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ABSTRACT
The Effects of a Baseball Season on Various Body Composition Measurements and
Assessment of Dietary Intake in NCAA DI Baseball Players
Jordan Marthens

Despite the known importance of body composition in relation to performance and health
of athletes, this study appears to be the first, or one of very few, to evaluate body
composition measures from the beginning to end of season for NCAA DI collegiate
baseball players and assess their dietary intake. Baseball players from the 2015-2019
seasons were included in the study (n=78; age=19.8±1.28). DXA scans performed at the
start and end of season were analyzed and 3-day food records analyzed via ESHA
software were utilized to assess dietary intake. Groups were stratified to examine
differences in players’ positions (Pitchers vs. Position Players) and first-year status
effects (Freshman/Transfer vs. Sophomore/Junior/Seniors). Based on the study’s
findings, body mass and lean body mass significantly decreased from the beginning to
end of season for the overall team (p= 0.002; 0.026). Position Players exhibited a
significant decline in body mass, region percent fat, and fat mass (p=0.00, 0.014, and
0.021, respectively) while Pitchers did not demonstrate any significant changes. Firstyear players experienced an increase in visceral adipose tissue volume and visceral
adipose tissue mass (p= 0.004, 0.004) and Sophomore/Junior/Seniors group
experienced a significant decrease in body mass, region % fat, and fat mass from the
beginning to end of season (p=0.00, 0.017, and 0.023, respectively). The team on
average consumed 6% less than the recommended value for protein, 36% less than
recommendation for carbohydrate and 10% above the recommended intake amount was
determined for fat. Overall, the team consumed 18% less than their estimated total
calorie recommended goal. We believe the study presents interesting findings that may
be helpful for collegiate baseball programs, and potentially athletes in similar sports, to
improve the performance, development and health of young student athletes.
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Chapter 1
INTRODUCTION
Success of a baseball athlete is evaluated by performance measures (i.e. speed,
grip-strength, vertical jump etc.) and in-game statistics (i.e. homeruns, runs-batted in,
earned run average etc.). Strength and conditioning programs are utilized to support the
athlete in performance and training demands, however related variables such as
nutrition and body composition (BC) have not been extensively evaluated or effectively
used within baseball. Other sports for example, football, hockey, and soccer have more
extensively examined the relationship between BC and performance, while a limited
amount of research has been done concerning baseball players (Muth, 2013). In terms
of BC components, knowledge of the amount and respective distribution can be
important to sports performance. Thus, detailed sport-specific analyses enable athletes
and coaches to better understand the needs in terms of optimal BC for maximum
performance potential for their respective sport (Silva, 2018).
Nutrition is increasingly recognized as a major contributor to optimal sport
performance, with both the science and practice of sports nutrition developing rapidly
(Beck et al., 2015). Research within collegiate athletic populations have evaluated
dietary intake of various sports: gymnastics, volleyball, basketball, volleyball, and soccer
(Webber et al., 2015); football (Cole et al., 2005); as well as track and field (Rash et al.,
2008). However, very little emphasis has been placed on the study of dietary intake of
baseball athletes. Despite the increasing awareness on the significance of nutrition,
many athletes are unaware of their needs. Furthermore, the importance of sports
nutrition is often not emphasized enough to student athletes (Andrews et al., 2016).
Inadequate energy intake can lead to muscle atrophy, reduced strength and
performance, and increase risk of injury (Rossi et al., 2017). Therefore, improvement of
1

sports nutrition knowledge and focus on nutrition as a component of an athlete’s training
are necessary.
Despite the known importance of BC in relation to performance and health of
athletes, there is a gap in research addressing the effects of training and competing on
BC within baseball athletes. In conjunction with BC, there is limited research in nutrition
and dietary intake of collegiate baseball athletes. Literature has been more focused on
BC and biomechanics of baseball rather than BC and nutrition. Lack of emphasis by
coaches and trainers on BC within baseball athletes and consistent diet inadequacies
throughout college sports provide a reason to evaluate these components of collegiate
baseball players in our study. The purpose of this study was to evaluate BC changes
from the beginning to end of season and analyze actual dietary intake compared to
recommended amounts in National Collegiate Athletic Association (NCAA) Division I (i.e.
highest collegiate division) baseball athletes. This study appears to be the first, or one of
very few, to compare BC measures from the beginning to end of season for NCAA
Division I (DI) collegiate baseball players and their dietary intake.
1.1 Research Questions
1. What are the effects of a baseball season on various aspects of BC, more
specifically, body mass (BM), lean body mass (LBM), fat mass (FM), region
percent fat (region % fat) and visceral adipose tissue (VAT)?
2. What is each player’s average dietary intake of key essential nutrients? How
does it compare to evidence based and goal-driven personalized
recommendations?

2

Chapter 2
BACKGROUND
Adequate nutrition, hydration, sleep, and science-driven strength and
conditioning programs are fundamental for healthy and successful NCAA athletes (Buth,
2017). Every component plays an important role, however, research within athletics has
been unevenly conducted among various sports and in terms of focus. This study
addresses an important gap in research regarding the relationship of baseball players’
BC and nutrition. Therefore, the following review of literature highlights important
components of health and performance of NCAA DI baseball players; i.e. BC variables,
current standards of BC measurements in athletics and baseball, the effects of BC on
performance, interplay of BC and nutrition, and current intake status of collegiate
athletes.
2.1 Body Composition Variables
BC is a known risk factor for conditions such as diabetes and heart disease,
which contribute to higher healthcare costs and reduced lifespan (Hinton et al., 2017).
Moreover, examining FM and LBM specifically have been shown to be more predictive of
overall health (Hinton et al., 2017). BC is not only important for universal health, but it
optimizes performance of athletes by enhancing fitness and strength (Santos et al.,
2014). In this review, important BC variables (i.e. LBM, FM and VAT) will be examined
due to its focus in our study.
2.1.1 Lean Body Mass
Body Mass Index (BMI) is a crude measure using height and weight and is often
used as a health indicator, however it does not differentiate between FM and LBM (Lee
et al., 2018). LBM is a protective health factor that tends to lower the risk of obesity and
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mortality, therefore should be assessed as a percentage of LBM per total BM (Lee et al.,
2018). Lee et al. (2018) further explains that this direct measurement is challenging
since it requires expensive and sophisticated technologies such as dual-energy x-ray
absorptiometry (DXA) or imaging technologies. However, the National Health and
Nutrition Examination Survey (NHANES) utilize DXA for reference values, thus
establishing this method as a standard measurement (Kelly et al., 2009).
LBM is of particular interest in high-performance athletes as it impacts physical
performance (Bilsborough et al., 2014). Increases in LBM enable the athlete to generate
more force and contributes to speed, quickness, and agility (NSCA, 2017). Baseball
athletes specifically benefit from increased LBM and reduced body fat percentage (%BF)
in order to perform power skills of throwing, hitting, fielding and base running, thus a
focus on LBM can be critical for this athletic population (NSCA, 2017).
Terminology of “lean tissue” varies throughout BC studies and is referenced as
“Lean Body Mass” and/or “Fat-Free Mass”. These terms are not interchangeable; DXA
defines LBM as the sum of all soft tissue whereas Fat-Free Mass (FFM) includes softtissue and bone. It is important to note the difference of these terms when reviewing the
following literature as both are mentioned in subsequent sections.
2.1.2 Fat Mass
The human body consists of essential body fat and storage fat: essential body fat
is present in nerve tissues, bone marrow, and organs, and loss of that fat compromises
physiological function; storage fat functions as a fuel reserve for stored energy potential
that accumulates when excess energy is ingested (Gleeson & Jeukenbrup, 2004).
Accumulation of stored fat and its regional distribution over the body is a determinant of
metabolic health (Denton & Karpe, 2016). In many studies regional FM and composition
4

has been shown to be predictive of cardiovascular disease, regional lipolysis, blood
pressure, non-alcoholic fatty liver disease and Type II Diabetes (Hinton et al., 2017 &
Denton & Karpe, 2016). However, too low of a %BF is also related to health
complications; %BF recommendations for healthy young adults are 12-15% for males
and ~25% for females (Gleeson & Jeukenbrup, 2004). Although these values are
generalized, they may provide context for values of subpopulations.
Within athletic populations, additional FM can limit endurance, balance,
coordination, and movement capacity, however some sports require athletes to be
larger, thus benefitting from higher FM (NSCA, 2017). For example, Fields et al. (2018)
identified football and baseball players to typically have higher %BF compared to track &
field or soccer athletes due to the difference in sport demands. Ideal %BF values for
athletes are dependent on the sport and training needs and average 11-14% for males
and 16-23% for females (Gleeson & Jeukenbrup, 2004 & Santos et al., 2014). Previous
baseball studies have reported a %BF range of 8-17% for players in the Major Leagues,
Minor Leagues and the NCAA (Czeck et al., 2019). However, Czeck et al. (2019)
observed higher %BF when measuring NCAA baseball players via DXA (17-20%).
Measurement of %BF varies between the different methods used (i.e. skinfold vs. DXA
vs. air-displacement plethysmography) therefore reference values for each mode must
be addressed. Due to its health implications and effect on performance, measuring %BF
can be valuable when monitoring BC variables in athletes.
2.1.3 Visceral Adipose Tissue
Body fat tissue is categorized into two types based on location: subcutaneous
adipose tissue and VAT, the latter being more metabolically active (Shuster et al., 2012).
VAT surrounds intra-abdominal organs and is also referred to as central adiposity or
5

abdominal obesity. Central adiposity has been linked with increased mortality and risk
for metabolic disorders (i.e. diabetes, hyperlipidemia, hypertension, and atherosclerosis)
and is typically assessed by waist-to-hip ratio, computed tomography (CT) or MRI
(Wajchenberg, 2000). Waist-to-hip ratio is a measure of body fat distribution however,
cannot distinguish between subcutaneous fat and VAT (Wajchenberg, 2000). Therefore,
CT and MRI provide the most accurate VAT volume measurements due to the ability of
providing direct measures of cross-sectional areas (Shuster et al., 2012). However, there
are limitations to both analyses as they are only obtainable in a clinical setting, emit high
radiation that can be unsafe in high-risk populations (i.e. children and elderly), and are
limited in number of participants that can be examined due to costs and time (Bosch et
al., 2014). For these reasons, studies have evaluated the validity of DXA for VAT
measurements; Bosch et al. (2014) compared DXA to CT and established a significant
correlation between the two, validating DXA as an effective VAT measure. Due to its
speed, low radiation, and relative affordability, DXA is an excellent method for
measurement of VAT for all populations (Bosch et al., 2014). Assessment of VAT is
important for evaluating the potential risk of development of pathologies in non-healthy
and healthy populations (Shuster et al., 2012). Consequently, one would expect
significantly more DXA derived VAT data to be reported in the future.
Research on VAT is typically linked with obese populations, however VAT can
also be detrimental to the overall health of athletes, with increasing amounts contributing
to cardio-metabolic disease risk (Czeck et al., 2019). Previous studies have evaluated
VAT in collegiate and professional football players while very few have reported VAT
within baseball players (Czeck et al., 2019). When evaluating NCAA baseball players,
findings by Czeck et al.’s (2018) showed that VAT values were higher than those
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observed in healthy non-athlete males but were similar to football players. Further, there
was no significant difference in VAT values among baseball playing positions (e.g.
pitcher, outfielder, infielder, catcher) (Czeck et al., 2019). BC analyses in addition to VAT
measurements allow coaches and trainers greater insight into the implementation of
sport- and position-specific training programs to optimize health and sports performance
while decreasing injury risk in collegiate baseball players (Czeck et al., 2019). Further
studies examining sport-specific VAT are needed to increase knowledge of reference
values for specific athletic populations (i.e. female sports vs. male sports; baseball vs.
track vs. basketball).
2.2 Body Composition in Sports
Athletes and coaches seek to optimize BC to fit the physical demands of their
sport (Trexler et al., 2017). Overall strength and performance are enhanced by optimal
BC, which can also measure the success of a training program (Santos et al., 2014). BC
is not only important for physical demands and performance, but is an aid for injury
prevention. A key concern of athletic health and performance is risk of injury; an increase
of weight may heighten the risk of bone, tendon, or skeletal muscle injury, while in other
sports a low body weight may compromise bone health and increase risk of fracture
(Silva, 2019).
Training programs adhere to the vast differences of each sport, resulting in a
range of BC to reflect the physical attributes needed for a particular sport (Oates &
Oates, 2009). A reference value for every sport is necessary in order to determine
optimal recommendations for performance of individual athletes and sport specific
positions due to the difference of physiological demands (Fields et al., 2018). Male and
female athletes exhibit differences as well; men have higher bone mineral density
7

(BMD), lower %BF, and higher FFM compared to women (Sanfilippo et al., 2019).
Santos et al. (2014) examined male and female differences of 21 different sports and
came to similar conclusions. There was a significant difference of FFM and Bone Mineral
Content (BMC) in over half of the sports between men and women (Santos et al., 2014).
Sport and sex specific BC references in athletes would allow sport professionals (e.g.
coaches, athletic trainers, sport physicians and dietitians) to accurately assess athletes,
which in return, benefits the individual athletes (Santos et al., 2014).
Due to the substantial differences of non-athletes to collegiate athletes, separate
BC references are also important to understand this unique population. Athletes differ
greatly in BMD and %BF compared to non-athletes (Sanfilippo et al., 2019). Likewise,
Santos et al. (2013) measured the difference of athletes (n=31) vs. non-athletes (n=65)
via DXA and found there to be significant differences in height, %BF and FM.
Contrasting lifestyles and physical demands result in different BC requirements and
normality. As athletes advance and sports progress, continuous research is necessary to
stay up to date to compare the differences of athlete BC.
2.2.1 Measurements of Body Composition in Athletes
Within athletics, various tools for BC measurements have been used. Popular
modes of measurements involved: skinfold (SKF), air displacement plethysmography,
hydrostatic weighing, bioelectrical impedance analysis (BIA), and DXA. DXA has
recently become more favorable in sports due to the many advantages. BC
measurements with DXA are efficient in speed and minimally influenced by fluctuations
of hydration status (Santos et al., 2014). In addition, DXA involves the precise regional
and total composition measurements. The predetermined regions of interest are useful in
evaluation of athletes, especially when reviewing training regimens, performance, and
8

post-injury rehabilitation (Sanfilippo et al., 2019). Lastly, DXA uses only a small amount
of ionizing radiation, making it a safe and nonintrusive option for athletes of all ages
(Sanfilippo et al., 2019 & Nana et al. 2015).
Comparisons between methods of BC have been routinely done on athletes.
Validation studies have confirmed that DXA provides a higher level of accuracy than
other measurements (Bilsborough et al., 2014). Loenneke et al. (2012) evaluated the
difference of %BF among BIA, SKF and DXA within 35 DI baseball players. Two different
SKF measurements were taken and used for Siri ([4.95/body density − 4.50] × 100) and
Brozek ([4.57/body density − 4.142] × 100) equations, while multiple models of BIA were
used: BF-350 (leg-to-leg impedance analyzer), HBF-306 (arm-to-arm impedance
analyzer) and HBF-500 (leg-to-leg/arm-to-arm impedance analyzer). Compared to DXA,
SKF and BIA produced %BF error by over or under estimations with the following total
error: 5.1% (Siri), 5.2% (Brozek), 4.9% (BF-350: non-athlete), 7.4% (BF-350: athlete),
5.4% (HBF-306: non-athlete), 7.3% (HBF-306: athlete), 3.9% (HBF-500) (Loenneke et
al., 2012). DXA has the lowest standard error estimate while skinfold measures have the
highest, thus leading DXA to the forefront as the most accurate measurement of these
three (ACSM, 2016).
DXA is the preferred method for BC and bone composition due to the accuracy of
measurement within a range of populations from elderly, infants, athletes, and all BMI
statuses (Sheperd et al., 2017). Furthermore, DXA software integrates the National
Health and Nutrition Examination Survey (NHANES) data, which publishes
representative data for the US, to generate Z-scores of various adiposity and LBM
measures (Sheperd et al., 2017). Reported measurements from DXA include: total BM,
total and regional FM, LBM, BMD, BMC, VAT and total body color mapping (GE
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Healthcare, 2017). DXA can measure regional BC by subdividing the body using specific
well-defined cut lines, allowing specific measurements for all intents and purposes
(Figure 1) (Sheperd et al., 2017)

Figure 1. Image of DXA Scan
Although DXA provides the most accurate measurements, studies have found
variance of results between DXA models due to software and hardware within different
labs (Bilsborough et al., 2014). This creates a limitation and need for further research
between the different DXA models. Other disadvantages of DXA include: cost of
equipment, specialized technician training requirement, immobile, and scanning bed is
smaller than typical physique of many larger athletes (Nana et al. 2015). Accuracy of
measurement is compromised for athletes whose body exceeds DXA’s limits and relies
on a half-body scan to estimate total-body calculations (Rothney et al., 2009). Due to its
limitations and inaccessibility to most athletic departments and teams, other BC methods
are still routinely used.
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2.2.2 Body Composition in Baseball
Appropriate BC is important for the success of baseball athletes, especially for
distinct baseball demands such as fielding and base running (Spaniol, 2009). Moreover,
a player’s total and regional BC may also make them more suitable to play a particular
position (Czeck et al., 2019). College baseball athletes are often larger-bodied athletes,
likely because of the physiological power needed, and tend to have higher FFM, BMD
and %BF compared to endurance collegiate sports (Fields et al., 2018 & Oates & Oates,
2009). FFM should be optimized in baseball athletes due to its importance of function
within strength and power sports (Silva, 2019). Furthermore, FFM correlates with
anaerobic power, and is a priority due to the fact that baseball is both an anaerobic and
aerobic sport (Pearson et al., 2019 & Fields et al., 2018). In college athletes, baseball
typically has one of the highest ratios of FM to FFM due to the demand of the sport and
lack of endurance exercise (Fields et al., 2018). These physical attributes are optimal for
some baseball positions while other positions require a lower %BF. Between NCAA DI
Pitchers, Infielders, Outfielders and Catchers, there is a range of %BF; 12%, 13.4%,
11%, 17%, respectively (Spaniol, 2009). Pitchers tend to have higher BM and %BF with
around the same amount of LBM as position players (Mangine et al., 2013).
Differences of BC between Pitchers, Catchers, Outfielders, and Infielders, was
examined by Czeck et al. (2019), and found significant differences in %BF and LBM but
not VAT, total BM or BMD. Pitchers were significantly taller and had the highest BMC,
Outfielders had significantly lowest %BF, and Infielders had significantly lowest LBM
(Czeck et al. 2019). In contrast, Fields et al. (2018) found no significant differences
across baseball playing positions (Infielders, Outfielders, and Pitchers) however, air-
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displacement plethysmography was used by Fields et al. (2018) to assess BC,
compared to DXA in the Czeck et al. (2019) study.
Measurements of BC also vary between level of play. Spaniol (2009) found that
NCAA players had the lowest %BF when measuring the differences between baseball
athletes in high school, NCAA and MLB. Collegiate athletes undergo drastic physical
changes due to increased physical exertion and focus of resistance training compared to
high school, transforming the body as the athlete matures. As collegiate athletes move
forward to professional baseball, further BC changes ensue. Within the professional
levels, there are significant differences between Rookie Ball, A, AA, AAA, and MLB for
LBM, %BF, and Age. While average age increased at each level, LBM and %BF were
positively correlated (Hoffman et al., 2009). The vast differences of BC at every level of
play, underlines the need for separate reference values in order to measure the athletes
accurately.
2.2.3 Body Composition and Baseball Performance
Previous work on baseball performance has primarily focused on Major League
Baseball players. Crotin et al. (2014) analyzed performance statistics and BMI from
4,360 MLB players across 6 decades (1950-2010) and revealed a significant relationship
exists between increased BMI and performance in the MLB. Performance measures that
improved with increased BMI over the decades included: homeruns, runs batted in,
batting average, runs scored, slugging % and on-base plus slugging % (Crotin et al.,
2014). Hoffman et al. (2009) examined the different levels of professional players (e.g.
Rookie, A, AA, AAA, MLB) to measure changes of speed, lower-body power and grip
strength. Lower-body power and grip strength were significantly different and increased
by the level of play; i.e. MLB had the greatest lower-body power and grip strength
12

(Hoffman et al., 2009). Interestingly, Hoffman et al. (2009) found that MLB players also
had the highest LBM, BM and height out of all the professional levels. This notion further
emphasizes that ideal BC, in this circumstance higher BM, aid in the performance of
baseball players.
Very few studies have analyzed the effects of BC on performance of college
athletes. Pearson et al. (2019) used retrospective DXA data of 95 NCAA DII baseball
athletes and assessed countermovement vertical jump (CMJ) (n=66) and/or anaerobic
power with a Wingate test (WIN). A DXA scan was completed prior to each performance
test and found: total LBM was strongly correlated to absolute peak power (PP) and
absolute average power (AP) of WIN (r=0.777 & r=0.808) while only moderately
correlated to CMJ (r=0.488); Lower-body LBM was strongly correlated to PP and AP of
WIN (r=0.66 & r=0.738); BMC was strongly correlated to PP and AP of WIN (r=0.713 &
r=0.776) and moderately correlated to CMJ (r=0.519) (Pearson et al., 2019). Pearson et
al. (2019) found significant correlations between performance and LBM and BMC but did
not find significance in %BF. Moreover, Myers (2012) examined NCAA DII baseball
players who also experienced increased performance measures related to lean tissue.
bench press power was analyzed to assess upper-body strength, and FFM was the only
significant anthropometric variable, thus establishing FFM as the most predictive BC
variable for performance (Myers, 2012).
Further testing within NCAA DII baseball has involved BC measurements via air
displacement plethysmography. Muth (2013) measured twelve athletes during preseason and off-season to examine the relationship between %BF and %LBM and
performance testing (e.g. agility t-test, vertical jump, medicine ball toss, 30-yard sprint,
and 1-mile run & in-game performance measures: batting average, on-base percentage,
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slugging percentage, and total bases). While BC did not have significant changes from
pre to post season (p=0.794), there was a significant positive correlation with postseason %BF and agility t-test, 30-yard sprint, and 1-mile run. As %BF rose, performance
times also increased, leading to assumptions that favorable BC (higher %LBM; lower
%BF) may lead to optimal performance (Muth, 2013). Grasberger (2017) utilized air
displacement plethysmography to assess BC in collegiate baseball players. NCAA DI
players (n=32) were measured pre and post-season, to analyze BM and %BF in relation
to performance measures of offensive, defensive and pitchers. A negative correlation for
offensive performance metrics was shown between height and total bases (p=0.020)
while positive correlations were exhibited in %BF and stolen bases success-attempt
(p=0.035) and BW and batting average, runs batted in and bases on balls (p=0.015,
p=0.037, p=0.041, respectively) (Grasberger, 2017). Defensive performance metrics and
BM had a positive correlation with slugging average and a negative correlation with
putout (p=0.015 & p=0.015) with further negative correlations of %BF and chance and
assists (p=0.044 & p=0.014) (Grasberger, 2017). Finally, pitching performance metrics
exhibited positive correlations of BM and earned running average (p=0.000) and %BF
and runs & bases on balls (p=0.028 & p=0.037) (Grasberger, 2017). Only a single
competitive season was used to measure pre to post season changes; due to yearly
changes of players and competitors, further research is needed to repeat measures and
increase data confidence.
2.2.4 Body Composition and Nutrition in Baseball
There are limited studies evaluating BC and dietary intake in collegiate baseball.
Sweet (2017) evaluated the off-season BC (LBM & FM) changes in 34 NCAA DI players
via DXA in addition to monitoring food intake. From pre-off-season (Aug) to post-off-
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season (Dec), significant improvements in %BF, FM, LM and ratio of LM to FM were
made while dietary intake did not change (Sweet, 2017). Sweet (2017) measured dietary
intake with a food log and found no significant differences throughout the off-season.
Consistent dietary intake allowed positive BC outcomes when paired with an optimal
training regimen.
A Sports Nutrition Education Intervention (SNEI), by Rossi et al. (2017), was
hypothesized to increase nutrition knowledge and improve BC. NCAA DI baseball
players (n=15) volunteered to receive a 90 min nutrition education followed by five
reinforcement sessions, each delivered every three weeks and compared to matched
control group (n=15) (Rossi et al., 2017). Three-day food diaries pre and post-season
were given along with nutrition questionnaires to assess knowledge in conjunction with
air displacement plethysmography to measure BC (Rossi et al., 2017). After the SNEI,
nutrition knowledge improved (p <0.001) while also improving total energy and protein
intake; %BF and FM decreased significantly compared to the controls (P= 0.014 &
0.023) (Rossi et al., 2017). Their study suggests that brief nutrition interventions with
reinforcements are an effective tool to increase nutrition knowledge and improve BC.
2.2.5 Seasonal Changes
As discussed previously, BC is dependent on age, sex, sport, and playing
position. Additionally, studies have emphasized that time of the athletic season (i.e. preseason, during-season/in-season, post-season, off-season) influence BC changes. Each
part of the season has its purpose, with the primary goal of an in-season program to
keep the players healthy, strong, powerful, and on the field while the off-season is an
opportune time for BC improvements through conditioning programs (Szymanksi, 2007 &
Sweet, 2017). Cross-sectional studies have been done to assess BC during a specific
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part of the season with minimal longitudinal research on the overall changes throughout
the seasons. Research that addressed pre-season to post-season changes use either
air displacement plethysmography or SKF (Frantz et al., 2019 & Grasberger, 2017);
Considering that DXA is the gold standard for BC measurements, additional research for
this time period is needed.
2.3 Dietary Intake in Sports
In addition to effective exercise, a student-athletes’ training regimen should
include proper sports nutrition, although it is often overlooked (Andrews et al., 2016). In
order for athletes to be competitive, nutrition along with training programs should be
optimized to allow athletes to endure physiological demands relative to their sport (Fields
et al., 2018). The idea of sports nutrition and personalized dietary strategies vary
according to the individual athlete’s sport, personal goals, and food preferences (Beck et
al., 2015). However, despite the importance, less than 10% of NCAA athletes receive
adequate sports nutrition knowledge or maintain a proper nutrition; knowledge was
assessed by a sports nutrition knowledge questionnaire that included the following
topics: micronutrients and macronutrients, supplements and performance, weight management and eating disorders, and hydration (Torres-McGehee et al., 2012).
Further, athletes are significantly eating below their requirements for carbohydrate,
protein, and total energy needs (Cholewa et al., 2015). When an athlete does not
consume enough energy, the gap between actual intake and recommended intake is
elevated due to an athlete’s increased energy requirements.
It becomes less likely that athletes will meet their nutrition requirements if they
are unaware of their dietary needs. Fox et al. (2011) evaluated 42 male NCAA DI
athletes to assess their perceived protein needs, and found that approximately 67% of
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athletes did not know the appropriate amount of protein to be consuming. However, the
athletes were aware that their intake needs are above a non-athlete (Fox et al., 2011).
Furthermore, the diets of collegiate athletes are unbalanced: inadequate in fiber, fruits
and vegetables, excessive intakes of sodium and fat (Webber et al., 2015); less than
30% of athletes had adequate protein and carbohydrate intake and males were more
likely to exceed the Dietary Guidelines for Americans for fat, saturated fat, cholesterol,
and sodium (Hinton et al., 2004); athletes’ saturated fatty acid consumption twice higher
than the intake of polyunsaturated fatty acids (Wierniuk & Włodarek, 2013). Moreover,
most athletes do not have a Registered Dietitian (RD) or professional (i.e. Master’s
and/or Ph.D. in nutrition) with valid nutrition expertise and are at risk of being
misinformed about nutrition from coaches and athletic trainers (Karpinski, 2012). Lack of
nutrition knowledge, guidance, and proper diet will very likely have detrimental effects on
the athletes’ health and performance.
2.3.1 Nutrition and Performance
Dietary goals of athletes can be straightforward; eat to maximize performance
and BC (Andrews et al., 2016). Proper nutrition provides adequate energy to sustain
work required of training/competition and aid in performance. Thus, inadequate intake
can lead to muscle atrophy, reduced strength and power while also increasing risk of
injury or illness (Rossi et al., 2017). Nutritional guidance of dietary habits and nutrient
timing is important to improving performance, ensuring proper recovery, and preventing
injury (Hull et al., 2017).
Dietary strategies to improve performance include: optimizing intakes of
macronutrients, micronutrients, and fluids, and include their composition and spacing
throughout the day (Beck, et al., 2015). Likewise, a nutrient-dense diet consumed
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throughout the day supports performance and recovery while preventing fatigue (Heaton
et al. 2017). Adequate nutrient-dense diets will allow athletes to train and compete to the
best of their abilities (Andrews et al., 2016).
As discussed previously, Rossi et al. (2017) measured the effects of a SNEI on
performance in NCAA DI baseball players (n=15). Performance measures were done
pre to post-intervention and involved: 5-10-5-shuttle test, vertical jump, broad jump, and
1 RM back squat (Rossi et al., 2017). All performance measures significantly improved
from pre to post-intervention however post-intervention performance values were not
statistically different than the controls, with the exception of the 5-10-5-shuttle test
(p=0.03) (Rossi et al., 2017). Relative change in performance was greater in the
intervention group compared to controls despite the small sample size, therefore SNEI
contributed to some but not all performance measures.
2.3.2 Nutrition Recommendations
Due to heightened physical demands and activity level, required energy intake is
increased and macronutrient amounts are unique in athletic individuals. For example,
recommendations for athletes by the International Society of Sports Nutrition state that
exercising individuals’ protein needs are between 1.4-2.0 g/kg/day depending on the
mode and intensity of exercise compared to the 0.8 g/kg/day for the general population
(Fox et al., 2011). Likewise, carbohydrate intake is based on level of exercise and
averages 5-10 g/kg/day for moderate/high intensity exercise and ~3-5 g/kg/day for nonathletes (ACSM, 2016). Carbohydrate intake is highly dependent on the type and
duration of activity, and should fluctuate to address the various cycle of training
(Jeukendrup, 2014). Lastly, the American College of Sports Medicine (2016)
recommends that fat intake is not to be less than 20% of total energy intake for athletes.
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Furthermore, nutrition goals and requirements are not static and should take into
account the type of training and competition, personal goals, and individuals’ response to
fueling strategies (ACSM, 2016).
Nutrient timing is also a key component of an athletes’ training regimen. Preexercise recommendation have included the following: consume 5–10 ml/kg body weight
of fluid 2 to 4 hours before exercise; consume snacks or meals high in carbohydrate (1–
4 g/kg/day) for several hours before higher-intensity exercise; consume ~25g of protein
at least 3 hours prior; and low-fat food items should be consumed with carbohydrate to
maximize stored energy (ACSM, 2016 & Kersick et al., 2017 & Manore et al., 2009).
Following the start of exercise, carbohydrate ingestion during practice and/or competition
can increase exercise capacity and improve performance by consuming ~30-60g per
hour of exercise (Jeukendrup, 2014). Other studies recommended refueling every 30
minutes, resulting in an even higher amount of grams per hour of exercise for
carbohydrate consumption (Kersick et al., 2017). Heaton et al. (2017) has emphasized
the need for carbohydrate consumption due to the association between inadequate
endogenous carbohydrate and impaired team sport performance. Therefore, further
carbohydrate intake is necessary during exercise. Post-exercise nutrition is an important
fueling window in which a combination of carbohydrate and protein promote glycogen
repletion, minimize injury, and promote a positive nitrogen balance (Kersick et al., 2017).
Hydration is also a critical component for post-exercise recommendations; athletes
should consume 1.25–1.5 L fluid for every 1 kg body weight lost (ACSM, 2016). Specific
macronutrient timing and knowledge of the correct amount to consume highly benefits an
athletes’ performance and ability to prevent fatigue.
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As previously mentioned, baseball is both an aerobic and anaerobic sport, thus
utilizing different fuel sources throughout one session of training (Fields et al., 2018).
During a game or practice, baseball players perform power movements (i.e. batting,
pitching, throwing) and sprints with extended breaks in between, allowing them to
transition from adenosine triphosphate/creatine phosphate, glucose/lactate, to oxygen
usage for energy in scenarios that require all of these energy systems (Stoppani, 2008).
Baseball is an intermittent high-intensity sport utilizing glycogen as the major substrate
for exercise and resistance training (Stoppani, 2008). Due to the long duration (~2-3 hrs)
of games and practices, the abundance of stored glycogen for energy is a limiting factor
in the performance of baseball athletes, requiring plasma free fatty acids and
intramuscular fat stores to be used for energy as well (Burke et al., 2004). Recognizing
proper fuel sources in the diet in preparation for competition and practice provide optimal
athlete adaptation and performance (Burke et al., 2004).
2.3.3 Dietary Intake of Baseball Players
Training priorities of the off-season often focus on gaining size and strength
while the preseason training often involves optimizing power, speed, and strength
(Hammer, 2017). Nutrition interventions are necessary to further augment adaptations
to training for athletes during every season (Rossi et al., 2017). In consideration of this,
Rossi et al. (2017) measured dietary intake before and after implementing a SNEI during
the off-season and found despite the increase of nutrition knowledge, dietary intake
requirements were not met; protein intake met recommendation goals only after the
intervention, total energy and carbohydrate intake remained below recommendations,
and fat intake was above (Rossi et al., 2017). Moreover, dietary intake of a NCAA
summer league team was assessed and concluded that although total energy needs
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were met, the distribution of macronutrients were disproportionate to recommendations;
fat intake was 40% above the requirement while carbohydrate was 16% below
(Malinauskas, et al., 2006). Inadequate off-season nutrition is a missed opportunity
because nutrition is an important tool to reach training goals and prepare for the
competitive season. Off-season sets up the baseball players for preseason, which is
then the time of year to prepare for competition (Hammer, 2017).
Studies have indicated dietary needs and physiological stressors from the
demands of training are elevated during the NCAA DI baseball season (Hull et al., 2017).
The 56+ NCAA game schedule requires stamina and strength in order to endure the
season (Hammer, 2009). Therefore, optimal nutrition and fueling are necessary to
ensure baseball athletes keep up with their demands of competition. Mohney (2017)
found that NCAA DIII baseball players had suboptimal intake during the season and did
not achieve their sport-specific, bodyweight-dependent nutrition recommendations for
energy, carbohydrate, fat or fluids. Difficulties in meeting intake recommendations may
be at least partially explained by the athletes’ perceived barriers. Pawlak et al. (2009)
assessed the intention of collegiate baseball players’ healthy eating habits and reported
that athletes believe their daily schedule as their biggest barrier. During season, athletes
may lack the time and resources to consume the correct nutrition requirements, leading
to deleterious effects. Underfeeding can negatively impact the athletes as competition
levels peak (Hull et al., 2017) therefore attention to intake is critical.
Each baseball athlete has unique dietary requirements due to the variety of
performance goals that stem from their respective playing positions (Hull et al., 2017).
The actual energy burned varies by individual, however, pitchers and catchers typically
burn the most (Ahmad, 2018). Pitchers and Position Players (i.e. infielders, outfielders,
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catchers) differ in energy burned per minute during practice and competition, thus
requiring individualized dietary goals (Hull et al., 2017). Studies have emphasized the
need for individualized dietary goals based off of sport, position and training programs
(ACSM, 2016), however most colleges do not have a RD or other nutrition professional
to address nutrition needs of players. A recent study found that, dietary habits of NCAA
DI baseball players with RD support, were significantly different those without, thus
leading to advantages/disadvantages between collegiate programs (Hull et al., 2017).
Programs without RD support have been shown to result in athletes who consume more
caffeinated beverages, fast food, soda, while lacking optimal pre/post workout meals
(Hull et al., 2017). The everyday demands of a collegiate athlete negatively affect their
dietary intake, emphasizing the need for an RD/nutrition professional combined with
increased access to healthy food.
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Chapter 3
METHODS
3.1 Study Design
This study was a multi-year research project that included components of
nutrition education, dietary analyses, and anthropometric measures. Collegiate baseball
players at California Polytechnic State University San Luis Obispo who agreed to our
parameters during the 2015-2019 seasons were part of our continuing sports nutrition
research projects. During the baseball preseason in September-January, the participants
received the following: a sports nutrition education presentation, cooking lesson, diet
analyses of current intake, personalized “Ideal Menu Plans”, and DXA scans to measure
BC of bone density, FM and LBM. While the majority of the athletes completed 3-day
food records for the diet analysis in October, a few did not complete this component until
January. Following the preseason measurements, continuous weekly body weights were
taken once a week throughout the season and locker room snacks were provided. In
addition, DXA scans were performed at the end of season in May or June. The collegiate
baseball season begins mid-February and may continue to June depending on
qualification to championship series, therefore our study focused on changes from the
beginning to end of season (i.e. January to May/June). Figure 2 displays the study
timeline and the project components.
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Figure 2. Study Design
3.2 Participants
Over the 2015-2019 baseball seasons, approximately 91 players were eligible to
participate in BC measurements and diet analyses. Out of the 91 possible players, 78
players participated in at least one of the analyses (i.e. received DXA scan in Jan and
June, completed 3-day food record and received diet recommendations) to be included
in the study. Of the 78 players, 49 players received both the DXA and Diet analyses
while 11 players received only a Diet analysis and 18 players received only a BC
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analysis (Table 1 & 1a). Players could be in multiple groups if participation spanned
across multiple years; if a player completed paired DXA scans during their Freshman
and Junior years, their scans would be grouped in the Freshman/Transfer (FT) and
Sophomore/Junior/Senior (SJS) group, respectively. Inclusion criteria allowed all Cal
Poly baseball players during any of the 2015-2019 seasons to be a part of the study.
Additional required criteria included: signed Consent Form for Sports Nutrition Projects
and Release Form for DXA scan; received a DXA scan before and after the same
season; turned in a 3-day food record and received diet recommendations.
Table 1. Paired DXA Participant Groups

Beginning/End
of Season
DXA scans

Position
Players

Pitchers

FT

SJS

29

38

42

45

Note: 20 players were included in both FT and SJS groups because they received DXA
scans during subsequent years.

Table 1a. Diet Analysis Participant Groups

Diet
Analysis

Position
Players

Pitchers

FT

SJS

32

28

52

10

Note: Two players were included in both FT and SJS groups because they received diet
recommendations within different years.
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Table 2. Participant Characteristics

Age (yrs)

Height
(in)

Weight
(lbs)

Mean

St. Dev.

N

Pitchers

19.5

±1.15

104

Position Players

20.1

±1.34

106

FT

18.9

±0.83

84

SJS

20.5

±1.13

126

Team

19.8

±1.28

210

Pitchers

73.3

±2.35

104

Position Players

71.8

±1.85

106

FT

72.7

±2.11

84

SJS

72.46

±2.09

126

Team

72.6

±2.09

210

Pitchers

196.8

±17.1

104

Position Players

188.8

±15.44

106

FT

189.7

±16.9

84

SJS

194.1

±15.3

126

Team

192.8

±16.75

210

Note: Anthropometrics were measured during every DXA scan in Jan & May/June;
Players who did not receive a DXA scan were not included in this table.

All participants were informed of the procedures, benefits, and risks of being part
of the study and provided written informed consent prior to participating. All players were
made aware that they could cease their participation at any time. The study was
reviewed and approved by the Institutional Review Board for Human Subjects Research
of Cal Poly State University San Luis Obispo.
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3.3 Project Components
Sports Nutrition Presentation
At the beginning of the school year (September/October), a sports nutrition
presentation was given to the Cal Poly Baseball team. Material included a slide show
presentation, handouts, and lecture led a professor of the Cal Poly Nutrition Program. In
the presentation, an overview of macronutrients as well as proper nutrient timing in
relation to training was explained. Along with general nutrition information, sport-specific
and gender-specific nutritional guidelines were discussed. Adequate hydration, sleep,
and healthy food choices were also topics covered at this time.
An overview of the Sports Nutrition Project, including a timeline, was presented to
players and coaches during this initial presentation. The athletes and other participants
also received instruction on how to accurately record their dietary intake on the food
record forms. The dietary assessment included 3-day ESHA analysis and Ideal Diet
Plans were done within one month of the nutrition presentation.

3-Day Food Records

A standardized 3-day food record form (see Appendix A), instructions, and
serving size guide were given to each player during their freshman year during the
Sports Nutrition Presentation. Participants were instructed to complete the 3-day form to
include two weekdays and one weekend day, in order to obtain a representation of
dietary choices made during the school-week and on the weekend. The 3-day food
records were collected in October, however some athletes returned forms through
January, then entered into ESHA software by student research assistants to obtain
values for an average dietary intake for each participant. In addition to the food record,
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athletes were instructed to fill out a Nutrition Profile to indicate current diet regimens,
food restrictions and preferences (see Appendix B).

Cooking Lesson

Following the Sports Nutrition Presentation, participants received cooking
lesson(s) in the Food Science and Nutrition Department kitchen facilities. Each lesson
included healthy dinners, breakfast and snack options. Information packets were handed
out to include guidance for food preparation, recipes, food safety, nutrient requirements,
and menu planning. Nutrition students of the Sports Nutrition Team worked hands-on
with participants during all aspects of the cooking lesson.

In kitchens of the Cal Poly Food Processing building, participants received verbal
instruction from the lead student researcher and were divided into six separate kitchens.
Each kitchen team was assigned a student research assistant to observe and assist the
participants for proper food handling and kitchen safety. Instructional packets were given
to guide the participants with time, temperature and preparation methods along with
recommended cooking methods. Participants were encouraged to work together and use
their creativity in seasoning, cooking, and plating the ingredients. Examples of meals
and food prepared included: Salmon and/or chicken with sweet potatoes, green beans,
brown rice and mushrooms; overnight oats with rolled oats, milk, and bananas; power
smoothies with fruit, whey protein, and milk.

Dietary Analyses and Consultations
The student research assistants entered the food record information into ESHA
software. ESHA analyzes nutrient levels and compares dietary intake vs. Dietary
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Reference Intake recommendations. The values of macro- and micronutrients and
overall caloric intake, were averaged between the three days and used as the baseline
dietary data for each participant. ESHA’s default recommended values are based on
Dietary Reference Intake (DRI) of the National Academy of Sciences, Institute of
Medicine, Food and Nutrition Board. The values recommended are based on the
participant profile including: age, sex, height, weight, and activity level. Modifications of
calorie and macronutrient recommendations depended on the individual’s goals and data
from published sports nutrition studies proven to be safe and effective toward health and
performance. Dietary recommendations were then given to student research assistants,
to make an “Ideal Diet Plan”. The individualized Ideal Diet Plan consisted of three full
days of eating with three meals and three snacks per day, all based on preferences and
accessibility. To personalize the Ideal Diet Plans, participants completed preference
sheets consisting of information related to food allergies, dietary concerns, Cal Poly
Dining Plan/grocery store used, food aversions and favorite food items. All diet plans met
the recommendations and provided: adequate caloric intake to meet health training
needs; protein recommendations ranging 1.6-2.0 g/kg BW; carbohydrate
recommendations ranging 5-7 g/kg BW; fat recommendations approximately 25% total
caloric intake after prioritizing protein and carbohydrate needs; <300mg cholesterol per
day; <3300mg sodium per day; ~4700mg potassium per day; ~1000mg calcium per day;
40-60g fiber per day. A serving per day of the Exercise Recovery Powder (20g PRO; 60g
CHO) made by the Sports Nutrition Team was also provided if requested by the player.
After the Ideal Diet Plan was made, participants met with student research
assistants to discuss nutrition goals and dietary recommendations. Baseline intake vs.
recommended intake was discussed and organized into a Summary Table for each
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participant. Along with the Summary Table, the Ideal Diet Plans were printed out and
provided to participants along with corresponding nutrient bar graphs for comparison.
Body Composition Analysis
BC was assessed at the Nutrition and Health Assessment Lab in the Food
Science and Nutrition Department of California Polytechnic State University San Luis
Obispo. Measurements were performed using DXA on a Lunar iDXA (GE Healthcare,
Madison, WI, USA). All procedures were done according to GE Lunar specifications and
analyzed with enCORE software (version 11.0; GE Healthcare). The same technician
performed all scans throughout the study and calibrated the iDXA each day of testing to
verify proper function. The participants read, signed and submitted a Cal Poly State
University Waiver Release Form as well as fasted 10-12 hours prior to each scan.
Heights and body weights were taken using a wall stadiometer and physicians scale in
the lab. DXA analyses were performed twice for the study and were done in
January/February and May/June. After the scan, participants were given a copy of their
scan results and informed that their sharing of results with others including coaches,
trainers, medical professionals or others is strictly voluntary and up to the discretion of
the participant. A “Study ID Number” was used for the DXA file as well as other
documents and files to ensure each participant’s privacy.
Locker Room Snacks
Compliant with NCAA Bylaw 16.5.2.5 (NCAA DI Legislation, 2017), healthy
snacks were provided to the athletes from beginning to end of season. Student-athlete
snacks were bought weekly as needed by a Sports Nutrition Team Personnel. All food
given to the athletes was available to every player in their team locker room.
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Project Personnel
A team of student research assistants, all junior and senior Nutrition students at
Cal Poly, continually worked with the participants alongside Cal Poly Nutrition graduate
students and Nutrition Professor, Dr. Scott Reaves.
3.4 Statistical Analyses
IBM SPSS (Version 26.0) (IBM Corp., Armonk, NY) was used for all calculations
throughout the study. Paired Sample T-test was used to measure the difference between
the beginning to end of season BC measurements. Descriptive Statistics analysis was
used to quantify the mean and standard deviation of height, weight, and age of
participants. Calculations for intake included the total mean for Kcal, Protein,
Carbohydrate and Fat of the separate groups (e.g. pitchers, position players, FT, and
SJS) as well as the percent difference for each individual participant. The percent
difference was then averaged for group totals. Finally, a One-sample T-test was used to
test the difference between actual intake and recommended intake (g/kg) and an
Independent-T test was used to analyze the difference of protein intake between FT and
SJS.
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Chapter 4
RESULTS
4.1 Effects of a Baseball Season
DXA scans were conducted in late January or February prior to the start of
season and again ~21 weeks later at the end of the season in early June. DXA data
were analyzed to determine BC (BM, region % fat, FM, LBM, VAT volume, VAT mass)
and values are shown in Table 3. The six measures of interest were collected via DXA
and accumulated from 2015-2019 seasons. A Paired T-test was done for each variable
to measure beginning of season vs. end of season differences. Table 3 displays the
Paired T-test analysis and Paired Samples statistics. Firstly, we examined the DXA
analyses per playing position (Pitchers & Position Players) and as a Team.
4.1.1 Pitchers vs. Position Players vs. Team
As shown in Table 3, there was a significant mean difference of BM and LBM
from beginning to end of season for the overall team. BM decreased from beginning
(M=193.35, SD=15.89) to end of season (M=190.24, SD=23.02) with a p-value of 0.002
(Table 3). LBM decreased from beginning (M=149.56, SD=13.37) to end of season
(M=148.4, SD=12.73) with a p-value of 0.026 (Table 3). Both measurements significantly
decreased and are below the 0.05 level of significance. FM and region % fat also
decreased from the beginning to end of season for the team, but were not statistically
significant. Other non-significant trends were observed with an increase of VAT mass
and volume.
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Table 3. Paired T-Test Statistics: Pitchers vs. Position Players vs. Team
Mean ± SEM

Body
Mass

Region
% Fat

Fat
Mass

LBM

VAT
Volume

VAT
Mass

Sig (2tailed)

N

Beginning of
Season

End of Season

Pitchers

196.72 ± 0.31

196.12 ± 0.28

.433

52

Position Players

190.05 ± 0.29

187.45 ± 0.29

.000

53

Team

193.35 ± 1.55

190.24 ± 2.25

.002

105

Pitchers

18.75 ± 0.07

18.76 ± 0.07

.967

52

Position Players

18.06 ± 0.07

17.41 ± 0.07

.014

53

Team

18.4 ± 0.34

18.08 ± 0.35

.068

105

Pitchers

36.86 ± 0.16

37.14 ± 0.15

.632

52

Position Players

34.11± 0.13

32.69 ± 0.14

.021

53

Team

35.47 ± 0.77

34.89 ± 0.77

.171

105

Pitchers

151.18 ± 0.24

150.44 ± 0.23

.202

52

Position Players

147.47 ± 0.27

146.43 ± 0.25

.064

53

Team

149.56 ± 1.30

148.41 ± 1.24

.026

105

Pitchers

13.53 ± 0.54

14.37 ± 0.57

.494

20

Position Players

14.21 ± 0.42

15.90 ± 0.34

.101

25

Team

13.91 ± 1.57

15.22 ± 1.45

.092

45

Pitchers

0.46 ± 0.02

0.49 ± 0.02

.465

20

Position Players

0.48 ± 0.01

0.54 ± 0.01

.097

25

Team

0.47 ± 0.05

0.52 ± 0.05

.083

45

Note: BM is the sum of FM, LBM and BMC. Region % fat is equal to FM divided by BM.
27 players from the Team had multiple paired DXA scans. All scans were included in the
analysis.

Players were then stratified based on whether they were a Position Player (i.e.
Infielder/Outfielder) or Pitcher. Position Players exhibited significant changes in BM,
region % fat, and FM over the season (p=0.00, 0.014, and 0.021, respectively; Table 3).
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These measures all decreased from the beginning to end of season in Position Players
while Pitchers did not experience any significant changes in BC.
4.1.2 FT vs. SJS
DXA data was then stratified by academic year to examine the First-Year playing
effects. All Freshman and Transfers were grouped together to compare to returning
Sophomore, Junior and Seniors. Table 4 displays the Paired T-test analysis and Paired
Samples statistics.
Table 4. Paired T-Test Statistics: FT vs. SJS
Mean ± SEM

Body
Mass
Region
% Fat
Fat
Mass
LBM

VAT
Volume
VAT
Mass

Sig (2tailed)

N

Beginning of
Season

End of
Season

Freshman/Transfers

190.01 ± 2.51

189.42 ± 2.62

0.492

42

Sophomore/Junior/Seniors

195.58 ± 1.94

193.29 ± 1.84

0.000

63

Freshman/Transfers

18.03 ± 0.51

18.10 ± 0.52

0.779

42

Sophomore/Junior/Seniors

18.65 ± 0.46

18.07 ± 0.46

0.017

63

Freshman/Transfers

34.12 ± 1.13

34.45 ± 1.21

0.582

42

Sophomore/Junior/Seniors

36.65 ± 1.06

35.19 ± 1.00

0.023

63

Freshman/Transfers

147.26 ± 2.07

146.49 ± 2.02

0.223

42

Sophomore/Junior/Seniors

150.67 ± 1.67

149.69 ± 1.57

0.064

63

Freshman/Transfers

8.99 ± 1.52

12.03 ± 1.65

0.004

18

Sophomore/Junior/Seniors

17.18 ± 2.21

17.35 ± 2.08

0.883

27

Freshman/Transfers

0.31 ± 0.05

0.41 ± 0.06

0.004

18

Sophomore/Junior/Seniors

0.58 ± 0.08

0.59 ± 0.07

0.841

27

Note: BM is the sum of FM, LBM and BMC. Region % fat is equal to FM divided by BM.
27 players from the Team had multiple paired DXA scans. All scans were included in the
analysis. 20 players were in both the FT and SJS groups due to multiple scans
throughout subsequent years.
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First-year players experienced an increase in VAT volume and VAT mass (p=
0.004, 0.004; Table 4) without any significant changes in other BC variables. SJS
experienced a significant decrease in BM, region % fat, FM from the beginning to end of
season (p=0.00, 0.017, 0.023, respectively) (Table 4).
4.2 Dietary Intake vs. Recommended Intake
Intake measurements were quantified using ESHA software to calculate
average intake of macronutrients and total calories from the 3-day food records (n=60).
The recommended intakes were based on the Dietary Reference Intakes from ESHA
using height, weight, age, sex and activity level, as well as personalized modifications to
meet the individual’s goals. All recommendations are in line with data from published
sports nutrition studies to optimize health and performance. In order to assess the
difference between actual dietary intake and recommended intake, the percent
difference of each macronutrient as well as total kcals was calculated. Figure 3 and
Figure 4 compare the 3-day intake averages vs. the recommended values for Pitchers,
Position Players and Team. All bar graphs contain standard error bars. Table 5 displays
the average intake values and percent difference. The percent difference was calculated
for each individual (n=60) then averaged while the 3-day and Recommended Intake data
columns represent the group averages
4.2.1 Pitchers vs. Position Players vs. Team
Numerical data of the difference between intake and the recommended intake
values are shown in Table 5, and a graphical representation of the data is shown in
Figure 3 and Figure 4. As shown in Table 5, all groups were below the recommended
calorie and macronutrient values except for Fat. As a Team, the athletes on average
consumed 6% less than their recommended value for protein and 36% less than their
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recommended value for carbohydrate (184g & 531g, respectively). An excess intake of
9% was seen for fat, relative to the recommendation of ~25% of the total calories.
Overall, the Team consumed 18% under their total calorie recommendation (3738 kcal).
Table 5. Pitchers vs. Position Players vs. Team: Intake Comparison Values

PRO

CHO

Fat

Kcal

3-day

Recommended

%
Difference

N

Pitchers

176 g

188 g

-8%

28

Position Players

173 g

181 g

-5%

32

Team

175 g

184 g

-6%

60

Pitchers

348 g

525 g

-34%

28

Position Players

333 g

536 g

-38%

32

Team

340 g

531 g

-36%

60

Pitchers

125 g

107 g

16%

28

Position Players

110 g

104 g

5%

32

Team

117 g

105 g

9%

60

Pitchers

3148 kcal

3749 kcal

-16%

28

Position Players

2992 kcal

3729 kcal

-20%

32

Team

3065 kcal

3738 kcal

-18%

60
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Figure 3. Pitcher vs. Position Player Macronutrient Intake Comparison: (a) Actual
Protein Intake vs. Recommendation (b) Actual Carbohydrate Intake vs.
Recommendation (c) Actual Fat Intake vs. Recommendation. Standard error bars are
represented and calculated by a One Sample T-Test.
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Figure 4. Pitcher vs. Position Player Total Calorie Comparisons: Standard error bars are
represented and calculated by a One Sample T-Test.
4.2.2 FT vs. SJS
Intake was then assessed to compare First-year players (Freshman and
Transfers) and the rest of the team (SJS). Numerical data of the difference between
intake and the recommended intake values are shown in Table 6, and a graphical
representation of the data is shown in Figure 5 and Figure 6. All bar graphs contain
standard error bars. Percent differences and the averages were calculated to match the
previous comparison (see Position Player vs. Pitchers vs. Team).
Table 6. FT vs. SJS: Intake Comparison Values

PRO

CHO

Fat

Kcal

3-day

Recommended

% Difference

N

Freshman/Transfers

169 g

182 g

-7%

52

Sophomore/Junior/Seniors

205 g

195 g

4%

10

Freshman/Transfers

349 g

536 g

-35%

52

Sophomore/Junior/Seniors

296 g

507 g

-42%

10

Freshman/Transfers

116 g

106 g

9%

52

Sophomore/Junior/Seniors

120 g

102 g

16%

10

Freshman/Transfers

3064 kcal

3783 kcal

-19%

52

Sophomore/Junior/Seniors

3069 kcal

3509 kcal

-10%

10
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Figure 5. FT vs. SJS Macronutrient Intake Comparison: (a) Actual Protein Intake vs.
Recommendation (b) Actual Carbohydrate Intake vs. Recommendation (c) Actual Fat
Intake vs. Recommendation. Standard error bars are represented and calculated by a
One Sample T-Test.
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Figure 6. FT vs. SJS Total Calorie Comparisons: Standard error bars are represented
and calculated by a One Sample T-Test.
As previously shown, athletes did not meet their calorie or carbohydrate
recommendations, but were above the recommended intake for fat. First-year players
had 34% of their total calorie intake coming from fat and the SJS had 35%. This is about
10% above our recommended amount of fat. However unlike other groups, SJS were
above the recommended intake for Protein by 4% (Table 6). Despite having the highest
protein intake out of all the groups, SJS had the lowest CHO intake (-42%, Table 6).
4.2.3 Kcal/Gram per Kilogram Comparison
Intake data was examined as gram per kilogram as well as kilocalorie per
kilogram. Our recommendations were as follows: PRO 1.6-2.0 g/kg BW, CHO 5-7 g/kg
BW, Fat ~1.2 g/kg, and ~43 kcals/kg/day. All groups are compared to the recommended
amount; graphical representation of data is shown in Figure 7 a, b, c, and Figure 8; and
numerical data is presented in Table 7.
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Figure 7 (b)
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Figure 7. Gram per Kilogram Comparison: (a) Actual g/kg Protein Comparison (b) Actual
g/kg Carbohydrate Comparison (c) Actual g/kg Fat Comparison
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Figure 8. Kcal per Kilogram Comparison: Actual Kcal/kg Comparison vs.
Recommendation

Table 7. Intake Comparison: kcal/kg and g/kg
Rec

Team

SJS

FT

Position Players

Pitchers

43

35*

34.8*

35.3*

34.9*

35.2*

Pro Intake (g/kg)

1.6-2

2

2.3

1.9

2.0

2.0

CHO Intake (g/kg)

5-7

3.9*

3.3*

4.0*

3.9*

3.9*

Fat Intake (g/kg)

1.2

1.3*

1.4

1.3*

1.28

1.4*

Kcal Intake
(kcal/kg)

Note: *Mean values significantly different than recommendations (p < 0.05)

Table 7 provides mean values and includes all groups to compare g/kg intake to
the recommendations. Average intake per macronutrient was divided by mean body
weight (kg) per group to find the average gram per kilogram. Further, a One Sample TTest was done to evaluate if intake was statistically different than recommendations. As
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a result, all groups were significantly below recommended intake for total calories and
carbohydrates (Kcal p= 0.00 except SJS Kcal p= 0.03; CHO p = 0.00; Table 7). Team,
FT, and Pitchers were significantly above Fat recommendations (p= 0.02, 0.02, and
0.03, respectively; Table 7). There were no significant differences of protein intake
compared to recommendations. However, FT protein intake was significantly less than
SJS (p= 0.04).
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Chapter 5
DISCUSSION
Despite the recognized importance of BC in relation to athletes, there is a limited
amount of studies addressing the effects of nutrition, training and exercise performance
on BC within collegiate baseball athletes. Research among collegiate athletes’ BC has
focused primarily on football, consequently there is a limited amount of data comparing
the variety of NCAA sports (Fields, 2018). For baseball specifically, the research has
examined performance measures and mechanics of the sport, with a very limited
number of studies investigating contributing factors such as BC. Our study addresses
this need by focusing on the effects of a baseball season on various aspects of BC. We
also investigated the dietary intake of these athletes and then made recommendations to
potentially improve health and performance. Our reasoning behind evaluating baseball
athletes was based on the following: longstanding involvement with the Cal Poly
baseball team, large population size, homogeneous population, and gap in baseball
research.
5.1 Body Composition
The method used to address BC in our study aligns with previous research,
utilizing whole-body measurements from the DXA scan to include: total BM, LBM, FM,
region % fat and VAT. In our study, we found significant changes of BM and LBM for the
team as a whole, as these values decreased from the beginning to end of season.
Previous studies using DXA have not examined this specific part of the baseball season.
For example, Sweet (2017) measured BC changes of college baseball players during the
off-season via DXA. Significant improvements of LBM, FM and %BF were found while
nutritional intake remained the same (Sweet, 2017). Rossi et al. (2017) organized a
similar study and used air-displacement plethysmography to measure BC in the off44

season in conjunction with a nutrition intervention. Baseball athletes who received the
nutrition intervention exhibited an increase of body weight with a decrease of %BF and
FM (Rossi, 2017). The Sweet (2017) and Rossi et al. (2017) studies exemplified the offseason as an opportune time for significant improvements across all playing positions.
From our findings and the significant decrease of BM and LBM, it is understandable that
the off-season is a favorable time for BC improvements in order to offset any adverse
changes from the season (Sweet, 2017). The demands of a baseball season may
produce suboptimal BC status, making it crucial to offset these less favorable changes in
the off-season.
Baseball players may be separated into the categories of position players and
pitchers as the roles and demands on these two types of players are quite distinct.
Therefore, playing position is important to factor in when considering various aspects of
BC. One of the few studies focusing on collegiate baseball BC found no significant
differences between infielders, outfielders, and pitchers (Fields, 2018). However, Fields
et al. (2018) commented that specific BC measures for example, FM, may be more
advantageous depending on the position; Middle Infielders and Outfielders would benefit
from lower fat levels due to their increased running demands. We did not examine the
statistical differences between the positions (infielders vs. outfielders vs. pitchers) similar
to Fields et al. (2018), but our results exhibited Position Players (infielders and
outfielders combined) have less FM and region % fat as compared to Pitchers. A few
factors that may explain differences in these findings between our study and Fields et al.
(2018) include: method of BC measurement (Air-displacement plethysmography vs.
DXA), smaller sample size, and data collection at different time-points of season.
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Players were further divided into groups of their respective year of school due to
evident differences between each year. Incoming freshman were younger, required to
eat on campus, introduced to our Sports Nutrition Program and adjusting to college level
playing demands, thus prompted us to examine any First-year playing effects. Transfers
also experienced a change of training and began our Sports Nutrition program, therefore
are grouped with Freshman. Sophomores, Juniors, and Seniors are older in age and
well-adjusted to college level playing demands and their team’s specific training, thus are
a distinct group. Stratifying by First-year status vs. SJS is comparable to previous work
differentiating levels of MLB players. Total BM, especially LBM, increases with level of
play from Rookie Ball to AAA to MLB (Hoffman, 2009). This phenomenon is consistent
with the concept that strength is associated with greater performance, but these
correlations also have to do with age. Total BM, LBM, and %BF all significantly increase
with age up to a later stage that is above a collegiate baseline player’s age (Mangine,
2013). Mangine et al. (2013) examined statistics and BC in MLB players from 20052010, concluding MLB level players had significantly higher amounts of LBM and total
BM compared to the younger players in the Minor Leagues. In our study, SJS, the eldest
players of the groups, exhibited higher measures in every BC variable compared to Firstyears, validating the idea that BC is positively correlated with age.
5.2 Dietary Intake
Previous research has indicated that most athletes are not aware of the exact
intake needed to assist their activity level, but acknowledge it is greater than a nonathlete (Fox, 2011). Despite their recognition of increased requirements, NCAA DI male
athletes reported inadequate carbohydrate, protein and total calorie intakes (Rossi et al.,
2017 & Cole et al., 2005). Malinauskas et al. 2006, measured the adequacy of dietary
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energy in collegiate baseball players to find that when comparing to the U.S. Department
of Agriculture Dietary Guidelines for Americans (2005), the baseball players averaged
approximately 9% less than recommended 55% for carbohydrate intake, 6% greater
than the 29% recommended fat intake, and met the 18% recommended protein intake.
Further, Fox et al. (2011) assessed the dietary intake of male collegiate athletes
(baseball: n= 20) to find similar outcomes. Carbohydrate intake was significantly lower
than recommendations while protein was not significantly different (Fox et al., 2011). Our
findings indicate that overall, the players were consuming less than their ideal amount,
with the exception of fat intake. Similar to the previous studies, all groups (i.e. Pitchers,
Position Players, Team, First Years, SJS) experienced the biggest deficit of intake in
carbohydrate consumption. SJS was the only group that experienced protein intake
greater than the recommended amount.
There are not established DRI’s for athletes so recommendations are made by a
variety of other organizations. According to the International Society of Sports Nutrition
(ISSN), an exercising individual’s protein needs are between 1.4-2.0 g/kg/day (Fox, 2011
& Campbell et al., 2007). In order to maintain muscle glycogen levels, athletes
participating in moderate levels of intense exercise are recommended 5-8 g/kg of
carbohydrates per day (Kersick, 2018). Kersick et al. (2018), further explains the ISSN
recommends approximately 30% of daily caloric intake should be from fat and total
caloric needs are 40-70 kcals/kg/day. Our recommendations for the baseball players are
in line with current sports nutrition recommendations (e.g., PRO 1.6-2.0 g/kg BW [~20%],
CHO 5-7 g/kg BW [~55%], fat approximately 25% total caloric intake, and ~43
kcals/kg/day). In our study, the baseball players on average were consuming: ~2g/kg
PRO, ~3.8 g/kg CHO, approximately 34% calories from fat and 35 kcals/kg/day.
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Moreover, we recommended a 3:1 ratio of CHO:PRO, supported by the American
College of Sports Medicine, Academy of Nutrition and Dietetics, and Dietitians of Canada
dietary guidelines (Thomas, 2016).
Although the studies vary in nutrition interventions and data collection, the results
of dietary intake are consistent. Collegiate athletes overall may not be meeting their
dietary needs regardless of their nutrition knowledge. Inadequate intake for this specific
population not only has implications for their performance, but their overall health status
as well.
5.3 Limitations
A limitation to our study may be the method used to assess dietary intake.
Several other studies have indicated there tends to be reporting errors inherent to this
method; under- or over- reporting, recall bias and/or misreporting (Hull et al., 2017 &
Rossi et al. 2017). Under-reporting in food records is common for all populations, with
reviews finding 30% of participants to under-report intake resulting in underestimation of
overall energy intake by 15% (Poslusna et al., 2009 & Burke, 2015). Athletes are
typically a weight conscious population so it is reasonable to assume there will be under
estimations and consumption of their actual intake (Burke, 2015). We were not able to
follow-up to measure adherence to our recommendations. While a follow-up would be
useful to our study and the participants’ own benefit, it is difficult for this population
whose involvement in our study is challenging. The baseball players have a demanding
schedule and limited amount of time so we chose not to add further obligations. In order
for a follow-up to be possible, a less time consuming and efficient intake measurement
appears to be needed. Further, our study is reliant on the NCAA baseball season, NCAA
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DI time restraints under Bylaw 17.1.7.1 (NCAA Manual, 2019) and the Cal Poly Baseball
schedule. These factors alter time allotment, schedule and details of the study.
As with most nutrition data, researchers must take into account self-reporting
errors when collecting food records from participants. Our dietary intake was heavily
reliant on the participants’ knowledge of portions and estimating their intake. Although
the 3-day food records are currently one of the accepted forms of data collection within
nutrition research, it still leaves room for error. This further emphasizes the need for
alternate tools of dietary intake measurements.
Other limitations to our study include the mismatch of participants in the BC
group vs. dietary intake group. Due to the voluntary participation in the project
components, not all of the players received both diet recommendations and a DXA scan.
Therefore, we cannot make any calculations and analyses of how intake directly affected
BC in this study.
Lastly, our study did not factor in changes in participants’ training program
regarding weight lifting and practice sessions. The participants train year round,
however, during season their regimen is altered. Weight lifting is an important factor
contributing to BC changes, and should be taken into account. Establishing differences
between off-season lifting vs. intra season lifting would provide a better understanding of
the physical demands and its effects on the body.
5.4 Future Research
Variables to look at within future research may be the specific composition of the
athletes diet. Our study analyzed macronutrient intake, but did not dive deeper into
macronutrient quality or vitamin/mineral intake. Important and interesting factors specific
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to athletes to investigate include: protein quality of the diet; plant vs. animal based diets
within athletes; and adequate vitamin and mineral intake.
Further research within collegiate baseball is necessary due to the individuality of
the sport and its respective playing positions. A stronger emphasis on BC, especially
during the baseball season, is necessary to better understand the effects from the
physical demand of the sport. Further, examining looking at differences between the
playing positions and year of the athlete will benefit the coaches, nutrition professionals,
and strength and conditioning coaches’ understanding of the players’ individual needs.
Moving forward, attention on dietary intake and nutrition knowledge for all collegiate
sports is needed. Nutrition can be a significant factor in the athletes’ health and
performance, and warrants more support within the NCAA population.
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Chapter 6
CONCLUSIONS
In summary, our study exhibited differences in BC changes from the beginning to
end of season in Position Players, SJS and FT when examining the groups separately.
For example, Position Players significantly decreased in BM, region % fat, and FM
(p=0.00, 0.01, and 0.02, respectively); SJS significantly decreased in BM, region % fat,
and FM (p= 0.00, 0.017, 0.023, respectively); and FT significantly increased in VAT
volume and VAT Mass (p=0.004 &0.004). However, examining BC as a team resulted in
the observation of significant decline of BM and LBM (p=0.00 & 0.026). Overall,
significant changes of BC variables decreased from the beginning to end of season with
the exception of VAT in the FT group. Differences in sample size and age between FT
and SJS groups and contrasts in physical characteristics and training demands between
Pitchers and Position Players may be attributed to the statistical changes observed.
Further, a larger sample size when evaluating the players as a team could have
strengthened the statistical effects. Despite the possible confounding variables that
affected the separate groups, the baseball season led to a decline of BM and LBM for
the team as a whole, which may lead to performance implications.
Dietary intake in our study appears to be somewhat similar to previous research
and resulted in athletes failing to meet their recommended nutrition needs. Total energy
intake was below recommendations while macronutrient distribution was
disproportionate (i.e. low carbohydrate and protein intake; high fat intake). Moreover,
when examining intake as g/kg and kcal/kg body weight, athletes were significantly
below recommended intake for total calories and carbohydrates (Kcal p= 0.00 except
SJS Kcal p= 0.03; CHO p = 0.00). FT were significantly under the recommended protein
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intake (p=0.04); Team, FT and Pitchers were significantly above Fat recommendations
(p= 0.02, 0.02, and 0.03, respectively). Therefore, all groups exhibited dietary intake that
did not meet recommended amounts.
The unfavorable BC changes exhibited in our study in addition to inadequate
intake may affect the athletes training and performance during season. Therefore our
findings are important for coaches and players to be aware of, as well as other collegiate
baseball programs that experience similar demands. Every NCAA sport endures specific
demands during season, thus focusing on seasonal BC changes of the individual sports
could potentially benefit athletic programs. Our findings may be helpful to improve the
performance, development and health of NCAA athletes.
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APPENDIX A
3-Day Food Record
In order for your diet analysis to be accurate, you must do the best job possible of
accurately writing down what you eat. We also encourage you to take pictures of
meals and labels because this can help our accuracy. Just email us the photos with info
regarding when it was eaten.
Instructions for the Food Record:
1. You will be recording everything you eat for three days. You will record two
weekdays and one weekend day.
2. Tips for recording accurately:
Record each individual food item plus any supplements you take. For example, if you ate
oatmeal, fruit and coffee for breakfast, the meal would be represented as:
Time of Day

Portion Size
(amount)

Food Description including
location/brand

Preparation
Method

7:00 am

½ cup dry

Quaker Oats, old fashioned, dry

As instructed

B

2 teaspoons

Smart Balance light buttery spread
with flax

B

1 large

egg

B

1 cup

Lactaid milk, 1%

B

1 tablespoon

Brown sugar

B

½ cup

Blueberries, fresh

B

1 cup

Brewed drip coffee

B

1 tablespoon

Land O’Lakes Nonfat half and half

B

1 tablet

Men’s One-A-Day vitamin and
mineral supplement

Breakfast (B)

scrambled

As instructed

Please notice all details about the oatmeal including added foods (buttery spread, milk,
brown sugar), brand names if applicable (Quaker, Smart Balance, Land-o-Lakes),
descriptions of the food products (“light,” “1%”) and specific amounts (“2 teaspoons,” “1/2
cup”) are provided. Please be as specific as possible (“fresh,” “frozen,” “blanched,”
“fried,” “steamed”) so proper assessment of the quality of your diet can be evaluated.
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3. If you don’t know the exact portion, revert to the Food Portions Guide as a tool to
estimate your portion size. Some examples are provided in the table below:
Time of Day

Portion Size
(amount)

Food Description including
location/brand

Preparation
Method

8:00 pm

1 deck of
cards = 3 oz

Safeway Select Chicken breast,
boneless skinless

Sautéed w/ canola
oil and salt then
finished in the oven

D

1 ½ quarters
=½
tablespoon

Canola oil

D

¼ teaspoon

Salt

D

1 fist full = 1
cup cooked

Brown rice, long-grain

Dinner (D)

As instructed

Remember to record the amount of salt you add when you cook. It is not necessary to
add other spices and seasonings; we are more concerned with added salt, which
contains the mineral sodium. Notice that preparation method details have also been
included when appropriate.
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Food Record Day #1

Name:

Time of Day

Date:

Portion Size
(amount)

Day:

Food Description including location/brand
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Preparation
Method

Food Record Day #2

Name:

Time of Day

Date:

Portion Size
(amount)

Day:

Food Description including location/brand
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Preparation Method

Food Record Day #3
Name:

Time of Day

Date:

Portion Size
(amount)

Day:

Food Description including location/brand
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Preparation Method

APPENDIX B

STUDENT ATHLETE NUTRITION PROFILE
Name

Year:

Sex:

Sport:

Age:

Year in School:
Height:

Weight:

What type of residence do you live in? (Ex.
Dorms, house, apartment, etc.)

Do you have a Cal Poly Dining Plan? Which
one?

Where do you do your grocery shopping?

Do you take any vitamins and/or supplements?
If so please list
How much water do you drink throughout the
day?
What do you drink/eat during
workouts/matches?

How many hours of sleep do you get per night
on average?
What do you normally eat before a game?

Where do you generally eat on campus?
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How many times per week do you eat out at a
restaurant? RARE, 1-2 times a week MAX
Please list top 5 locations

Are there any specific foods you avoid?
If yes, please list

Do you have any food allergies?
If yes, please list

Do you follow any special dietary regimen?
Circle all that apply
Vegetarian
Gluten Free
Dairy Free
Other:

Has a physician ever told you that you have
any of the following:
Circle all that apply

Iron Deficiency Anemia
Stress Fractures
Vitamin D Deficiency
Potassium Deficiency
High Blood Pressure
High Cholesterol
Diabetes/Hypoglycemia
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Irritable Bowl Syndrome
Other:
Do you take any medications we should know
about?
If so please list

Please list your five favorite Fruits

Please list your five favorite Vegetables

Do you have any specific nutrition concerns or
questions?
If yes, please list

Do you have physical goals you would like to
mention? For example, adding muscle, getting
stronger…
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