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Abstract 

The purpose was to investigate the effects of high-velocity resistance training (HVRT) 

and creatine supplementation on muscle thickness and muscle performance in untrained 

healthy aging males. Participants were randomized to one of two groups: creatine (CR: n 

= 12, 59.0 ± 7.0 yrs, 94.8 ± 14.3 kg, 176.4 ± 8.6 cm; 0.1 g/kg/day of creatine) or placebo 

(PLA: n = 12, 58.1 ± 5.8 yrs, 92.0 ± 23.3 kg, 176.4 ± 8.6 cm; 0.1 g/kg/day of 

maltodextrin) during 8-weeks of HVRT. Prior to and following training and 

supplementation, assessments were made for muscle thickness (elbow and knee flexors 

and extensors), strength (1-repetition maximum for leg-press and chest-press), peak 

torque (knee flexion and extension), and tasks of functionality (balance and walking 

speed). There was a significant increase over time for all measures of muscle thickness (p 

< 0.001), strength (p < 0.001) and relative strength (kg/cm; p < 0.001). There was a time 

main effect for knee flexion peak torque (1.05 and 3.14 rad/s; p < 0.001) and knee flexion 

and extension peak torque combined at 3.14 rad/s (p = 0.045). There was a time main 

effect for relative peak torque (Nm/cm) for knee flexion at 1.05 rad/s (p = 0.005) and 

3.14 rad/s (p = 0.007), knee extension at 1.05 rad/s (p = 0.021), and knee flexion and 

extension combined at 3.14 rad/s (p = 0.045). There was a decrease in time to complete 

the balance board task (p = 0.017). There was a group x time interaction for leg-press 

strength (p = 0.044) and total lower-body strength (p = 0.039). The CR group 

experienced greater gains (leg-press: mean absolute change: 144.50 kg; 95% CI [90.12, 

198.87]); total lower-body: mean absolute change: 204.75 kg; 95% CI [145.51, 263.98]) 

compared to the PLA group (leg-press: mean absolute change: 83.91 kg; 95% CI [53.00, 

114.82]; total lower-body: mean absolute change: 133.58 kg; 95% CI [93.92, 173.24]). In 
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conclusion, HVRT is an effective intervention to increase muscle thickness, strength, and 

some measures of peak torque and functionality in untrained, healthy aging males. 

Creatine supplementation further augmented gains in leg-press and total lower-body 

strength. 

 Key words: Lean Tissue Mass, Strength, Power, Functionality 
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1 Introduction 

The European Working Group on Sarcopenia in Older People (EWGSOP2) has 

recently defined sarcopenia as a muscle disease (ICD-10-MC Diagnosis Code) 

characterized by low muscle strength, muscle mass and functionality (Cruz-Jentoft et 

al., 2018). Typically, adults lose between 1-2% of their total muscle mass per year after 

the age of 50 which corresponds to a 1.5% decrease in maximal strength (for review 

see Abellan van Kan, 2009). Direct and indirect healthcare costs associated with 

sarcopenia are estimated to be $18.5 billion in the United States alone (Beaudart et al., 

2014). Furthermore, Janssen et al. (2004) concluded that a 10% reduction in the 

prevalence of sarcopenia could result in a savings of $1.1 billion per year, 

substantiating the need for interventions aimed at combating sarcopenia. Factors 

contributing to sarcopenia include changes in muscle biology, oxidative stress, satellite 

cell function, hormonal regulation, nutrition, and physical activity (Cruz-Jentoft et al., 

2014, 2010; Karakelides & Nair, 2005; Marzetti et al., 2017). From a healthy aging 

perspective, lifestyle interventions which decrease sarcopenia are clinically significant. 

One potential intervention which may benefit aging muscle is high-velocity 

resistance training (HVRT). HVRT is characterized as a resistance training modality 

where an external load is contracted at a maximal velocity (Fielding et al., 2002; Reid 

& Fielding, 2012). Although muscle power and strength are important components of 

health-related fitness, muscle power appears to be the best indicator of functionality 

(Bassey et al., 1992; Bean et al., 2004; Bean et al., 2002; Cruz-Jentoft et al., 2010; 

Foldvari et al., 2000). Unfortunately, the biological process of aging has a negative 

effect on muscle performance which may be the result of a reduction in high threshold 
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muscle fibers (i.e. type II) (Aagaard et al., 2010; Cruz-Jentoft et al., 2010; Fielding et 

al., 2002). Type II muscle fibers are responsible for high force generation and appear to 

be more vulnerable to atrophy than type I fibers with aging (Evans & Lexell, 1995). 

Theoretically, HVRT may recruit existing higher threshold motor units which could 

maintain or increase muscle performance in aging adults.  

Another intervention which may have beneficial effects on aging muscle is 

creatine supplementation. Creatine, a naturally occurring nitrogenous compound found 

primarily in red meat and seafood, has been shown to increase aging muscle mass, 

strength, and tasks of functionality when combined with resistance training (for meta-

analysis reviews see Candow et al., 2014; Chilibeck et al., 2017; Devries and Phillips, 

2014). Mechanistically, creatine may influence high-energy phosphate metabolism, 

muscle protein kinetics and inflammation (for reviews see Candow and Chilibeck, 2008; 

Candow et al., 2014; 2012; Chilibeck et al., 2017; Gualano et al., 2016; Kreider et al., 

2017). 

Despite the potential beneficial effects of HRVT and creatine supplementation 

on aging muscle, no study has examined the combined effects of HVRT and creatine 

supplementation. Therefore, the purpose of this thesis was to examine the effects 

HVRT and creatine supplementation on muscle thickness, muscle performance, and 

tasks of functionality in untrained healthy aging males. 

 

2 Literature Review 

2.1  Aging Muscle Morphology 

 Typically, adults lose between 1-2% of their total muscle mass per year after the 

age of 50 which corresponds to a 1.5% decrease in maximal strength (for review see 
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Abellan van Kan, 2009). A main contributing factor of this age-related muscle loss is the 

reduction in type II muscle fibers (Evans & Lexell, 1995). Three main isoforms of 

myosin heavy chain (MHC) exist in human skeletal muscle (MHC I, MHC IIa, MHC IIx) 

(Karakelides, & Nair, 2005). MHC I mRNA levels appear to remain relatively constant 

with aging, but mRNA levels of MHC IIa and MHC IIx decrease, ultimately leading to a 

preferential loss of muscle fibers responsible for high force production (Balagopal et al., 

2001). 

Muscle contractile properties may also be jeopardized with aging. Clark and 

Manini, (2012, 2008), suggested that the age-related loss of muscle force production is 

linked to alterations in neural and mechanical factors affecting muscle biology. 

Contraction time is slower and relaxation time is longer in aging muscle (Fielding, 

2012; McKinnon et al., 2017). This decreased speed of contraction may be due to 

impaired functioning and decreased volume of the sarcoplasmic reticulum, changes to 

myofibrillar contractile proteins, and a reduction in the number of T-tubule 

dihydropyridine receptors (Fielding, 2012; Scelsi et al., 1980). Interestingly, resistance 

training has been reported to positively influence muscle mechanics and increase the 

density of the sarcoplasmic reticulum and T-tubules and increase the rates of 

myofibrillar muscle protein synthesis (MPS) (for reviews see Boonyarom & Inui, 2006; 

Schoenfeld, 2010; Toigo, & Boutellier, 2006). Other architectural changes potentially 

contributing to the decrease in muscle contractile properties with aging include 

reductions in the pennation angle and contractile tissue along tendons (Narici & 

Maffulli, 2010; Thom et al., 2007). Furthermore, a rearrangement of muscle fiber type 

by way of the denervation-innervation process may negatively impact maximal force 

production as type II muscle fibers transition into type I muscle fibers (Mosole et al., 
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2014). 

 

2.2  The Role of Oxidative Stress 

Chronic oxidative stress has been identified as a potential risk factor for sarcopenia 

(Johnston et al., 2007). The mitochondrial or oxidative stress theory of aging stipulates 

that a decreased ability to maintain oxidative homeostasis exists with increasing age 

resulting in cellular damage due to the accumulation of reactive oxygen species (ROS) 

(Johnston et al., 2007). Chronically high levels of ROS can damage and alter DNA, 

lipids, and proteins which result in apoptosis (Bouzid et al., 2015; Bowen et al., 2015). 

Type II muscle fibers are particularly susceptible to ROS as type II fibers have decreased 

oxidative enzymes and increased metabolic demand when compared to type I fibers 

(Gordon et al., 2004). Although chronically high levels of ROS appear to negatively 

affect skeletal muscle, a growing body of evidence suggests that acute increases in ROS 

in response to contractile activity (i.e. resistance training) may activate redox-sensitive 

signaling cascades in skeletal muscle which may influence hypertrophic adaptations 

(Gomes et al., 2012; Niess & Simon, 2007). Furthermore, the age-related increase in 

tumor necrosis factor alpha (TNF-⍺) and interleukin 6 (IL-6) expression may increase the 

rates of muscle protein catabolism ultimately leading to muscle atrophy and/or loss in 

strength and power (Bales & Ritchie, 2002; Bautmans & Mets, 2005; Candow, 2011; 

Ladner et al., 2003). 

 

2.3 Alterations in Satellite Cell Function 

 Satellite cells are located between the sarcolemma and basement membrane and 

play an important role in the hypertrophic response, repair, and growth of skeletal muscle 
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fibers (Barton-Davis et al., 1999; Olsen et al., 2006). These undifferentiated and 

mononucleated cells typically remain dormant until they are activated from mechanical 

stimuli such as resistance training. Once activated, satellite cells re-enter the cell cycle 

and proliferate and differentiate to form new muscle fibers (Ryall et al., 2008; Sabourin, 

& Rudnicki, 2000; Toigo & Boutellier, 2006). The primary benefit of satellite cells with 

respect to muscular hypertrophy appears to be their ability to donate nuclei to muscle 

fibers, facilitating the synthesis of contractile proteins by increasing the myonuclear 

domain (Moss & Leblond, 1971; Schoenfeld, 2010). Furthermore, satellite cells contain 

myogenic regulatory factors (i.e. myogenin, MRF4, MyoD, and Myf5) that bind to 

sequence DNA during myogenesis and ultimately contribute to muscle hypertrophy 

(Sabourin, & Rudnicki, 2000). Unfortunately, aging adults appear to exhibit reduced 

quantities of myogenic satellite cells which may help explain the age-related loss of 

skeletal muscle mass (Kadi et al., 2004; Sajko et al., 2004).  

 

2.4  Hormonal Changes with Aging 

 The biological process of aging can affect the secretion, bioavailability, and tissue 

response to hormones (Karakelides, & Nair, 2005). Dehydroepiandrosterone (DHEA), 

dehydroepiandrosterone sulfate (DHEAS), testosterone, growth hormone (GH), and 

insulin-like growth factor (IGF-1) have all been reported to decrease with aging and are 

believed to be involved in the pathophysiology of sarcopenia (Karakelides, & Nair, 2005; 

Roubenoff, 2003). Testosterone appears to affect skeletal muscle, independent of exercise 

(Buresh et al., 2009). Testosterone increases the rates of muscle protein synthesis and the 

activation and proliferation of satellite cells (Buresh et al., 2009; Sinha-Hikim et al., 
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2006) which may help explain their strong correlation to muscle mass and strength gains 

(Baumgartner et al., 1999; Karakelides, & Nair, 2005). 

 GH is a non-selective growth agent with widespread receptors found in various 

human tissues (Waters et al., 1999). GH levels have been shown to increase following an 

acute bout of exercise as well during sleep (Kraemer & Ratamess, 2005; Schoenfeld, 

2010). GH provides an anabolic stimulus and is believed to initiate a sequence of growth 

factors and their receptors (Waters et al., 1999). The observed decline of GH with aging 

is postulated to be secondary to the decrease in growth hormone releasing hormone 

(GHRH) (Karakelides, & Nair, 2005).  

 Insulin-like growth factor (IGF) is often considered to be one of the most 

important anabolic hormones for muscle hypertrophy (Schoenfeld, 2010). Several 

isoforms of IGF-1 have been identified: IGF-1Ea, IGF-1Eb, and IGF-1Ec (Schoenfeld, 

2010). IGF-1Ec is activated by mechanical stimuli and is referred to as mechano-growth 

factor (MGF) (Hameed et al., 2004; Schoenfeld, 2010). MGF likely plays a crucial role in 

the repair of muscle tissue and appears to be expressed following mechanical loading (i.e. 

resistance training) and/or damage to skeletal muscle (Owino et al., 2001; Zanou & 

Gailly, 2013). In response to muscle injury, the expression of MGF is upregulated and 

appears to be closely related to satellite cell activation (Zanou & Gailly, 2013). Following 

mRNA splicing, MGF alters its expression to IGF-IEa, facilitating myogenesis and 

skeletal muscle regeneration (Owino et al., 2001; Zanou & Gailly, 2013). Receptors for 

insulin-like growth factors are found on myofibers as well as satellite cells (Barton-Davis 

et al., 1999). During resistance training, muscle tissue produces IGF-1 which provides a 

significant anabolic stimulus for increasing the rates of MPS (Barton-Davis et al., 1999; 
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Goldspink, 2005). The age-related decrease in IGF-1 is likely a contributing factor to 

sarcopenia. 

 

2.5  Anabolic Resistance and Mammalian Target of Rapamycin 

 Skeletal muscle is in a constant state of protein turnover, undergoing protein 

catabolism and protein synthesis (Rennie & Tipton, 2000). In order for muscle 

hypertrophy to occur, rates of MPS must exceed the rates of muscle protein catabolism 

(Rennie & Tipton, 2000). The anabolic drivers responsible for increasing muscle protein 

synthesis (e.g. exercise, essential amino acids) appear to be blunted in older adults 

(Rennie, 2009). Kumar et al., (2009) observed blunted rates of MPS at 1-2 hours post-

resistance exercise in older participants but not young. An increased training volume (i.e. 

sets x reps x load) may be required to elicit a maximal muscle protein synthetic response. 

Furthermore, the rate of MPS following ingestion of dietary protein appears to also be 

blunted in older adults and require a larger dose than their younger counterparts to 

achieve a similar increase in the rates of MPS (Breen & Phillips, 2011). 

There may be an increase in muscle protein catabolism with increasing age which 

may result in atrophy of muscle tissue (Karakelides, & Nair, 2005). The age-related loss 

of skeletal muscle may also be linked to impaired signaling of the Akt/mammalian target 

of rapamycin (mTOR) pathway (de Bandt, 2016; Fry et al., 2011). mTOR is responsible 

for regulating cell growth and proliferation, muscle hypertrophy, ribosome biogenesis, 

and energy metabolism by activating and inhibiting various anabolic and catabolic 

processes (Laplante & Sabatini, 2012; Sarbassov et al., 2005). mTOR has been identified 

as a main regulator of messenger ribonucleic acid (mRNA) translation and is upregulated 

by anabolic stimuli such as resistance training (Little & Phillips, 2009; Sandri, 2008; 
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Schoenfeld, 2010). Activation of the mTOR pathway and its downstream targets of 4E 

binding protein 1 (4E-BP1), 70-kDA S6 protein kinase (p70 s6k), and protein S6 kinase 

(S6K1 and S6K2), have been identified as important modulators of MPS in response to 

resistance training (Fry et al., 2011; Little & Phillips, 2009). While in a non-

phosphorylated state, 4E-BP1 binds to eukaryotic translation initiation factor 4E (eIF-

4E), suppressing mRNA translation. Once 4E-BP1 is phosphorylated by mTOR, eIF-4E 

is released and used to restore translation (Sarbassov et al., 2005). Two genes of S6 

kinase are found in mammals, ribosomal protein S6 kinase beta-1 (S6K1) and ribosomal 

protein S6 kinase beta-2 (S6K2), and although both are activated by mTOR, the exact 

mechanisms and how they regulate cell size remains to be elucidated (Sarbassov et al., 

2005).  

Unfortunately, the biological process of aging appears to have a negative effect on 

mTOR signaling and MPS. For example, following an acute bout of resistance training, 

Fry et al. (2011) showed that aging males (n =16; 70 ± 2 yrs) experienced no change in 

mTOR, S6K1, 4E-BP1 or MPS. Furthermore, Kumar et al. (2009) observed a reduced 

rate in MPS two hours post-exercise in aging adults compared to younger adults. Results 

across studies suggest that aging adults experience anabolic resistance to resistance 

training which may be a contributing factor to sarcopenia. 

 

3 High-Velocity Resistance Training 

 Muscle power and strength are important components of health-related fitness 

(Cheema et al., 2014; Davies et al., 2017; de Vos et al., 2005; Fielding et al., 2002; 

Newman et al., 2006). Although muscle strength is relatively preserved into the fifth 

decade of life, the ability to generate forceful contractions quickly (i.e. muscle power) is 
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diminished twice as fast (Aagaard et al., 2010; Cruz-Jentoft et al., 2010; Fielding et al., 

2002; Skelton et al., 1994). From a neurophysiological perspective, the motor unit 

originates in the motor cortex of the brain and terminates on the muscle fiber (Sale, 

1987). Activity in the motor cortex intensifies as the level of force increases, which 

amplifies motor unit firing rates and frequencies, and ultimately increases the force and 

rate of muscle contractions (Dettmers, 1996; Sale, 2008). Low threshold motor units 

(type I fibers) have lower force generating capabilities than higher threshold motor units 

(type II fibers) (Sale, 1988). Moreover, type II fibers generate four to six times the power 

of type I fibers per unit of mass (Trappe et al., 2003). Motor units are recruited based on 

Hennemann’s size principle which stipulates that in order to recruit high threshold motor 

units, lower threshold motor units must first be recruited (Sale, 1988). According to this 

principle, type I (slow twitch) and type II (fast twitch) fibers are typically recruited 

sequentially. This suggests that in order to achieve maximal motor unit recruitment, the 

stimulus or exercise intensity must be relatively high or fatiguing. HVRT has been shown 

to recruit and induce type II hypertrophy in older adults, leading to concomitant increases 

in muscular strength and muscular power (Häkkinen et al., 2001; Nogueira et al., 2009). 

It is important to note, that although concomitant increases in muscular strength and 

muscular power are observed following resistance training, the increases in muscle power 

following HVRT are significantly higher than traditional low-velocity resistance training, 

with similar increases in muscle strength using either modality (de Vos et al., 2005; 

Earles et al., 2001; Fielding et al., 2002; Marsh et al., 2009; Reid and Fielding, 2012; 

Reid et al., 2008). For the purpose of this thesis, power will be defined as the product of 

force and velocity (of shortening) (Foldvari et al., 2000). 
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4 Creatine and Potential Mechanistic Actions 

Creatine is a nitrogenous compound naturally produced in the body from 

reactions involving the amino acids glycine, arginine and methionine in the liver and 

kidney and is also found primarily in in red meat and seafood (Barcelos et al., 2016; 

Gualano et al., 2010; Wyss & Kaddurah-Daouk, 2000). The majority of creatine is stored 

in skeletal muscle (Gualano et al., 2010; Wyss & Kaddurah-Daouk, 2000), with two 

thirds being PCr while one third is free creatine (Cr; Kreider et al., 2017). A typical 

omnivorous diet contains approximately 1-2 grams per day of creatine leaving creatine 

stores around 60-80% saturated (Kreider et al., 2017; Brosnan & Brosnan, 2016). PCr 

concentrations are slightly higher (5-15%) in type II versus type I muscle fibers and 

utilize PCr to a greater extent (Greenhaff et al., 1994; Terjung et al., 2000). Following 

creatine supplementation, both type I and type II fibers exhibit an increase in total PCr 

and Cr concentrations, however, the greatest accumulation is observed in type II fibers 

(Casey et al., 1996a; 1996b). Mechanistically, creatine may have a beneficial effect on 

muscle biology by influencing high-energy phosphate metabolism, muscle protein 

kinetics and inflammation (for reviews see Candow and Chilibeck, 2008; Candow et al., 

2014; 2012; Chilibeck et al., 2017; Gualano et al., 2016; Kreider et al., 2017). 

 

4.1  High-Energy Phosphate Metabolism 

 Creatine is the main component of phosphocreatine (PCr), a high-energy 

phosphate compound responsible for supplying energy during skeletal muscle 

contractions (Wyss & Kaddurah-Daouk, 2000). The main role of creatine is to combine 

with inorganic phosphate (Pi) to create PCr through the creatine kinase (CK) reversible 



EFFECTS OF HIGH-VELOCITY RESISTANCE TRAINING AND CREATINE 
SUPPLEMENTATION IN UNTRAINED HEALTHY AGING MALE 

11 

reaction (Kreider et al., 2017). PCr aids in resynthesizing adenosine triphosphate (ATP) 

from adenosine disphosphate (ADP) by providing free energy from the hydrolysis of PCr 

into its components of Pi and Cr during skeletal muscle contraction (Candow et al., 2014; 

Kreider et al., 2017; Schlattner et al., 2016; Wyss & Kaddurah-Daouk, 2000). The PCr 

energy shuttle connects the sites of ATP production (i.e. glycolysis and oxidative 

phosphorylation) with the sites of ATP utilization (e.g. myosin cross-bridge sites) and 

plays an essential role in the regulation of muscle contraction (Kreider et al., 2017; Volek 

et al., 2008). Cr has the ability to diffuse into the mitochondria, couple with ATP 

produced from glycolysis and oxidative phosphorylation, and recycle (shuttle) back into 

the cytosol to maintain metabolic demand (Kreider et al., 2017). The shuttling of Cr from 

the mitochondria into the cytosol is performed using active transport, requiring the 

creatine transporter CRTR (Kreider et al., 2017; Santacruz & Jacobs, 2016). Once in the 

cytosol, creatine and its isoforms (cytosolic and glycolytic CK) meet energy requirements 

by maintaining ATP utilization and the cytosolic ATP/ADP ratios by rephosphorylating 

ADP into ATP (Kreider et al., 2017; Wallimann et al., 2011). The PCr energy shuttle has 

been identified as a key regulator of energy metabolism that may be positively influenced 

and optimized with creatine supplementation (Candow et al., 2014; 2011; Kreider et al., 

2017). There is a decrease in total intramuscular creatine levels (i.e. Cr and PCr) with 

aging (Candow et al., 2012; Forsberg et al., 1991; Möller et al., 1980), which may have a 

negative effect on resistance training capacity (Kreider et al., 2017). Creatine 

supplementation increases intramuscular creatine stores in aging adults which may 

enhance PCr resynthesis and high-energy phosphate metabolism leading to greater gains 

in muscle mass and muscle performance over time.  
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4.2  Muscle Protein Kinetics and Inflammation 

Creatine supplementation has been reported to increase intracellular osmolarity 

which may upregulate gene and signaling pathways involved in protein synthesis (for 

reviews see Candow et al., 2012; Chilibeck et al., 2017). Creatine increases mRNA and 

protein expression of the myogenic transcription factors myogenin and MRF-4 

(Willoughby and Rosene 2003) and increases satellite cell number and myonuclei 

concentration in muscle fibers following resistance exercise (Olsen et al. 2006). Creatine 

has also been shown to increase Akt/protein kinase B content in humans (Safdar et al. 

2008). Akt/Protein kinase B activates p70s6k downstream in the mammalian target of 

rapamycin (mTOR) muscle protein synthetic pathway (Fujita et al. 2007), a main 

regulator of muscle hypertrophy.  

Creatine supplementation has been reported to affect anabolic hormone 

production (Burke et al., 2008; Delidicque et al., 2005). Insulin-like growth factor I (IGF-

1) plays a role in MPS and satellite cell proliferation (Allen & Boxhorn, 1989). Short-

term creatine supplementation (21g/day) in young males increased IGF-1 mRNA 

expression at rest and the phosphorylation of anabolic signaling molecules (i.e. 4E-BP1) 

24 hours after an acute bout of resistance exercise (Deldicque et al., 2005). Furthermore, 

Burke et al. (2008) found greater increases in intramuscular IGF-1 content in healthy 

males and females following 8 weeks of creatine supplementation and resistance training 

compared to placebo (Burke et al., 2008). 

Although creatine supplementation may not directly increase rates of muscle 

protein synthesis, it may decrease muscle protein catabolism (Parise et al., 2001). In 

aging males, creatine supplementation decreased the urinary excretion of 3-
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methylhistidine, an indicator of muscle protein catabolism (Johannsymer et al., 2016; 

Candow et al., 2008). Furthermore, creatine supplementation reduced the rates of leucine 

oxidation, an indicator of whole-body protein breakdown, suggesting that creatine 

supplementation may exhibit anticatabolic characteristics (Parise et al., 2001). 

Furthermore, creatine supplementation attenuates reactive and radical species ions 

(Deminice and Jordao, 2011) and protects against DNA and RNA damage (Fimognari et 

al. 2009). Therefore, creatine may have anabolic and anti-catabolic effects on muscle 

biology which over time, may lead to gains in muscle mass and muscle performance. 

 

4.3  Creatine and Resistance Training in Aging Adults 

Three meta-analyses indicate that creatine must be combined with resistance 

training to produce significant muscle health benefits in aging adults. In the most 

comprehensive analysis, Chilibeck et al., (2017) examined the effects of creatine 

supplementation and placebo during resistance training (7-52 weeks) in 721 aging adults 

(57-70 years of age) across 22 eligible studies. Results showed that creatine during 

resistance training increased lean tissue mass (mean difference: 1.37 kg, 95% CI [ 0.97, 

1.76], p < 0.00001), leg press strength (standardized mean difference: 0.24, 95% CI 

[0.05, 0.43], p = 0.01) and chest press strength (standardized mean difference: 0.35, 95% 

CI [0.16, 0.53], p = 0.0002) more than placebo and resistance training. Previously, 

Devries & Phillips (2014) analyzed over 300 men and women (55-71 years of age) who 

consumed creatine (3-25 grams) during resistance training (7-26 weeks) across 10 

eligible studies. Compared to placebo, creatine significantly increase lean tissue mass 

(weighted mean difference: 1.33 kg, 95% CI [0.79, 1.86], p < 0.0001), leg press strength 

(weighted mean difference: 3.25 kg, 95% CI [0.47, 6.03], p = 0.02) and chest press 
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strength (weighted mean difference: 1.74 kg, 95% CI [0.56, 2.91], p = 0.004) more than 

placebo and resistance training. Finally, Candow et al. (2014) showed that creatine 

supplementation (~ 0.1-0.3g/kg; > 6 weeks) and resistance training in over 300 aging 

adults increased lean tissue mass (mean difference: 0.94 kg, 95% CI [0.33, 1.54], p = 

0.002) and chest press strength (standardized mean difference: 0.42, 95% CI [0.15, 0.70], 

p = 0.0003) more than placebo and resistance training. 

 

4.4  Sex Differences 

 The response to creatine supplementation is inconsistent between males and 

females (Kreider et al., 2017). Females may not experience the same gains in muscle 

mass and strength following creatine supplementation and resistance training compared 

to males (Johannsmeyer et al., 2016; Tarnopolsky & Maclennan, 2000). Although 

speculative, females may have higher initial intramuscular creatine stores (free creatine 

and PCr) than males which make them less responsive to supplementation (Forsberg et 

al., 1991; Johannsmeyer et al., 2016; Tarnopolsky, 2000). Furthermore, creatine appears 

to have no effect on muscle protein kinetics in females (Parise et al., 2001). Therefore, 

for the purpose of this thesis, only healthy aging males were recruited. 

 

4.5  Safety 

 A recent position stand paper by the International Society of Sports Nutrition 

(ISSN) concluded that creatine supplementation poses no greater adverse effects 

compared to placebo (Kreider et al., 2017). 
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5 Research Purpose and Hypothesis 

The purpose of this thesis was to compare the effects of HVRT and creatine 

supplementation to HVRT and placebo in untrained healthy aging males. It was 

hypothesized that HVRT and creatine supplementation would increase muscle 

thickness, strength, peak torque and tasks of functionality compared to HVRT and 

placebo. 

 

6 Methods 

6.1  Participants 

 Males (≥ 50 years of age) who were not previously engaged in supervised 

resistance training for ≥ 6 weeks prior to the start of the study were recruited to 

participate. Recruitment occurred through the University of Regina e-mail server list. A 

priori power analysis (G*Power v. 3.1.5.1) indicated that 34 participants were required to 

achieve 80% statistical power. This calculation was based on effect size (Cohen’s d = 

0.25), alpha level (0.05), and using a repeated measures: within-between interaction study 

design (Faul et al., 2007).   

 Participants were required to complete a Physical Activity Readiness 

Questionnaire (PAR-Q+) (Appendix A), which assessed an individual’s readiness for 

participation in resistance training. This questionnaire included questions related to heart 

conditions, angina at rest or during physical exercise, balance, and bone or joint problems 

that may affect exercise performance. If a participant indicated any of the above 

conditions, they were required to get medical clearance before starting the study. 

Participants were required to fill out a leisure time exercise questionnaire (Appendix B), 
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which indicated the average number of times that strenuous (i.e. heart beats rapidly), 

moderate (i.e. not exhausting), and mild exercise (i.e. minimal effort) was performed per 

week (Godin & Shephard, 1985). Participants were excluded from the study if they were 

taking medications that affected muscle biology (i.e. corticoids) or creatine monohydrate 

≤ 12 weeks prior to the start of the study; if they had a history of fragility fractures; 

diseases that are known to affect muscle biology; if they suffered from severe 

osteoarthritis; had pre-existing kidney or liver abnormalities, if they were vegetarian; or if 

they were planning to travel during the study period for ≥ 2 weeks duration at a time. 

Participants were instructed not to change their diet or engage in additional physical 

activity that was not part of their normal daily routine or consume non-steroidal anti-

inflammatory drugs during the study, as these interventions could affect MPS (Trappe et 

al., 2002). The Research Ethics Board at the University of Regina approved the study and 

participants were informed of the risks and purposes of the study before their written 

consent was obtained (Appendix C). 

 

6.2 Research Design 

 This randomized control trial (ClinicalTrials.gov Identifier: NCT03530202) 

involved a double-blind, repeated measures design. In order to minimize difference 

between groups, participants were matched according to age and body mass. After 

exclusion criteria was applied, participants were randomized on a 1:1 basis to supplement 

with creatine monohydrate (CR) or placebo (PLA; corn-starch maltodextrin) during 8 

weeks of HRVT. The primary dependent variables measured at baseline and after the 

intervention included: (1) muscle thickness (elbow and knee flexors and extensors), (2) 

muscle strength (1-RM leg press, chest press, and elbow and knee flexion and extension), 
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(3) peak torque (knee flexion and extension at 1.05 rad/s and 3.14 rad/s), and (4) tasks of 

functionality (walking speed and balance). In addition, participants were required to 

complete a 3-day food diary (Appendix G) prior to the start of the study and during the 

final week of training and supplementation to determine whether total energy (kcal) and 

macronutrient intake changed over time. Muscle thickness, tasks of functionality and 

peak torque were assessed 48 hours prior to the assessment of muscle strength.  

 

6.3  Supplementation 

 Creatine (Creapure® AlzChem Trostberg GmbH, Germany) and placebo (Globe 

Plus 10 DE Maltodextrin, Univar Canada) were administered in powder form. Both 

supplements were administered at a dose of 0.1g/kg/day. This dosage has previously 

shown to be effective for increasing muscle mass in aging males without resulting in 

adverse effects (Candow et al., 2008). Contents of the creatine monohydrate powder 

(Creapure, AlzChem AG, Trostberg, Germany) were verified by testing in an 

independent laboratory (The Cary Company, Addison, Ill., USA) and purity was 

established as > 99.9% (Appendix H). Creatine and placebo were similar in taste, texture, 

color, and appearance. An individual, who was not involved in any other aspect of the 

study, was responsible for mixing and packaging the supplements in plastic bags and 

preparing individual study kits. Each study kit contained the participants supplement for 

the duration of the study, detailed supplementation instructions, measuring spoons and a 

supplement compliance log. On training days, participants mixed their supplement 

powder in water and consumed the beverage within 5 minutes following each training 

session. A recent meta-analysis showed that post-exercise creatine supplementation leads 

to significant gains in muscle mass and strength (Forbes and Candow, 2018). On non-
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training days, participants consumed their supplement at their leisure. Following 

competition of the study, each participant was asked whether they thought they were 

administered creatine, placebo or unsure what supplement they consumed. 

 

6.4  High-Velocity Resistance Training Program 

 Prior to the start of supplementation, participants performed three supervised 

familiarization resistance-training sessions in the Aging Muscle and Bone Health 

Laboratory, University of Regina. Participants were shown how to properly breathe, use 

the equipment, and perform repetitions to volitional fatigue. Machine-based resistance 

training equipment (Pulse Exercise Systems Inc., Winnipeg, Canada) was chosen because 

it is considered safer and easier to use than free-weights, especially for untrained 

individuals (Ratamess et al., 2009). During the first familiarization session, participants 

performed 2 sets for each exercise; 3 sets during the second familiarization session and 3-

4 sets during the final familiarization session. Exercises performed in the following order 

were leg press, knee extension, knee flexion, chest press, elbow extension and elbow 

flexion. Participants performed the concentric phase of each muscle contraction as 

‘quickly as possible’ and performed the eccentric phase in 2 seconds (in accordance to a 

metronome). Participants performed 4 sets at 80% baseline 1-RM to volitional fatigue for 

the leg press and knee flexion and extension, and 3 sets at 80% baseline 1-RM to 

volitional fatigue for the chest press and elbow flexion and extension, 2 days per week, 

on non-consecutive days, for 8 weeks. Two-minutes of rest separated each set. 80% 1-

RM was chosen as the resistance training intensity based on the findings of de Vos et al. 

(2005) who showed that HVRT performed at 80% 1-RM increased muscle strength more 

than 20% 1-RM or 50% 1-RM. The exercise load did not change during the 8 weeks of 
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training and supplementation, as the purpose of the study was to overload the upper- and 

lower-body musculature by increasing the number of repetitions performed to volitional 

fatigue. Participants performed more sets for the lower-body because lower-body muscle 

groups exhibit a greater strength deficit (Candow and Chilibeck, 2005) and an attenuated 

muscle hypertrophic response to resistance training compared to upper-body muscle 

groups (Weisgarber et al., 2015). Training logs (Appendix D) were completed by each 

participant to ensure adherence and compliance to the study and to determine total 

training volume (weight x sets x repetitions). 

 

6.5  Primary Dependent Variables 

6.5.1 Muscle thickness. Muscle thickness measurements (right side) were taken 

for the elbow and knee flexors and extensors using a B-Mode ultrasound (LOGIQ e, GE 

Medical Systems, China). An 8-MHz scanning transducer head was placed on the 

measurement site, perpendicular to the muscle area. Water-soluble transmission gel 

(EcoGel 200, Eco-Med Pharmaceutical Inc., Mississauga, Ontario, Canada) was placed 

on the measurement site to provide acoustic contact with the surface of the muscle. When 

the clear muscle image on the monitor screen was frozen, a cursor was enabled to 

quantify muscle thickness (cm) at three sites: proximal, mid and distal, as determined by 

divisions (1cm) on the monitor screen. Muscle thickness measurements were determined 

from the monitor screen by measuring the distance from the bottom of the subcutaneous 

adipose layer to the surface of the humerus for the elbow flexors and extensors and to the 

surface of the femur for the knee flexors and extensors. Three muscle thickness 

measurements were taken at each of the four muscle group sites. The values at each of 
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three sites were averaged to quantify one muscle thickness value that was used for 

analysis. 

To measure elbow flexor and extensor muscle thickness, a small mark was drawn 

on the lateral side of the arm to indicate 65% of the distance down from the acromion 

process to the olecranon process (Farthing & Chilibeck, 2003). A tape measure was 

wrapped around the arm at the 65% mark and used as a reference and another mark 

placed on the bulk of the elbow flexors and extensors where the center of the ultrasound 

probe was placed. To measure elbow flexor muscle thickness, each participant placed 

their right arm flat on a table with the belly of the biceps facing upwards and the forearm 

supinated. To measure elbow extensor muscle thickness, participants were instructed to 

stand with their back facing the researcher with elbows relaxed and extended. 

To measure knee flexor and extensor muscle group thickness, a small mark was 

drawn on the lateral side of the leg to indicate 70% of the distance down from the greater 

trochanter to the lateral condyle of the tibia (Abe et al., 2001). A tape measure was 

wrapped around the leg at the 70% mark and used to mark another reference point on the 

bulk of the knee flexors and extensors where the center of the ultrasound was placed. To 

measure knee flexor muscle thickness, each participant was positioned prone on the table 

with both legs extended and relaxed. To measure knee extensor muscle thickness, each 

participant was positioned on a table in a seated position with their leg extended and 

relaxed.  

Precise markings using a permanent marker were made on a transparency film 

sheet to ensure that the exact identical site was measured before and after the resistance 

training program. Reproducibility of muscle thickness measurements was determined by 

assessing 10 participants measured on two separate days (> 24 hours) and determining 
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the coefficient of variation (defined as the square root of the between-test variance 

[standard deviation], divided by the combined mean of test days 1 and 2, multiplied by 

100%). The coefficients of variation for muscle thickness measurements were 2.4% 

(elbow flexors), 0.3% (elbow extensors), 1.5% (knee flexors) and 2.7% (knee extensors). 

The same trained researcher performed all ultrasound measurements. Muscle thickness 

measurements for the upper- and lower- body have been validated by magnetic resonance 

imaging (MRI) and have been identified as a significant predictor of elbow flexor and 

extensor and knee extensor volume (r = 0.91-0.96; Miyatani et al., 2002; 2000).  

  

 6.5.2  Muscle strength. Muscle strength was assessed using a 1-repetition 

maximum (1-RM) standard testing procedure in the Aging Muscle and Bone Health 

Laboratory, University of Regina. At least 72 hours following the last familiarization 

training session, 1-RM strength testing for the leg press, chest press, and elbow and knee 

flexion and extension (Pulse Exercise Systems Inc., Winnipeg, Canada) was performed to 

determine baseline 1-RM. All measurements were performed by the same researcher, 

blinded to supplementation groups. Following 10-minutes of cycling on a stationary cycle 

ergometer (Ergomedic 828 E, Monark, GIH Sweden) 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. 

 To measure the 1-RM leg press, a bilateral leg press machine was used. Following 

a demonstration, participants were positioned in the leg press so that a 900 angle at the 

knee was achieved and feet placed shoulder width apart. Participants were instructed to 
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push the weight away from their body to full extension without locking the knees before 

returning to the starting position. This protocol was repeated until their 1-RM was 

achieved. 

 For 1-RM chest press, participant’s were positioned in a bilateral, chest press 

machine with both feet flat on the floor. Following a demonstration, participants gripped 

the bars with a pronated grip, approximately shoulder width apart, and pushed the weight 

away from their body until full extension was achieved. Participants were instructed not 

to lift their buttocks off the bench or arch their back during the lift. This protocol was 

repeated until their 1-RM was achieved. 

 For 1-RM knee extension, participants were positioned in a bilateral, seated knee 

extension machine so that the knees were aligned with the axis of the machine and the 

lower part of the legs touched the padded lever arm. Following a demonstration, 

participants were instructed to grasp the handles on either side of the seat, keep their back 

firmly against the back pad and to not lift their buttocks off the seat during the lift. 

Participants were instructed to keep their feet parallel to each other and extend their legs 

until full extension was achieved. This protocol was repeated until their 1-RM was 

achieved. 

 For 1-RM knee flexion, participants were positioned in a bilateral, seated leg curl 

machine so that the knees were aligned with the axis of the leg curl machine and the back 

of the lower part of the leg, below the gastrocnemius but above the Achilles tendon, 

touched the padded lever arm. Following a demonstration, participants were instructed to 

grasp the handles and lift the weight to the point where a 900 angle at the knee was 

achieved. Participants were instructed to keep their back firmly against the back pad and 

to not lift their buttocks off the seat during the lift. This protocol was repeated until their 
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1-RM was achieved. 

 For 1-RM elbow extension, participants were positioned in a bilateral, seated 

elbow extension machine with both feet on the floor. Following a demonstration, 

participants were instructed to push the weight away from their body until full extension 

of the elbow was achieved, using a neutral grip. Participants were instructed not to lift 

their buttocks off the seat and to keep their back against the back pad during the lift. This 

protocol was repeated until their 1-RM was achieved. 

 For 1-RM elbow flexion, participants were positioned in a bilateral, seated biceps 

curl machine with both feet on the floor. Following a demonstration, participants were 

instructed to curl the weight towards their body so that a 900 angle at the elbow was 

achieved. Participants were instructed not to lift their buttocks off the seat during the lift. 

This protocol was repeated until their 1-RM was achieved. 

 

 6.5.3  Peak Torque. Peak torque (Nm) was measured for the knee flexors and 

extensors at angular velocities of 1.05 rad/s and 3.14 rad/s using an isokinetic 

dynamometer (CSMI Humac Norm, Computer Sports Medicine, USA). All torque 

measurements were performed on the right leg. Participants were seated and positioned at 

a back angle of 85° with a stabilizing harness fastened against their chest to stabilize the 

upper body. A stabilizing belt was also secured across the participants left leg. The 

dynamometer was set to concentric mode. Knee flexion and extension peak torque was 

measured at each speed through a 90° - 170° range of motion. Torque measures were 

corrected against gravity on the lever arm of the dynamometer and for each participant’s 

right leg. The rotational axis of the dynamometer was positioned to be coxial with the 

knee axis (lateral femoral condyle) during the test (Candow et al., 2001). Participant’s 
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were familiarized with the dynamometer and the testing protocol by performing five 

repetitions of knee flexion and extension at each velocity (1.05 rad/s and 3.14 rad/s) prior 

to baseline assessment. One repetition of knee extension at maximal effort immediately 

followed by knee flexion was performed three times at each velocity. The dynamometer 

was set to 1-minute rest intervals between repetitions as well as between sets. The highest 

torque value during the three repetitions at each velocity (1.05 rad/s and 3.14 rad/s) was 

used for analysis. The same researcher performed all assessments. The coefficients of 

variation from previous research for the knee flexors were 5.4% (1.05 rad/s) and 2.1% 

(3.14 rad/s) and 4.3% (1.05 rad/s) and 2.3% (3.14 rad/s) for the knee extensors (Candow 

& Chilibeck, 2005). 

 

 6.5.4  Functionality tests. Dynamic balance was measured by having 

participants walk backwards tandem (i.e. toe to heel) over a distance of 6 m on a 10 cm 

wide board that was raised 4 cm off the ground. The number of errors (i.e. number of 

times the participant stepped off the walking board) during the test, as well as the time it 

took to walk the length of the board, was recorded. Each participant performed two trials 

and were instructed to complete the task as quickly as possible. The average time-to-

completion and number of falls across the two trials was used for the assessment of 

dynamic balance.  

 Walking speed (sec) was assessed by the time required to walk an 80 m course. 

Participants were instructed to walk the course as fast as possible while keeping one foot 

in contact with the ground at all times. The same researcher performed all tests of 

functionality. 
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6.5.5 Diet. Dietary intake was recorded prior to and during the final week of 

supplementation and HVRT to assess differences in total energy (kcal) and macronutrient 

composition between groups. Participants used a 3-day food record (Appendix F) to 

record their intake for two weekdays and one weekend day. Participants were instructed 

to record all food and drink items, along with details relating to portion sizes for the three 

designated days. MyFitnessPal (http://www.myfitnesspal.com) was used to analyze 

average kcal, carbohydrate, fat and protein consumption. 

 

6.5.6  Adverse Event Assessment.  In the case of an adverse event, participants 

were required to complete an adverse event form (Appendix G) in order to describe 

details on the type and of severity of the event (i.e. mild, moderate, severe, or life 

threatening), the frequency, and the relationship to the study (i.e. not related, unlikely, 

possible, probable, or definite). 

 

6.6 Statistical Analyses 

A 2 (group: creatine vs. placebo) x 2 (time: pre- vs. post-training) repeated 

measures analysis of variance (ANOVA) was performed to determine differences 

between groups over time for the dependent variables of muscle thickness, muscle 

strength, relative strength (kg/cm), peak torque, relative peak torque (Nm/cm), tasks of 

functionality, and diet. If significant interactions were detected, a one-factor ANOVA on 

absolute change scores (Δ = post mean – pre mean) was performed to confirm the 

interaction. A one-factor ANOVA was also used to assess baseline data, training volume, 

and absolute change scores. ANCOVA was used to analyze differences in balance board 

time to completion and dietary fat intake with baseline values being used as a covariate as 



EFFECTS OF HIGH-VELOCITY RESISTANCE TRAINING AND CREATINE 
SUPPLEMENTATION IN UNTRAINED HEALTHY AGING MALE 

26 

they were significantly different between groups. Significance was set at an alpha level of 

p < 0.05. The magnitude of the difference between significant means was determined by 

partial eta squared (η2). Statistical analyses were performed using IBMÒ SPSSÒ 

Statistics, v. 24. 

7 Results 

7.1  Participants 

Twenty-seven participants were randomized into the study (see Figure 1 for a 

summary of recruitment, allocation and analysis). However, one participant had to 

withdraw during the familiarization phase due to knee pain prior to randomization. 

Therefore, twenty-six participants started the supplementation and resistance training 

portion of the study. Two participants (one from each group) then withdrew due to time 

constraints unrelated to the study. One adverse event was reported during the study 

(patellofemoral sprain), resulting in the participant (placebo group) to voluntarily 

withdraw. Twenty-four participants (CR = 12, PLA = 12) completed the study. Twenty-

one participants (CR = 10, PLA = 11) were able to provide 3-day food records. 

Following the intervention, a retrospective supplementation identification 

questionnaire was administered to each participant. Nine of the twelve participants in the 

CR group correctly guessed they were receiving creatine and three participants 

incorrectly guessed. In the PLA group, six participants correctly guessed they were 

receiving placebo while six participants incorrectly guessed. Training compliance was 

similar between groups over time (CR: 188/192 sessions completed or 98%; PLA: 

182/192 or 95%). Supplementation compliance, based on participants entries in their 

logs, was similar between groups over time (CR: 660/672 days or 98%; PLA: 668/672 

days or 99%). 
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Figure 1. Summary of recruitment, allocation and analyses. 
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Baseline data are presented in Table 1. There were no significant differences 

between groups for any baseline measurement except balance board completion time and 

dietary fat intake. The creatine group took longer to complete the balance board test 

compared to the placebo group (F [1, 37] = 6.22, p = 0.021). Furthermore, the creatine 

group consumed less fat than the placebo group (F [1, 19] = 4.91, p = 0.039). Both 

groups increased body mass equally over the eight weeks of training and supplementation 

(F [1, 22] = 14.43, p = 0.001, η2 = 0.396; CR: 1.80 kg [0.73, 2.86]; PLA: 0.96 kg [-0.22, 

2.16]).  
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Table 1. Baseline data 

 
 Placebo Creatine p-value 
Age (yrs) 58.16 (5.85) 59.00 (7.07) 0.756 
Mass (kg) 92.08 (23.30) 94.84 (14.37) 0.730 
Height (cm) 175.91 (8.21) 176.41 (8.62) 0.886 
Physical activity score (arbitrary 
units) 

   

Muscle Thickness (cm)    
Elbow flexors 3.96 (0.36) 4.07 (0.41) 0.492 
Elbow extensors 4.69 (1.03) 5.04 (0.61) 0.325 
Knee extensors 4.65 (0.94) 4.84 (0.66) 0.580 
Knee flexors 6.04 (0.28) 5.97 (0.82) 0.789 
Upper body (Elbow flexors and 
extensors) 

8.65 (1.23) 9.11 (0.74) 0.281 

Lower body (Knee flexors and 
extensors) 

10.70 (1.00) 10.82 (1.40) 0.814 

Total body (All muscle groups 
combined) 

19.35 (1.94) 19.93 (2.00) 0.480 

Strength (kg)    
Chest Press 76.66 (12.60) 78.66 (16.81) 0.745 
Leg Press 240.50 (105.76) 265.00 (81.00) 0.531 
Elbow flexion 52.91 (10.49) 51.91 (12.94) 0.837 
Elbow extension 48.58 (9.14) 49.91 (13.73) 0.782 
Knee extension 118.16 (19.00) 119.50 (22.67) 0.877 
Knee flexion 83.91(13.62) 92.41 (22.00) 0.267 
Upper body (Chest press, elbow 
flexors and extensors) 

178.16 (28.66) 180.50 (42.19) 0.876 

Lower body (Leg Press, knee 
flexors and extensors 

442.58 (120.45) 476.91 (116.98) 0.486 

Total body (All muscle groups 
combined) 

620.75 (144.77) 657.41 (150.33) 0.549 

Relative Strength (kg / cm)    
Elbow flexion 13.31 (1.99) 12.68 (2.60) 0.513 
Elbow extension 10.64 (2.30) 10.07 (3.11) 0.614 
Knee extension 25.98 (4.70) 25.09 (5.94) 0.689 
Knee flexion 13.89 (2.29) 15.55 (3.26) 0.164 
Upper body (Elbow flexion and 
extension) 

23.96 (3.54) 22.76 (5.34) 0.523 

Lower body (Knee flexion and 
extension) 

42.85 (5.63) 44.80 (9.13) 0.537 

Total body (All muscle groups 
combined) 

63.84 (7.07) 63.41 (12.62) 0.919 

Torque (Nm)    
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Knee extension (1.05 rad/s) 188.35 (40.7) 182.17 (54.19) 0.755 
Knee flexion (1.05 rad/s) 104.77 (17.50) 114.98 (26.68) 0.280 
Knee extension (3.14 rad/s) 113.52 (26.45) 118.51 (42.01) 0.731 
Knee flexion (3.14 rad/s) 84.33 (25.49) 88.28 (24.54) 0.703 
Knee flexion and extension (1.05 
rad/s) 

293.12 (56.64) 297.16 (79.38) 0.887 

Knee flexion and extension (3.14 
rad/s) 

197.86 (46.89) 206.79 (64.56) 0.702 

Relative Torque (Nm / cm)    
Knee extension (1.05 rad/s) 42.24 (13.70) 37.73 (10.75) 0.380 
Knee flexion (1.05 rad/s) 17.33 (2.85) 19.23 (3.39) 0.150 
Knee extension (3.14 rad/s) 25.65 (8.83) 24.23 (8.45) 0.692 
Knee flexion (3.14 rad/s) 13.93 (4.21) 14.72 (3.29) 0.617 
Tasks of Functionality    
Walking time (s) 19.14 (2.41) 20.25 (3.21) 0.350 
Balance board time (s) 16.63 (4.06) 23.05 (7.94)   0.021* 
Number of falls 2.66 (2.53) 3.83 (3.56) 0.365 
Diet    
Energy intake (kcal/day) 2272.03 (557.29) 1991.36 (311.48) 0.165 
Carbohydrate (g/day) 252.96 (84.03) 240.84 (60.32) 0.706 
Fat (g/day) 92.06 (26.80) 72.36 (11.82)   0.039* 
Protein (g/day) 98.76 (31.71) 94.84 (24.18) 0.752 
Relative protein (g/kg) 1.16 (0.53) 1.01 (0.19) 0.376 

 
Values are means (standard deviation). * Significant difference at baseline 
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7.2 Muscle Thickness 

There was a significant increase over time (Table 2) for the elbow flexors (F [1, 

22] = 97.52, p < 0.001, η2 = 0.81), elbow extensors (F [1, 32] = 108.78, p < 0.001, η2 = 

0.83), elbow flexors and extensors combined (F [1, 32] = 143.81, p < 0.001, η2 = 0.86), 

knee extensors (F [1, 22] = 67.44, p < 0.001, η2 = 0.75), knee flexors (F [1, 22] = 23.87, p 

< 0.001, η2 = 0.52), knee flexors and extensors combined (F [1, 22] = 83.97, p < 0.001, η2 

= 0.79), and all muscle groups combined (F [1, 22] = 260.68, p < 0.001, η2 = 0.92), with 

no significant differences between groups. 
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Table 2. Mean Absolute Changes (95% CI) From Baseline to 8 weeks for Muscle Thickness (cm) 

 
 

 Placebo Creatine Exercise 
p-value 

Supplement 
p-value 

Interaction 
p-value 

Elbow flexors 0.25 (0.16, 0.33) 0.28 (0.19, 0.37) < 0.001* 0.442 0.498 
Elbow extensors 0.35 (0.24, 0.46) 0.29 (0.21, 0.38) < 0.001* 0.378 0.369 
Knee extensors 0.42 (0.28, 0.56) 0.42 (0.24, 0.60) < 0.001* 0.589 0.987 
Knee flexors 0.16 (0.04, 0.28) 0.19 (0.09, 0.30) < 0.001* 0.843 0.650 
Upper body 0.60 (0.45, 0.75) 0.58 (0.42, 0.74) < 0.001* 0.313 0.842 
Lower body 0.58 (0.41, 0.76) 0.62 (0.39, 0.85) < 0.001* 0.795 0.789 
Total body 1.19 (0.94, 1.44) 1.21 (1.00, 1.41) < 0.001* 0.500 0.916 

 
* Time main effect (p < 0.05) 
Upper body = Elbow flexors and extensors 
Lower body = Knee flexors and extensors 
Total body = all muscle groups combined 
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7.3 Muscle Strength 

Both groups experienced a similar increase in strength (Table 3) for chest press (F 

[1, 22] = 94.22, p < 0.001, η2 = 0.81), elbow flexion (F [1, 22] = 107.75, p < 0.001, η2 = 

0.83), elbow extension (F [1, 22] = 132.48, p < 0.001, η2 = 0.85), upper-body muscle 

groups combined (F [1, 22] = 137.31, p < 0.001, η2 = 0.86), knee extension (F [1, 22] = 

160.40, p < 0.001, η2 = 0.87), knee flexion (F [1, 22] = 83.88, p < 0.001, η2 = 0.7927) and 

all muscle groups combined (F [1, 22] = 140.42, p < 0.001, η2 = 0.86). 

There was a group x time interaction for leg press strength (p <0.05). Both groups 

increased leg press strength over time (F [1, 22] = 64.60, p < 0.001, η2 = 0.74), with 

greater gains observed in the creatine group (F [1, 22] = 4.54, p = 0.044, η2 = 0.171; 

Creatine: pre 265.00 ± 81.00 kg, post 409.50 ± 137.03 kg; Placebo: pre 240.50 ± 105.76 

kg, post 324.41 ± 133.99 kg). Similar to leg press strength, there was a group x time 

interaction for total lower-body strength (leg press, knee flexion and extension combined; 

p < 0.05). Both groups increased strength over time (F [1, 22] = 109.13, p < 0.001, η2 = 

0.83), with greater gains in the creatine group (F [1, 22] = 4.89, p = 0.039, η2 = 0.18; 

Creatine: pre 476.91 ± 116.98 kg, post 681.66 ± 179.15 kg; Placebo: pre 442.58 ± 120.45 

kg, post 576.16 ± 156.02 kg). 
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Table 3. Mean Absolute Changes (95% CI) From Baseline to 8 weeks for Muscle Strength (kg) 

 
 Placebo Creatine Exercise 

p-value 
Supplement 

p-value 
Interaction 

p-value 
Chest Press 17.58 (13.62, 21.54) 19.00 (11.71, 26.28) < 0.001* 0.715 0.711 

Elbow flexion 16.50 (10.94, 22.05) 15.41 (11.55, 19.28) < 0.001* 0.786 0.728 
Elbow extension 13.66 (11.36, 15.97) 13.75 (9.04, 18.45) < 0.001* 0.806 0.972 

Leg Press 83.91 (53.00, 114.82) 144.50 (90.12, 198.87) < 0.001* 0.241     0.044** 
Knee extension 28.86 (20.72, 36.60) 30.91 (24.26, 37.56) < 0.001* 0.782 0.637 
Knee flexion 21.00 (13.45, 28.54) 29.33 (19.88, 38.78) < 0.001* 0.181 0.144 
Upper body 47.75 (37.73, 57.76) 48.16 (33.19, 63.14) < 0.001* 0.887 0.960 
Lower body 133.58 (93.92, 173.24) 204.75 (145.51, 263.98) < 0.001* 0.234     0.039** 
Total body 181.33 (133.05, 229.60) 252.91 (188.30, 317.53) < 0.001* 0.322 0.064 

 
* Time main effect (p < 0.05)  
** Creatine greater than placebo   
Upper body = Elbow flexion and extension 
Lower body = Knee flexion and extension 
Total body = all muscle groups combined 
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7.4 Relative Strength 

There was an increase over time (p < 0.05; Table 4) for the elbow flexion (F [1, 

22] = 72.77, p < 0.001, η2 = 0.76), elbow extension (F [1, 22] = 64.57, p < 0.001, η2 = 

0.74), elbow flexion and extension combined (F [1, 22] = 101.00, p < 0.001, η2 = 0.82), 

knee extension (F [1, 22] = 26.88, p < 0.001, η2 = 0.55), knee flexion (F [1, 22] = 83.36, p 

< 0.001, η2 = 0.79), knee flexion and extension combined (F [1, 22] = 26.88, p < 0.001, η2 

= 0.55), and all muscle groups combined (F [1, 22] = 116.50, p < 0.001, η2 = 0.84), with 

no significant differences between groups. 
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Table 4. Mean Absolute Changes (95% CI) From Baseline to 8 weeks for Relative Strength (kg/cm) 

 
 Placebo Creatine Exercise 

p-value 
Supplement 

p-value 
Interaction 

p-value 
Elbow flexion 3.09 (1.93, 4.24) 2.73 (1.76, 3.69) < 0.001* 0.459 0.604 
Elbow extension 2.11 (1.38, 2.84) 2.02 (1.15, 2.89) < 0.001* 0.632 0.866 
Knee extension 3.65 (1.22, 6.08) 4.00 (1.84, 6.15) < 0.001* 0.755 0.816 
Knee flexion 2.97 (1.82, 4.12) 4.14 (2.87, 5.42) < 0.001* 0.100 0.147 
Upper body 5.20 (3.87, 6.52) 4.75 (3.02, 6.48) < 0.001* 0.510 0.657 
Lower body 3.65 (1.22, 6.08) 4.00 (1.84, 6.15) < 0.001* 0.511 0.816 
Total body 11.83 (7.98, 15.68) 12.90 (9.65, 16.16) < 0.001* 0.918 0.644 

  
* Time main effect (p < 0.05) 
Upper body = Elbow flexion and extension 
Lower body = Knee flexion and extension 
Total body = all muscle groups combined   
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7.5 Peak Torque 

There was a time main effect (p < 0.05; Table 5) for knee flexion peak torque at 

1.05 rad/s (F [1, 22] = 14. 84, p < 0.001, η2 = 0.40) and 3.14 rad/s (F [1, 22] = 14.81, p < 

0.001, η2 = 0.40) and for knee flexion and extension peak torque combined at 3.14 rad/s 

(F [1, 22] = 4.50, p = 0.045, η2 = 0.17), with no significant differences between groups. 

Knee extension peak torque did not significantly change over time at either velocity (1.05 

rad/s: F [1, 22] = 0.081, p = 0.779; 3.14 rad/s: F [1, 22] = 0.150, p = 0.702). There was 

also no significant change in knee flexion and extension peak torque combined at 1.05 

rad/s (F [1, 22] = 3.41, p = 0.078). 

 

 

 

 

 

 

 

 

 

 

 

 



EFFECTS OF HIGH-VELOCITY RESISTANCE TRAINING AND CREATINE SUPPLEMENTATION IN 
UNTRAINED HEALTHY AGING MALE 

38 

 

Table 5. Mean Absolute Changes (95% CI) From Baseline to 8 weeks for Torque (Nm) 

  
 Placebo Creatine Exercise 

p-value 
Supplement 

p-value 
Interaction 

p-value 
Knee extension (1.05 rad/s) 0.97 (-19.08, 21.04 2.04 (-9.98, 14.08)  0.779 0.776 0.921 
Knee flexion (1.05 rad/s) 10.67 (-2.23, 23.59) 14.73 (8.10, 21.35) < 0.001* 0.260 0.545 
Knee extension (3.14 rad/s) 7.76 (-10.45, 25.98) -3.73 (-17.60, 10.10)  0.702 0.957 0.281 
Knee flexion (3.14 rad/s) 10.33 (-3.38, 24.05) 16.46 (9.65, 23.27) < 0.001* 0.473 0.388 
Knee flexion and extension 
(1.05 rad/s) 

11.65 (-19.30, 42.61) 16.77 (3.06, 30.49)  0.078 0.825 0.742 

Knee flexion and extension 
(3.14 rad/s) 

18.10 (-9.18, 45.39 12.73 (-3.83, 29.30)   0.045* 0.786 0.715 

 

* Time main effect (p < 0.05) 
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7.6 Relative Peak Torque 

There was a time main effect (p < 0.05; Table 6) for knee extension (1.05 rad/s: F 

[1, 22] = 6.19, p = 0.021, η
2 
= 0.22), knee  flexion (1.05 rad/s: F [1, 22] = 9.73, p = 0.005, 

η
2 
= 0.30; 3.14 rad/s: F [1, 22] = 8.73, p = 0.007, η

2 
= 0.28), and knee flexion and 

extension peak torque combined (3.14 rad/s: F [1, 22] = 4.52, p = 0.045, η
2 
= 0.17), with 

no significant differences between groups. There was no significant change over time for 

knee extension peak torque at 3.14 rad/s (F [1, 22] = 3.39, p = 0.079) or knee flexion and 

extension peak torque combined at 1.05 rad/s (F [1, 22] = 3.41, p = 0.078). 
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Table 6. Mean Absolute Changes (95% CI) From Baseline to 8 weeks for Relative Peak Torque (Nm/cm) 

  
 Placebo Creatine Exercise 

p-value 
Supplement 

p-value 
Interaction 

p-value 
Knee extension (1.05 rad/s) -3.66 (-8.25, 0.92) -2.6 (-5.71, 0.51)   0.021* 0.408 0.676 
Knee flexion (1.05 rad/s) 1.21 (-0.57, 3.00) 1.88 (0.63, 3.14)   0.005* 0.154 0.506 
Knee extension (3.14 rad/s) -1.34 (-4.88, 2.18) -2.42 (-5.20, 0.36) 0.079 0.544 0.606 
Knee flexion (3.14 rad/s) 1.28 (-1.04, 3.61) 2.25 (1.01, 3.48)   0.007* 0.360 0.429 
Knee flexion and extension 
(1.05 rad/s) 

11.65 (-19.30, 42.61) 16.77 (3.06, 30.49) 0.078 0.825 0.742 

Knee flexion and extension 
(3.14 rad/s) 

18.10 (-9.18, 45.39) 12.73 (-3.83, 29.30)   0.045* 0.786 0.715 

 
* Time main effect (p < 0.05) 
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7.7 Functionality 

There was a time main effect (p < 0.05, Table 7) for balance board time to 

completion (F [1, 23] = 6.630, p = 0.017; η
2 
= 0.23), with no significant differences 

between groups. There were no significant changes over time for walking speed (F [1, 

22] = 0.068, p = 0.797) or falls (F [1, 23] = 0.011, p = 0.916).  
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Table 7. Mean Absolute Changes (95% CI) From Baseline to 8 weeks for Tasks of Functionality 
 

 Placebo Creatine Exercise 
p-value 

Supplement 
p-value 

Interaction 
p-value 

Walking speed (sec) -0.47 (-1.14, 0.19) 0.36 (- 0.35, 1.07)   0.797 0.199 0.075 
Balance board time (sec) -0.97 (-3.61, 1.66) -3.69 (- 6.69, -0.69)    0.017* 0.678 0.230 
Number of falls -0.09 (-1.48, 1.30) -0.08 (-1.24, 1.08)  0.916 0.336 0.916 

 
* Time main effect (p < 0.05) 
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7.8 Diet 

There was no significant change over time (Table 8) for total calories (kcal:  F [1, 

19] = 0.043, p = 0.839), carbohydrate (F [1, 19] = 0.002, p = 0.961), fat (F [1, 19] = 

0.294, p = 0.594), protein (F [1, 19] = 0.185, p = 0.672) or relative protein (g/kg; F [1, 

19] = 0.938, p = 0.345). 
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Table 8. Mean Absolute Changes (95% CI) From Baseline to 8 weeks for Total Calories (kcal/day),  

Macronutrients (grams/day) and Relative Protein (g/kg body mass) 
 
 Placebo Creatine Exercise 

p-value 
Interaction 
p-value 

Interaction 
p-value 

Total calories - 390.60 (-1178.77, 397.57) 285.63 (-532.48, 1103.75) 0.839 0.420 0.199 
Carbohydrate - 41.40 (-192.01, 109.21) 45.27 (-51.18, 141.73) 0.961 0.944 0.280 
Fat - 26.10 (- 64.01, 11.81) 11.63 (- 33.64, 56.91) 0.594 0.111 0.173 
Protein - 10.70 (-70.07, 48.67) -2.90 (- 44.03, 38.21) 0.672 0.783 0.808 
Relative protein -0.09 (-0.32, 0.14) -0.02 (-0.17, 0.12) 0.345 0.357 0.582 
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7.9 Training Volume 

There were no significant differences between groups in training volume for chest 

press (F [1, 23] = 0.052, p = 0.882; CR: 35821.02 ± 9456.75 kg, PLA: 36691.28 ± 

9264.94 kg), elbow flexion (F [1, 23] = 0.045, p = 0.883; CR: 21968.93 ± 6479.93 kg, 

PLA: 21457.19 ± 5215.51 kg), elbow extension (F [1, 23] = 0.038, p = 0.847; CR: 

21059.84 ± 6998.51 kg, PLA: 21578.59 ± 5970.92 kg), upper-body muscle groups 

combined (F [1, 23] = 0.011, p = 0.917; CR: 78849.81 ± 21549.65 kg, PLA: 79727.08 ± 

18968.50 kg), leg press (F [1, 23] = 0.615, p = 0.441; CR: 274480.11 ± 99044.65 kg, 

PLA: 244460.22 ± 88105.59 kg), knee extension (F [1, 23] = 0.624, p = 0.438; CR: 

62134.65 ± 15350.41 kg, PLA: 57306.25 ± 14577.46 kg), knee flexion (F [1, 23] = 0.532, 

p = 0.473; CR: 62414.20 ± 16726.98 kg, PLA: 57381.81 ± 17057.43 kg), lower body 

muscle groups combined (F [1, 23] = 0.731, p = 0.917; CR: 399028.97 ± 120231.57 kg, 

PLA: 359148.29 ± 108007.09 kg) or all muscle groups combined (F [1, 23] = 0.536, p = 

0.472; CR: 477878.91 ± 136575.71 kg, PLA: 438875.41 ± 124236.33 kg). 
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8 Discussion 

This was first study to examine the effects of HVRT and creatine supplementation 

in untrained healthy aging males. The main findings were: (1) Creatine supplementation 

produced greater gains in leg press and total lower-body strength, and (2) HVRT is a safe 

and effective intervention for improving muscle thickness, strength, relative strength and 

some measures of peak torque and functionality. From a healthy aging and knowledge 

translational perspective, these results are important as the reduction in muscle mass and 

strength with aging decreases the ability to perform activities of daily living (Manini & 

Clark, 2013) and improvements in muscle size may lead to greater functionality over time 

(Chalé et al., 2013). Furthermore, increasing lower-body muscle strength is clinically 

significant as lower-body muscle groups have greater strength deficits compared to 

upper-body muscle groups in aging adults (Candow and Chilibeck, 2005). 

The greater increase in leg press strength from creatine is in agreement with two 

recent meta-analyses on creatine supplementation and resistance training in aging adults. 

In the most comprehensive analysis, Chilibeck et al., (2017) examined the effects of 

creatine supplementation and placebo during resistance training (7-52 weeks) in 721 

aging adults (57-70 years of age) across 22 eligible studies. Results showed that creatine 

during resistance training increased leg press strength (standardized mean difference: 

0.24, 95% CI [0.05, 0.43], p = 0.01) more than placebo and resistance training. 

Previously, Devries & Phillips (2014) analyzed over 300 men and women (55-71 years of 

age) who consumed creatine (3-25 grams) during resistance training (7-26 weeks) across 

10 eligible studies. Compared to placebo, creatine significantly increased leg press 

strength (weighted mean difference: 3.25 kg, 95% CI [0.47, 6.03], p = 0.02). While the 
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mechanisms explaining the greater increase in leg press strength from creatine remain to 

be elucidated, there is evidence that high-energy phosphate metabolism may be involved 

(McCully and Posner, 1992). Aging adults have reduced intramuscular PCr stores in the 

vastus lateralis (i.e. knee extensors; Chilibeck et al., 2017) which may have precipitated a 

greater response from creatine supplementation during activation of these muscle groups 

(i.e. leg press, knee extension). There is evidence that creatine supplementation increases 

intramuscular PCr and subsequently muscle performance in aging adults [for reviews see 

Candow et al., 2014; Chilibeck et al., 2017]. Therefore, it is possible that aging males 

who supplemented with creatine experienced greater PCr resynthesis during resistance 

training and over time, this contributed to the greater gains in strength.  However, since 

no measure of high-energy phosphate metabolism was made in the present study, this 

theory is speculative. In addition to high-energy phosphate metabolism, creatine may 

have also influenced muscle protein kinetics (satellite cells, myogenic transcription 

factors, protein kinases involved in the mTOR signalling pathway, anabolic hormone 

regulation) and inflammatory processes which could have contributed to the significant 

gains in lower-body strength (for reviews see for reviews see Candow et al., 2014; 

Chilibeck, et al., 2017; Gualano et al., 2016; Kreider et al., 2017). Alternatively, 

differences in the amount of work (i.e. training volume) performed may also help explain 

the differences in leg press and total lower-body strength. Although not statistically 

significant, the creatine group performed more work over time for the leg press (CR: 

274480.11 ± 99044.65 kg, PLA: 244460.22 ± 88105.59 kg), knee flexion (CR: 62414.20 

± 16726.98 kg, PLA: 57381.81 ± 17057.43 kg) and knee extension exercises (CR: 

62134.65 ± 15350.41 kg, PLA: 57306.25 ± 14577.46 kg). 
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It is unclear why creatine did not have a greater effect on upper-body muscle 

strength compared to placebo. However, the design of the resistance training program 

may have influenced the results. For example, only three sets per exercise were 

performed for upper-body muscle groups compared to four sets for lower-body muscle 

groups. Rationale for this design difference was based on previous findings that lower-

body muscle groups exhibit a greater strength deficit (Candow and Chilibeck, 2005) and 

an attenuated muscle hypertrophic response to resistance training compared to upper-

body muscle groups (Weisgarber et al., 2015). In addition, there is evidence that aging 

adults do not respond as well to the chest press exercise compared to the leg press 

exercise (Brown et al., 1990). Furthermore, in contrast to lower-body training volume, 

the amount of work performed for the chest press (CR: 35821.02 ± 9456.75 kg, PLA: 

36691.28 ± 9264.94 kg), elbow flexion (CR: 21968.93 ± 6479.93 kg, PLA: 21457.19 ± 

5215.51 kg) and elbow extension (CR: 21059.84 ± 6998.51 kg, PLA: 21578.59 ± 

5970.92 kg) were very similar between groups, indicating that creatine supplementation 

had relatively no effect on upper-body muscle performance.  

 Creatine had no greater effect on regional muscle hypertrophy (thickness) 

compared to placebo. The lack of effect from creatine may be related to methodological 

issues. For example, three previous meta-analyses showed that creatine supplementation 

during resistance training increased whole-body lean tissue mass, as assessed by dual-

energy X-ray absorptiometry, air-displacement plethysmography, or hydrostatic 

weighing, in aging adults compared to placebo (Candow et al., 2014; Chilibeck et al., 

2017; Devries and Phillips, 2014). In the present study, ultrasonography was used to 

measure changes in muscle thickness over time. However, ultrasonography does not 

differentiate between contractile and non-contractile tissue (i.e. connective tissue, 
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intramuscular fat) which may have influenced the lack of findings from creatine. 

Furthermore, 3-day food records showed that males in the creatine group were only 

consuming ~ 1.0 g/kg of protein/day. Several reviews suggest that aging adults require ≥ 

1.2 g/kg of protein/day to maintain/increase muscle mass (Morton et al., 2018; Phillips et 

al., 2016; Traylor et al., 2018). Therefore, it is possible that the sub-optimal daily protein 

intake attenuated the muscle hypertrophic response to creatine over time. In addition, the 

short-duration of training may have jeopardized the ability to detect significant effects 

from creatine on muscle thickness. For example, in the Chilibeck et al. (2017) meta-

analysis, all studies that showed a positive effect from creatine on muscle accretion were 

≥ 10 weeks in duration. Perhaps a longer training period (> 8 weeks) was needed to 

produce significant effects from creatine on muscle growth in aging adults.  

 HVRT was a safe and effective intervention for improving muscle hypertrophy, 

strength, relative strength and some measures of peak torque and functionality. These 

findings support previous research showing a beneficial effect from HVRT on muscle 

performance. For example, Häkkinen et al. (2001) observed a significant increase in 

mean fiber area of type I, type II, and type IIa in aging females (67 ± 3; n = 10) and 

muscle strength in aging males and females following 6 months of HVRT. Furthermore, 

Bottaro et al. (2007) observed significant increases in leg press and chest press strength 

(27.12% and 28.23%, respectively) following 10-weeks of HVRT in aging males (60-79 

years old). Caserotti et al. (2008) also showed that HVRT was very effective for 

increasing maximal knee extension muscle strength and power in aging adults. Results 

across studies suggest that HVRT is an effective intervention for improving muscle 

accretion and muscle performance in aging adults. While the mechanistic actions 

explaining the positive effects of HVRT remain to be elucidated, muscle fiber 



EFFECTS OF HIGH-VELOCITY RESISTANCE TRAINING AND CREATINE 

SUPPLEMENTATION IN UNTRAINED HEALTHY AGING MALE 

50 

recruitment patterns may be involved. Hennemann’s ‘size principle’ of neuromuscular 

adaptation to resistance training indicates a hierarchy of muscle fiber recruitment, with 

Type I fibers being recruited first followed by Type IIa and then Type IIx (Henneman, 

1957). Type II muscle fibers contribute to strength and muscle hypertrophy to a much 

greater degree than Type I fibers (Thorstensson, Hultén, Döbeln, & Karlsson,1976). 

Speculation exists that the HVRT may preferentially recruit Type II muscle fibers leading 

to significant gains in muscle hypertrophy and muscle performance over time. 

Unfortunately, muscle biopsies and electromyography were not performed in the present 

study, so consensus cannot be made.  

 There were several additional limitations to the study not previously mentioned. 

First, to achieve 80% statistical power, 34 participants were required. Unfortunately, 24 

completed the study. This reduction in statistical power could have resulted in error. 

Second, it was assumed that all participants would respond to creatine supplementation. 

Research suggests that a main determinant of any response from creatine 

supplementation is initial muscle creatine concentration which is quite variable (Syrotuik 

and Bell, 2004). When replicating this experiment, it would be necessary to measure 

initial muscle creatine concentration using magnetic resonance spectroscopy or muscle 

biopsies to determine individual variation in muscle creatine accumulation in aging 

adults. Third, without controlling for diet, high red meat and seafood intake may have 

saturated muscles with creatine thereby influencing the effect of creatine 

supplementation. Fourth, results are specific to healthy, untrained, aging males. Finally, 

no measure of muscle fiber type composition, muscle cross-sectional area, myogenic 

transcription factors, muscle protein kinetics, or inflammatory properties were measured. 

Future research should assess the mechanistic actions of creatine and HVRT to better 
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understand its effect on aging muscle biology.  

 The present study demonstrated that HVRT increased muscle thickness, strength, 

relative strength, and some measures of peak torque and functionality healthy untrained 

aging males. The addition of creatine supplementation to HVRT further augmented leg-

press strength and total lower body strength. These findings may have application for the 

design of effective lifestyle (i.e. resistance training, creatine) interventions which have a 

positive effect on aging muscle.
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Appendix A:  PAR-Q+ and PARMED-X
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Appendix B: Godin Leisure-Time Questionnaire 
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Appendix C: Consent Form 

Research Participant Information and Consent Form 

Title of the study: The effects of high-velocity resistance training and creatine 

supplementation in healthy aging males. 

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; Patrick Bernat, MSc student researcher, email: 

Patrick.Bernat@uregina.ca 

24-hour emergency telephone contact: 306-209-0280

Introduction:  
You are being invited to participate in this research study because we are interested in 

determining the effects of high-velocity resistance training and creatine supplementation 

on muscle thickness, muscle performance, and functionality. 

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 

completely 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 feel free to 

discuss it with your family, friends, and doctor or health professional before you decide. 

Why is this study being done? 
The purpose of the study is to compare the effects of high-velocity resistance training and 

creatine supplementation to high-velocity resistance training and placebo on muscle 

thickness, muscle performance, and tasks of functionality. Creatine is a nitrogen-

containing compound naturally produced in the body and found in red meat and seafood, 

and when given in higher amounts than usually consumed in the diet, may increase 

muscle thickness and muscle performance. A total of 40 participants will be involved in 

this study.  

Who can participate in this study? 
You can participate if you have not engaged in supervised resistance training for ≥ 6 

weeks prior to the start of the study. In addition, you cannot have pre-existing kidney or 
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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; suffer from severe osteoarthritis; are vegetarian or 

planning to travel during the study period for greater than two weeks duration at a time.  

 
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) 

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-X) to 

be filled out by your family physician before being permitted to participate in this study. 

 

Prior to the start of the study, you will be randomized (i.e. assigned by chance by a 

computer) into one of two groups: Group 1 will receive creatine monohydrate (0.1 grams 

per kg body weight per day of creatine) during 8 weeks of high-velocity resistance 

training. Group 2 will receive placebo (0.1 grams per kg body weight per day of corn-

starch maltodextrin) during 8 weeks of high-velocity resistance training. High-velocity 

resistance training is defined as lifting the weight as fast as possible (concentric phase) 

and taking two seconds to lower the weight back to the starting position. The weight you 

will be lifting will be 80% of your one-repetition max (1RM; the maximum weight that 

can be successfully lifted one time with proper form). Creatine and placebo will be in 

powder form and you will be asked to consume this mixed with water. On days when you 

are exercising (two days per week), your daily dose will be taken after (< 5 minutes) you 

exercise. On the days where you are not scheduled to exercise, you will consume your 

daily amount at your leisure. 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). 

 

Both groups will participate in 8 weeks of high-velocity resistance training. Resistance 

exercises (leg press, leg curl, leg extension, chest press, biceps curl, and triceps 

extension) will be performed in the Aging Muscle and Bone Health Lab at the University 

of Regina and will take approximately 60 minutes to complete. Two weeks prior to the 

start of the study, you will be shown how to use the resistance training equipment with 

proper form and technique and you will participate in three sessions of training to get 

accustomed to the exercises. Supplementation with creatine or placebo will begin on the 

first day of the study (after the three familiarization sessions of the resistance training 

equipment) and occur daily for the remainder of the study. During these sessions you will 

perform the 6 resistance training exercises. A warm-up (e.g., stretching and 5 minutes of 

stationary cycling exercise) will be part of the training session and the resistance used 

will not increase throughout the study period, only the number of repetitions performed at 

80% 1-RM will increase.  

 

Although 100% compliance to the exercise program is the expectation, it is unlikely that 

all participants will meet this goal. Our hope is that you will be able to attend 

approximately 90% of the sessions (i.e. 14/16 sessions). You are not expected to attend 

the training sessions on holidays. You are allowed to do other exercises outside of our 

program if you choose. 
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Study measurements: 
 
The following measurements will be performed prior to the intervention (i.e. 
baseline) and after 8 weeks: 
 

• Your muscle thickness will be determined using an ultrasound machine on the right 

side of your body for the elbow flexors (biceps), elbow extensors (triceps), knee 

flexors (hamstrings), and knee extensors (quadriceps). This procedure will take 

approximately 20 minutes. 

 

• Your muscular strength will be determined for each exercise of the high-velocity 

resistance training program (leg press, leg curl, leg extension, chest press, biceps curl, 

and triceps extension). This procedure will take approximately 30 minutes.  

 

• Your muscle power will determined for the right knee extensors (quadriceps) and 

knee flexors (hamstrings) using an isokinetic dynamometer. This procedure will take 

approximately 10 minutes. 

 

• Balance will be determined by walking backwards toe-to-heel on a board that is 5 cm 

above the ground for 6 meters. This test will be repeated twice. We will measure the 

time it takes you to do this test and the number of times you step off the board. 

Walking speed will be assessed by the time required to walk an 80 meter course as 

fast as possible. This procedure will take approximately 10 minutes. 

 

 
What are the benefits of participating in this study? 
You might increase your muscle thickness, power, strength, balance and walking speed 

by participating in this study. These benefits are not guaranteed. 
 
What are the possible risks and discomforts? 
The resistance training and strength testing may result in minor muscle pulls and strains. 

You will be given proper warm-up prior to exercising and be supervised by an exercise 

professional and this will minimize the risk. Adequate rest will be given between training 

and testing sessions to ensure that your muscles are recovered by the next training 

session. 

 

Creatine supplementation has been shown on a few occasions to decrease kidney and 

liver function in individuals with pre-existing 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 have your body composition assessed. You 

could have your body composition determined through an appointment with the Dr. Paul 

Schwann Center, Faculty of Kinesiology and Health Studies at the University of Regina 

and this can be performed by a number of different techniques (i.e. skin folds, bio-

electrical impedance analysis). You do not have to participate in this study to increase 

muscle performance or balance. You can perform alternative exercises (i.e. free-body 
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exercises such as push-ups and wall squats instead of the resistance exercises in this 

study). 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 I 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? 
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-related 

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 I contact if I have questions about the study? 
If you have questions concerning the study you can contact Dr. Darren Candow at 306-

585-4906 or 306-209-0280 (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 
 

o I have read (or someone has read to me) the information in this consent form. 
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o I understand the purpose and procedures and the possible risks and benefits of the

study.

o I have been informed of the alternatives to the study.

o I was given sufficient time to think about it.

o I had the opportunity to ask questions and have received satisfactory answers.

o I 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.

o I agree to follow the principal investigator's instructions and will tell the principal

investigator at once if I feel I have had any unexpected or unusual symptoms.

o I have been informed there is no guarantee that this study will provide any

benefits to me.

o I give permission for the use and disclosure of my de-identified personal health

information collected for the research purposes described in this form.

o I understand that by signing this document I do not waive any of my legal rights.

o I will be given a signed and dated copy of this consent form.

o I give permission for my family physician to be informed about my participation

in this study if need be:

q Yes

q No

q I do not have a family physician

q I 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: Resistance Training Log 

Participant Name: 
Familiarization 1 of 3 Machine Settings Weight (80% 

1RM) 
Sets Reps Notes 

Exercise: 
Bilateral Leg press 2 
Leg Extension 2 
Leg Curl 2 
Chest Press 2 
Triceps Extension 2 
Biceps Curl 2 
Familiarization 2 of 3 Machine Settings Weight (80% 

1RM) 
Sets Reps Notes 

Exercise: 
Bilateral Leg press 3 
Leg Extension 3 
Leg Curl 3 
Chest Press 3 
Triceps Extension 3 
Biceps Curl 3 
Familiarization 3 of 3 Machine Settings Weight (80% 

1RM) 
Sets Reps Notes 

Exercise: 
Bilateral Leg press 4 
Leg Extension 4 
Leg Curl 4 
Chest Press 3 
Triceps Extension 3 
Biceps Curl 3 
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Participant Name: 
Session 1 of 16 Machine Settings Weight (80% 

1RM) 
Sets Reps Notes 

Exercise: 
Bilateral Leg press 4 
Leg Extension 4 
Leg Curl 4 
Chest Press 3 
Triceps Extension 3 
Biceps Curl 3 
Session 2 of 16 Machine Settings Weight (80% 

1RM) 
Sets Reps Notes 

Exercise: 
Bilateral Leg press 4 
Leg Extension 4 
Leg Curl 4 
Chest Press 3 
Triceps Extension 3 
Biceps Curl 3 
Session 3 of 16 Machine Settings Weight (80% 

1RM) 
Sets Reps Notes 

Exercise: 
Bilateral Leg press 4 
Leg Extension 4 
Leg Curl 4 
Chest Press 3 
Triceps Extension 3 
Biceps Curl 3 
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Appendix E: Supplement Compliance Log 
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Appendix F: 3-Day Food Log    
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Appendix F: 3-Day Food Log 
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Appendix G: Study Adverse Event From 
 

Study Adverse Event Form 
THE EFFECTS OF HIGH-VELOCITY RESISTANCE TRAINING 
AND CREATINE SUPPLEMENTATION IN HEALTHY AGING 

MALES 
 
Participant ID #:_________      Participant Initials: 
______ 
________________________________________________________________________
______ 
Describe the adverse event: 
________________________________________________________________________
______ 
________________________________________________________________________
______ 
________________________________________________________________________
______ 
Is this a new event? _____ 
Is this a change/resolution of an ongoing event? _____ 
Onset of Adverse Event (date/time): ______________ 
Resolution of Adverse Event (date/time): ______________ 
________________________________________________________________________
______ 
Is this event Serious? (Results in death, is life threatening, requires hospitalization, results 

is persistent or significant disability)       Yes□ 
No□ 
Is this event intermittent?        Yes□ 
No□ 
1. Rate Intensity (severity) 

 
Mild  Moderate  Severe  Life-threatening 

 
Different levels of intensity are defined as follows: 

• Mild: awareness of sign or symptom, but easily tolerated 
• Moderate: discomfort enough to cause interferences with normal daily activities 
• Severe: Inability to perform normal daily activities 
• Life-threatening: Immediate risk of death from the reaction as it occurred 

 

2. Is the adverse event still present?       Yes□ 
No□ 
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3. Frequency:
_________________________________________________________________

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

Not related  Unlikely Possible Probable Definite 
Relationship to the supplement, exercise training, or other procedure: 

• Not related: An adverse event which is not related to the study
• Unlikely: An adverse event for which an alternative explanation is more likely
• Possible: An adverse event which might be due to the study. An alternative

explanation is inconclusive. The relationship in time is reasonable; therefore, the
casual relationship cannot be excluded.

• Probable: An adverse event which might be due to the study. The relationship in
time is suggestive (i.e. confirmed by dechallenge of the treatment). An alternative
explanation is less likely.

• Definite: An adverse event which cannot be reasonably explained by alternative
explanation. The relationship is very suggestive (e.g. it is confirmed by
dechallenge and rechallenge).

Was treatment administered? Yes□ 
No□ 
Details: 
________________________________________________________________________
______ 

* This is a SERIOUS ADVERSE EVENT – will be reported to the Research Ethics
Board and your family physician (if permission is granted)

Signature: _______________________________ Date: 
___________________ 

Signature of PI: ___________________________ Date: 
____________________
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Appendix H: Creatine Purity Certificate of Analysis  
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