentives     
 
Subjects completing all familiarization and testing sessions and turning in all required materials 
(i.e., food and surveys) will be paid $150.  Subjects will also be given free fitness assessments 
during the course of the study as described above and may receive information regarding results 
of these tests if they desire.  If subjects are Baylor students, they will not receive any academic 
credit for participating in this study.  Subjects who are Baylor University athletes will not be 
eligible to receive compensation for their participation in the study.   

Potential Risks  

Subjects who meet eligibility criteria will be exposed to a low level of radiation during the DEXA 
body composition tests, which is similar to the amount of natural background radiation a person 
would receive in one month while living in Waco.  In addition, a very low level of electrical 
current will be passed through each subject’s body using a bioelectrical impedance analyzer. This 
analyzer is commercially available and has been used in the health care/fitness industry as a 
means to assess body composition and body water for over 20 years.  The use of the BIA and 
DEXA analyzers has been shown to be safe methods of assessing body composition and total 
body water and is approved by the FDA.  Subjects will donate about 4 teaspoons (20 milliliters) 
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of venous blood six (6) times during the study using standard phlebotomy procedures.   This 
procedure may cause a small amount of pain when the needle is inserted into the vein as well as 
some bleeding and bruising. The subject may also experience some dizziness, nausea, and/or faint 
if they are unaccustomed to having blood drawn.  The exercise tests that will be performed may 
cause symptoms of fatigue, shortness of breath, and/or muscular fatigue/discomfort.  The exercise 
tests may also cause short-term muscle soreness and moderate fatigue for several days following 
the tests.  Subjects may also experience muscle strains/pulls during the exercise testing and/or 
training program.  However, exercise testing sessions will be conducted by trained personnel and 
monitored to ensure the subjects follow appropriate exercise guidelines.  Researchers involved in 
collecting data represent trained, non-physician, certified exercise specialists, and rehabilitation 
specialists (Athletic Trainer Certified, Texas Licensed Athletic Trainer, American Society of 
Exercise Physiologies, Certified Exercise Physiologist, Certified Strength & Conditioning 
Specialists, and/or American College of Sports Medicine Health Fitness InstructorSM, Exercise 
TechnologistSM, Exercise SpecialistsSM ).  All personnel involved in collecting data will be 
certified in CPR, which is also a condition to holding these professional certifications.  A 
telephone and automated electronic defibrillator is in the laboratory in case of any emergencies, 
and there will be no less than two researchers working with subject during testing.  In the unlikely 
event of an emergency, one researcher will check for vital signs and begin any necessary 
interventions while the other researcher contacts Baylor’s campus police at extension 2222.  
Instructions for emergencies are posted above the phone in the event that any other research 
investigators are available for assistance.     

Potential Benefits     

The main benefit that the subject may obtain from this study is insight about their health and 
fitness status from the assessments to be performed.  However, even if no individual benefit is 
obtained, participating in this study will help to determine the impact that a NCAA Division-I 
softball season has upon female athletes.  Subjects who are not scholarship athletes will be 
financially compensated for their involvement. 

Assessment of Risk   

The greatest risk associated with participating in this study will be to participate in the sprint 
testing.  However, since the subjects to be used in this study will all be experienced runners or 
recreational athletes, these risks would be no different than the athletes participating in their own 
training programs.   

Confidentiality 

Information obtained from this research (including questionnaires, medical history, laboratory 
findings, or physical examination) will be kept confidential to the extent permitted by law.  
However, according FDA regulations, records will be open to FDA representatives to review if 
necessary.  This may include questionnaires, medical history, laboratory findings/reports, 
statistical data, and/or notes taken throughout this study.  Records of the research may also be 
subpoenaed by court order or may be inspected by federal regulatory authorities. Data derived 
from this study may be used in reports, presentations and publications. However, subjects will not 
be individually identified unless they give their written consent.  

Data Analysis, Presentation, & Publication. 

 

Data will be analyzed using group x time repeated measures analysis of variance (ANOVA) with 
SPSS for Windows Version 11 software (SPSS Inc., Chicago, IL).  Data will be considered 
significantly different when the probability of error was 0.05 or less.  Least significant differences 
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(LSD) post-hoc procedures will be performed when a significant interaction was observed.  Data 
will be presented at an appropriate scientific conference (e.g., American College of Sports 
Medicine, American Society of Exercise Physiologists, National Strength and Conditioning 
Association, etc.) and published in a peer reviewed scientific journal (e.g., Medicine & Science in 
Sport and Exercise, Journal of Exercise Physiology, Journal of Strength and Conditioning 
Research, etc.).    

 

Statement on Conflict of Interest    

 

Funding for this study will be obtained internally from the Department of HHPR.  Researchers 
involved in collecting data in this study have no financial or personal interest in the outcome of 
results or sponsors.     
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BAYLOR UNIVERSITY 

Department of Health, Human Performance, & Recreation 

Informed Consent Form 

 

 
Title of Investigation:   Are There Global Effects on Selected Performance, Psychological 

and Physiological Variables as a Result of a Division I 
Competitive Softball Season.   

 

Principal Investigator: Richard B. Kreider, PhD, EPC, FACSM, FASEP.  
    Exercise and Sport Nutrition Lab, Baylor University 

 
CoInvestigators:  Brandon Marcello, Ph.D. Candidate   
    Department of HHPR, Baylor University 
 
    Chris Rasmussen, M.S. CSCS, EPC, MX.    
  

Department of HHPR, Baylor University 
 

Mike Greenwood, Ph.D. 
Department of HHPR, Baylor University 
 
Rodney Bowden, Ph.D. 
Department of HHPR, Baylor University 

 
    Rafer Lutz, PhD 
    Department of HHPR, Baylor University 
 

Eric Robinson, PhD 
    Department of Educational Psychology,  

Baylor University 
 

Melyn Galbreath, MSN, FNP-C    
 Department of HHPR, Baylor University 

 
Ron Wilson, M.D.   

    Department of HHPR, Baylor University   
  
      
         

 Rationale: 
 

Overtraining syndrome is one of the most feared complications in competitive athletes and thus is 
of real interest in sports medicine and scientific research.  Overtraining corresponds to a loss of 
adaptability resulting in a well-known symptomatology: deterioration in performance, difficulty 
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to train and an absence of motivation, behavioral disorders (irritability, melancholy), sleeping 
disorders, difficult recovery, an increased occurrence of muscular accidents and higher sensitivity 
to infections.  Because of the need to determine what types of stressors athletes endure throughout 
their respective competitive seasons, the purpose of this study is to examine the acute and chronic 
effects of a competitive softball season on its respective players competing at the Division I level, 
and to determine if there are any global changes in performance, physiological and psychological 
variables which may indicate some type of overtraining syndrome. 
 
Description of the Study:   

 

I will be one of approximately 34 apparently healthy, trained, and recreationally or athletically 
active females between the ages 18 to 22 who will participate in this study.  During an initial 
familiarization session, I will be informed of the requirements of the study and sign an informed 
consent statement in compliance with the Human Subjects Guidelines of Baylor University and 
the American College of Sports Medicine. A trained individual will examine me to determine if I 
am qualified to participate in this study. I understand that if I qualify medically to participate in 
this study, I will need a letter from my personal physician providing medical clearance to 
participate in the study.  I understand that I will be familiarized to the study requirements and diet 
recording, be familiarized to the tests to be conducted during the study, and practice the exercise 
tests to be evaluated in this study.  I will also have a counseling session with a dietitian to discuss 
how to record food intake on dietary record logs. Additionally I will be instructed on how to 
access the psychological assessments via the internet. This session will take approximately 30 
minutes to complete. Once I complete the familiarization sessions, I will be scheduled for 
baseline testing.   
 

Prior to reporting to the lab for baseline testing, I will record all food that I eat on dietary record 
forms for four days (including one weekend day). I will not eat for 12 hours prior to reporting to 
the lab for baseline testing. Once reporting to the lab I will then undergo a battery of tests as 
described in Table 1.  I will fill out a radiation safety form, a Profile of Mood States (POMS), 
Life Events Survey for Athletes (LESCA), and a Fatigue Inventory Index.  I will keep a journal 
where I will record any adverse side effects and completed on a daily basis.  I will turn in said 
assessment form each week via phone, fax, or e-mail to report any adverse side effects.  I will 
then be weighed and have my total body water determined using a bioelectrical impedance 
analyzer (BIA).  The BIA analysis will involve lying down on my back on a table and having two 
small electrodes placed on my right hand and my right foot.  The analyzer wires will be attached 
and a small and safe current (500 micro-amps at a frequency of 5- kHz) will pass through my 
body so that the amount of water can be measured. This analyzer is commercially available and 
has been used in the health care/fitness industry as a means to assess body composition and body 
water for over 20 years. The use of this device has been approved by the Food and Drug 
Administration (FDA) to assess total body water and the current to be used has been deemed safe.     

 

My body composition and bone density will then be determined by using a Discovery W dual 
energy x-ray absorptiometer (DEXA). This will involve lying down on my back on the DEXA 
exam table in a pair of shorts or a gown for about 6 minutes.  I understand that a low dose of 
radiation will scan my entire body to determine the amount of fat weight, muscle weight, and 
bone weight. I understand that I will be exposed to an x-ray dose that is similar to the amount of 
natural background radiation a person would receive in one month while living in Waco.  After 
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this test, I will have resting blood pressure determined using a blood pressure cuff and 
stethoscope.       

 

I will then be prepared for a resting electrocardiogram (ECG). I will have my right and left 
shoulder, right and left part of my stomach, and several places around my upper chest and below 
my bra line rubbed with alcohol gauze.  I understand that 10 electrocardiograph (ECG) electrodes 
will then be placed on my shoulders, chest, and stomach and that I will be attached to an ECG to 
evaluate my heart.  I understand that heart rate, and ECG tracings will be monitored throughout 
the test.  This test will take about 10 minutes to complete.  During this test I will have resting 
heart rate monitored and recorded.   

 

I understand that I will then donate about 20 milliliters (4 teaspoons) of venous blood from a vein 
in my arm.  Blood samples will be obtained using standard/sterile procedures using a needle 
inserted into a vein in my arm.  I understand that personnel who will be taking my blood are 
experienced in phlebotomy (procedures to take blood samples) and are qualified to do so under 
guidelines established by the Texas Department of Health and Human Services.  This will take 
about 5-minutes. 

 

I will then perform a vertical jump test using standard procedures.  This will involve warming up 
and performing three successive vertical jumps until I determine my maximum jump height.  I 
will then rest for 5-minutes and then perform a 20 yard sprint test. This will involve warming-up 
and performing two maximal 20 yard sprints.  I will then rest 10 minutes and perform a 30-
second Wingate anaerobic capacity test on a Lode computerized cycle ergometer. These tests will 
help assess anaerobic exercise capacity and will take about 5 minutes to complete. In addition, I 
understand these tests will be repeated at 5 additional times throughout the duration of the study 
with the exception of the Wingate anaerobic capacity test which will be assessed again during the 
last two data collection points.  These tests will take about 15 minutes to complete.   

 

I understand that I will be required to call a research assistant on a weekly basis to describe my 
progress in the study as well as whether I have experienced any unexpected problems or adverse 
events from participating in this study.  If I don’t call in, I understand that the research assistant 
will call me.  I understand that if clinically significant side effects are reported, I will be referred 
to discuss the problem with Melyn Galbreath, MSN, FNP-C, a nurse practitioner with Exercise 
and Sport Nutrition Lab (ESNL) at Baylor University.  Upon her discretion, I may be referred to 
discuss the matter with Dr. Ron Wilson to determine whether any medical treatment is needed 
and/or whether I can continue in the study.  I understand that if I fail to report my progress and 
health status to the research assistant I may be removed from the study. 

 

I understand that following 3, 6, and 12 weeks, and at 2 other time points that coincide with the 
end of the competitive softball season, I will be scheduled to return to the lab to repeat some or all 
of the battery of tests as described in Table 1.  I agree to do my best to:  1) follow the instructions 
outline by the investigators; and 2) show up to all scheduled testing sessions. I agree not to take 
any other nutritional supplements or performance enhancing aids during this study (i.e., 
vitamins/minerals, creatine, HMB, androstenedione, DHEA, etc).  In addition, I agree not to take 
any non-medically prescribed medications and to report any medication that is prescribed for me 
to take during this study.  I understand that if I take any other nutritional supplements or 
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medications during the course of the study that may affect vitamin/mineral status, body 
composition, or strength that I may be removed from the study.     

 

Exclusionary Criteria: 

 

I understand that in order to participate in the study, a trained individual will examine me to 
determine whether I qualify to participate. I understand that I will not be allowed to participate in 
this study if: 1.) I am pregnant, become pregnant, or have a desire for pregnancy; 2.) I understand 
that I must be free of metabolic disorder including known electrolyte abnormalities; heart disease, 
arrhythmias, diabetes, thyroid disease, hypogonadism, etc.;3.) Have no history of hypertension, 
hepatorenal, musculoskeletal, autoimmune, or neurological disease or impairment; 4.) I 
understand that I can not be taking thyroid, hyperlipidemic, hypoglycemic, antidepressant, anti-
hypertensive, or androgenic medications; 5.) have taken ergogenic levels of select nutritional 
supplements that may affect muscle mass (e.g., creatine, HMB), anabolic/catabolic hormone 
levels (androstenedione, DHEA, etc), or weight loss (e.g., ephedra, thermogenics, etc) for 6 
weeks prior to the start of the study; and, 6.) report any unusual adverse events associated with 
this study that in consultation with the supervising physician recommends removal from the 
study.  I have reported all nutritional supplements, medically prescribed drugs, and non-medically 
prescribed drugs that I am presently taking. I have completed medical history questionnaires and 
am not aware of any additional medical problems that would prevent me from participating in this 
study.  I agree to report all changes in medical status, nutritional and/or pharmacological agents 
(drugs) that I take during the course of the investigation to Melyn Galbreath, MSN, FNP-C 
(254/710-7199).  I understand that if I experience any unexpected problems or adverse events 
from participating in this study I may be referred to discuss the problem with Melyn Galbreath, 
MSN, FNP-C who is a registered nurse within the Exercise and Sport Nutrition Laboratory at 
Baylor University.   Upon her discretion, I may be referred to discuss the matter with Dr. Ronald 
Wilson to determine whether any medical treatment is needed and/or whether I can continue in 
the study.    
 

Risks and Benefits: 

 

I understand that I will be exposed to a low level of radiation during the DEXA body composition 
tests, which is similar to the amount of natural background radiation a person would receive in 
one month while living in Waco.  In addition, a very low level of electrical current will be passed 
through my body using a bioelectrical impedance analyzer. This analyzer is commercially 
available and has been used in the health care/fitness industry as a means to assess body 
composition and body water for over 20 years.  The use of the BIA and DEXA analyzers has 
been shown to be safe methods of assessing body composition and total body water and is 
approved by the FDA.  I also understand that I will have about 4 teaspoons (20 milliliters) of 
blood drawn from a vein in my forearm using a sterile needle and blood tubes by an experienced 
phlebotomist six (6) times during this study.  This procedure may cause a small amount of pain 
when the needle is inserted into my vein as well as some bleeding and bruising.  I may also 
experience some dizziness, nausea, and/or faint if I am unaccustomed to having blood drawn.  
The exercise tests that will be performed in the study may cause symptoms of fatigue, shortness 
of breath, and/or muscular fatigue/discomfort.  I understand that I may also experience muscle 
strains/pulls during the exercise testing.  However, these risks will be similar to the risk of 
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participating in activities of daily living or a normal exercise program.  The diet inventories, 
POMS, LESCA, Fatigue inventory index, and anthropometric procedures pose no risk to me.   

Researchers involved in collecting data represent trained, non-physician, certified exercise 
specialists, and rehabilitation specialists (Athletic Trainer Certified, Texas Licensed Athletic 
Trainer, American Society of Exercise Physiologies, Certified Exercise Physiologist, Certified 
Strength & Conditioning Specialists, and/or American College of Sports Medicine Health Fitness 
InstructorSM, Exercise TechnologistSM, Exercise SpecialistsSM ).  All personnel involved in 
collecting data will be certified in CPR, which is also a condition to holding these professional 
certifications.  A telephone and automated electronic defibrillator is in the laboratory in case of 
any emergencies, and there will be no less than two researchers working with subject during 
testing.  In the unlikely event of an emergency, one researcher will check for vital signs and begin 
any necessary interventions while the other researcher contacts Baylor’s campus police at 
extension 2222.  Instructions for emergencies are posted above the phone in the event that any 
other research investigators are available for assistance.     

I understand that the main benefit I may obtain from this study is that I may gain insight about my 
health and fitness status from the assessments to be performed.  However, even if no individual 
benefit is obtained, participating in this study will help to determine the impact that a NCAA 
Division-I softball season has upon female athletes.    

 

Alternative Treatments: 

 

I understand that this is not a medical treatment. Therefore, if medical treatment is needed, I must 
continue to obtain treatment for any medical problem I might have from my personal physician. 

 

Costs and Payments: 

 

I understand that if I am a Baylor University student, I will not receive any academic credit for 
participating in this study. I understand that if I am an intercollegiate scholarship athlete I may 
not be eligible to receive payment to participate in this study. I understand that eligible subjects 
will be paid $100 for completing the familiarization and experimental testing sessions with all 
support documentation. I also understand that I will be given free exercise assessments during the 
course of the study as described above and may receive information regarding results of these 
tests if I desire. 

 

New Information: 

 

I understand that any new information obtained during the course of this research that may affect 
my willingness to continue participation in this study will be provided to me. In addition, I will be 
informed of any unusual/abnormal clinical findings in which medical referral to my personal 
physician may be warranted. If I desire, I may request that this information be provided to my 
physician. 

 

Confidentiality: 
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I understand that any information obtained about me in this research, including questionnaires, 
medical history, laboratory findings, or physical examination will be kept confidential to the 
extent permitted by law.  However, I understand in order to ensure that FDA regulations are being 
followed, it may be necessary for a representative of the FDA to review my records from this 
study which may include questionnaires, medical history, laboratory findings/reports, statistical 
data, and/or notes taken about my participation in this study. In addition, I understand that my 
records of this research may be subpoenaed by court order or may be inspected by federal 
regulatory authorities. I understand that data derived may be used in reports, presentations, and 
publications.  However, I will not be individually identified unless my consent is granted in 
writing.  Additionally, that confidentiality will be maintained by assigning code numbers to my 
files, limiting access to data to research assistants, locking cabinets that store data, and providing 
passwords to limit access to computer files to authorized personnel only. I understand that once 
blood samples are analyzed that they will be discarded. 

 
Disclaimer for Use of The Internet In Collecting Research Data:  
 
I am aware that electronic communication may be subject to interception, legally by your 
employer or illegally by another party, while the information is in transit. Therefore, I 
understand that it is possible that my information might be seen by another party and I 
cannot control whether that happens. Although none of the information requested is of a 
personal nature, if I am concerned about my data security, I may print the e-mail, fill out 
the answers by hand, remove information from headers, etc. that identifies me as the 
respondent and mail the completed survey to the following address:  
 
Brandon Marcello 
Exercise & Sport Nutrition Laboratory 
Center for Exercise, Nutrition, & Preventive Health Research 
Department of Health, Human Performance, & Recreation 
Baylor University 
P.O. Box 97313 
Waco, Texas  76798 
 

Right to Withdrawal: 

 

I understand that I am not required to participate in this study and I am free to refuse to 
participate or to withdraw from the study at any time. Further, that my decision to withdraw from 
the study will not affect my care at this institution or cause a loss of benefits to which I might be 
otherwise entitled.  If there is concern about my medical safety, I may be referred to seek medical 
attention. 

 

Compensation for Illness or Injury: 

 

I understand that if I am injured as a direct result of taking part in this study, I should consult my 
personal physician to obtain treatment. I understand that the cost associated with the care and 
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treatment of such injury will be the responsibility of me or my insurance carrier.  In some cases, 
insurers may not reimburse claims submitted for a research-related injury resulting from medical 
procedures or treatments performed as part of a research study.  I understand that Baylor 
University, the investigator’s institutions, and the grant sponsor have not budgeted funds to 
compensate me for injury or illness that may result from my participation in this study and thus 
will not be accountable for illness or injury acquired during the course of this study.   However, I 
may be referred to my personal physician if any clinically significant medical/psychological 
findings are observed during the course of this study. 

 

I AGREE TO INDEMNIFY AND HOLD HARMLESS BAYLOR UNIVERSITY, ITS 
OFFICERS, DIRECTORS, FACULTY, EMPLOYEES, AND STUDENTS FOR ANY AND 
ALL CLAIMS FOR ANY INJURY, DAMAGE OR LOSS I SUFFER AS A RESULT OF 
MY PARTICIPATION IN THIS STUDY REGARDLESS OF THE CAUSE OF MY 
INJURY, DAMAGE OR LOSS. 

  

Statement of Conflict of Interest: 

 

I understand that funding for this study will be obtained internally from the Department of HHPR.  
I understand that researchers involved in collecting data in this study have no financial or 
personal interest in the outcome of results or sponsors. 

 

Voluntary Consent: 

     

I certify that I have read this consent form or it has been read to me and that I understand the 
contents and that any questions that I have pertaining to the research have been, or will be 
answered by Richard B. Kreider, PhD, EPC, FACSM, FASEP. , Department of Health, Human 
Performance & Recreation, 106 Marrs McLean Gymnasium, Baylor University, phone: 254/710-
7199) or one of the research associates. My signature below means that I am at least 18 years of 
age and that I freely agree to participate in this investigation. I understand that I will be given a 
copy of this consent form for my records.  If I have any questions regarding my rights as a 
research subject in this study, I may contact Baylor's University Committee for Protection of 
Human Subjects in Research. The chairman is Dr. Matt Stanford, Professor of Psychology and 
Neuroscience, BSB A320, P.O. Box 97334, Waco, TX 76798-7334, phone number 254-710-
2236. 
 

Date ________________   Subject's Signature _________________________________ 

 

I certify that I have explained to the above individual the nature and purpose of the potential 
benefits and possible risks associated with participation in this study. I have answered any 
questions that have been raised and have witnessed the above signature. I have explained the 
above to the volunteer on the date stated on this consent form. 

 

Date ________________ Investigator'sSignatu________________________________ 
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Part 5:  Informed Consent Form Checklist 

When using humans as subjects in research you must obtain their informed consent.  Check each 
of the following items as they appear on your Informed Consent Form and include this checklist 
with your protocol:    

 

_X_ (a) A statement explaining the purpose of the research.   

 

_ X_(b) A statement of the expected duration of the subject's participation.   

 

_ X_(c) A description of the procedures to be followed.   

 

_ X_(d) A description of any reasonable foreseeable risks or discomforts to the subject,  

  including invasion of privacy.   

 

_X _(e) A description of any benefits resulting from the research, either to the subject or to  

   others.   

 

N/A (f) A statement that informs subject of his/her right not to be a subject in a research project 

  that is also a teaching exercise.   

 

_X _(g) A statement informing subject about how his/her anonymity will be guarded; i.e., that  

    their confidentiality will be protected by assigned code numbers, by limitations of who  

    has access to data, by data storage in locked cabinets, by locked computer files, etc.   

 

_X_ (h) A statement that the subject's participation is voluntary, and that his/her refusal to  

   participate will involve no penalty or loss of benefits to which the subject is otherwise  

   entitled, and that the subject may discontinue participation at any time without penalty  

   or loss of benefits to which the subject is otherwise entitled.   

 

_X_  (i) A disclaimer, if applicable, regarding the use of the Internet to collect data.   

 

__X_(j) For research involving more than minimal risk, an explanation regarding the availability 

of any compensation or any medical treatments if injury occurs (if applicable, see  

OHRP Reports).   

 



138 

 

__X_(k) If written informed consent is required, a place for the subject to sign and date the form 

  and a statement that a copy of the signed consent form will be given to the subject for 

  his/her records.   

 

N/A (l) If the subject is a minor, a statement of parental responsibility in consenting to the child's 

 participation in the study with a place for the parent to sign and date the form in addition 

 to the participant's signature.   

 

__X_(m) Include a short summary of your expertise related to this research proposal.   

 

__X_ (n) The name, address, and telephone number of the principal investigator of the research  

    project, and his/her affiliation with Baylor University.  If the principal investigator is a  

    graduate student, the name and telephone number of the faculty advisor is also  

    required.   

 

__X__(o) A statement informing subject that inquiries regarding his/her rights as a subject, or  

 any other aspect of the research as it relates to his/her participation as a subject, can be  

 directed to Baylor's University Committee for Protection of Human Subjects in Research.  
The 

 chairman is Dr. Ken Wilkins, Associate Dean Graduate Studies and Research, Graduate 
School,  

 PO Box 97264, Waco, Texas 76798, phone number 254-710-3582. 
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APPENDIX D 
 

Medical History Questionnaire 
 

BAYLOR UNIVERSITY 
ESNL 

Medical History Inventory 
 
Directions.  The purpose of this questionnaire is to enable the staff of the Exercise and 
Sport Sciences Laboratory to evaluate your health and fitness status.  Please answer the 
following questions to the best of your knowledge.  All information given is 
CONFIDENTIAL as described in the Informed Consent Statement. 
  
Name: ____________________________________________ Age: _____ 
 
Date of Birth: _______________ 
 
Name and Address of Your Physician: ________________________________________ 
 
MEDICAL HISTORY 
Do you have or have you ever had any of the following conditions? (Please write the date 
when you had the condition in blank). 
 
____ Heart murmur, clicks, or other cardiac findings? ____ Asthma/breathing difficulty?  
____       Frequent extra, skipped, or rapid heartbeats?  ____ Bronchitis/Chest Cold? 
____ Chest Pain of Angina (with or without exertion)? ____   Cancer, Melanoma/Skin Lesions? 
____ High cholesterol?     ____ Stroke or Blood Clots? 
____ Diagnosed high blood pressure?   ____ Emphysema/lung disease? 
____ Heart attack or any cardiac surgery?  ____ Epilepsy/seizures? 
____ Leg cramps (during exercise)?   ____ Rheumatic fever? 

 ____ Chronic swollen ankles?    ____ Scarlet fever? 
____ Varicose veins?     ____ Ulcers? 
____ Frequent dizziness/fainting?   ____ Pneumonia? 
____ Muscle or joint problems?    ____ Anemias? 
____ High blood sugar/diabetes?   ____ Liver or kidney disease? 
____ Thyroid Disease?     ____ Autoimmune disease? 
____ Low testosterone/hypogonadism?   ____ Nerve disease? 
____ Glaucoma?     ____ Psychological Disorders? 
 
Do you have or have you been diagnosed with any other medical condition not listed?  
________________________________________________________________________ 
________________________________________________________________________ 
 
Please provide any additional comments/explanations of your current or past medical 
history.  
________________________________________________________________________ 
________________________________________________________________________ 
 
 
Please list any recent surgery (i.e., type, dates etc.).  
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________________________________________________________________________ 
________________________________________________________________________ 
 
List all prescribed/non-prescription medications and nutritional supplements you have 
taken in the last 3 months.  
 
 
 
What was the date of your last complete medical exam?  
 
Do you know of any medical problem that might make it dangerous or unwise for you to 
participate in this study? (Including strength and maximal exercise tests)  ____ If yes, 
please explain: 
________________________________________________________________________
______________  
 
Recommendation for Participation 
 
____ No exclusion criteria presented. Participant is cleared to participate in the study. 
 
____ Exclusion criteria is/are present. Participant is not cleared to participate in the 

study. 
 
Signed: ___________________________________ Date: ________________________ 
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APPENDIX E 
 

Subject Recruitment Announcement 
 
                                                                      

 
 Need $150.00? 

 

 Female Subjects Needed for a Training Study    
 

Researchers in the Exercise & Sport Nutrition Lab at 
Baylor University are recruiting 18 women who are 

between the ages of 18 and 22 and are recreationally 
or athletically active to participate in a study designed 
to evaluate the potential differences between active 

student and their athletic counterparts as a result of a 
competitive sport season.  Subjects will be required to 

participate in six testing sessions during a 18-week 
period.   Eligible subjects will receive $150 for 

completing the study and free exercise tests and 
nutritional counseling. 

 
For more information call:   

 
Exercise & Sport Nutrition Lab Department of HHPR   

Rena Marrs McLean Gymnasium Room 122  
    (254) 710-7199 
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APPENDIX F 
 

Personal Information Sheet 
 

 
Baylor University 

Exercise and Sport Nutrition Laboratory 
  
 Personal Information 

 
Name:                                                                                                                                                   
 
Address:                                                                                                                                                   
 
City:                                        State:                Zip Code              SS# _______________ 
 
Home Phone:     (      )                      Work Phone: (      )                                                     
 
Beeper:  (      )                             Cellular (      )                              
 
Fax:  (      )                             email address: ___________________ 
 
Birth date:            /            /              Age:                  Height:                Weight:                 
 

Exercise & Supplement History/Activity Questionnaire 
1. Describe your typical occupational activities. 

 
 

2. Describe your typical recreational activities 
 
 

3. Describe any exercise training that you routinely participate.  
 
 

4. How many days per week do you exercise/participate in these activities? 
 
 

5. How many hours per week do you train? 
 
 

6. How long (years/months) have you been consistently training? 
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APPENDIX G 
 

Data Collection Form 
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APPENDIX H 
 

Dietary Recall Sheet 
 

 
Baylor University 

Exercise & Sport Nutrition Laboratory 
 
NAME __________________________________ Date _________________________   
 
INSTRUCTIONS 
1.    Record everything you eat for 1 day (24 hours) prior to the resistance exercise 

session.  If you eat pretzels, record how many.  If you eat a bag of chips, record the 
number of ounces.  For drinks, record the number of cups or ounces. Record 
everything you drink except water. 

2.    Record the Food, Amount, Brand Name, and Preparation Methods. For example:  
baked vs. fried chicken; 1 cup of rice; 2 teaspoons of margarine; 1 cup of 2% milk; 
McDonald’s, Healthy Choice, or Frosted Flakes.   

3.    Record immediately after eating.  Waiting until that night may make it difficult to 
remember all foods and quantities. 

 
Food (include brand)   Method of Preparation        Quantity (cups, oz., no.)  
BREAKFAST: 
                                                                                                      _______________________                                   

                                                                                    _______________________                                   

                                                                                                  _______________________                                   

 
LUNCH: 
                                                                                                  _______________________                                   

                                                                                                  _______________________                                   

                                                                                                  _______________________                                   

                                                                                                  _______________________                                   

 
DINNER: 
                                                                                                    _______________________                                   
                                                                                                  _______________________                                   

                                                                                                    _______________________                                   

                                                                                                  _______________________                                   

                                                                                                   _______________________                                   

 
SNACKS: 
                                                                                                   _______________________                                   
                                                                                            _______________________                                   

                                                                                            _______________________    
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APPENDIX I 

 
Profile of Mood States (POMS) 
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APPENDIX J 
 

Fatigue Index 
 

Name __________________________                                            Baylor University 
Date ___________________________                             Exercise & Sport Nutrition Laboratory 
 

Fatigue Inventory Index 
 
Directions: Rate the following inventories of fatigue you experienced during the last week of training based on a 0 to 10 point scale where 0 represents none and   10 

represents the highest level. 
                                                           Circle Your Response 

None                            Low                       Moderate                   High                    Very High 
1. I feel mentally fatigued?    0 1 2 3 4 5 6 7 8 9 10 
2. I feel physically fatigued?    0 1 2 3 4 5 6 7 8 9 10 
3. My arms and shoulders are fatigued?     0 1 2 3 4 5 6 7   8 9 10 
4. My legs are fatigued?    0 1 2 3 4 5 6 7 8 9 10 
5. My heart and lungs are fatigued?    0 1 2 3 4 5 6 7 8 9 10 
6. I generally feel tired?    0 1 2 3 4 5 6 7 8 9 10 
7. I have a positive attitude towards  practice/training? 0 1 2 3 4 5 6 7 8 9 10 
8. I feel ready to perform at my personal best?   0 1 2 3 4 5 6 7 8 9 10 
9. I feel strong physically?    0 1 2 3 4 5 6 7 8 9 10 
10. I feel overtrained?       0 1 2 3 4 5 6 7 8 9 10 
11. I feel overwhelmed by my school work?  0 1 2 3 4 5 6 7 8 9 10 
12. My personal/social life is stressful?   0 1 2 3 4 5 6 7 8 9 10 
13. My family life is stressful?      0 1 2 3 4 5 6 7 8 9 10 
14. I am tired of school?    0 1 2 3 4 5 6 7 8 9 10 
15. I feel like I will never get caught up?     0 1 2 3 4 5 6 7 8 9 10 
Please describe any other factor which may have affected my perception of physical and/or mental fatigue last week.  144
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APPENDIX K 
 

Life Events Survey for College Athletes (LESCA) 
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APPENDIX L 
 

Weekly Follow-Up Assessment 
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GLOSSARY 
 

 
 
 ALT  Alanine aminotransferase (ALT) is an intracellular 

enzyme involved in amino acid and carbohydrate 
metabolism. It is present in high concentrations in 
muscle, liver, and brain. An increased level of this 
enzyme in the blood indicates necrosis or disease in 
these tissues. Its measurement is most commonly 
used as part of the differential diagnosis of liver 
disease (e.g., hepatitis) and in the tracking of the 
course of the disease process. This enzyme was 
formerly called serum glutamic pyruvic 
transaminase (SGPT) or glutamic-pyruvic 
transaminase (Taber's electronic medical 
dictionary2001). 

 
Albumin One of a group of simple proteins widely distributed 

in plant and animal tissues; it is found in the blood 
as serum albumin, in milk as lactalbumin, and in the 
white of egg as ovalbumin. In the blood, albumin 
acts as a carrier molecule and helps to maintain 
blood volume and blood pressure. In humans, the 
principal function of albumin is to provide colloid 
osmotic pressure, preventing plasma loss from the 
capillaries (Taber's electronic medical 
dictionary2001). 

 
ALP Alkaline phosphatase (ALP) is an enzyme, present 

in the liver, kidneys, intestines, teeth, plasma, and 
developing bone. Alkaline phosphatase levels 
greater than 300% of normal usually signify 
cholestatic disorders like obstructive jaundice or 
intrahepatic biliary disease (Taber's electronic 
medical dictionary2001). 

 
AST Aspartate aminotransferase AST is an intracellular 

enzyme involved in amino acid and carbohydrate 
metabolism. It is present in high concentrations in 
muscle, liver, and brain. An increased level of this 
enzyme in the blood indicates necrosis or disease in 
these tissues. Formerly called serum glutamic-
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oxaloacetic transaminase (SGOT) or glutamic-
oxaloacetic transaminase (Taber's electronic 
medical dictionary2001). 

 
Basophils     One type of granulocytic white blood cell.  

Basophils make up less than 1% of all leukocytes 
but are essential to the nonspecific immune 
response to inflammation because of their role in 
releasing histamine and other chemicals that dilate 
blood vessels. 

 
BUN Blood Urea Nitrogen (BUN) relates to the content 

of nitrogen in the blood in the form of urea, the 
metabolic product of the breakdown of amino acids 
used for energy production. The normal 
concentration is about 8 to 18 mg/dl. The level of 
urea in the blood provides a rough estimate of 
kidney function (Taber's electronic medical 
dictionary2001). 

 
Bone Mineral Content The unit of measure used to express bone mass 

(Roche, Heymsfield, & Lohman, 1996). 
 
BUN:Creatinine Used to predict which conditions, such as 

dehydration, may be causing abnormal BUN and 
creatinine levels and decreased kidney function 
(Taber's electronic medical dictionary2001). 

 
Competitive softball season  The length of an institution’s playing season in 

softball shall be limited to a 132-day season, which 
may consist of two segments (each consisting of 
consecutive days)and which may exclude only 
required off days per Bylaw 17.1.5.4 and official 
vacation, holiday and final-examination periods 
during which no practice or competition shall occur 
(NCAA division I manual.2005). 

 
Cortisol A glucocortical hormone of the adrenal cortex, 

usually referred to pharmaceutically as 
hydrocortisone. It is closely related to cortisone in 
its physiological effects (Taber's electronic medical 
dictionary2001). 

 
Creatine Kinase An enzyme that catalyzes the reversible transfer of 

high-energy phosphate between creatine and 
phosphocreatine and between adenosine 
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diphosphate (ADP) and adenosine triphosphate 
(ATP). Different isoforms predominate in different 
tissues (skeletal muscle [CK-MM], cardiac muscle 
[CK-MB], and the brain [CK-BB]), aiding in 
differential diagnosis of conditions in which this 
enzyme is present in the bloodstream (Taber's 
electronic medical dictionary2001). 

 
Creatinine The decomposition product of the metabolism of 

phosphocreatine, a source of energy for muscle 
contraction (Taber's electronic medical 
dictionary2001). 

 
Cytokine  One of more than 100 distinct proteins produced 

primarily by white blood cells. They provide signals 
to regulate immunological aspects of cell growth 
and function during both inflammation and specific 
immune response. Each cytokine is secreted by a 
specific cell in response to a specific stimulus, 
diagnosis and management of a variety of illnesses 
(Taber's electronic medical dictionary2001). 

 
Diastolic Blood Pressure The blood pressure when the ventricles of the heart 

are filling with blood (Taber's electronic medical 
dictionary2001). 

 
Division-I Division I member institutions have to sponsor at 

least seven sports for men and seven for women (or 
six for men and eight for women) with two team 
sports for each gender. Each playing season has to 
be represented by each gender as well. There are 
contest and participant minimums for each sport, as 
well as scheduling criteria. For sports other than 
football and basketball, Div. I schools must play 
100% of the minimum number of contests against 
Div. I opponents -- anything over the minimum 
number of games has to be 50% Div. I. Men's and 
women's basketball teams have to play all but two 
games against Div. I teams, for men, they must play 
1/3 of all their contests in the home arena. Schools 
that have football are classified as Div. I-A or I-AA. 
I-A football schools are usually fairly elaborate 
programs. Div. I-A teams have to meet minimum 
attendance requirements (17,000 people in 
attendance per home game, OR 20,000 average of 
all football games in the last four years or, 30,000 
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permanent seats in their stadium and average 17,000 
per home game or 20,000 average of all football 
games in the last four years OR, be in a member 
conference in which at least six conference 
members sponsor football or more than half of 
football schools meet attendance criterion. Div. I-
AA teams do not need to meet minimum attendance 
requirements. Div. I schools must meet minimum 
financial aid awards for their athletics program, and 
there are maximum financial aid awards for each 
sport that a Div. I school cannot exceed (NCAA 
division I manual.2005). 

 
Eosinophil   Make up 1% to 3% of the white cell count. They 

contribute to the destruction of parasites and to 
allergic reactions by releasing chemical mediators 
such as histamine (Taber's electronic medical 
dictionary2001). 

 
Extra-Cellular Fluid  All body fluid outside cells, including tissue fluid, 

plasma, and lymph (Taber's electronic medical 
dictionary2001).  

 
Fat Free Mass This refers to all portions of body tissues not 

containing fat. These tissues include all skeletal 
bones and muscles, skin, organs, and body water, as 
well as hair, blood, and lymph (Roche et al., 1996). 

 
Fat Mass  The mass of the body that consists of fat (Roche et 

al., 1996). 
 
GGT Gamma Glutamyl Transferase (GGT) is an enzyme 

present in the liver and biliary tree that is used to 
diagnose liver, gallbladder, and pancreatic diseases 
(Taber's electronic medical dictionary2001). 

 
Hematocrit   The volume of erythrocytes packed by 

centrifugation in a given volume of blood. The 
hematocrit is expressed as the percentage of total 
blood volume that consists of erythrocytes or as the 
volume in cubic centimeters of erythrocytes packed 
by centrifugation of blood (Taber's electronic 
medical dictionary2001). 
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Hemoglobin The iron-containing pigment of red blood cells that 
carries oxygen from the lungs to the tissues (Taber's 
electronic medical dictionary2001). 

 
Interleukin-6 (IL-6)  A cytokine produced by T lymphocytes that 

stimulates movement of monocytes, CD4+ T cells, 
and eosinophils to the area. It was previously 
known as lymphocyte chemoattractant factor 
(Taber's electronic medical dictionary2001). 

 
Intra-Cellular Fluid Fluid within cells, about two thirds of the total body 

water (Taber's electronic medical dictionary2001). 
 
LDH  Lactate dehydrogenase is an enzyme that catalyzes 

the oxidation of lactate. It is found in a variety of 
tissues (lung, kidney, heart, liver, blood) in slightly 
different forms called isoenzymes. Detection of 
these isoenzymes in the bloodstream is used in the  

 
Lean Body Mass  The mass of the body minus the fat (storage lipid). 

There are a number of methods for determining the 
lean body mass (Roche et al., 1996). 

 
Lymphocyte White blood cells responsible for much of the 

body's immune protection. Fewer than 1% are 
present in the circulating blood; the rest lie in the 
lymph nodes, spleen, and other lymphoid organs, 
where they can maximize contact with foreign 
antigens (Taber's electronic medical 
dictionary2001). 

 
MCH   Mean corpuscular hemoglobin is the hemoglobin 

content of the average red blood cell, usually 
expressed in picograms per red cell and calculated 
by multiplying the number of grams of 
hemoglobin/100 ml by 10 and dividing by the red 
cell count (Taber's electronic medical 
dictionary2001). 

 
MCHC Mean corpuscular hemoglobin concentration is the 

average concentration of hemoglobin in a given 
volume (usually 100 ml) of packed red blood cells, 
obtained by multiplying the number of grams of 
hemoglobin in the unit volume by 100 and dividing 
by the hematocrit. 
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MCV Mean corpuscular volume is the mean volume of an 
average erythrocyte (Taber's electronic medical 
dictionary2001). 

 
Mean Power  The average power during the entire 30 second 

Wingate test.  It mainly reflects the ability to 
transform energy from the anaerobic glycolytic 
pathway (Adams, 2002). 

 
Monocytes  A mononuclear phagocytic white blood cell derived 

from myeloid stem cells. Monocytes circulate in the 
bloodstream for about 24 hr and then move into 
tissues, at which point they mature into acrophages, 
which are long lived. Monocytes and macrophages 
are one of the first lines of defense in the 
inflammatory process (Taber's electronic medical 
dictionary2001). 

 
NCAA The National Collegiate Athletic Association, which 

serves as a governing body for collegiate athletics 
for the member institutions.  Their purpose is to 
govern competition in a fair, safe, equitable and 
sportsmanlike manner, and to integrate 
intercollegiate athletics into higher education so that 
the educational experience of the student-athlete is 
paramount (NCAA division I manual.2005). 

 
Neutrophil A granular white blood cell, the most common type 

(55% to 70%) of WBC. Neutrophils are responsible 
for much of the body's protection against infection. 
They play a primary role in inflammation, are 
readily attracted to foreign antigens (chemotaxis), 
and destroy them by phagocytosis (Taber's 
electronic medical dictionary2001). 

 
Overreaching An accumulation of training and/or non-training 

stress resulting in short-term decrement in 
performance capacity with or without related 
physiological and psychological signs and 
symptoms of overtraining in which restoration of 
performance capacity may take from several days to 
several weeks (Kreider et al., 1998). 

 
Overtraining  An accumulation of training and/or non-training 

stress resulting in long-term decrement in 
performance capacity with or without related 
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physiological and psychological signs and 
symptoms of overtraining in which restoration of 
performance capacity may take several weeks or 
months (Kreider et al., 1998). 

 
Peak Power The highest power level averaged usually over the a 

5 second period of the wingate test.  It reflects the 
participant’s ability to use the phosphagenic system 
at a rapid rate. 

 
Percent Body Fat  The percent of the human body that consists of fat 

(Roche et al., 1996). 
 
PR Interval  In the electrocardiogram, the period between the 

onset of the P wave and the beginning of the QRS 
complex (Taber's electronic medical 
dictionary2001). 

 
QRS Complex  In the electrocardiogram, the interval that denotes 

depolarization of the ventricles, between the 
beginning of the Q wave and the end of the S wave 
(Taber's electronic medical dictionary2001). 

 
QT Interval  The representation on the electrocardiogram of 

ventricular depolarization and repolarization, 
beginning with the QRS complex and ending with 
the T wave (Taber's electronic medical 
dictionary2001). 

 
Rate of Fatigue  Indicates the decrease in power form the peak 

power to lowest reported power value (Adams, 
2002). 

 
Recovery  A training principle that focuses on identifying 

strategies that athletes can use to minimize and 
manage residual fatigue from training and 
competition.  The resulting performance benefits 
reported are threefold.  By minimizing the effects of 
residual training fatigue, appropriate recovery 
strategies will: Accelerate adaptation to the training 
stimuli, improve performances, and minimize and 
eliminate non-adaptive responses to training and 
performance (Calder, 2001).  

 
Red Blood Cell  The most common type of blood cell and they are 

the body's principal means of delivering oxygen 
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from the lungs to body tissues via the blood 
(Taber's electronic medical dictionary2001). 

 
Relative Peak Power  Peak power divided by body mass (Adams, 2002). 
 
Systolic Blood Pressure  Blood pressure during contraction of the ventricles 

(Taber's electronic medical dictionary2001). 
 
Testosterone  A steroid hormone from the androgen group. 

Testosterone is primarily secreted in the testes of 
males and the ovaries of females although small 
amounts are secreted by the adrenal glands. It is the 
principal male sex hormone and an anabolic steroid. 
In both males and females, it plays key roles in 
health and well-being. Examples include enhanced 
libido, energy, immune function, and protection 
against osteoporosis (Taber's electronic medical 
dictionary2001). 

 
Total Protein This is a test that measures the total amount of 

protein in serum (Taber's electronic medical 
dictionary2001). 

 
Uric Acid  A crystalline acid occurring as an end product of 

purine metabolism. It is formed from purine bases 
derived from nucleic acids (DNA and RNA) 
(Taber's electronic medical dictionary2001). 

 
White Blood Cell  Cells which form a component of the blood. They 

are produced in the bone marrow and help to defend 
the body against infectious disease and foreign 
materials as part of the immune system (Taber's 
electronic medical dictionary2001). 
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