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Abstract

The purpose of this study was to investigate the effects of a creatine and electrolyte
formulated multi-ingredient performance supplement (MIPS) on strength and power
performance. Maximal strength, total concentric work, mean rate of force development
(mRFD), mean power, peak power, and peak force was determined at pre-test and post-test
separated by six weeks of supplementation. Subject’s body density and body water were
measured using a BodPod and Quantum X Bioelectrical Impedance unit respectively.
Subjects performed three akimbo countermovement jumps (ACMJ) on a force platform.
Subjects performed a one-repetition maximum (1RM) for back squat and bench press
consisting of a maximal repetition test at a 90% predicted value. Eighty percent of the
subjects pre-test 1RM was used for a maximal repetition test to test for performance variables
including: total concentric work, mRFD, mean power, peak power, and peak force. Testing
was separated by six weeks of supplementation in a double blind fashion with a placebo
group for comparison. A two way mixed analysis of variance (ANOVA) was applied with an
alpha level of 0.05 for all body composition, body water, akimbo countermovement jump,
back squat, and bench press variables. The MIPS showed a significant increased back squat
and bench press maximal strength (13.4%, p = 0.035 and 5.9%, p = 0.045 respectively), as
well as total concentric work (26.5%, p = 0.024), mRFD (22.4%, p = 0.050), and mean
power (17.9%, p = 0.025) for the maximal repetition bench press test at 80% of their 1RM.
The placebo group had a significant decreased mRFD of -26% over the six-week
supplementation. Creatine formulated with electrolytes could be beneficial for recreationally

trained individuals.
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Chapter |
The Problem and Its Scope
Introduction

The human body utilizes various energy systems to generate human movement under
different circumstances. These systems can be split into two categories, aerobic and
anaerobic energy systems (Bemben, Bemben, Loftiss & Knehans, 2001; Larson-Meyer et al.,
2000). Aerobic energy systems are utilized for prolonged exercise that utilizes oxygen to
generate a large amount of adenosine triphosphate (ATP) (Bemben et al., 2010). A primary
system that generates ATP under very quick and acute circumstances is the creatine
phosphagen system. It has been determined that increasing the storage of free creatine and
creatine phosphates can help prolong the usage of the creatine phosphagen system.
Supplementation of creatine enhances the total storage of creatine and helps increase both
power and strength performances (Aedma, Timpmann, Latt, & O6pik, 2015; Greenhaff,
Bodin, Soderlund, & Hultman, 1994; Wiroth et al., 2001).

Creatine supplementation has become a very popular supplement among athletes and
recreationally trained people for decades (Brenner, Rankin, & Sebolt, 2000; Claudino et al.,
2014; McGuine, Sullivan, & Bernhardt, 2001). Supplementation of creatine has also become
wide spread across varying skill levels of athletes, ranging from recreational to professional
levels (Antonio & Ciccone, 2013; Bemben et al., 2010; Vincent & Jenkins, 1998). Creatine is
primarily found in the human body to support movement through a fast activation energy
system known as the creatine phosphagen system (Aedma et al., 2015; Becque, Lochmann,
& Melrose, 2000; Kresta et al., 2014). The creatine phosphagen system is used by the human

body for short duration activity using creatine phosphates as a source of fuel to produce



Adenosine Triphosphate (ATP) for bodily movement. Adenosine Diphosphate (ADP) is
phosphorylated using phosphocreatine and transformed into ATP which is used for muscular
movement. The creatine phosphate system is an acute pathway for metabolic energy only
lasting for about ten seconds prior to being depleted (Becque et al., 2000; Hoffman et al.,
2006).

Supplementation involving creatine is used by many people to enhance characteristics
of their performance in physical activity. Creatine supplementation has been previously used
to increase various aspects of both power and strength activities (Earnest, Snell, Rodrigues,
Almada, & Mitchell, 1995; Francaux & Poortmans, 1999; Peeters, Lantz, & Mayhew, 1999).
Most of the literature on creatine supplementation appears to support the trend that this
supplementation is beneficial for a wide variety of people for several reasons. Multiple
studies have concluded that creatine supplementation ranging from one week to twelve
weeks can be helpful in enhancing one-repetition maximum strength, total work capacity,
increasing lean-body mass, and, in some cases, increases in lower limb power output
(Claudino et al., 2014; Earnest et al., 1995; Herda et al., 2009).

The most common form of creatine supplementation comes in the form of creatine
monohydrate (Francaux et al., 1999; Kreider et al., 1998). Research has varied on the
dosages required to elicit benefits from creatine supplementation, ranging from 20g/day for
loading phases to 3g/day for maintenance dosages (Barros et al., 2012; Olsen et al., 2006;
Robinson, 2000). While some studies have combined the use of creatine supplementation
with beta alanine and other solutions, there is very little to no literature on creatine
supplementation coupled with electrolytes. Electrolytes such as sodium, potassium, and

magnesium are transporters used to aid in the absorption and utilization of creatine by the



human body (Allen, 2012). The current study aims to investigate the potential effects of a
creatine supplement combined with various electrolytes for body composition, body water
analysis, power, and strength outcomes for college-aged individuals.
Purpose of the Study

The purpose of this study was to examine the effects of a multi-ingredient
performance supplement comprised of electrolytes and creatine on the performance of
individuals who are regularly strength training. The primary purpose of the study was to
examine the potential benefits of the multi-ingredient performance supplement (MIPS)
supplementation on power and strength performance outcomes during an akimbo
countermovement jump, and the back squat, and bench press exercises. The study was aimed
at examining the implications for performance enhancement in an active population that
would benefit or would potentially use supplementation for enhancement.
Hypothesis

We hypothesized that a six-week supplementation period of the MIPS would
increase: lean body mass (LBM), intra-cellular water, peak and mean power for an akimbo
countermovement jump (ACMJ), and increase predicted one-repetition maximum (1RM)
strength for back squat and bench press. Additionally, there will be an increase the amount of
concentric work, mean power, peak power, mean rate of force development, and peak force

for back squat and bench press during a maximal repetition test at 80% 1RM load.

Significance of the Study
Creatine is one of the most researched supplements to help enhance performance

across many activities (Bemben et al., 2001; Greenhaff et al., 1994; Jagim et al., 2012;



Larson-Meyer et al., 2000; McGuine et al., 2001). Specifically, creatine has been used to
enhance performance in various settings for both strength and power activities. Currently,
there are very few studies that examine the effects of a specific MIPS such as this one,
formulated with electrolytes and creatine. The ideology is that the MIPS will allow for
greater absorption and utilization of the creatine dosage due to increased availability of
electrolytes used for cell transportation. This study will give insight to possible adaptations to
the supplementation procedure using creatine.

Limitations

e This study is unable to account for subject history and experience with specific
exercises. Familiarity with either the back squat or bench press could have had an
effect on the outcome measures.

e All testing occurred inside of a laboratory setting and may not be applicable to real
world settings. The maintenance of internal validity caused a decrease in external
validity.

e Subjects were self-reporting their own adherence when taking their assigned
supplement.

e Back squat range of motion or depth was not controlled in the one repetition max
testing or the maximal repetition test.

e The load used for the maximal repetition test was kept consistent to give an accurate
comparison between the pre-test to post-test. Subjects could have either increased or
decreased the 1RM strength and the 80% 1RM could have been adjusted for with the

post-test 1IRM value.



Definition of Terms

Akimbo A maximal effort jump including an unweighting period and
Countermovement loading while keeping hands fixed on their hips. (Claudino et al.,
Jump 2014)

Body Composition Measurements used to describe the overall make up of a person’s

body in terms of body fat and fat free mass. (Jagim et al., 2012)

Center of Mass The most central point of an object mass at which the mass is

even distributed around. (Lukos, Ansuini, & Stantello, 2007)

Creatine Phosphagen | The acute metabolic energy pathway in which ADP is
System phosphorylated using creatine phosphate into ATP. This is a very
short term energy system only lasting a couple of seconds before

needing to be replenished. (Allen, 2012)

Concentric Work The product of a force applied to an object that also results in
displacement or movement of said object. (Work = Force *

Displacement * cosine(theta)) (Wiroth et al., 2001)

Dosage Amount of a certain substance taken prescribed in an amount of
grams per day for supplementation (Aedma et al., 2015;

Greenhaff et al., 1994; Wiroth et al., 2001)

Electrolytes A group of minerals that are found in the body. Aids in

membrane transportation. (Allen, 2012)

Extra-cellular Water | Physiological measurement of the amount of water that exists

outside of an individual’s cells. (Francaux et al., 1999)




Force

An interaction that when unopposed can cause a change in

direction. (Force = Mass x Acceleration) (Francaux et al., 1999)

Intra-cellular Water

Physiological measurement of the amount of water that exists

inside of an individual’s cells. (Francaux et al., 1999)

Lean Body Mass

(LBM)

The amount of body tissue that is attributed to be free of adipose
tissue. Used in a two compartment model with fat mass to
describe the overall make up of individuals body. (Francaux et

al., 1999)

One-Repetition

Maximum (1RM)

The load that someone can only perform for a single time before

failure, used a value for maximal strength (Bemben et al., 2010)

Power

The rate at which an amount of work takes place during a
specified movement (Power = Force*Velocity) (Claudino et al.,

2014)

Rate of Force

Development (RFD)

The speed at which and individual reaches their peak force

expressed in the units of N/s (Mikrov et al., 2016)

Time in Flight

The amount of time someone is airborne during a jumping task,
measured in seconds. (Noonan, Berg, Latin, Wagner, & Reimers,

1998)

Total Body Water

Physiological measurement of the total amount of water stored in
an individual’s body. A combination of both intra-cellular and

extra-cellular waters. (Francaux et al., 1999)




Chapter 11
Review of the Literature

Introduction

Creatine has become one of the most researched and well-known products used for
supplementation (Aedma et al., 2015; Jagim et al., 2012; Kresta et al., 2014; Olsen et al.,
2006). Creatine is widely known for its ability to enhance performance in both strength and
power activities. Creatine supplementation aids in boosting and enhancing the performance
of ATP generation through the phosphorylation of ADP using the creatine phosphagen
system (Hultman, Soderlund, Timmons, Cederblad, & Greenhaff, 1996; Zuniga et al., 2012).
Creatine supplementation daily has become a common routine with the dosages ranging from
20g/day to as little as 3g/day (Allen, 2012; Larson-Meyer et al., 2000; Robinson, 2000).
Research has concluded that while the dosage range does not play a critical factor, any
supplementation of creatine can prove to be beneficial (Allen, 2012; Brenner et al., 2000;
Robinson, 2000). Individuals using creatine as supplementation increase overall maximum
strength, maximal repetition strength, as well as power output (Cooper et al., 2013; del
Favero et al., 2012; Souza-Junior et al., 2012; Wiroth et al., 2001; Zuniga et al., 2012).

While creatine on its own is beneficial, there is little to no research on creatine
coupled with electrolytes. Electrolytes are a common mineral that aids in cell transportation
of creatine, which plays a critical role in creatine absorption (Allen, 2012; Greenhaff et al.,
1994). The current study aims to examine the effect of a creatine and electrolyte supplement
compared to a placebo group on maximal strength, power, and performance while

performing a maximal bench press and back squat set at 80% 1RM load.



Review of the Literature

Creatine. Creatine is created and stored in the body to be used for fast acting
Adenosine Triphosphate (ATP) generation via the creatine phosphagen (CP) system that
phosphorylates ADP. The human body generates a basal amount of creatine daily and stores
them as creatine phosphate and free creatine (Greenhaff et al., 1994; Robinson, 2000). The
CP system for energy is very short term. Most research has found that the CP system is
depleted by ten seconds of acute activity (Greenhaff et al., 1994; Jagim et al., 2012).

Creatine supplementation helps increase the rate of muscular creatine resynthesize
(Greenhaff et al., 1994). The body is able to resynthesize muscular creatine at an increased
rate of 19+4 mmol/dry matter following an acute supplementation of five days. Once
muscular creatine has been depleted through exercise, the CP system is unable to
appropriately produce energy until the muscular creatine is resynthesized. Creatine
supplementation displays a key role in aiding the rate and amount of creatine resynthesis
when preforming physical activity.

Creatine and electrolytes: multi-ingredient performance supplements. Creatine
absorption highly depends on electrolytes such as sodium and chloride availability and usage
as active transporters (Allen, 2012). Allen, (2012) described that sodium and chloride ions
are necessary to actively transport creatine from the blood plasma into the musculature,
increasing the amount of creatine storage available for use. Based on creatine transportation,
other researchers have examined the effects of combining both creatine and electrolytes such
as sodium and magnesium for performance benefits (Barber, McDermott, McGaughey,
Olmstead, & Hagobian, 2013; Brilla, Giroux, Taylor, & Knutzen, 2003; Mero, Keskinen,

Malyela, & Sallinen, 2004).



Supplementing with both creatine and electrolytes such as sodium has been used to
increase creatine transportation (Mero et al., 2004). Mero et al. (2004) found that
supplementing with creatine combined with sodium bicarbonate enhances maximal swim
tests, approximately 0.9 seconds faster than the placebo group. A similar study used creatine
monohydrate combined with sodium bicarbonate compared to creatine supplementation
alone during six 10-second wingate tests (Barber et al., 2013). The creatine and sodium
bicarbonate group displayed a 7% increase in peak power compared to a 4% increase in the
creatine only group. The group supplementing with both creatine and sodium bicarbonate
had their power levels significantly higher than both the placebo and creatine groups during
the six repeated bouts of cycling (Barber et al., 2013). The combined creatine and sodium
bicarbonate only saw a decrease of power on the sixth bout whereas the other groups had
decreases in bouts four, five, and six.

Another study examined the effects of a creatine supplement formulated with
magnesium over two weeks. Subjects were given either a placebo, magnesium oxide with
creatine, or magnesium-creatine chelate (Brilla et al., 2003). Following supplementation,
subjects had an increased: intra-cellular water (26.29 L to 28.01 L) and increase quadriceps
torque (124.5 to 135.8 Nm). The magnesium-creatine chelate was the only group to display a
significant change over time for peak torques compared to both the placebo or magnesium
oxide plus creatine groups (Brilla et al., 2003).

Creatine supplementation. Creatine supplementation works to enhance the
availability of creatine for absorption and utilization by the cell (Brenner et al., 2000). By
increasing the amount of free creatine in the system, creatine supplementation aids in

increasing the amount of creatine phosphates stored in the muscle to prolong the use of the



CP system for ATP generation (Greenhaff et al., 1994). The supplementation is taken orally
in daily doses to increase the total creatine available for absorption. Due to the enhancement
of the CP system, creatine supplementation increases multiple fitness and sport activities
revolving around acute bouts of exercise (Cooper et al., 2013). Due to the availability of
creatine supplements, the use of creatine is very wide spread across ages, sports, and skill
levels.

A 2001 survey and research article found that out of 1,349 high school football
players, about 30% responded as taking creatine supplementation (McGuine et al., 2001). Of
those who responded as taking creatine, the highest numbers were those in the 12" grade at
50.5% (McGuine et al., 2001). Creatine supplementation has been further researched in high
skill groups including NCAA division | athletes, professional Brazilian soccer players, and
NCAA division | female soccer players (Bemben et al., 2001; Larson-Meyer et al., 2000).
The extent of creatine supplementation reaches far and includes individuals in all sports and
activities.

Creatine supplementation is also separated into three variables that are controlled for:
the frequency, amount, and timing of supplementation. Researchers continue to examine the
effect of creatine based off a daily dose taken by participants and athletes (Bemben et al.,
2010; Larson-Meyer et al., 2000; Vandenberghe et al., 1997). Taken daily, creatine
supplements increase the amount of PCr available for use in the CP system to produce ATP.
The timing of ingestion also seems to play a small role in the effectiveness of the
supplement. It was found that taking a creatine supplement post work out was more

beneficial at increasing 1RM bench press strength compared to pre-workout (Antonio &

10



Ciccone, 2013). While the frequency of supplementation seems to not vary at all or little, the
dosages taken by individuals are a topic of much debate for benefits and risks.

Dosage of creatine. The dosage of creatine supplementation is widely debated.
Primarily, creatine dosages depends on the phase of loading, either a loading dosage phase or
maintenance dosage phase (Aedma et al., 2015; Herda et al., 2009; Jagim et al., 2012). A
loading dosage phase has subjects ingesting a large amount of creatine daily in the hopes of a
rapid increase in PCr to elicit very rapid changes in performance (Aedma et al., 2015;
Greenhaff et al., 1994; Wiroth et al., 2001). The typical loading dosage shown in previous
research is 20g/day separated into multiple doses per day. Maintenance phases of creatine
supplementation typically range from 3g/day to 5g/day (Robinson, 2000; Syrotuik et al.,
2000).

A study involving college female lacrosse players used a dosage of 5g/day for four
times daily for one week (Brenner et al., 2000). Another study examining creatine’s effect
over nine weeks in NCAA division | football players used 4g/day for five times daily for a
period of five days. After the five days, a maintenance dosage of 5g/day was used for the
remainder of their study (Bemben et al., 2001). Vandenberghe et al. (1997) examined the
effects of creatine on nineteen female participants over a ten-week period, and both a loading
phase followed by a maintenance phase dosage. Following four days of supplementation for
20g/day, the subjects displayed a 6% increase in their PCr concentration (p<0.05) and was
maintained with a dosage of 5g/day. However, during their loading phase, the rate of creatine
excretion was greatly increased to about 7-11g/day.

There is some research that shows even using an average maintenance dose over a

prolonged period yields similar results compared to using a loading dose (Herda et al., 2009;

11



Peeters et al., 1999). A study examining muscular strength and satellite cell numbers only
used a dose of 6g/day and found increases in maximal isometric strength performance from
307.2 £ 25.9t0 371.8 + 69.7 N/m (p<0.001). Hultman et al. (1996) specifically compared the
muscle creatine increases between using a loading phase vs. only maintenance level doses in
31 male subjects. After supplementing 20g/day of creatine monohydrate, the men saw an
increase of 20% of their stored muscular creatine. This increase was maintained using a dose
of 2g/day for the remainder 30 days. The loading dose group did similarly see an increase in
their creatine excretion via urine during the 20g/day dosage phase. Subjects who only
ingested 3g/day for 30 days also saw a similar increase of 20% in muscular creatine storage.

When compared, there were no displays of renal, hepatic, or muscular damage for
either loading dosages of creatine versus a dosage equal to maintenance levels (Robinson,
2000). The study compared the risks and effects of creatine supplementation of 20g/day for
five days and 3g/day for nine weeks. Blood samples were used for analysis for analysis of the
acute and chronic time points of creatine supplementation. All of the measurements were
within normal ranges of healthy individuals, indicating no increased risk of creatine
supplementation for either dose. There were also increases of muscular creatine
concentration in both supplementation groups when compared to pre-testing.

Creatine supplementation doses vary depending on the circumstances and individuals
deciding to take the supplement. Dosages vary from very large daily amounts up to 20g/day
for a loading phase to a smaller amount of 3g/day for a maintenance phase. Both dosage
schemes increase the creatine concentration in healthy individuals with no apparent health
risk. People taking large loading doses appear to excrete a much larger volume of about 7 to

11g/day of creatine in their urine when compared to healthy people not taking creatine.

12



Overall, creatine supplementation of any dosage will have a positive effect on performance,
with greater doses being excreted at larger amounts.

Creatine effects on body composition. Creatine supplements have been boasted to
improve body composition with increasing the amount of lean body mass (Kresta et al.,
2014). Increased muscular creatine allows for an increase in work capacity and intensity,
giving individuals increased capacity for increasing lean body mass (Jagim et al., 2012).
However, research does conflict on the effects of creatine on body composition either
displaying no change over time or very slight changes in lean body mass (LBM).

A 28 day creatine supplementation study on active female participants displayed that
supplementation only had an effect on LBM over time but no interaction between the placebo
group (Kresta et al., 2014). Another study examined the effects of creatine monohydrate
(Creapure) and Kre-Alkalyn, alkaline creatine with soda ash, on 36 resistance trained
individuals over 28 days. Their results showed no interaction for time and group for the
following: LBM, fat mass, or body fat percentage (Jagim et al., 2012). Hoffman et al. (2006)
recruited 33 college aged football players and tested a 10-week intervention of creatine using
a Dexa scan to test body composition. They found no interaction in any three of their groups:
placebo, creatine, and creatine plus beta-alanine on the following body composition
measurements: fat mass, LBM, or body fat percentage. Another acute loading phase of
creatine study on 23 males found that they had increased fat free mass from 71.2 + 10 to 72.8
+ 10.1 kg (p<0.001) (Becque et al., 1999). College aged males taking creatine phosphate or
monohydrate over six weeks showed increased lean body mass accompanied with significant
increases in maximal upper body strength (Peeters et al., 1999). Subjects taking creatine

phosphate had an increase of lean body mass of 2.2 + 1.13% and an increase of 8.83 + 3.49%
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for bench press maximal strength. The creatine monohydrate increased their lean body mass
by 2.67 £ 1.92% and 11.15 + 5.51% for bench press 1RM.

Creatine effects on body water. Increases in muscular creatine storage are usually
coupled with an increase of intra-cellular water. However, most research shows that any
change in body fluid volume does not significantly change based on creatine supplementation
(Francaux et al., 1999). Cellular fluid was analyzed utilizing a BIA unit for compartmental
water volumes in college aged males following nine weeks of creatine supplementation.
There were no significant changes in the fluid volume in the intra-cellular or extra-cellular
compartments for the group supplementing with creatine monohydrate (p>0.05) (Francaux et
al., 1999). A study examining cell hydration of NCCA Division | football players following
nine weeks of resistance training and creatine, following a loading then maintenance phases,
found the contrary. Accompanied with increased LBM, these football players were also
displayed significantly increased intra-cellular water, following both a loading and
maintenance phase of creatine supplementation (Bemben et al., 2001). An increase of intra-
cellular water is typically associated with creatine absorption due to the osmotic nature of
creatine absorption (Brilla et al., 2003). When creatine is absorbed, water is also taken into
the cell and increases the total intra-cellular water content.

Creatine supplementation may or may not affect both body composition and
compartmental body water measurements. Changes in either measurement appear to be very
miniscule when compared to subjects taking a placebo while on the same training regime
over a short period of time, typically around four to eight weeks (Bemben et al., 2001). This
effect could be related to creatine responders or non-responders as some individuals are

unable to absorb extra available creatine. Overall, if any significant changes do appear due to
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creatine supplementation, they are increases in LBM and slightly increased intra-cellular
water (Bemben et al., 2001; Becque et al., 1999; Francaux et al., 1999).

Potential negative effects of creatine. With an increase of creatine supplementation,
there has been concern for potential harmful effects (Allen, 2012; Jager, Purpura, Shao,
Inoue, & Kreider, 2011; McGuine et al., 2001; Robinson, 2000). Research into the potential
harmful effects of creatine are directed towards renal dysfunction, creatine concentration,
muscle damage, and abnormal hepatic function (Jager et al., 2011; Robinson, 2000). A study
examined both the acute and chronic effects of creatine and its potential side effects using
either a loading dose of 20g/day for five days or 3g/day for nine weeks. Researchers took
blood samples at baseline, end of supplementation, and six weeks post intervention
(Robinson, 2000). All measures of hepatic function, renal function, and muscle damage were
within typical healthy ranges. Creatine concentration in the blood samples were increased
significantly (p<0.05) but were returned to baseline levels following a six week wash out
period (Robinson, 2000).

Another study examined the potential negative effects of creatine and found similar
results (Jager et al., 2011). The researchers documented that there were no risks for renal
dysfunction, hepatic dysfunction, or muscle damage while taking creatine supplementation
for healthy individuals ingesting the supplement. However, it was found that individuals with
pre-existing renal dysfunction may have an increased risk of worsening their current
condition.

Most commonly, with high doses, creatine supplementation results in a greater
amount of creatine excretion through the urinary tract (Hultman et al., 1996). Thirty-one

male subjects while ingesting 20g/day for one week of creatine had a significantly increased
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amount of creatine excretion (p<0.05) accompanied with a 20% increase in muscular
creatine. There appears to be no increased risk for healthy individuals taking creatine
supplementation for hepatic or renal function and muscular damage (Jager et al., 2011,
Robinson, 2000).

Effects of creatine on strength performance. The most common performance
aspect that is associated with creatine supplementation is maximal strength (Burke et al.
2003; Bemben et al. 2010; Herda et al. 2009; VVandenberghe et al. 1997). Increased PCr is
greatly associated with performance that is intermittent and only lasting ten seconds.
Maximal strength testing is calculated through either a single repetition maximum test or
other testing using a three to five repetition maximum, making it the perfect candidate for
enhancement with creatine supplementation (Antonio & Ciccone, 2013Herda et al. 2009).

Upper body strength increases were found in older populations when supplementing
with 5g/day for six weeks. There was a significant (p<0.0001) increase of chest press
strength from 24.1 + 3.2 to 40.5 + 6.8 kg (Tarnopolsky et al., 2009).

Another study examined the acute supplementation effects on participant’s bench
press 1RM for bench press (Zuniga et al., 2012). Subjects were given 20g/day for seven days
and were tested for their absolute 1RM at baseline and post supplementation. The researchers
found no significant increases in bench press maximal strength following their acute
intervention.

An eight-week intervention study examined the effect of rest time intervals in
individuals on their maximal bench press strength (Souza-Junior et al., 20110). Subjects were
given creatine monohydrate at maintenance dose levels for eight weeks while performing

resistance training. One group maintained a consistent rest time interval with the second
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group decreasing rest intervals 15 seconds per week (Souza-Junior et al., 2011). The constant
interval of rest increased their bench press 1RM from 102 + 10 kg to 130 + 10 kg with a large
effect size. The decreasing rest interval group increased their bench press 1RM from 100 +
12 kg to 125 + 12 kg with a large effect size. There was no significant (p<0.05) interaction
between groups, displaying that rest intervals played little role in their strength increases.

Another study examined creatine supplementation compared to betaine on maximal
bench press strength using untrained individuals (del Favero et al., 2012). Subjects in the
creatine groups were given 20g/day and were tested for their bench press 1RM at baseline
and following the intervention. Groups that were supplementing with creatine monohydrate
had a significantly increased (p<0.027) bench press from baseline to post-test. Subjects had
an approximate increase of 5% on their bench press 1RM when compared to their baseline
values.

While using creatine supplementation, lower body maximal strength increases vary
more when compared to upper body strength. College age lacrosse female players did not
show any significant effects from a five-week creatine intervention when tested for maximal
leg extension strength (Brenner et al., 2000). However, middle-aged men using creatine
coupled with resistance training did have increased 1RM strength for the leg curl and leg
extension (Bemben et al., 2010). The leg curl and leg extension were also part of the
resistance training periodization exclusively done for lower limb exercises during the five
weeks. Leg press increased following an intervention of creatine and resistance training in
healthy individuals (Herda et al., 2009; Pearson, Hambox Wade Russel, & Harris, 1999;
Tarnopolsky et al., 2007). Herda et al. (2009) observed an eight percent increase in leg press

1RM following a 30 day creatine intervention. Creatine supplementation does appear to have
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an effect on maximal lower limb strength, mostly dealing with exercises that are controlled
using machines.

Creatine supplementation aids in both the upper body and lower body maximal
strength. These studies utilized both large and small dosages to yield similar results (Bemben
et al., 2010; Herda et al., 2009; Tarnopolsky et al., 2007). Creatine coupled with resistance
training is beneficial in enhancing the strength performance in both the upper and lower
extremities.

Creatine effects on power. Most athletic performances require a great deal of work
to be produced in a short amount of time. Sprinting and jumping are two common tasks that
require power to be performed at a higher level. Researchers to reach the maximal potential
of peak power for such performances have examined the effect of creatine. The Wingate test
and counter movement jump test are the two most common testing techniques for lower
extremity power output for creatine supplementation research (Claudino et al., 2014;
Hoffman et al., 2006; Wiroth et al., 2001).

Short duration high intensity cycling has been used to evaluate anaerobic power,
primarily named the Wingate test (Herda et al., 2009; Wiroth et al., 2001). A study involving
54 healthy men tested power using 30-second Wingate tests after creatine supplementation
(Herda et al., 2009). After the supplementation period, there were no significant differences
found in either peak or mean power in subjects supplementing with creatine. Researchers
suggested that could be a possibility due to the CP system being depleted prior to the
completion of the test and primarily rely on glycolysis for ATP generation.

A similar study examining the effects of creatine in older participants compared old

and young volunteers using five all-out ten second cycling sprints for power and total work
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done (Wiroth et al., 2001). Subjects were separated into three different groups: sedentary old,
trained old and sedentary young. Subjects were supplemented with 15g/day doses for a total
of five days. Elderly and young sedentary men displayed increases in maximal power, 3.7%
and 2.0% respectively (p<0.05). The trained elderly old males did not exhibit any creatine
effect from pre-test to post-test.

Another power test is done with countermovement jumps on a force platform
(Hoffman et al., 2006). A study involving college football players used a 20 akimbo
countermovement jump test to examine peak power differences based on ten weeks of
creatine supplementation (Hoffman et al., 2006). The group with creatine did not differ
significantly from pretest to posttest, 62.6 + 13.8 to 62.7 + 10.1 watts (Hoffman et al., 2006).

Claudino et al. (2014) conducted a study using 14 professional Brazilian soccer
players testing for lower limb power using a countermovement jump. Supplementation lasted
seven weeks and there were no significant differences in power, but there was a trend to
increased power compared to placebo, 2.4% versus 0.7% respectively. Creatine
supplementation could possibly be used to increase the power demonstrated in
countermovement jumps.

Creatine effects on work. Along with strength and power, creatine has been used to
increase the work capacity for various exercises and performances (Brenner et al., 2000;
Herda et al., 2009; Kreider et al., 1997; Vincent et al., 1998). The performances range from
increasing 40 yard dash time, maximal repetitions of bench press, maximal repetitions of
back squat, total volume for lifting, and power clean maximum load. A study examining the

effect of creatine on cycling work, examined both older and young people after creatine
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supplementation. Total work during a cycling task was increased, not significantly, in older
and young people using creatine, 4.1% and 5.1% (Wiroth et al., 2001).

A study reviewing the effects of creatine monohydrate on college males tested their
40 yard dash time pretest and posttest after a loading phase, 5g/day, and varying maintenance
phases, 100 mg/kg/day or 300 mg/kg/day (Noonan et al., 1998). The group supplementing
with creatine at 100 mg/kg/day had significantly (p<0.05) increased 40 yard dash time
compared to both the placebo and 300 mg/kg/day groups (Noonan et al., 1998). Researchers
hypothesized that the higher creatine dosage did not correlate to a higher creatine absorption
and was above the recommended dose for performance benefits.

A study examining 28 days of creatine supplementation on 18 power lifters tested the
maximal number of repetitions done on bench press across five sets using 80% 1RM
(Vincent et al., 1998). The creatine group had increased number of bench press repetitions
for sets 1, 4, and 5 compared to the placebo group. Overall, there was an increase of 39.7% +
23.5 % of repetitions for the creatine supplementation group (Vincent et al., 1998).

Herda et al. (2009) used a similar protocol for a single set of bench press to failure
using 80% of subject’s 1RM. Fifty-four healthy men were used in the study examining
creatine monohydrate and polyethylene glycosylated creatine compared to a placebo. All
groups in the study displayed an increase for the number of repetitions performed until
failure at 80% 1RM (Herda et al., 2009). The creatine supplementation group had a 20%
increase in the number of repetitions to failure during their bench press repetition test.

Another study tested the total work done during maximal repetition tests for both
bench press and leg press after female lacrosse players were supplemented with creatine. The

creatine group was given 20g/day for one-week followed by 2g/day for the remaining four-
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weeks. Their results displayed no differences for work done comparing the experimental and
placebo group, 283.5 + 387.3 watts (Brenner et al., 2000). Research findings vary on the
accounts for total work performed being enhanced after creatine supplementation (Brenner et
al., 2000; Vincent et al., 1998). An increase of repetitions at a specified load correlates to a
greater amount of work being performed.

Summary

Creatine supplementation plays a key role for increasing the performance through
increasing the work capacity by the CP system. Supplementing orally on a daily basis with
creatine increases the amount of muscle creatine concentration while supporting a faster
resynthesize of PCr (Greenhaff et al., 1994). Doses of creatine do not dramatically change
the benefits or risks of creatine use (Allen, 2012; Hultman et al., 1996; Jager et al., 2011;
Robinson, 2000). Increased doses of creatine primarily increase muscular creatine at a faster
rate, and also increase creatine excretion (Greenhaff et al., 1996; Hultman et al., 1996).
During supplementation, some studies find that both body composition and body water
analysis do not vary when compared to placebo groups (Kresta et al., 2014; Jagim et al.,
2012). Some research studies have observed increases in intra-cellular water indicating
creatine absorption (Brilla et al., 2003) Some small changes in lean body mass may be
observed when creatine is used with resistance training (Jagim et al., 2012).

Upper body strength, typically a 1RM bench press, is significantly increased when
using creatine at varying doses with resistance training (del Favero et al., 2012; Souza-Junior
etal., 2011; Zuniga et al., 2012). Lower body strength may also be improved with a creatine
intervention (Candow, Chilibeck, Burke, Mueller, & Lewis, 2011; Bemben et al., 2010;

Brenner et al., 2000; Larson-Meyer et al., 2000). Creatine appears to have little effect on
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power when using 30 second Wingate cycling test and countermovement jump protocols
(Herda et al., 2009; Hoffman et al., 2006; Wiroth et al., 2001). However, this may be due to
the protocol used and the importance of the CP system in those protocols. Protocols using
cycling tests lasting longer than 15 seconds displayed no significant effect of creatine
supplementation. Other key factors for performance have been increased with using creatine
supplementation including: 40 yard dash times, repetitions to failure, repetitions to failure per
set, as well as total work done (Brenner et al., 2000; Cooper et al., 2013; Kreider et al., 1997;
Vincent et al., 1998).

The use of creatine has a potential effect on power, strength, and amount of work for
people post supplementation (del Favero et al., 2012; Herda et al., 2009; Vincent et al.,
1998). However, the majority of research does not examine the effects of creatine formulated
alongside electrolytes, a primary form of cell transportation for creatine (Allen, 2012). The
current study aims to examine the efficacy of a creatine supplement with electrolytes (Barber
et al., 2013; Brilla et al., 2003). This study aims to further examine the effects of a creatine
supplementation formulated with several electrolytes over a longer period of time. Few
studies have examined maximal strength, work, power, and mRFD for common exercises

such as the back squat and bench press.
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Chapter 111
Methods

Introduction

The current study examined the effects of a multi-ingredient performance supplement
(MIPS) on: mean and peak power during an akimbo countermovement jump, one-repetition
maximum (1RM) bench press, 1RM back squat, and the concentric work, mean power, peak
power, peak force, and mean rate of force development of a maximal repetition set of back
squat and bench press at 80% 1RM. Additionally the study examined the MIPS effect on %
body fat, lean body mass, fat mass, total body water, intra-cellular water, and extra-cellular
water. Creatine supplementation is a very common intervention to enhance athletic
performance for both strength and power activities ranging from 1RM strength, power during
countermovement jumps, and total work capacity (Kreider et al., 1997; Vincent et al., 1998).
Few studies examine the potential benefits of combining creatine with electrolytes to enhance
the supplementation effect due to increased availability of cell transporters.
Description of study population

A total of 22 subjects, 16 males and six females, aged 18-35 were included for this
study. All subjects were regularly strength training for a minimum of six months prior to the
study, free of any injury that would inhibit training, creatine supplementation-free for at least
one month prior to participation, and free from any endocrine/kidney disease that would
impact their clearance of creatine. Subjects were divided into two groups, the experimental

MIPS group (n=12, male=8, female=4) and the placebo group (n=10, male=8, female=2).
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Design of the study

This study utilized a double blind, randomized, pre- and post-test repeated measures
design to examine the effect of a multi-ingredient supplement on strength and power
performance. Subjects were recruited locally from Western Washington University and the
surrounding Bellingham area. Subjects were randomly assigned to either the experimental
MIPS group or placebo group prior to their arrival for testing. A total of six weeks
supplementation was completed between pre-test and post-test measurements to ensure tissue
saturation to display the possible effects of the intervention.
Data collection procedures

Instrumentation. Subjects’ height weas recorded using a stadiometer and weight was
measured using the BodPod weighing scale (COSMED, Rome, Italy). Body composition was
determined using a BodPod air displacement plethysmography system (COSMED, Rome,
Italy). Total, extracellular, and intracellular water were obtained using the resistance and
reactance from a Quantum X bioelectrical impedance unit (RJL Systems, Clinton, MI, USA)
input into the manufacturer’s online calculator. An AMTI triaxial force platform (AMTI,
Watertown, MA, USA) was used to measure the amount of vertical force applied during the
akimbo counter movement jump. Data from the force platform was exported into Bioanalysis
software version 2.3.1 (AMTI, Watertown, MA, USA) for data processing. A standard
barbell squat rack (PR Lifting, Everett, WA, USA) was used to accommodate the
performance of the back squat and bench press in the laboratory setting. The barbell
trajectory was collected using Qualisys Track Manager 2.7 (Qualisys Motion Capture
Systems, Gothenburg, Sweden) and seven Qualisys Proreflex MCU 240 cameras (Qualisys

Motion Capture Systems, Gothenburg, Sweden) during the back squat and bench press
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exercises performed at 80% 1RM for maximal repetitions. Data processing was completed
using custom-written LabView version 13.0 (National Instruments, Austin, TX, USA)
software for both the akimbo countermovement jump and the concentric back squat and
bench press performance tests at 80% 1RM.

BodPod. Air displacement was determined using a BodPod (COSMED,
Rome, Italy). Using subject information, a two dimensional model can be made on the body
composition of the subjects. The two compartment model includes lean body mass (LBM)
and fat mass (FM). The BodPod was calibrated daily for collection using the standard
procedure and standardized volume containers. Subjects wore the same clothing for both
testing dates to ensure the consistency of the measurements.

Bioelectrical Impedance. Measurements of total body, extra-cellular, and
intra-cellular water were determined using the resistance and reactance values obtained from
a Quantum X bioelectrical impedance unit (RJL Systems, Clinton, MI, USA) utilizing
Ac/Agl surface electrodes placed on the following landmarks: inferior to the ulnar styloid
process, inferior of the third metacarpal, directly between the malleoli, and distal to the third
metatarsal. Subjects were asked to remain hydrated and refrain from strenuous exercise the
day prior to the body water analysis.

AMTI Force Platform. An AMTI OR6-6 in-ground force platform and
MSA-6 amplifier (AMTI, Watertown, MA, USA) was used to collect ground reaction force
data during the akimbo countermovement jump. The data acquisition rate was set to 50 Hz
and kept consistent for every subject.

Qualisys Motion Capture. Qualisys motion analysis system (Qualisys

Motion Capture Systems, Gothenburg, Sweden), using 7 ProReflex cameras at 240 Hz were
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utilized to collect kinematic data of the barbell position throughout the range of motion of
both the bench press and back squat exercises performed for maximum number of repetitions
at 80% 1RM. One passive retro-reflective marker was placed in the center of the barbell at
the end. This marker was used to determine the vertical position of the bar throughout the
time of testing. Time elapsed, vertical displacement, and force were calculated to determine
the outcome measures for the maximal repetition tests.

Measurement Techniques and Testing Procedures.

All testing procedures were conducted on the Western Washington University
campus in the Exercise Physiology and Applied Neuromechanics laboratories. Subjects were
given an informed consent form (Appendix A) and a hold harmless agreement (Appendix B)
upon their arrival to their pre-testing session. Subjects were given the opportunity to ask any
clarifying questions about the informed consent or hold harmless agreement, and then signed
the forms. All subjects were given a copy of the informed consent for their own files.
Afterwards, subjects completed a general background information form for the subject files
(Appendix C). Subjects were also asked to fill out a background information form and to
confirm their eligibility for the study Subjects had their height and weight measured prior to
data collection.

BodPod. Following their completion of the appropriate paper work, subjects were
asked to change into clothing as close to spandex as possible, and fitted with a swim cap.
Attire was asked to be kept similar for post-testing to minimize error with air pockets.
Subjects were asked to stand quietly on the scale to obtain their weight for the BodPod

measurement. Following the calibration, subjects were asked to sit quietly while the BodPod
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measured their air displacement for body composition measurements. A minimum of two
trials were used only requiring a third trial if the first two measurements varied too greatly.

Body Water Analysis. After the BodPod measurements were completed, subjects were
asked to lie down supine on a table with their limbs completely supported for the BIA
testing. Four Ag/AgCl surface electrodes were placed on the following land marks on the
subject’s right side: styloid process of the Ulna, base of the third metacarpal, between
malleoli, and the base of the second metatarsal. The BIA wires were connected to the
electrodes to measure the resistance (ohms) and reactance (ohms). The resistance and
reactance were then entered into RJL systems (RJL Systems, Clinton, MI, USA) online
calculator to provide the subject’s total, extracellular, and intracellular water. Following the
BIA measurement, subjects changed into their athletic clothing and walked to the Applied
Neuromechanics laboratory for the akimbo countermovement jump, the back squat, and
bench press testing.

Warm Up. When the subjects arrived at the WWU Applied Neuromechanics
Laboratory, they began with a five-minute warm up on a cycle ergometer (Star Trac, Orange
County, California, USA). Subjects were able to choose their own pace and resistance.
Following the cycle ergometer warm up, subjects performed a dynamic warm-up consisting
of five repetitions of the following: knee hugs bilaterally, Frankenstein’s bilaterally, walking
quadriceps stretch bilaterally, lunge with a torso twist bilaterally, wall slides, shoulder slaps
bilaterally, and push-ups. Upon completion, subjects were given a three-minute self-selected
rest while researchers explained the akimbo countermovement jump protocol.

Countermovement Jump. Subjects were asked to stand in the center of the force

platform with the entirety of both feet inside the square and their hands resting on their hips

27



(Figure 3). Researchers gave subjects a countdown of “1, 2, 3, Jump” to initiate the akimbo
countermovement jump. Subjects were told to begin their jump after the word “jump” was
said with collection beginning on “3” in the countdown. Subjects were given two practice
trials to gain familiarly with the protocol and countdown. Following their practice trials,
subjects performed three akimbo countermovement jumps separated by one minute of self-
selected rest. After the third trial was completed, subjects were given a four-minute self-
selected rest period while the squat rack was set up for the back squat 1RM test.

One Repetition Maximum Testing. Subjects watched a pre-recorded video detailing
how to perform the back squat exercise made by the Graduate Assistant in charge of Strength
and Conditioning at WWU. The testing for both the back squat and bench press followed the
National Strength and Conditioning Association guidelines (Souza-Junior et al., 2011).
Subjects estimated their current 1RM for the back squat based on their previous strength
training programming. This estimation was used for the loading during the 1RM test, with a
new 1RM being calculated using the following equation: (LIRM = load*(1 + (0.025*number
of repetitions)). Subjects then performed ten back squat repetitions at 50% of their predicted
1RM. Subjects were given a four-minute self-selected rest period while the next load was
prepared, which was 75% of their predicted 1RM. Subjects performed a total of five
repetitions at their second load followed by for minutes of self-selected rest. Following the
final rest period, subjects performed as many repetitions as possible at their predicted 1RM.
Subjects were told to go until failure or until they decided they could not continue. Subjects
were given a four-minute rest period before moving on to the bench press 1RM test.

Subjects were given a pre-recorded video of how to perform the bench press exercise

made by the Graduate Assistant in charge of Strength and Conditioning at WWU. Subjects
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were asked to estimate their current one repetition maximum for the bench press based on
their previous strength training programming. The subject’s current estimation was used for
prescribing the loading during the 1RM test to estimate their current 1RM using the
O’Conner formula. Subjects then performed ten bench press repetitions at 50% of their
predicted 1RM. Subjects were given a four minute self-selected rest period while the next
load was prepared, which was 75% of their predicted 1RM. Subjects performed a total of five
repetitions at their second load followed by for minutes of self-selected rest. Following the
final rest period, subjects performed as many repetitions as possible at their predicted 1RM.
Subjects were told to go until failure or until they decided they could not continue. Once the
test was concluded, subjects were given an eight-minute self-selected rest period. Subject’s
1RM for the back squat and bench press were calculated using the O’Connor formula: (1RM
= load*(1 + (0.025*number of repetitions)) and used to determine the 80% load for the
maximal repetition test.

Maximal Repetition Testing. When 80% of the subject’s 1RM bench press was
determined, the load was adjusted on the barbell and placed inside the capture area of the
Qualisys Motion Capture system. One retro-reflective marker was placed on the end of the
barbell to track the position of the barbell path. Subjects were instructed to perform as many
repetitions as possible and to perform them as forcefully as possible. Data collection occurred
when the subject removed the weight from the rack prior to initiating their first repetition.
Subjects performed as many bench press repetitions as possible and returned the barbell to its
resting position. The range of motion given to subjects was set to start at full elbow extension
with the low point being just above their chest. Subjects were given another eight-minute

self-selected rest while researchers adjusted the capture area to perform the back squat
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maximal repetition test. Eighty percent of the subject’s calculated back squat 1RM was used
for the loading parameters. Data was collected using the Qualisys Motion Capture system
similarly to the maximal bench press test. Subjects were told to perform their maximal
number of repetitions as forcefully as possible. The back squat range of motion was set to
start in the upright position and go until their hips were parallel to their knee. When testing
concluded, subjects received a quick briefing of the supplementation period and their
requirements.

Subjects were required to pick up supplements weekly in small individual dosages
from either the Western Washington University Exercise Physiology or Applied
Neuromechanic Laboratory. Supplementation continued for a total of six weeks with subjects
taking one dose per day with 16 oz of water accompanied with a meal. The MIPS was
formulated with the following: 4g of creatine, 857 mg of phosphorus, 286 mg of magnesium,
171 mg of calcium, 171 mg of potassium, and 114 mg of sodium. The placebo group
received maltodextrin in a similar package. Orange Crush powder was provided for flavor at
the subjects own discretion. Following the six weeks of supplementation, subjects returned to
perform post-testing measurements. Post-testing procedures were kept similar except for the
load utilized for the maximal repetition test, which used 80% of pre-testing 1RM. The load
was kept similar from pre-testing when performing the maximal back squat and bench press
testing to make comparison between the two time points.

Data Processing

Body composition data was exported from the BodPod computer into the final excel

data file kept on a password-protected university computer. Data values for body fat

percentage, lean body mass (kg), and fat mass (kg) were recorded. Bioelectrical Impedance
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values were derived from the resistance (ohms) and reactance (ohms) when imported into the
manufacturer’s website (RJL Systems, Clinton, MI, USA). Data values for total body water
(L), extra-cellular water (L), and intra-cellular water (L) were exported into the final excel
data file. The akimbo countermovement jump data file was exported into Bioanalysis
software (AMTI, Watertown, MA, USA) and converted into text files. Text files were then
processed in a custom-made LabView (National Instruments, Austin, TX, USA) program to
determine mean power (watts), and average peak power (watts) of the three trials collected.
Mean power was obtained using the following linear regression equation: [Mean Power =
Jump Height (m) * 21.2 + (Weight (kg) *23) — 1,343] while peak power was obtained using
the following regression equation: [Peak Power = Jump Height (m) * 61.9 + (Weight (kg) *
36) + 1,822]. Data were then copied into the final excel data file for statistical analysis. One-
repetition maximum data were collected and determined using an excel template utilizing
90% of their current estimate repetitions completed until failure. Data values were recorded
into the final excel file for statistical analysis. The retroreflective marker for the maximal
repetition tests was identified in Qualisys Motion Tracker (Qualisys Motion Capture
Systems, Gothenburg, Sweden) and exported into a C3D file format. The C3D file was then
opened using Visual3D (C-Motion, Germantown, MD, USA) and processed using a custom
pipeline that performed a 4" order? low