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Abstract

Creatine supplementation has shown promise for increasing muscle strength, endurance
and tasks of functionality in the aging population. However, the optimal dosage of creatine
needed to maximize these potential benefits is unknown. The purpose of this study was to
compare the effects of different dosages of creatine supplementation on aging muscle
performance and functionality. Using a double-blind, repeated measures design, participants
were randomized to one of three groups: Creatine-High (CR-H; n=11; 59.3 £ 3.2 yrs, wt = 82.6
+ 16.8 kg, BMI = 28.3; 0.3 g/kg/day of creatine + 0.1 g/kg/day of maltodextrin), Creatine-Low
(CR-L:n=09; 58.8 5.9 yrs, wt =82.3 £ 16.1 kg, BMI = 28.2; 0.1 g/kg/day of creatine + 0.3
g/kg/day of maltodextrin) or Placebo (PLA; n=11;57.3 £4.6 yrs, wt =84.1 + 11.4 kg, BMI =
28.8; 0.4 g/kg/day of maltodextrin) for 10 consecutive days. The dependent variables measured
at baseline and after supplementation were muscle strength (1-repetition maximum leg press,
chest press, hand grip), muscle endurance (leg press and chest press; maximal number of
repetitions performed at 80% and 70% baseline 1- repetition maximum respectively), and tasks
of functionality (walking speed, balance). There was a significant increase over time for leg
press strength (p = 0.000), chest press strength (p = 0.001), leg press endurance (p = 0.001) and
chest press endurance (p = 0.001), with no differences between groups. There were no changes
over time between groups for right-hand grip strength (p = 0.571), left-hand grip strength (p =
0.386), walking speed (p = 0.226) or falls (p = 0.414). In conclusion, short-term creatine
supplementation, independent of dosage, has no effect on aging muscle performance. Creatine
supplementation may have to be combined with resistance training to produce significant
muscle health benefits in aging adults.
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1 Introduction

The age-related loss of muscle strength (i.e., maximum load that can be performed in a
single repetition) and muscle endurance (i.e., maximum number of repetitions that can be
performed to volitional fatigue) decreases functionality and our ability to perform activities of
daily living (i.e., walking and carrying groceries; Short & Nair, 2001). Muscle strength
typically peaks in the third decade of life and remains reasonably constant until the fifth
decade but then rapidly decreases at a rate of 12—15% for each subsequent decade thereafter
(Hunter & Bamman, 2004). Muscle endurance typically peaks in the second decade but also
subsequently declines with aging (Nakao, Inoue, & Murakami, 1989). Factors contributing to
the decrease in muscle performance with aging may include changes in muscle morphology
(Larsson et al., 2001), neuromuscular function (Bea et al., 2009), oxidative stress (Buford et
al., 2010), endocrinology (Deschenes, 2004), nutrition and physical activity (Tipton, 2001).
From a healthy aging perspective, interventions that improve aging muscle performance and
functionality may be clinically significant.

One potential intervention that may benefit aging muscle health is creatine
supplementation. Creatine is a naturally occurring nitrogen-containing compound found in the
diet, primarily in red meat and seafood (Wyss & Kaddurah-Daouk, 2000). The majority of
creatine (95%) is stored in skeletal muscle as phosphocreatine (PCr), a high-energy phosphate
involved in the rapid resynthesis of adenosine triphosphate (ATP) during intense muscle
contraction (Wyss & Kaddurah-Daouk, 2000). Unfortunately, aging may have a negative impact
on high-energy phosphate metabolism and muscle performance (Candow & Chilibeck, 2008).
Creatine supplementation increases intramuscular creatine and aging muscle performance,
however the dosage of creatine needed to produce these benefits is controversial. For example,
Brose, Parise and Tarnopolsky (2003) found a significant increase in intramuscular total

creatine and PCr which may have contributed to the greater gains in muscle strength in healthy
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older adults receiving low-dosage creatine supplementation (5 g/day or ~0.07 g/kg/day) during
14 weeks of resistance training compared to those receiving a placebo. Furthermore, low-dosage
creatine (0.1 g/kg/day) during resistance training (32 weeks) increased upper and lower body
strength compared to placebo and resistance training in aging adults (Candow, Vogt,
Johannsmeyer, Forbes, & Farthing, 2015; Candow et al., 2008; Candow, Chilibeck, & Forbes,
2014). A recent long-term study investigating the effects of low-dosage creatine (0.1 g/kg/day)
during 1 year of resistance training in postmenopausal women showed that creatine had a
positive effect on upper body strength but not lower body strength (Chilibeck, Candow,
Landeryou, Kaviani, & Paus-Jenssen, 2015). In addition, low-dosage creatine supplementation
(0.1 g/kg/day) during 11 weeks of resistance training had no effect on upper or lower body
muscle strength in aging adults compared to placebo (Cooke et al., 2014). Speculation exists
that these inconsistent findings across studies may partially be due to the lower dosage of
creatine used.

The recent position stand paper by the International Society of Sports Nutrition on the
safety and efficacy of creatine in exercise, sport and medicine indicates that clinical populations
may need to consume 10-30 g/day of creatine throughout their lifespan to offset creatine
synthesis deficiencies and/or provide therapeutic benefit in various disease states (Kreider et al.,
2017). Therefore, higher creatine dosages may produce more consistent and greater muscle
benefits in aging adults. For example, short-term, high-dosage creatine supplementation (0.3
g/kg/day) for seven days significantly increased PCr (Solis et al., 2017), lower-body functional
performance (Gotshalk et al., 2002) and capacity in aging adults (Canete et al., 2006; Gotshalk
et al., 2002). In addition, high-dosage creatine supplementation (~25g per day for 5 days) prior
to performing single-leg knee extension repetitions to muscle fatigue resulted in a 30% increase

in PCr, which correlated to a decrease in exercise fatigue in aging adults (Smith et al., 1985).



Results across studies indicate that low-dosage and high-dosage creatine supplementation
increases intramuscular creatine, which may subsequently benefit aging muscle performance.
However, no study has compared the effects of low- vs. high-dosage creatine in healthy aging
adults. The purpose of this thesis was to determine whether high-dosage creatine (0.3 g/kg/day)
produced greater muscle benefits compared to low-dosage creatine (0.1 g/kg/day) in healthy
aging adults for 10 consecutive days. Results from this thesis provide important information for

the development of creatine supplementation protocols for aging muscle health.

2 Literature Review
2.1 Contributing Factors of Aging Muscle Loss

The mechanisms leading to aging muscle loss are unclear. Numerous suggested
hypotheses include DNA damage (Barazzoni, Short, & Nair, 2000), reduced protein synthesis
(Proctor, Balagopal, & Nair, 1998), muscle fiber type changes (Lexell, 1995), inactivity
(Evans, 1995), inadequate nutrition (Campbell & Evans, 1996; Roberts, 1995), and hormonal
changes (Dionne, Kinaman, & Poehlman, 2000).

2.1.1 Reduced muscle fiber. Muscle loss generally occurs after 40 years of age and
rapidly accelerates after 70 years of age (Lexell, Henriksson-Larsen, Winblad, & Sjostrom,
1983). This has been demonstrated in autopsy analyses of men 70—73 years of age who had
approximately 110,000 less muscle fibers in the midsection of the vastus lateralis than younger
men (19-37 years of age), yielding a 23% decline in muscle fiber content. Furthermore, 80-
year-old males possessed 30% less type II muscle fibers than their younger counterparts
(Lexell et al., 1983).

The loss of muscle fibers with aging is partially due to the loss of alpha motor neurons,
which innervate muscle fibers (Agaard, Suetta, Caserotti, Magnusson, & Kjaer, 2010; Lexell,
1997). During the aging process, there is a rearrangement of motor unit fibers and an increased

number of muscle fibers per motor unit area (Larsson & Salviati, 1989). Consequently, the
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total number of muscle fibers typically decreases, indicating a denervation-reinnervation
process (Ansved & Edstrom, 1991). Changes in myofibrillar protein isoform expression have
also been observed in both slow-twitch and fast-twitch muscles. There appears to be a gradual
decrease in fast-twitch (i.e., type II) muscle fibers with aging, which precedes the age-related
loss of total muscle fiber number (Ansved & Larsson, 1989). There is also an increased
number of intermediate (i.e., type Ila) and slow-twitch muscle fibers (i.e., type [; Larsson &
Edstrom, 1986), which inevitably compromises force production (Hepple, 2003). Therefore,
this combination of muscle and force loss with aging may be caused by a reduction in muscle
fiber number (Hepple, 2014; Trappe, 2001) and by fiber atrophy, particularly among type II
fibers (Larrson et al.,2001).

2.1.2 Anabolic resistance, protein and hormonal kinetics. Skeletal muscle is a
dynamic tissue that undergoes constant protein turnover (i.e., protein breakdown and protein
synthesis). Aging muscle loss can occur from anabolic resistance (i.e., decreased response to
dietary protein and resistance training; Rennie & Tipton, 2000). Muscle mass is maintained
from the balance of muscle protein breakdown (MPB) and muscle protein synthesis (MPS). For
muscle hypertrophy to proceed, the rate of MPS must be greater than the rate of MPB (Rennie
& Tipton, 2000). Therefore, muscle loss occurs when there is an imbalance between MPS and
MPB. During the aging process, there is accelerated protein breakdown (i.e., whole-body,
mixed- muscle) that results in muscle tissue atrophy (Karakelides & Nair, 2005; Marcell, 2003)
and subsequent infiltration of fat and connective tissue. In older adults, this may be due to a
decreased sensitivity to amino acids, insulin, or both (Combaret et al., 2009); a reduced basal
rate of mitochondrial protein synthesis (Balagopal, Schimke, Ades, Adey, & Nair, 2001;
Rooyackers, Adey, Ades, & Nair, 1996); a decrease in anabolic hormone production of
testosterone (Baumgartner, Waters, Gallagher, Morley, & Garry, 1999), growth hormone (GH)

(Welle, Thornton, Statt, & McHenry, 1996), and insulin growth factor-1 (IGF-1) (Butterfield et



al., 1997); or an increase in cortisol (Marcell, 2003). As a result, the capacity of skeletal muscle
to incorporate amino acids (AA) into muscle proteins is inhibited (Deschenes, 2004).

2.1.3 Nutrition. Malnutrition and protein deficiency cause the loss of lean body mass
(Singh, 2000). Consequently, adequate protein intake is important for maintaining the balance
between protein synthesis and breakdown. The current recommended dietary allowance (RDA)
for protein is 0.8 g/kg/day, which itself may represent a minimal requirement for populations
such as the aging (Campbell, Trappe, Wolfe, & Evans, 2001; Wolfe, Miller, & Miller,2008).
Approximately 15-38% of adult men and 27-41% of adult women have dietary protein intakes
below the current RDA of 0.8 g/kg/day (Campbell et al., 2001). It has been shown that a higher
protein intake may provide greater benefits for maintaining muscle mass in an aging population
(Wolfe, Miller, & Miller, 2008). In particular, it has been suggested that the stimulatory effects
of essential AA to initiate MPS decrease with aging (Breen & Phillips, 2011; Wolfe et al., 2008).
Increasing the dietary protein intake by a moderate amount above the RDA may enhance muscle
protein growth and reduce the progressive loss of muscle mass with age (Campbell et al., 2001;
Paddon-Jones, Short, Campbell, Volpi, & Wolfe, 2008). This resistance toward anabolic stimuli
may contribute to the overall reduction of muscle protein balance. Thus, the supplementation of
AA, especially the branched-chain AA leucine, may have beneficial effects to maintain and/or
increase muscle mass (Candow et al., 2012). Leucine appears to be a key metabolic regulator for
the activation of the mTOR (mechanist target of rapamycin) signaling pathway and the initiation
of MPS in the elderly (Atherton, Smith, Etheridge, & Rankin, 2010; Kimball & Jefferson, 2006;
Rieu et al., 2006).

Research on the effects of protein with resistance training in the aging population has
not been very clear (Andrews, MacLean, & Riechman, 2006; Campbell, 2007; Iglay, Thyfault,
Apolzan, & Campbell, 2007). A study by Iglay et al. (2007) compared 36 older men and

women with lower protein (0.9 g protein/kg/day) versus higher protein (1.2 g protein/kg/day)



intake along with 12 weeks of resistance training. Although all outcome measures improved
(i.e., increased strength, greater whole-body protein accretion, and reduced fat mass), there
were no significant differences between the groups with lower protein or higher protein intake.
Similarly, Andrews et al. (2006) found that total daily protein intake (1.35 versus 0.72
g/kg/day) did not affect lean mass gains in the context of post-exercise protein
supplementation.

2.1.4 Reduced physical activity levels. Physical activity typically declines with age
(Herndon et al., 2002; Kirkwood & Finch, 2002). A decrease in muscle mass and muscle
strength, in combination with reduced endurance, causes reduced physical activity (Nair, 2005).
Muscle mass is responsible for approximately 30% of resting energy expenditure and protein
turnover and 70% of body cell mass (Nair, 2005). Physical activity levels are responsible for
about 10—60% of daily energy expenditure (Nair, 2005). When muscle mass and physical
activity are reduced, there is a decrease in total energy expenditure that may contribute to chronic
health conditions (Nair, 2005).

2.1.5 High-energy phosphate metabolism. PCr appears to play an important role in
muscle metabolism. Intramuscular PCr allows PCr to function optimally as an ATP buffer under
conditions in which oxidative phosphorylation and glycolysis cannot provide the necessary
energy supply (Siegman & Butler, 1985). Therefore, ATP concentrations are maintained when
adenosine diphosphate (ADP) and PCr are high (Siegman & Butler, 1985). There is controversy
whether creatine stores are reduced and PCr metabolism is affected with aging. Some studies
show reduced creatine stores in aging adults and slower PCr hydrolysis/kinetics during and after
exercise (Forsberg, Nilsson, Werneman, Bergstrom, & Hultman, 1991; McCully, Fielding,
Evans, Leigh, & Posner, 1993; McCully et al, 1991; Smith et al, 1985) while others indicate no
differences (Chilibeck et al., 1998; Kent-Braun 1985) or even higher PCr stores in aging adults

(Rawson, Clarkson, Price, & Miles, 2002). These inconsistences may be attributed to



fitness/training status. For example, the older participants in the study by Chilibeck et al (1998)
had a slightly higher fitness levels (moderate) compared to the participants used in the study by
McCully et al (1993) resulting in faster PCr kinetics. Another possibility could be that the
moderately active participants had not reached an age where PCr kinetics became slower
(Chilibeck et al., 1998) or that even modest activity is adequate to maintain a functional muscle
oxidative capacity (Kent-Braun, 1985).

2.1.6 Oxidative stress and mitochondrial dysfunction. A decrease in oxidative
homeostasis may also contribute to aging muscle loss (Johnston, De Lisio, & Parise, 2008). The
oxidative stress theory of aging suggests that there is a progressive cellular decline with aging
due to the buildup of damage by mutagenic oxygen radicals to cells, resulting in cellular
deterioration (Johnston et al., 2008; Sohal & Weindruch, 1996). An increase in oxidative
damage upregulates antioxidant systems, and with aging, these systems may not be able to
combat the demands of the oxidative cellular stress. Cytokines are then released in response to
chronic inflammation and stress. With aging there is an accelerated increase in the release of the
proinflammatory cytokines interleukin 6 (IL-6) and tumor necrosis factor-o (TNF- o)), which
results in muscle atrophy, loss of strength (Ladner, Caligiuri, & Guttridge, 2003), and MPB
(Bales & Ritchie, 2002). Mitochondrial dysfunction may be a cause of declining physical
activity levels. There is increasing evidence in rodents (Barazzoni, Short, & Nair, 2000) and in
humans (Rooyackers Adey, Ades, & Nair, 1996) that muscle mitochondrial dysfunction occurs
with age. The changes in muscle mitochondrial function include decreases in mitochondrial
DNA copy numbers, decreases in mRNA (messenger RNA) concentrations in genes encoding
muscle mitochondrial proteins (Barazzoni et al., 2000; Short et al., 2003), reduced muscle
mitochondrial oxidative enzyme activities, and reduced mitochondrial protein synthesis rates.

Muscle mitochondrial ATP production also decreases with age (Lanza & Nair, 2009).



2.1.7 Satellite cells. Satellite cells are mononucleiated cells that reside between the basal
lamina and sarcolemma (Mauro, 1961). They appear to have a finite lifespan and undergo
replication in the last stage of post-embryonic development (Gopinath & Rando, 2008). Satellite
cells are essential for muscle growth, repair, and maintenance (Hawke & Garry, 2001; Mauro,
1961). Once activated, they produce muscle precursor cells, which undergo activation,
proliferation, and differentiation to form new muscle fibers (Ryall, Schertzer, & Lynch, 2008).
Aging appears to have a negative effect on satellite cell function and quality (Brack & Rando,
2007). A loss of satellite cell proliferation could potentially limit aging muscle growth,
especially if satellite cells proliferative potential is exhausted during a lifespan of repeated cycles
of growth and regrowth (Chakravarthy, Spangenburg, & Booth, 2001). In addition, aging
satellite cells show a delayed response to mechanical stimuli and are susceptible to cellular death
(Jejurikar et al., 2006). Research also has shown a substantial reduction in the number of active
satellite cells in type I, but not type I, fibers of the vastus lateralis in older adults (Verdijk et al.,
2007), suggesting that satellite cell growth with age is fiber specific, which may help explain the
reduction in type Il muscle fibers.

2.1.8 Muscle contraction. The age-related slowing of both fast-twitch and slow-twitch
muscle fibers is thought to be caused by structural (Decoster, Reuck, Sieben, & Eecken, 1981),
functional (Larsson & Salviati, 1989), and biochemical (Viner, Huhmer, Bigelow, & Schoneich,
1996) changes in the sarcoplasmic reticulum. Sarcoplasmic reticulum properties are the strongest
determinants of speed of contraction, whereas myosin heavy chain isoforms influence maximum
shortening velocity (Brody, 1976). It has been shown that the aging process has a negative effect
on sarcoplasmic reticulum protein quality and function (Larsson et al., 2001), resulting in a
decline in maximum contractile force in skeletal muscle. Furthermore, there is a significant
reduction in myosin per muscle fiber volume with age (Thompson, 2009). Myosin is the main

myofibrillar protein responsible for force production in skeletal muscle. This was shown by



Larsson et al. (2001), who found a two-fold decrease in speed of contraction between old and

young isolated muscle fibers in rats, suggesting an accelerated decline in myosin function with

aging.

2.2 Mechanistic Actions of Creatine

Creatine is a nitrogenous organic compound found in all cells in the body. It is
synthesized in the kidney, liver, and pancreas by the amino acids arginine, glycine, and
methionine before it enters the bloodstream (Adhihetty & Beal, 2008; Bloch & Schoenheimer,
1941; Tarnopolsky & Beal, 2001; Wyss & Kaddurah-Daouk, 2000). Once in the bloodstream,
plasma creatine is transported into the cells via creatine transporter proteins (CRT) (Christie,
2007; Lowe, 2015). This transport is critical for the distribution of creatine throughout the cells
as well as its ability to transverse the blood brain barrier (BBB), which gives creatine access to
the central nervous system (CNS) (Adhihetty & Beal, 2008; Bloch & Schoenheimer, 1941;
Christie, 2007; Lowe, Faull, Christie, & Waldvogel; Tarnopolsky, 2001). Approximately 95%
of the body’s creatine is stored in skeletal muscle, of which ~ 40% is free Cr and 60% is PCr
(Balsom, Soderlund, & Ekblom, 1994; Heymsfield, Arteaga, McManus, Smith, & Moffitt,
1983; Walker, 1979). The remaining 5% is found in the brain, liver, testes, and kidneys (Persky
& Brazeau, 2001; Walker, 1979). The total creatine pool (PCr + free creatine) in skeletal muscle
averages about 120g for a 70 kg individual. However, the average human has the capacity to
store up to 160g of creatine under certain conditions (Greenhaff, 1997; Hultman, Bergstrom,
Spreit, & Soderlund, 1990). The body metabolizes about 1-2% of its creatine stores per day to
creatinine (Brunzel, 2003). Therefore, 1-3g of dietary creatine is required to maintain
intramuscular creatine stores. Creatinine is then filtered by the kidneys by simple diffusion and
excreted in the urine (Brunzel, 2003; Burke, 2001). Creatine stores can be replenished by
obtaining creatine in the diet or through endogenous synthesis of creatine from glycine,

arginine, and methionine (Williams & Branch, 1998; Williams, Kreider, & Branch, 1999).
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2.2.1 Creatine and energy metabolism. One of the most popular mechanisms to
explain the efficacy of creatine supplementation is the enhancement of the PCr energy system,
which allows users to maintain a greater work intensity for longer durations of time (i.e.,
increased total training volume). The PCr energy system is involved in high-intensity exercise
performance (Kraemer & Volek, 1999; Kreider et al., 1998) as well as the shuttling of high-
energy phosphates between the mitochondria and cytosol via the creatine phosphate shuttle
(Bessman & Savabi, 1988; Kreider, 2003; Wallimann et al., 1998). An increase in intramuscular
creatine content by exogenous creatine ingestion would increase PCr resynthesis during intense
muscle contraction and could potentially enhance muscle performance (Balsom et al., 1995;
Greenhaff, Bodin, Soderland, & Hultman, 1994; Harris, Soderlund, & Hultman, 1992).

2.2.2 Creatine as a buffer. PCr was first isolated from muscle tissue in 1927 and free
creatine was generated from its breakdown during muscle contraction (Fiske & Subbarow,
1927). The common function of PCr is a temporal energy buffer during periods of rapid ATP
turnover (i.e., exercise; Volek & Kraemer, 1996). PCr acts to buffer rapid increases in hydrogen
ions (H+), which are by-products of ATP hydrolysis during intense muscle contraction (Volek,
Ballard, & Forsythe, 2008). The breakdown of PCr involves the uptake of protons, which has
acid-base implications because it counteracts the acidosis or acidification of cells (Henriksson
& Sahlin, 2003; Volek et al., 2008).

Creatine maintains the intracellular levels of ATP in skeletal muscle during muscle
contraction. During the initial stages of muscle contractions, ATP is rapidly degraded to
generate Adensosine Phosphate (ADP) and inorganic phosphate (Pi; see Rx #1; Volek et al.,
1999; Wallimann et al., 1998; Wallimann, Wyss, Brdiczka, Nicolay, & Eppenberger, 1992).
PCr serves as an energy buffer via its participation in the reversible creatine kinase (CK)
reaction that acts to replenish ATP during intense exercise (Volek et al., 1999; see Rx #2).

Eventually, PCr concentrations decline and more reliance on glycolytic and aerobic energy
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metabolite sources occurs. This reaction occurs rapidly and reversibly via the enzyme CK,

making the ATP replenishing capacity of both PCr and creatine kinase high. Conversely, at

rest, PCr is resynthesized by ATP, donating a phosphate group to creatine in order to

replenish PCr stores for future muscle contraction use (see Rx #3; Volek et al., 2008; 1999).
Rx #1 (Exercise): ATP — (4TPase) -»ADP + Pi

Rx #2 (Exercise): PCr+ ADP +H+ — (creatine kinase) — Cr+ ATP

Rx #3 (Recovery): PCr+ ADP + H+ « (creatine kinase) <Cr+ ATP

During sustained high-intensity exercise, the CK reaction acts as an important pH
buffer, which accounts for approximately 30—40% of the total intracellular metabolic buffer
capacity (Henriksson et al., 2003; Rossiter, Cannell, & Jakeman, 1996). Consequently, higher
PCr concentrations may help prolong fatigue by maintaining normal pH levels (Cramer,
2008).

2.2.3 Creatine and muscle morphology. A reduction in cross-sectional area (CSA) of
type I fibers is primarily responsible for the decrease in muscle mass with aging, which was
proven in a biopsy study that found a 15-25% decrease in type I1A and type IIB muscle fiber
CSA (Coggan et al., 1990). Creatine supplementation may help in the retention of type 11
skeletal muscle fibers with age, as research has suggested that creatine supplementation may
be able to promote muscle hypertrophy through a variety of mechanisms, including cell
swelling (Berneis, Ninnis, Haussinger, & Keller, 1999) which may act as a signal to reduce
whole-body proteolysis and AA oxidation (Berneis et al., 1999), alter the expression of
myogenic transcription factors (Hespel et al, 2001; Ingwal, 1976), increase satellite cell
mitotic activity (Dangott, Schultz, Mozdziak, 2000; Olsen et al., 2006), and allow for
increased exercise volume due to enhanced rates of ATP regeneration as a result of extending
the duration of the PCr energy system (Casey, Constantin-Teodosiu, Howell, Hultman, &

Greenhaff, 1996; Rawson & Volek, 2003). Dalbo et al., 2009 reported that creatine
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supplementation increased type II skeletal muscle fiber diameter independent of a training
regime. Creatine supplementation, in combination with resistance training, has also been
shown to increase muscle fiber CSA (Kreider et al., 1998; Volek et al., 1999).

Creatine may have a beneficial effect on muscle strength/endurance by increasing PCr
and total creatine (TC) energy stores in muscle (Devries & Phillips, 2014; Finn et al., 2001;
Greenhaff et al., 1994; Harris et al., 1992; Volek et al., 1999; Williams & Branch, 1998),
increasing calcium reuptake into the sarcoplasmic reticulum, which would result in faster
detachment of the actin-myosin cross- bridge and potentially augment force generating
capacity (Bazzucchi, Felici, & Sacchetti, 2009) and reduce muscle damage (Lefavi et al,
1998).

2.2.4 Creatine and muscle protein kinetics. PCr may also stimulate protein synthesis
(Strumia, Pelliccia, & D’ Ambrosio, 2012). Creatine is an osmotically active compound;
increases in total creatine content have been linked to increases in water retention. This may
partly explain body mass increases of 1-2 kg after a creatine loading phase of 5-7 days
(Willoughby & Rosene, 2003). This increased cell volume appears to act as an anabolic signal
that may enhance protein synthesis (Willoughby & Rosene, 2003). Research has shown that
cellular hydration affects protein synthesis in liver cells, whereas cell swelling stimulates—and
cell shrinkage inhibits—protein synthesis (Haussinger, 1996). Although cell hydration and cell
function have been most extensively studied in liver cells, it appears that these regulatory
mechanisms occur in other cell types as well (Haussinger, 1996). Leucine flux is an indicator
of whole body protein breakdown, which was measured after men and women consumed 20g
of creatine for 5 days, followed by 5 g for 3—4 days. Creatine supplementation reduced the
rates of leucine oxidation and protein breakdown in men, suggesting that creatine
supplementation may provide an anti-catabolic effect on lean tissue in males (Parise, Mihic,

MacLennan, Yarasheski, & Tarnopolsky, 2001). In addition, Candow et al. (2008)
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demonstrated that low-dose creatine supplementation (0.1 g/kg/day) reduced muscle protein
catabolism in healthy adults > 50 years of age.

2.2.5 Creatine and anabolic hormone secretion/signaling molecules. Creatine
supplementation may improve anabolic hormone secretion (Candow et al., 2012). For
example, short-term creatine supplementation for 10 days (20 g/day for 3 days; 5 g/day for 7
days) upregulated the expression of genes and proteins that are involved in the synthesis of
protein and glycogen, as well as satellite cell proliferation in young, healthy men (Safdar,
Yardley, Snow, Melov, & Tarnopolsky, 2008). In particular, muscle kinases p38 MAPK
(mitogen-activated protein kinase), ERK6 (extracellular signal-regulated kinase 6), and
PKB/Akt (protein kinase B) were shown to be significantly elevated. Moreover, 5 days of
creatine supplementation (21g/day) in young men increased IGF-1 and mRNA expression at
rest and the phosphorylation of anabolic signaling molecules (i.e., mTOR) downstream target
4E-BP1) 24 hours after a bout of high-intensity resistance exercise (Deldicque et al., 2005).
Another study showed greater increases in intramuscular IGF-1 content in healthy men and
women after 8 weeks of resistance training combined with creatine supplementation,
compared to placebo ingestion (Burke et al., 2008).

2.2.6 Creatine and satellite cell activity. Satellite cells sit between the
basal lamina and sarcolemma (i.e. muscle fibre membrane) of muscle fibres and are involved
in development of new muscle fibres or, in adult muscle, repair of damaged muscle fibres.
Satellite cells donate their nuclei to muscle fibres, increasing the capacity for protein synthesis
within the muscle fibre. Creatine supplementation appears to affect satellite cell activity and
muscle hypertrophy (Candow et al., 2012; Volek et al., 2008). For example, Olsen et al. (2006)
showed that 16 weeks of heavy resistance training combined with creatine supplementation

(6g creatine + 14g carbohydrate per day) increased the number of satellite cells at Weeks 4 and
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8. Additionally, the authors found a greater number of myonuclei, which were associated with
the increase in muscle fiber CSA, in the creatine group.

2.2.7 Creatine and oxidative stress. PCr may protect against oxidative damage
(Strumia et al., 2012). Animal studies showed that markers of oxidative stress in plasma and
muscles were lower in rats that ingested creatine after acute aerobic exercise. In addition, the
antioxidative capacity of creatine-supplemented rats increased significantly, which may
indicate the beneficial effects of creatine supplementation on the antioxidative system
(Deminice & Jordao, 2011). These results are further supported by other studies that found
creatine to have protective effects against tissue damage (Sestili, Martinelli, Colombo,
Barbieri, & Potenza, 2011). Creatine thus appears to protect mtDNA as well as preserve the
integrity of mitochondria, and it may also protect ribonucleic acid (RNA) from oxidative

damage (Sestili et al.,2011).

2.3 Effect of Creatine Supplementation on Aging Muscle
During the aging process there is an age-related decline in muscle strength, endurance,

and functional performance. These negative consequences of aging increase the importance of
identifying interventions which may help preserve or increase aging muscle health (Devries &
Phillips, 2014). Two meta-analyses have determined that creatine supplementation (> 6 weeks)
during resistance training is effective for improving muscular strength and functionality
compared to resistance training without creatine supplementation in aging adults (> 45-50
years of age) (Candow et al., 2014; Devries and Phillips, 2014).

2.3.1 Creatine Dosage. The dosage of creatine needed to produce significant gains in
aging muscle performance and functionality is controversial. For example, Brose et al. (2003)
found a significant increase in muscle strength from low-dosage creatine supplementation (5
g/day or ~ 0.07 g/kg/day) during 14 weeks of resistance training in healthy aging adults.

Furthermore, low-dosage creatine (0.1 g/kg/day) during resistance training (32 weeks) increased
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upper and lower body strength compared to placebo and resistance training in aging adults
(Candow et al., 2015). A recent long-term study investigating the effects of low-dosage creatine
(0.1g/kg/day) during 1 year of resistance training in postmenopausal women showed that
creatine had a positive effect on upper body strength but not lower body strength (Chilibeck et
al., 2015). In addition, low-dosage creatine supplementation (0.1 g/kg/day) during 12 weeks of
resistance training had no effect on upper or lower body muscle strength in aging adults
compared to placebo (Cooke et al., 2014). Speculation exists that these inconsistent findings
across studies may partially be due to the lower dosage of creatine used.

The recent position stand paper by the International Society of Sports Nutrition on the
safety and efficacy of creatine in exercise, sport and medicine indicates that clinical populations
may need to consume 10-30 g/day of creatine throughout their lifespan to offset creatine
synthesis deficiencies and/or provide therapeutic benefit in various disease states (Kreider et al,
2017). Therefore, higher creatine dosages may produce more consistent and greater muscle
benefits in aging adults. For example, short-term, high-dosage creatine supplementation (0.3
g/kg/day) for seven days significantly increased PCr (Solis et al., 2017), lower-body functional
performance (Gotshalk et al., 2002) and capacity in aging adults (Canete et al., 2006; Gotshalk
et al., 2002). In addition, high-dosage creatine supplementation (~25 g per day for 5 days) prior
to performing single-leg knee extension repetitions to muscle fatigue resulted in a 30% increase
in PCr, which correlated to a decrease in exercise fatigue in aging adults (Smith et al., 1985).

Results across studies indicate that low-dosage and high-dosage creatine supplementation
increases intramuscular creatine which may subsequently benefit aging muscle performance.
However, no study has compared the effects of low- vs. high-dosage creatine in healthy aging
adults.

2.3.2 Creatine without exercise. Research examining the effects of creatine

supplementation, independent of exercise, is limited. Safdar et al. (2008) assessed a global array
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of mRNAs (to assess which proteins are transcribed) and proteins in response to 10 days of
creatine supplementation (i.e. 20g/d for 3d; 5g/d for 7days) in the vastus lateralis of young men.
Proteins involved in sensing changes in osmolarity and signal transduction were upregulated
with creatine supplementation, along with proteins involved in satellite cell proliferation and
differentiation. Stout et al. (2007) showed that 14 days of creatine supplementation (20 g/day for
7 days followed by 10 g/day for 7 days) increased hand-grip strength and physical working
capacity in elderly men and women. Furthermore, Rawson et al. (1999) showed that 30 days of
creatine supplementation (20g for 10 days followed by 4g for 20 days) reduced lower-body
muscle fatigue (an indicator of muscle endurance) in elderly men (60-82 years of age) but no
improvements in body composition or strength were observed. Results across studies suggest

that aging adults may experience muscle health benefits from creatine supplementation alone.

3 Research Purpose and Hypothesis
The purpose of this thesis was to compare the effects of different dosages of
creatine on muscle strength, endurance, and tasks of functionality in aging adults.
It was hypothesized that high-dosage creatine (0.3 g/kg/day) would improve muscle
strength, endurance, balance, and walking speed after 10 consecutive days compared to low-
dosage creatine (0.1 g/kg/day). It was also hypothesized that creatine supplementation,

independent of dosage, would be superior to placebo.

4 Experimental Design
A priori power analysis (G*Power v. 3.1.5.1) showed that 42 participants were required.
This calculation was based on a moderate effect size (Cohen’s d = 0.25), an alpha level of .05, a 3-
value of 0.8 for a repeated measures: within-between interactions, ANOVA approach (Faul,

Erdfelder, Lang, & Buchner, 2007).
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The study was a double-blind, repeated measures design. Participants were matched
according to age and gender and then randomized using a 1:1:1 strategy to one of three groups:
Creatine-High (CR-H), Creatine-Low (CR-L), or Placebo (PLA) for 10 consecutive days (Table
1). A research assistant was responsible for randomizing the participants to groups to ensure all
participants and investigators remained blinded throughout the study. Contents of the creatine
monohydrate powder (Creapure, AlzChem AG, Trostberg, Germany) were verified by testing in
an independent laboratory (The Cary Company, Addison, I1l., USA; creatine purity > 99.9%).
Creatine and placebo (Globe Plus 10 DE Maltodextrin, Univar Canada) were similar in taste,
texture, color, and appearance. A research assistant was responsible for mixing and packaging
the supplements and preparing individual study kits. Each study kit contained 10 daily plastic
bags and detailed supplementation instructions which were placed in a large opaque envelope.
Participants were instructed to consume their supplement in 2-3 equal dosages throughout the
day with food or drink. Creatine dosages, on average, were approximately 8-25 g/day or 80-250
g over the duration of the study. Most typical creatine loading phases which increase muscle total
creatine stores amount to 100-140 g of creatine over 5-7 days (Kreider et al., 2017). Justification
for the 10 day supplementation protocol was based on the cellular findings in young adults of
Safar et al. (2008) who found that 10 days of creatine (95 g in total) increased proteins involved
in sensing changes in osmolarity and signal transduction and satellite cell proliferation and
differentiation.

4.1 Participants. Males and females (> 50 years of age) who were not engaged in
supervised resistance training for > 6 weeks prior to the start of the study were recruited.
Recruitment occurred through email using the University of Regina email server lists and
posters placed throughout the University of Regina. Prior to the start of the study, participants
filled out a leisure time exercise questionnaire, which indicated the average number of times

that strenuous (i.e., heart beats rapidly), moderate (i.e., not exhausting), and mild exercise (i.e.,
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minimal effort) was performed per week (Godin & Shephard, 1985) (Appendix A). Participants
also completed a Physical Activity Readiness Questionnaire (PAR-Q+). The questionnaire
included questions related to chronic medical conditions (Appendix B). Participants were
excluded if they had taken medications that affect muscle biology or creatine monohydrate < 12
weeks prior to the start of the study; if they had a history of fragility fractures; if they had
diseases that are known to affect muscle biology (i.e., Crohn’s Disease); if they suffered from
severe osteoarthritis; or if they were vegetarian. Furthermore, participants with pre-existing
kidney or liver abnormalities were excluded. Participants were instructed not to change their
diet or physical activity patterns that were part of their daily routine during the study. In
addition, participants were instructed to refrain from consuming nonsteroidal anti-inflammatory
drugs during the study as these interventions can affect muscle protein and muscle recovery
(Trappe et al., 2002). The study was approved by the Research Ethics Board at the University of
Regina (Appendix C).

4.2 Primary Dependent Variables. The primary dependent variables measured at
baseline and after supplementation were muscle strength (1-RM leg press, chest press, hand
grip), muscle endurance (maximal number of repetitions performed at 80% and 70% baseline 1-
RM for the leg press and chest press, respectively), and tasks of functionality (walking speed,
balance). Participants performed a familiarization trial of strength and endurance as well as
tasks of functionality at least 96 hours prior to baseline assessments. The familiarization trial
helped reduce the amount of learning which may contribute to the outcome measures.

Muscle Strength and Endurance
Leg press and chest press strength was assessed using a 1-RM standard testing
procedure in the Aging Muscle and Bone Health Laboratory, University of Regina. To
measure the 1-RM leg press, a bilateral leg press machine was used. Participants were

positioned in the leg press so that a 90° angle at the knee was achieved and the feet were
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placed shoulder width apart. Each participant was instructed to push the weight away from his
or her body to full extension without locking the knees before returning to the starting position.
Following 5 minutes of cycling on a stationary cycle ergometer at a self-selected intensity,
participants performed two warm-up sets in order: 1 set of 10 repetitions using a weight
determined by each participant to be comfortable and 1 set of 5 repetitions using increased
weight. Two minutes following the warm-up sets, weight was progressively increased for each
subsequent 1-RM attempt with a 2-minute rest interval between attempts. For the 1-RM chest
press, participants were positioned in a bilateral chest press machine with both feet on the
floor. Following a demonstration, participants were instructed not to lift their buttocks off the
bench or arch their backs during the lift. Participants were positioned in the chest press
machine so that the adjacent bars lined up at mid-chest level. Participants were instructed to
grasp the bars (overhand grip) at approximately shoulder width apart and push the weight
away from the body until full extension and then lower the weight back to the starting position.
Five minutes of rest separated the determination of 1-RM leg press and chest press strength.

Handgrip strength was measured using a handgrip dynamometer. Participants
performed two attempts for each hand with the best attempt recorded for each hand. For
convenience, handgrip strength was measured when the tasks of functionality were assessed.

Leg press and chest press muscular endurance was determined as the maximum
number of repetitions that could be performed for one set using 80% baseline 1-RM for the leg
press and 70% baseline 1-RM for the chest press. The different percentages of 1-RM used for
the muscular endurance tests reflect observations that for a given percentage of 1-RM, more
repetitions can be performed during lower-body exercises than during upper-body exercises
(Chilibeck, Calder, & Webber, 1998).

Muscle strength and endurance were assessed in order: (a) leg-press strength, (b)

chest-press strength, (c) leg-press endurance, (d) chest-press endurance. Five minutes of rest
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separated each test. Muscle strength and endurance determination was separated by 10 minutes
of rest.
Functionality

Dynamic balance was measured as the time taken to perform backwards tandem
walking (i.e., toe to heel) over a distance of 6 m on a 10 cm wide board that was raised about
4 cm off the ground. The number of errors (i.e., number of times the participant stepped off
the walking board) during the test was recorded. This test has previously been used to assess
the effectiveness of exercise training on balance in aging adults (Chilibeck et al., 2013;
Nelson, 1994). Walking speed was assessed by the time needed to walk an 80 m course at a

fast pace.

5 Statistical Analyses

A 3 (CR-H vs. CR-L vs. PLA) x 2 (pre- and post-test periods) analysis of variance
(ANOVA) with repeated measures on the second factor was used to determine differences
between groups over time for muscle strength, endurance and tasks of functionality. A one-
factor ANOVA was used to determine whether there were differences in baseline
measurements between groups All results were expressed as means =+ standard deviation. The
magnitude of the difference between significant means was determined by eta squared (7).
This is a measure of the effect size and therefore of the proportion of the total variance that
can be explained by the effects of the treatment. A n° value of 0.15 represents large
differences, 0.06 represents medium differences, and 0.01 represents small differences.
Statistical analyses were performed using SPSS version 21.0 for Windows XP (SPSS Chicago,

IL). Significance was set at p < 0.05.
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6 Results

Participants

Of the original 33 participants who were enrolled, 31 (17 females, 14 males; 58.5 + 4.7
years) completed the study (Table 1). Two male participants in the CR-L group withdrew
because of adverse events linked to the supplement. An adverse event form was completed
which included one participant reporting diarrhea and resurgence of gout symptoms and the
other participant reporting abdominal pain, diarrhea, elevated blood sugars and elevated heart
rate) (Appendix D). Other minor adverse events reported however not severe enough to
withdraw from the study included a chest cold by two participants (CR-L: n=1 female and PLA:
n=1 female), two participants reported knee pain (PLA: n=1 female, PLA: n =1 female), one
participant reported a pulled groin muscle (CR-L: n=1 male), one participant reported
gastrointestinal symptoms such as gas (CR-L: n =1 male), one participant reported constipation
(CR-H: n=1 female), one participant reported bloating and feeling full (CR-H: n=1 male), and
one participant reported muscle cramps (CR-H: n=1 male). One female participant in the CR-H
group was unable to complete the leg press exercises due to poor hip flexion. During post-
testing, participants were asked to guess whether they were taking creatine or placebo. Fifteen
participants thought they were taking placebo, 8 thought they were taking creatine and 10 did
not know. Only one participant correctly guessed they were taking creatine and five participants
correctly guessed they were taking placebo. Changes in all measurements over time were
similar between males and females indicating that there were no significant differences amongst

gender (Table 1).
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Table 1. Participant Characteristics and supplement dosage for CR-H, CR-L, PLA groups at

baseline

CR-H CR-L PLA

Participants n=11 n=9 n=11
Gender M=6F=5 M=3F=6 M=5F=6

(Male/Female)
Dosage 0.3 g/kg/day creatine 0.1 g/kg/day creatine 0.4 g/kg/day
(10 consecutive days) + 0.1 g/kg/day + 0.3 g/kg/day maltodextrin
maltodextrin maltodextrin)

Age (yrs) 59.3+3.2yrs 58.8+£59 573 +4.6 yrs
Height (cm) 170.8 £8.7 cm 170.9 £10.5 cm 170.9 £ 11.3 cm
Weight (kg) 82.6 + 16.8 kg 82.3+16.1 kg 84.1+11.4kg
BMI (kg/m?) 28.3 28.2 28.8

Values are means + standard deviation.

Muscle Strength, Endurance and Functionality

There was a significant increase over time for leg press strength (F [1,29] =16.131,p =

0.000, n>= 0.357), chest press strength (F [1, 30] = 13.360, p = 0.001, n°= 0.308), leg press

endurance (F [1, 29] = 15.271, p = 0.001, n*= 0.345) and chest press endurance (F [1, 29] =

12.609, p = 0.001, n° = 0.303), with no differences between groups (Table 2).
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Table 2. Muscle strength (1-RM) and endurance (repetitions to volitional fatigue with 80% I-RM for leg press and 70% baseline 1-RM for
chest press) at baseline and after 10 days of supplementation

CR-H CR-L (n=9) PLA (n=11)
(n=11 chest press)
(n =10 leg press)

Muscle Pre Post % Pre Post % Pre Post %
Group

Chest 57.0+£26.3 58.8 £ 28.0%* 32  545+28 56.8 £30* 4.2 55.2+£27 58.5 £ 30%* 6.0
Press
Strength

Chest 15.6 £2.8 189 +2.7* 21.1 18.0+5.0 199+ 7.1* 10.6 20.5+6.3 21.6 +5.5% 5.4
Press
Endurance

161. 6 £ 55.2* 169.2 £ 59.2% 4.7 1452+478 151.7+45* 45 163.7+51.5 1782+ 65.6* 3.9
Leg Press
Strength

Leg Press 17.1 £ 6.1 21.0+7.2% 22.8 242+11.6 29.1+17* 20 23.8+9.7 295+ 11.9* 23.9
Endurance

Values are mean (kg) + standard deviation. % = percent change over time

*Significantly different post training (p<0.05).
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There were no changes between groups over time for right hand-grip strength (F [1, 30] =
0.328, p=0.571, 7= 0. 011), left hand-grip strength (F [1, 30] = 0.773, p = 0.386, n>= 0.025;
Table 3), walking speed (F [1, 30] = 1.525, p = 0.226, 1= 0. 048) and falls (F [1, 30] = 0.688, p

=0.414, 1>= 0. 022; Table 4).

24



Table 3. Hand-grip strength (kg) at baseline and after 10 days of supplementation

Cr-H Cr-L PLA
(n=11) (n=9) (n=11)
Hand Grip
Strength Pre Post % Pre Post % Pre Post %
Left (L) 345+12.7 348+125 09 37.8+21.7  38.4 +18.1 1.6 30.5+£12 324+£124 6.2
Right (R) 348 +12.6 35.5+133 20  41.7+228 40.1+19.4 -3.8 325+11.8 351+125 8.0

Values are mean (kg) + standard deviation. % = percent change over time

*Significantly different post training (p<0.05).
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Table 4. Walking speed (seconds) and number of falls at baseline and after 10 days of supplementation

CR-H Cr-L PLA
(n=10) (n=9) (n=11)
Pre Post % Pre Post % Pre Post %
Balance 1.5 £1.4 1.1+1.1 =27 91+13 95+1.1 4.4 1.6+1.9 25+3.0 56.3
Speed 386 £21.7 384+267 -05 394+21.7 36.1+27.2 -8.4 362+ 11.6 33.4+10.8 -7.7

Values are means =+ standard deviation.

% = percent change over time
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7 Discussion

This is the first study to directly compare the effects of high-dosage creatine to low-
dosage creatine in healthy aging adults. It was hypothesized that high-dosage creatine would
increase muscle performance and functionality compared to low-dosage creatine and that
creatine intake, independent of dosage, would be superior to placebo. However, creatine had no
effect on muscle strength, endurance or tasks of functionality. These results support the previous
findings of Baker, Candow, & Farthing, (2016) who found no effect from acute (bolus) creatine
ingestion (20 g) on muscle endurance in healthy aging males. Furthermore, Lobo et al. (2015)
found no effect from very-low dosage creatine (1g/day for 1 year) on properties of muscle, bone
or functionality in aging postmenopausal women. A common methodological feature of the
present study and that of Baker et al. (2016) and Lobo et al. (2015) was that creatine was
consumed independent of resistance training. Therefore, creatine may have to be combined with
resistance training to produce significant muscle health benefits in aging adults.

Two meta-analyses have established that the combination of creatine and resistance
training increases muscle strength and functionality in aging adults compared to resistance
training or creatine alone (Candow et al., 2014; Devries and Phillips, 2014). Devries and Phillips
(2014) analyzed over 300 men and women (55-71 years of age) who consumed creatine (3-25 g)
during resistance training (7-26 weeks). Compared to placebo, creatine significantly increased
upper- and lower-body muscle strength and some tasks of functional performance. In the second
meta analyses, Candow et al. (2014) showed that creatine supplementation (~0.1-0.3 g/kg > 6
weeks) and resistance training in over 300 aging adults increased upper body strength compared
to placebo and resistance training. Based on these meta-analyses, it appears that creatine can

augment the physiological gains from resistance training. Mechanistically, the greater increase in
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muscle strength and functionality from creatine may be related to its effect on high-energy
phosphate metabolism, cellular hydration status, muscle protein kinetics, myogenic transcription
factors, satellite cells, anabolic growth factors (i.e. IGF-1) and inflammation (for reviews see
Candow 2011; Candow and Chilibeck, 2008; Candow et al., 2014; 2012; Gualano, Rawson,
Candow, & Chilibeck, 2016; Kreider et al., 2017).

Only a few studies have shown beneficial effects from creatine supplementation,
independent of resistance training, in aging adults. For example, Stout et al. (2007) showed that
14 days of creatine supplementation (20 g/day for 7 days followed by 10 g/day for 7 days; 210g
in total) increased handgrip strength and physical working capacity in elderly men and women
(67-82 year of age) with no change for the placebo group. Furthermore, Rawson, Wehnert, &
Clarkson, 1999) showed that 30 days of creatine supplementation (20 g for 10 days followed by
4 g for 20 days; 280 g in total) in aging males (60-82 years of age) reduced lower-body muscle
fatigue (an indicator of muscle endurance) but had no effect on muscle strength. Other studies
have shown that shorter duration (7 days) creatine supplementation (0.3g/kg) improved upper
and lower body dynamic strength and functionality in aging adults (Gotshalk et al, 2002 &
2008). While it is difficult to compare results across studies, these inconsistent findings may be
partially explained by differences in sample size, supplementation regimens (i.e. dosage and
frequency), inclusion of resistance training, study duration, and methods used to assess aging
muscle performance and functionality.

8 Limitations and Strengths

There were several limitations to this study. Perhaps the biggest limitation involved

creatine supplementation without resistance training. Based on the meta-analyses of Candow et

al. (2014) and Devries & Phillips, (2014) creatine may have to be combined with resistance
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training to produce significant gains in muscle strength and functionality in aging adults.
Without the inclusion of resistance training, the effects of creatine (low- or high-dosage) may
have been insufficient to produce significant effects. Secondly, the inclusion of both males and
females may have influenced the results. Females may have higher resting intramuscular
creatine levels than males (Forsberg et al., 1991) and therefore may not respond as well to
creatine supplementation (Tarnopolsky, 2000). Creatine also appears to have no effect on
muscle protein kinetics in females (Parise et al., 2001). Third, the estimated sample size
required to achieve 80% power was 42 subjects. Unfortunately, only 33 participants completed
the study which likely decreased statistical power. Fourth, participant motivation and the
performance of activities of daily living may have affected the pre- and post-study
measurements. In addition, the familiarization period may not have been long enough in
duration to decrease neuromuscular learning. For example, it has been shown that multiple
familiarization sessions help produce reliable strength results in older adults (Phillips,
Batterham, Valenzuela, & Burkett, 2004). Fifth, no measure of habitual dietary intake was
performed. Creatine is naturally found in red meat and seafood and consumption of these food
products may have influenced the results. Sixth, muscle biopsies were not performed which
eliminates the ability to assess responders and non-responders to creatine supplementation. The
ergogenic effects of creatine may depend on the initial muscle creatine concentration, which
varies with age and between genders (Dalbo et al., 2009; Syrotuik & Bell, 2004 ). Finally,
muscle cross-sectional area, myogenic transcription factors, muscle protein kinetics, hormonal
properties and satellite cell number and activity were not measured.

The strengths of the study were that the samples selected were closely representative of

the aging population being studied. Therefore, findings could be applied to the general public
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to guide the use of creatine supplementation to achieve optimal benefits. These included first,
creatine supplementation should be combined with resistance training and second a higher dose
is not more effective than a lower dose.
9 Conclusions
The age-related loss of muscle strength and endurance decreases our ability to perform
activities of daily living (Short & Nair, 2001). One potential intervention that may benefit aging
muscle is creatine supplementation. While creatine supplementation may have beneficial effects
on aging muscle performance, the optimal dosage needed to attain these benefits is unclear.
This was the first study to directly compared low vs. high-dose creatine in aging adults.
Results showed no effect from creatine (low or high-dosage) on muscle strength, endurance or
tasks of functionality. The implications of this study are important for direction on the use of
creatine in research and development of creatine supplementation protocols to improve aging
muscle health. Future research is needed to determine the long-term effects of different creatine
dosing strategies, when combined with resistance training, on properties of muscle and bone

health in aging adults.
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Appendix A

Leisure-Time Exercise Questionnaire

Name: Date:

e Please do not include activities performed from our strength training
program.

Godin Leisure-Time Exercise Questionnaire
Considering a 7-Day period (one week), how many times on the average do you do

the following kinds of exercise for more than 15 minutes during your free time
(write in each box the appropriate number).

Times Per Week

A) Strenuous Exercise
(Heart Beats Rapidly)
(i.e. running, jogging, squash, roller skating,
vigorous swimming, vigorous long distance bicycling)

B) Moderate Exercise
(Not Exhausting)
(i.e. fast walking, tennis, easy bicycling,
badminton, easy swimming, popular and folk dancing)

C) Mild Exercise
(Minimal Effort)
(i.e. yoga archery, gardening, house work,
bowling, horseshoes, golf, easy walking)
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Appendix B

CSEP approved Sept 12 2011 version

PAR-Q+

The Physical Activity Readiness Questionnaire for Everyone

Regular physical activity is fun and healthy, and more people should become more physically active every day of the week. Being

more physically active is very safe for MOST people. This questionnaire will tell you whether it is necessary for you to

advice from your doctor OR a qualified exercise professional before becoming more physically active.

seek further

SECTION 1 - GENERAL HEALTH

Please read the 7 questions below carefully and answer each one honestly: check YES or NO. YES NO
1. | Has your doctor ever said that you have a heart condition OR high blood pressure? 1) 1)
Do you feel pain in your chest at rest, during your daily activities of living, OR when you do physical
2. RO 1] 4]
activity?
3 Do you lose balance because of dizziness OR have you lost consciousness in the last 12 months? Please & 5
" | answer NO if your dizziness was associated with over-breathing (including during vigorous exercise). = =
a Have you ever been diagnosed with another chronic medical condition &
" | (other than heart disease or high blood pressure)? = £
5. | Are you currently taking prescribed medications for a chronic medical condition? 5 1)

Do you have a bone or joint problem that could be made worse by becoming more physically active?
6. | Please answer NO if you had a joint problem in the past, but it does not limit your current ability to be 5 1)
physically active. For example, knee, ankle, shoulder or other.

7. | Has your doctor ever said that you should only do medically supervised physical activity? 1) 1)

If you answered NO to all of the questions above, you are cleared for physical activity. Go

to Section 3 to sign the form. You do not need to complete Section 2.

> Start becoming much more physically active — start slowly and build up gradually.

> Follow the Canadian Physical Activity Guidelines for your age (www.csep.ca/guidelines).

> You may take part in a health and fitness appraisal.

> If you have any further questions, contact a qualified exercise professional such as a CSEP
Certified Exercise Physiologist” (CSEP-CEP) or CSEP Certified Personal Trainer® (CSEP-CPT).

» If you are over the age of 45 yrs. and NOT accustomed to regular vigorous physical activity, please
consult a qualified exercise professional (CSEP-CEP) before engaging in maximal effort exercise.

If you answered YES to one or more of the questions above, please GO TO SECTION 2.

Delay becoming more active if:

> You are not feeling well because of a temporary illness such as a cold or fever — wait until you feel
better

> You are pregnant — talk to your health care practitioner, your physician, a qualified exercise
professional, and/or complete the PARmed-X for Pregnancy before becoming more physically
active OR

» Your health changes — please answer the questions on Section 2 of this document and/or talk to your
doctor or qualified exercise professional (CSEP-CEP or CSEP-CPT) before continuing with any
physical activity programme.

B CSEP|SCPE COPYRIGHT © 2012

THE GOLD STANDARD IN EXERCISE
SCIENCE AND PERSONAL TRAINING
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Appendix C

UNIVERSITY OF
/. REGINA

Research Participant Information and Consent Form

Title of the study: Effects of creatine supplementation dosing strategies on
muscle performance.

Researchers: Darren G. Candow, Ph.D. (Principal Investigator), Faculty of
Kinesiology and Health Studies, University of Regina, phone: 306-- 585-- 4906,
email: Darren.Candow@uregina.ca;; Jennifer Chami, MSc student researcher, email:
jenchami(@gmail.com

Sponsor: University of Regina (pending)
24-hour emergency telephone contact: 306-- 209-- 0280

Introduction:

You are being invited to participate in this research study because we want to compare
the effects of different dosages of creatine on muscle strength, endurance, and tasks
of functionality (walking speed, balance, hand grip strength) in men and women.

Before you decide to participate, it is important that you understand what the
research involves. This consent form will tell you about the study, why the research
is being performed, what will happen to you during the study, and the possible
benefits, risks, and discomforts.

If you wish to participate, you will be asked to sign this form. Your participation is
entirely voluntary, so it is up to you to decide whether or not to participate in this
study. If you decide to take part in this study, you are free to withdraw at any time
without giving any reasons for your decision and your choice not to participate will
not affect your relationship with any of the researchers or institutions conducting the
research.

Please take time to read the following information carefully and to discuss it with
your family, friends, and doctor or health professional before you decide.

Why is this study being done?

The age-[related loss of muscle strength and muscle endurance that can be
performed decreases the ability to perform activities of daily living (i.e., walking,
carrying groceries) in aging men and women. Creatine, a nitrogen containing
compound found in red meat and seafood may have beneficial effects on aging
muscle performance however, the optimal dosage needed to attain these effects is
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unclear. The purpose of this study is to compare the effects of different doses of
creatine compared to a placebo (an inactive substance) on muscle strength,
endurance and functionality. A total of 48 participants will be involved in this study.
Who can participate in this study?

You can participate if you are male or female aged 50 years and older and have not
engaged in supervised resistance training for =2 6 weeks prior to the start of the study.
In addition, you cannot have preexisting kidney or liver problems, taken medications
that affect muscle biology or creatine monohydrate < 12 weeks prior to the start of the
study;; have a history of fragility fractures;; diseases that are known to affect muscle
biology (i.e., Crohn’s Disease);; suffer from severe osteoarthritis;; or vegetarian.

What does the study involve?
If you agree to participate in this study, the following will occur:

You will initially be given a questionnaire (Physical Activity Readiness
Questionnaire;; PAR-1Q+) which assesses whether you are at a health risk for
participating in exercise training. If you indicate a possible health risk, you will be
given a clearance form (PARMED-[1X) to be filled out by your family physician
before being permitted to participate in this study. In addition, you will fill out a leisure
time exercise questionnaire, which indicates the average number of times that
strenuous (i.e., heart beats rapidly), moderate (i.e., not exhausting), and mild
exercise (i.e., minimal effort) is performed per week.

Prior to the start of the study, you will be randomized (i.e. assigned by chance by a
computer) into one of four groups: Group (1) High-- dose creatine (CR-- H;; 0.3
g/kg/day of creatine + 0.1 g/kg/day of maltodextrin), (2) Medium-- dose creatine (CR-

- M;; 0.2 g/kg/day of creatine + 0.2 g/kg/day of maltodextrin), (3) Low-- dose creatine
(CR-- L;; 0.1 g/kg/day of creatine + 0.3 g/kg/day of maltodextrin) or (4) Placebo (PLA;;
0. 4 g/kg/day of maltodextrin) for 10 consecutive days. Creatine and placebo will be in
powder form and you will be asked to consume this mixed with water and consume it
with each meal (i.e., three times throughout the day). Participants will record the
amount and time of each drink consumed throughout the day. Neither you nor the
researchers will know which group you are in until the end of the study, but we can
find out what group you are in if there is an emergency (i.e. an adverse reaction to the
creatine or placebo). Due to the nature of the study we might not be able to inform you
about your group assignment until 6 months after the study is over (except in the case
of an emergency).

All of the groups will participate in a series of exercises before and after the 10 days of
supplementation in the Fitness and Lifestyle Centre at the University of Regina and
take approximately 45 minutes to complete. Three days before the study you will be
shown the exercises and tasks then asked to perform a familiarization trial of strength
and endurance as well as the tasks of functionality.

Study measurements: The following measurements will be performed prior to the
intervention (i.e. baseline) and after 10 days:
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1 Your muscle strength (1-- RM leg press and chest press

* Your muscle endurance (maximal number of repetitions performed at 80% and
70% baseline 1-- RM for the leg press and chest press, respectively)

+ Your tasks of functionality (walking speed, balance, hand grip strength).

+  We will give you questionnaires about your diet. These questionnaires take
about half an hour to complete.

What are the benefits of participating in this study?
You might increase your muscle strength, endurance, balance and walking speed
by participating in this study. These benefits are not guaranteed.

What are the possible risks and discomforts?

Creatine supplementation has been shown on a few occasions to decrease kidney
and liver function in individuals with pre-[Jexisting kidney or liver disease. If you have
any kidney or liver abnormalities, you should not participate in this study.

What are alternatives to the study?

You do not have to participate in this study to increase muscle strength or balance.
You can perform alternative exercises (i.e. free-- body exercises such as push-- ups or
chin ups and wall squats). You could also increase your creatine consumption from
your diet by consuming more red meat and seafood products instead of receiving
creatine supplementation in this study.

What happens if | decide to withdraw?

Your participation in this research is voluntary. You may withdraw from this study at
any time. You do not have to provide a reason. Your relationships with the
researchers or the university will not be affected. If you choose to enter the study and
then decide to withdraw at a later time, all data collected about you during your
enrolment will be retained for analysis.

What happens if something goes wrong?

In the case of a medical emergency related to the study, you should seek immediate
care and, as soon as possible, notify the principal investigator. Inform the medical
staff you are participating in a clinical study. Necessary medical treatment will be
made available at no cost to you. By signing this document, you do not waive any of
your legal rights against the sponsor, investigators or anyone else.

What happens after completion of the study?
We will inform you of the overall study results after we have analyzed all data.

What will the study cost me?
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You will not be charged for the creatine, placebo, or any research-- related
procedures.

You will not be paid for participating in this study. Reimbursement for study-
Trelated expenses (e.g. travel, parking, meals) is not available.

Will my participation be kept confidential?

In Saskatchewan, the Health Information Protection Act (HIPA) defines how the
privacy of your personal health information must be maintained so that your privacy
will be respected. Your name will not be attached to any information, nor mentioned
in any study report, nor be made available to anyone except the research team. It is
the intention of the research team to publish results of this research in scientific
journals and to present the findings at related conferences and workshops, but your
identity will not be revealed.

Who do | contact if | have questions about the study?
If you have questions concerning the study you can contact Dr. Darren Candow at
306-- 585-- 4906 or 306-- 209-110280 (24 hour cell).

If you have any questions about your rights as a research subject or concerns about
this study, you may contact the Chair of the University of Regina Research Ethics
Board at

(306) 585-- 4775 or email research.ethics@uregina.ca. Out of town participants may
call collect.

Consent
statement

| have read (or someone has read to me) the information in this consent form.
| understand the purpose and procedures and the possible risks and benefits of
the study.
| have been informed of the alternatives to the study.
| was given sufficient time to think about it.
| had the opportunity to ask questions and have received satisfactory answers.
| am free to withdraw from this study at any time for any reason and the decision
to stop taking part will not affect my future relationships at the university.
| agree to follow the principal investigator's instructions and will tell the
principal investigator at once if | feel | have had any unexpected or unusual
symptoms.
o | have been informed there is no guarantee that this study will provide any
benefits to me.
o | give permission for the use and disclosure of my de-- identified personal
health information collected for the research purposes described in this
form.
o | understand that by signing this document | do not waive any of my legal rights.
o | will be given a signed and dated copy of this consent form.
o | give permission for my family physician to be informed about my participation
in this study if need be:

O o0O0OoOo O O

o
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D Yes
D No

D | do not have a family physician

D | agree to participate in this study:

Printed name of participant:

Signature Date

Printed name of person obtaining consent:

Signature Date
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Appendix D

Adverse Event Form

Study Adverse Event Form
CREATINE SUPPLEMENT STUDY: ADVERSE EVENT FORM

SUBJECT ID#: SUBJECT INITIAL:

Describe the adverse event:

(Record diagnosis where available or describe event in as few words as possible.)
Is this event a new event?
Is this event a change/resolution of an ongoing event?

Onset of Adverse Event (date/time):

Resolution of Adverse Event (date/time):

Is this event Serious? Yes D No D

(Results in death, is life threatening, requires hospitalization, results in persistent or
significant disability.)

Is this event intermittent? Yes D No D
Rate Intensity (severity): Please circle

Mild Moderate Severe Life threatening

2.1s the adverse event still present: Yes D No D

3. Frequency:

4. Relationship to experimental procedure (food, exercise or other procedure):
Please circle

Not related Unlikely Possible Probable Definite
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