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ABSTRACT 

Blood flow restricted resistance training (BFR-RT) is an emerging hypertrophy training 

modality. A complete profile of its mechanisms of action has yet to be elucidated. Cytokines are 

universal intercellular messengers. Recent research has begun to implicate certain cytokines 

(termed “myokines”) in skeletal muscle hypertrophy pathways; however, no research has been 

conducted on the systemic myokine response to BFR-RT. The appearance of systemic myokines 

interleukin-6 (IL-6), interleukin-15 (IL-15), and decorin were measured following acute bouts of 

low-intensity resistance training (LI-RT), BFR-RT, and high-intensity resistance training (HI-

RT) in young males to determine if BFR-RT modifies the exercise-induced systemic myokine 

response. No measureable levels of IL-6 were observed during the project. No significant effects 

were observed for IL-15. A significant time but no condition or condition by time effect was 

observed for decorin. These findings suggest that BFR-RT does not modify the systemic 

myokine appearance of IL-6, IL-15, or decorin.  
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CHAPTER 1 – SCIENTIFIC FRAMEWORK 

1.1 Introduction 

Resistance training designed with the goal of enhancing skeletal muscle hypertrophy has evolved 

to include many unique exercise techniques. Each particular protocol may present the user with 

varying degrees of training stimuli such as mechanical tension, metabolic stress, or muscle 

damage which results in skeletal muscle adaptation (Schoenfeld, 2010). While these three stimuli 

appear to initiate skeletal muscle hypertrophy pathways, many underlying mechanisms which 

ultimately produce the hypertrophic adaptations have since been detailed. Stimulation of 

myogenic pathways, endocrine influence, and myogenic stem cells may all provide unique 

contributions to skeletal muscle hypertrophy (Schoenfeld, 2010); however, recent research has 

also identified a potential role for myokines in this process as well (Pedersen, 2011; So, Kim, 

Kim, & Song, 2014). 

One particular training method receiving greater research interest is blood flow restricted 

resistance training (BFR-RT). BFR-RT can be described as applying a pressurized cuff around 

the most proximal portion of an exercising limb (arm or leg), inflating the cuff to a 

predetermined occlusive pressure such that venous return is restricted while arterial flow is 

unimpeded, and completing a low load, high repetition, low rest period training protocol under 

the condition of mild vascular restriction (Pope, Willardson, & Schoenfeld, 2013). 

An interesting dichotomy then arises between typically prescribed exercise parameters designed 

to elicit skeletal muscle hypertrophy and BFR-RT techniques. Standard exercise parameters 

designed to elicit muscular hypertrophy in novice to intermediate trainees includes loading 
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schemes between 70-85% of the trainee’s 1-repetition maximum (1RM), 1-3 total sets per 

exercise with 8-12 repetitions per set, and 1-2 minutes of rest between each set (Ratamess et al., 

2009). Conversely, commonly prescribed BFR-RT parameters may include a loading range of 

20-40% 1RM, one set of 30 repetitions followed by three additional sets of 15 repetitions, and 30 

seconds of rest between each set (Scott, Loenneke, Slattery, & Dascombe, 2015). Despite this 

disparity in training protocols, both methods have been shown to produce a similar level of 

skeletal muscle hypertrophy (Martín-Hernández et al., 2013; Ratamess et al., 2009). Further, it 

has been shown that BFR-RT results in superior hypertrophic adaptations when compared to 

volume matched low-intensity resistance training without blood flow restriction (Loenneke, 

Wilson, Bemben, et al., 2012; Takarada, Tsuruta, & Ishii, 2004). 

These observations continue to generate further research into the proposed initiators of 

hypertrophic pathways during BFR-RT (mechanical loading, metabolic stress, and muscle 

damage) (Loenneke et al., 2015; Loenneke, Wilson, Balapur, et al., 2012; Sudo, Ando, Poole, & 

Kano, 2015; Takada et al., 2012); however, fewer studies have investigated the role of 

underlying hypertrophic mechanisms, such as myokines. Therefore, a complete profile of the 

mechanisms of action associated with BFR-RT adaptations has yet to be detailed. Thus, the aim 

of this research project was to measure if BFR-RT modifies the exercise-induced myokine 

response by comparing the appearance of systemic myokines interleukin-6 (IL-6), interleukin-15 

(IL-15), and decorin after acute bouts of low-intensity resistance training (LI-RT), BFR-RT, and 

high-intensity resistance training (HI-RT). 
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Table 1.1 Summary of BFR-RT Hypertrophy Research. 

Study N Protocol Duration Result 

Farup et al. (2015) 10 males (untrained) 

Ex: arm curls 

L: 40% 1RM 

S: 4 

R: volitional fatigue 

Rest: 30 seconds 

3 days/week 

6 weeks total 

11.5% increase in  

elbow flexor CSA 

via MRI 

Yasuda, Loenneke, 

Thiebaud, & Abe 

(2012) 

10 males (untrained) 

Ex: arms curls 

L: 30% 1RM 

S: 4 

R: 30,15,15,15 

Rest: 30 seconds 

3 days/week 

6 weeks total 

12% increase in 

elbow flexor CSA 

via MRI, 12.5% 

increase in muscle 

volume via 

ultrasound 

Takarada et al. 

(2000) 

11 older females 

(age 58.2 +/- 6.6 

years; untrained) 

Ex: arm curls 

L: 50% 1RM 

Sets: 3 

R: volitional fatigue 

Rest: 1 min 

2 days/week 

16 weeks total 

20.3% increase in 

biceps brachii CSA 

and 17.8% increase 

in brachialis CSA 

via MRI 

Abe, Kearns, & Sato 

(2006) 
9 males (untrained) 

Ex: BFR-walking 

L: 50m/min pace 

S: 5  

R: 2-minute bouts 

Rest: 1 min 

6 days/week 

2 sessions/day 

3 weeks total 

6% increase in mid-

thigh CSA via MRI 

Martín-Hernández et 

al. (2013) 
10 males (untrained) 

Ex: bilateral knee 

extension 

L: 20% 1RM 

S: 4 

R: 30,15,15,15 

Rest: 1 min 

2 days/week 

5 weeks total 

7.5% increase in 

rectus femoris 

muscle thickness, 

9.9% increase in 

vastus lateralis 

muscle thickness via 

ultrasound 

Yasuda, Fujita, 

Ogasawara, Sato, & 

Abe (2010) 

10 males (untrained) 

Ex: bench press 

L: 30% 1RM 

S: 4 

R: 30,15,15,15 

Rest: 30 seconds 

6 days/week 

2 sessions/day 

2 weeks total 

8% increase in 

triceps brachii 

muscle thickness and 

16% increase in 

pectoralis major 

muscle thickness via 

ultrasound 

Note: Ex = exercise, L = load, S = sets, R = repetitions, rest = time between sets, CSA = cross -sectional area, MRI = 

magnetic resonance imaging. 
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1.2 Review of Literature 

 1.2.1 Blood Flow Restriction Training. The popularity of BFR-RT can be credited to 

the innovation of the “KAATSU” training method. Dr. Yoshiaki Sato initially discovered and 

refined the KAATSU method which has since become widely used for training athletes and the 

elderly across Japan (Sato, 2005). The term KAATSU can be translated from Japanese to mean 

“applied pressure”. As such, blood flow restricted (BFR) training utilizes elastic or nylon cuffs to 

fashion a tourniquet system around an exercising limb. Two methods have emerged for research 

purposes, the air pressure based system modelled after the KAATSU brand and a “practical” 

BFR technique. This practical BFR technique repurposes elastic knee-wraps typically used for 

squatting movements to act as the blood flow restricting apparatus. Practical BFR also utilizes an 

individualized perceived pressure scale to estimate the required wrap tightness to stimulate an 

appropriate BFR response (Wilson, Lowery, Joy, Loenneke, & Naimo, 2013). In contrast, the 

KAATSU-style system utilizes pressurized air-bands which inflate to a predetermined occlusive 

pressure to impede venous return while only mildly restricting arterial flow. A typical BFR 

protocol includes relatively low load, high volume, and low rest periods to elicit a training 

response. While no standardized protocol has emerged, a commonly applied method will utilize 

20-40% of the trainees 1RM, one set of 30 repetitions followed by three sets of 15 repetitions, 

and 30 seconds of rest between each set (Fry et al., 2010; Loenneke et al., 2015; Yasuda et al., 

2006). 

 1.2.2 Proposed BFR-RT Mechanisms of Action.  

1.2.2.1 Accumulation of Metabolites. Resistance training typically presents the user with 

varying degrees of mechanical tension, metabolic stress, or muscle damage depending on the 



5 

 

training parameters utilized during any given protocol. In the case of BFR-RT, metabolic stress 

appears to play the most prominent role in initiating skeletal muscle hypertrophy pathways (Scott 

et al., 2015; Takada et al., 2012). This is likely due to BFR-RT utilizing very low relative loading 

schemes and subsequently producing minimal indices of muscle damage (Sudo et al., 2015; 

Thiebaud, Yasuda, Loenneke, & Abe, 2013). 

In the context of BFR-RT, the accumulation of metabolites can be defined as the build-up of 

various substances resultant from the fast-acting energy pathways utilized in skeletal muscle. 

The breakdown of substrates involved in the phosphocreatine (PCr) and anaerobic glycolysis 

pathways produces substances such as inorganic phosphate (Pi), hydrogen ions (H+), and 

adenosine diphosphate (ADP), and is associated with the subsequent reduction of intramuscular 

pH and accumulation of lactate (Pope et al., 2013). It has been suggested that the accumulation 

of metabolites may induce localized fatigue and temporarily reduce the ability for muscle to 

function (Fitts, 2012). Although it has been established that whole-cell ATP stores in type-2 

muscle fibres are reduced significantly during intensive exercise; and moreover, that changes in 

the ratio of intramuscular ATP:AMP has potential implications on exercise induced muscular 

adaptation (to be elaborated on further in the document), these reductions still provide adequate 

ATP for complete actin-myosin crossbridge activation (Green, 1997). Therefore, rather than 

insufficient ATP stores limiting muscular function, it has been suggested that a link between 

metabolic stress and fatigue may lie in the accumulation of inorganic phosphate and the 

reduction of intracellular ATP concentration. This intracellular milieu interferes with 

myofibrillar calcium sensitivity and sarcoplasmic reticulum calcium release which is critical to 

muscular function (Allen, Lamb, & Westerblad, 2008). Specifically, the molecule tropomyosin 

blocks potential actin-myosin crossbridge binding sites along the actin filament. Intramuscular 
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calcium binds to a second molecule, troponin, which is embedded along the actin filament. This 

binding causes a conformational change in the tropomyosin thereby exposing the previously 

blocked actin-myosin crossbridge binding sites (Allen et al., 2008). This ultimately allows 

crossbridge cycling and force production (McArdle, Katch, & Katch, 2010). Thus, a reduction of 

available calcium or calcium sensitivity may impede this process.  

Supporting the proposed metabolite hypothesis, whole blood, plasma, and muscle cell lactate has 

been consistently shown to accumulate during BFR-RT (Loenneke, Wilson, & Wilson, 2010). In 

addition, a greater amount of lactate has been shown to accumulate during blood flow restricted 

trials than non-restricted controls (Takarada et al., 2000). Further, when comparing two sets of 

knee extension exercises performed to failure, a BFR trial has been shown to require fewer 

repetitions to reach fatigue than an unrestricted control while still accumulating a statistically 

significant level of lactate accumulation (Loenneke et al., 2012).  

Intramuscular inorganic phosphate has been shown to increase while intramuscular pH and 

phosphocreatine levels have been shown to decrease as a result of BFR-RT (Suga et al., 2010; 

Takada et al., 2012). Follow-up research has indicated that when training parameters are 

expanded across multiple sets, the constant application of restrictive pressure during inter-set rest 

periods limits the complete restoration of intramuscular PCr stores, thereby progressively 

reducing the availability of this intramuscular substrate as exercise continues. These findings, in 

conjunction with the observed accumulation of lactate, suggest that continuous vascular 

restriction accentuates the accumulation of metabolites due to an insufficient oxygen supply 

(Suga, Okita, Takada, & Omokawa, 2012).  
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1.2.2.2 Muscle Fibre Recruitment. Recruitment of type-2 muscle fibres is crucial for 

maximizing skeletal muscle hypertrophy because type-2 muscle fibres have been shown to 

express greater hypertrophy potential than type-1 fibres (Ratamess, 2008). Recruitment of 

muscle fibres during exercise typically follows a “size principle” whereby the smaller, lower 

excitability threshold fibres are recruited first and the higher threshold type-2 fibres are recruited 

as loading demands increase or muscle fibre fatigue accumulates (Sale, 1987). This draws 

particular attention to the low loading schemes utilized during BFR-RT and questions the ability 

for this modality to recruit type-2 muscle fibres. 

Electromyography (EMG) techniques have been used to measure the electrical activity of 

exercising skeletal muscle. It has been suggested that a greater increase in electrical activity can 

be associated with greater force demands and by extension greater likelihood of type-2 muscle 

fibre recruitment (Kupa, Roy, Kandarian, & De Luca, 1995; Kuriki et al., 2012; Sale, 1987). It 

should be noted, however, that EMG readings are an indirect measure and are not necessarily 

inferential of higher threshold muscle fibre recruitment (Vigotsky et al., 2015). An alternative 

possibility is that force requirements during sub-maximal contractions may be dispersed across 

many different motor units. In this case, the force requirement imposed on any given motor unit 

would be reduced while still increasing EMG measurements (Allen et al., 2008). While 

acknowledging this, research on BFR exercise has suggested that accumulation of metabolites 

may inhibit alpha-motoneuron activity by activation of type III and IV afferent nerves. It is 

hypothesized that additional muscle fibres are then recruited in order to support contractile force 

demands (Pearson & Hussain, 2015; Yasuda et al., 2010).  

Several studies have observed a progressive increase in muscle activity during exercise under 

BFR conditions (Takarada et al., 2000; Yasuda, Brechue, Fujita, Sato, & Abe, 2008; Yasuda et 
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al., 2006). It has also been shown that during multi-set low-load BFR-RT, EMG measured 

muscle activity begins to resemble that of readings observed at a higher, non-restricted, training 

load (Yasuda et al., 2006). When taken to failure, however, it should be noted that EMG 

measured muscle activity does not appear to be different between low-load BFR and non-BFR 

trials (Wernbom, Jarrebring, Andreasson, & Augustsson, 2009). This becomes important in 

interpreting BFR-RT results, as resistance training protocols taken to failure may be a potential 

confounder when measuring hypertrophy-based adaptations. Emerging research has shown that 

when resistance training protocols are taken to failure, regardless of load, hypertrophic 

adaptations are not significantly different (Mitchell et al., 2012). Furthermore, while EMG 

muscle activity does progressively increase during low-load BFR training, it does not reach the 

same magnitude as high-intensity non-restricted resistance training taken to volitional fatigue 

(Manini & Clark, 2009). 

Phosphorous-nuclear magnetic resonance spectrometry (P-MRS) is another method used to 

measure muscle fibre activation during exercise. When performing exercise in conjunction with 

P-MRS analysis, changes in the concentration of intramuscular substances such as ATP, PCr, 

and Pi can be quantified (Yoshida & Watari, 1994). It has been suggested that observing split-

peak measurements of Pi via P-MRS during exercise is indicative of recruitment of different 

muscle fibre types. The second peak has been associated with lower intramuscular pH and longer 

recovery time. These observations suggest that splitting of peak Pi measurements can be a sign 

of type-2 muscle fibre recruitment (Yoshida & Watari, 1993, 1994). Both BFR-RT and HI-RT 

have been shown to produce a split-peak measurement of Pi whereas LI-RT has not (Suga et al., 

2010, 2012). 
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Altogether, observations of progressively increased muscle activity via EMG in conjunction with 

split-peak inorganic phosphate measurements via P-MRS suggest potential circumvention of the 

size principle of motor recruitment and progressive involvement of type-2 muscle fibres during 

low-load BFR-RT. However, the inability of BFR-RT muscle activity to match muscle activity 

readings of moderate to high intensity resistance training suggests that more than one mechanism 

of action is likely in play to produce the similar hypertrophy adaptations between the two 

modalities. 

1.2.2.3 Endocrine Response. Resistance training has been shown to stimulate the 

systemic release of anabolic hormones such as testosterone, growth hormone, and insulin- like 

growth factor 1 (IGF-1) (Kraemer & Ratamess, 2005). It has been suggested that these hormones 

play a role in exercise-induced stimulation of muscle cell amino acid uptake, muscle protein 

synthesis, and improved maximal voluntary contraction, ergo, skeletal muscle hypertrophy and 

strength (Kraemer & Ratamess, 2005; Velloso, 2008); however, recent literature has started to 

debate this premise (West et al., 2009; West & Phillips, 2012). While the exact role these 

hormones play in developing skeletal muscle hypertrophy in humans appears to require further 

research, acute systemic release is still undoubtedly correlated with resistance training.  

BFR training has consistently produced rapid increases in plasma growth hormone (Patterson, 

Leggate, Nimmo, & Ferguson, 2013; Pierce, Clark, Ploutz-Snyder, & Kanaley, 2006; Reeves et 

al., 2006; Takarada et al., 2000). Likely attributable to the proposed association between lactate 

and growth hormone release (Kraemer & Ratamess, 2005), greater growth hormone increases 

have been measured in BFR trials than in non-restricted low-load and moderate-load trials 

(Reeves et al., 2006; Takarada et al., 2000). The extent of growth hormone release during BFR 

trials has been shown to be as high as 1.7-fold greater than that of non-restricted moderate load 
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resistance training (Takarada et al., 2000). While growth hormone may not be anabolic per se, it 

does stimulate the release of IGF-1 (Kraemer & Ratamess, 2005).  

IGF-1 is known to stimulate myogenic pathways (Velloso, 2008); however, the IGF-1 response 

to acute and chronic BFR training has produced mixed results. A study examining the acute 

response of IGF-1 to BFR-RT found no change in plasma levels (Patterson et al., 2013); 

although, the measurement timing may not have allowed for optimal systemic IGF-1 appearance. 

Growth hormone stimulates hepatic release of IGF-1, a process shown to peak between 16-28 

hours after the release of growth hormone; therefore, the interpretation of this data may not be 

accurate as the last blood sample occurred 120 minutes post-exercise (Kraemer & Ratamess, 

2005). This is exemplified by contrasting data from another study examining the effects of 

chronic BFR training. Circulating IGF-1 levels were measured after two weeks of twice-daily 

BFR training. This study showed an increase in basal levels of circulating IGF-1 at the half-way 

and post-intervention measurement points when compared to baseline (T. Abe et al., 2005). 

However, another chronic study also failed to produce statistically significant changes in basal 

levels of circulating IGF-1 after six weeks of BFR training (Karabulut, Sherk, Bemben, & 

Bemben, 2013). It is important to note that the difference between training populations may have 

played a role in the systemic release of IGF-1. It is known that decreased levels of circulating 

and exercise-induced hormonal responses occurs with age (Newton et al., 1999). The studies 

which failed to produce a change in systemic IGF-1 were performed on middle-aged to older 

males, while the study which produced an increase in circulating IGF-1 was performed on young 

males. One final acute study did find significant post-exercise elevations in IGF-1. It should also 

be noted that unlike the previously reported studies, this protocol took the final three sets of 
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exercise to failure which may implicate training intensity as a mediator of the IGF-1 response to 

BFR (Takano et al., 2005). 

It has been suggested that testosterone plays a role in muscle protein synthesis and the 

mobilization of myogenic stem cells (Herbst & Bhasin, 2004). It has also been suggested that 

testosterone augments the effects of growth hormone and IGF-1 in response to exercise 

(Kraemer & Ratamess, 2005). Like IGF-1, data on the testosterone response to BFR-RT has been 

limited. One study utilizing an acute bout of BFR training on biceps curls and calf raises (Reeves 

et al., 2006) and a second study utilizing knee extensions (Fujita et al., 2007) yielded no change 

in serum testosterone levels in young men; however, one study did find statistically significant 

increases in acutely measured serum testosterone after both upper and lower limb exercises. 

When compared to previous investigations, this study stimulated greater muscle mass by pairing 

either biceps curls and triceps extensions or hamstring curls and knee extensions. Furthermore, 

each session took the last two sets to failure (Madarame, Sasaki, & Ishii, 2010). These results 

suggest that differences in testosterone response may be related to exercise protocol (total muscle 

mass stimulated and / or reaching failure) rather than the condition of blood flow restriction 

itself. 

In sum, while the growth hormone response to BFR-RT has been fairly predictable, data on IGF-

1 and testosterone has been less consistent. Some results may be difficult to interpret due to 

methodological differences in training populations, protocols, and exercise selection. 

 1.2.2.4 Myogenic Pathways. During exercise, muscle fibres are overloaded by various 

stimuli (mechanical load, metabolic stress, and/or muscle damage) which results in signal 

transduction and activation of myogenic pathways. These pathways repair and strengthen the 
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muscle by shifting the balance to protein synthesis over protein degradation resulting in accretion 

of contractile muscle proteins (actin and myosin). This process results in an increased sarcomere 

number and subsequent increases in muscle cross-sectional area (Schoenfeld, 2010). Various 

pathways have been identified in relation to skeletal muscle hypertrophy. For example, 

proliferation and differentiation of myogenic stem cells, the mammalian target of rapamycin 

(mTOR) pathway, and myostatin are known to play roles in regulating muscle protein synthesis 

and muscular growth and repair (Lee, 2004; Schoenfeld, 2010). 

Myogenic stem cells have been shown to assist in muscle tissue growth and repair during 

recovery from exercise-induced muscular damage (Yin, Price, & Rudnicki, 2013). Activation of 

myogenic stem cells does not necessarily occur in response to all exercise, suggesting different 

modes of hypertrophy may occur in response to specific exercise protocols (Schiaffino, Dyar, 

Ciciliot, Blaauw, & Sandri, 2013). It has been suggested that myogenic stem cell induced 

hypertrophy is a function of fusion between existing damaged myofibers and the newly 

proliferated myogenic stem cells. This allows the donation of new nuclei and increased 

production of contractile proteins (Schoenfeld, 2010). Proliferation of myogenic stem cells has 

been found in response to BFR-RT. A BFR training intervention was conducted over the course 

of three weeks (Nielsen et al., 2012), post-exercise muscle biopsies found an increased number 

of myonuclei per myofiber and increased number of myogenic stem cells expressed in both type-

1 and type-2 muscle fibres. 

The mTOR pathway plays a key role in regulating muscle protein synthesis (Bond, 2016). It has 

been shown to be activated by various stimuli such as protein consumption (specifically, the 

amino acid leucine (Avruch et al., 2009)) and resistance exercise (Adegoke, Abdullahi, & 

Tavajohi- fini, 2012). Activation of the mTOR pathway can be inferred by the phosphorylation of 
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ribosomal protein 6S kinase 1 (S6K1) or decreased levels of eukaryotic translation initiation 

factor 4E binding protein 1 (4E-BP1) (Adegoke et al., 2012) and is consistently associated with 

skeletal muscle hypertrophy (Schiaffino et al., 2013). Research has shown that BFR training 

stimulates the mTOR pathway and induces muscle protein synthesis (Fry et al., 2010; Fujita et 

al., 2007; Gundermann et al., 2014; Sudo et al., 2015). Curiously, the training parameters utilized 

during BFR-RT are more aligned with an endurance training protocol than those typically seen 

during hypertrophy training. In this case, one might expect a blunted mTOR response due to the 

activation of AMP-activated protein kinase (AMPK) and its subsequent action through 

peroxisome proliferator-activated receptor γ co-activator 1α (PGC-1α). Upregulation of these 

signalling molecules are typically associated with endurance training conditions (i.e. low-energy 

status or more sustained contraction bouts) (Wessel, Haan, Laarse, & Jaspers, 2010). In this 

scenario, a concurrent training environment (in which both hypertrophy training and aerobic 

endurance training adaptations interfere with each other) may exist (Baar, 2014). However, it 

should be noted that the actions of AMPK are largely contained to the peri- and immediate post-

exercise window in response to standard resistance training (Dreyer et al., 2006). In this regard, 

AMPK is thought to be detecting an acute energy crisis and initiates the aforementioned 

temporary inhibition mTOR (an energy costly process) until such a time where the detected 

energy crisis has been alleviated (Baar, 2014; Wessel et al., 2010). Supporting this, muscle 

biopsy evidence has shown no elevation in phosphorylated AMPK three hours into recovery 

after an acute bout of BFR-RT (Fry et al., 2010). This is in further agreement with evidence 

showing that aerobic exercise performed immediately prior to standard resistance exercise does 

not induce a prolonged AMPK response nor does it interfere with skeletal muscle hypertrophy in 

moderately trained men (Lundberg, Fernandez-gonzalo, & Tesch, 2014). 
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Myostatin is produced by skeletal muscle and has been implicated in the regulation of skeletal 

muscle fibre number and size. Specifically, an increase in myostatin concentration has been 

associated with negative regulation of skeletal muscle growth through inhibition of satellite cell 

activity and reduced AKT-mTOR-P70S6K signalling (Lee, 2004; Trendelenburg, Meyer, 

Rohner, Boyle, & Glass, 2009). It has been shown that BFR-RT can produce similar decreases in 

myostatin mRNA when compared to non-restricted HI-RT (45% reduction, P < 0.0001, and 41% 

reduction, P = 0.0004 respectively) (Laurentino et al., 2012). 

1.2.3 BFR-RT Safety Considerations. Safety concerns regarding blood flow restricted 

exercise are not uncommon. In response, a national survey was conducted via the KAATSU 

practitioners of Japan. This survey yielded responses from over 105 practitioners with access to 

over 12,000 applications of KAATSU training. These applications spanned a wide range of 

populations including athletes, the elderly and persons with chronic disease. Based upon survey 

responses, the adverse event incidence rate was approximately 15%. Of the reported incidents, 

87% were subcutaneous hemorrhage, 8.6% involved acute numbness, and 1.8% involved dizzy 

spells (Nakajima et al., 2006). 

BFR-RT has been shown to produce greater increases in hemodynamic parameters such as blood 

pressure (systolic and diastolic), heart rate, and mean arterial pressure when compared to non-

restricted LI-RT (Takano et al., 2005). However, changes in cardiac output and total peripheral 

resistance appear to be similar between BFR-RT and LI-RT controls (Takano et al., 2005). It has 

also been shown that left ventricular ejection fraction is significantly reduced during low-

intensity BFR-RT when compared with non-restricted LI-RT. It has been suggested that this is 

due to restricted venous return and subsequently lower cardiac preload (Takano et al., 2005). 
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Hemodynamic responses appear to be similar between BFR-RT and HI-RT conditions in 

normotensive men. BFR-RT and HI-RT appeared to increase systolic blood pressure by 

approximately 20 mmHg from baseline. Both conditions also appeared to double rate-pressure 

product and heart rate from baseline. However, blood flow restriction in this study was released 

during rest intervals, potentially modifying the hemodynamic response to the BFR trial (Vilaça-

alves, Neto, & Morgado, 2016). 

Research on BFR walk training came to similar conclusions regarding hemodynamic responses. 

Utilizing five two-minute bouts of blood flow restricted treadmill walking, researchers found 

significantly greater increases in systolic, diastolic, and mean arterial pressure when compared to 

non-restricted walk training. However, researchers also found significantly greater increases in 

rate-pressure product (representing overall myocardial demand) in blood flow restricted walking. 

Subjects under BFR conditions experienced an increase from baseline of approximately 90% 

whereas control subjects experienced an increase of approximately 30%. While the author’s 

mention that the total increase in myocardial demand increased approximately three-fold from 

baseline, they also state that the overall increase can be considered mild in absolute value. 

Further, all measures returned to baseline within 20 minutes of exercise cessation and the 

removal of BFR (Renzi, Tanaka, & Sugawara, 2010). 

Peripheral blood pressure may not be indicative of central blood pressure measured at the most 

proximal vasculature (aortic arch) (Remington & Wood, Earl, 1956). As such, concerns 

regarding blood pressure changes during BFR exercise may not be remedied by measuring only 

peripheral blood pressure. Research on BFR walking has shown statistically significant increases 

in central blood pressure over the course of five two-minute treadmill walking bouts. These 

increases were shown to be similar to the increases in peripheral blood pressure which is 
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uncommon in non-restricted exercise. Normally, the increase in central blood pressure is less 

than that found in peripheral vasculature. The author’s compare the exaggerated blood pressure 

response to that of a large pressor reflex (increased mean arterial pressure in response to 

activation of chemo- and/or mechanoreceptors (Spranger, Krishnan, Levy, O’Leary, & Smith, 

2015; Sugawara, Tomoto, & Tanaka, 2015). 

BFR-RT studies in older adults found no negative impact on arterial stiffness or cardiovascular 

function after twelve weeks of BFR-RT (Yasuda et al., 2014; Tomohiro Yasuda, Fukumura, 

Tomaru, & Nakajima, 2016). Of note, resting central blood pressure was unaffected after twelve 

weeks of BFR training; however, acute measurements of central blood pressure during BFR-RT 

have yet to be acquired (Yasuda et al., 2016). 

In sum, the hemodynamic response to BFR exercise appears to be similar to that of non-

restricted moderate to high intensity exercise in apparently healthy individuals. While increases 

in peripheral blood pressure and heart rate are common, these increases do not exceed those 

found during moderate to high intensity exercise (Loenneke, Wilson, Wilson, Pujol, & Bemben, 

2011; Park, Kwak, Harveson, Weavil, & Seo, 2015). However, the seemingly unique increase in 

central blood pressure during BFR exercise suggests it may be inadvisable to prescribe BFR 

training to persons with known cardiovascular conditions (Sugawara et al., 2015). 

Assessing pain and ratings of perceived exertion (RPE) during exercise have been validated 

through the use of the category-ratio 10 and Borg scales respectively (Ritchie, 2012). BFR-RT 

has been shown to elicit earlier increases in RPE and pain as the number of completed sets 

progresses (Hollander et al., 2010). BFR trials have also been shown to produce more rapid 

increases in RPE than non-restricted LI-RT; however, RPE values normalized by the end of 
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exercise to fatigue (Loenneke et al., 2013). When compared to non-restricted HI-RT, RPE and 

pain ratings appear similar (Hollander et al., 2010). Finally, increasing arterial occlusion pressure 

during BFR exercise does not appear to further augment RPE or perceived pain until very high 

occlusive pressure (approximately 90% arterial occlusion) is reached (Loenneke et al., 2016). 

Screening techniques and BFR protocols have been advanced to further customize prescriptions 

for arterial occlusion pressures and safety. The Ankle-brachial pressure index (ABPI) is 

calculated by dividing ankle blood pressure values by brachial blood pressure values. A ratio of 

less than 0.9 can be an indicator of peripheral vascular disease and thus the ABPI is often 

employed to screen participants (Al-qaisi, Nott, King, & Kaddoura, 2009; Loenneke et al., 2014). 

The impact of cuff fabric, cuff width, and thigh circumference on vascular restriction has also 

been researched. Nylon and elastic cuffs appear to produce similar results, wider cuffs require 

less pressure than narrow cuffs to produce occlusive stimuli, and thigh circumference appears to 

be a predictive measure when considering individualized occlusive pressure requirements 

(Loenneke et al., 2012).  

Another hypothetical risk of BFR-RT is the chance of incurring an ischemia-reperfusion (I/R) 

injury (Carden & Granger, 2000; Kalogeris, Baines, Krenz, & Korthuis, 2012). I/R injuries are 

typically a side-effect of prolonged tourniquet-induced vascular ischemia. This type of scenario 

may be experienced during certain surgical procedures or during acute trauma (emergency first 

aid) (Muyskens et al., 2016). In these cases it is necessary to minimize arterial blood flow to the 

affected area until such a time where the emergency situation or surgical procedure has been 

completed; for example, during total knee arthroscopic procedures a tourniquet may be placed 

upon the lower limb for over half an hour (Muyskens et al., 2016). I/R injuries are thought to be 

the result of not only the damage incurred during the ischemic condition but also a seemingly 
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paradoxical feature of reperfusion of the affected vasculature itself (Carden & Granger, 2000). 

Upon tourniquet release, it is proposed that trauma may occur at the level of the endothelium 

and/or small blood vessels (Carden & Granger, 2000). In vivo (human and murine) literature has 

also suggested that many of the proposed drivers of BFR-RT induced hypertrophy (hormonal 

influence, myogenic stem cell contributions, modification of protein synthetic / degradation 

pathways) may be affected by the I/R condition (Chen, Rathbone, & Walters, 2011; Delaney, 

Miller, Chataway, & Spark, 2014; Hammers et al., 2011; Muyskens et al., 2016). It is possible, 

therefore, that some of the hypertrophic mechanisms of BFR-RT may be blunted or redirected by 

the necessity to first address an I/R injury. 

Several experiments have been conducted to investigate potentially harmful effects of chronic 

BFR-RT. The results of these experiments seem to indicate that properly conducted BFR-RT in 

both young and old populations does not produce any detrimental effects on endothelial or 

vascular function (Clark et al., 2011; Hunt, Galea, Tufft, Bunce, & Ferguson, 2013; Shimizu et 

al., 2016); and in contrast, may actually enhance them (Shimizu et al., 2016). Adherence to 

specific training parameters are likely responsible for the avoidance of I/R injuries during BFR-

RT. For example, recent reviews have suggested that utilizing 40-50% of the participants 

estimated arterial occlusion pressure is all that is required to optimize the training response. Most 

BFR-RT protocols also only require approximately five minutes of blood flow restriction to 

complete (Scott et al., 2015). This is in stark contrast to the aforementioned conditions through 

which I/R injury would typically occur. Furthermore, typical BFR-RT protocols appear to be 

more similar to conditions of ischemic pre-conditioning (Kocman et al., 2015), the use of which 

has been shown to be an effective attenuator to I/R injury when performed in advance of known 

periods of prolonged ischemia (Kocman et al., 2015). 
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Caution should be taken regarding BFR-RT nomenclature. Arterial occlusion is a measure of 

flow versus no-flow. When occlusion takes place, the affected vasculature is completely blocked. 

During BFR-RT, the goal is not occlusion, rather, restricted blood flow by utilizing a percentage 

of the measured resting arterial occlusive pressure. Due to cardiovascular changes during 

exercise, the percentage of arterial occlusion pressure utilized does not necessarily equate to 

percentage of restricted blood flow (Loenneke et al., 2016). Thus, as previously mentioned, 

relatively low occlusive pressures (40-50% of estimated resting arterial occlusive pressure) 

appears to be all that is necessary to stimulate training adaptations (Loenneke et al., 2015). 

1.2.4 Cytokines and Myokines. Cytokines are a large family of polypeptides and 

proteins which act as intercellular messengers. A cytokine response is inducible by a multitude 

of different stimuli and can be secreted by several different cell types in the human body. While 

their primary function is typically associated with an immune response, many cytokines are also 

responsible for the mediation of other biological functions such as energy metabolism. As such, 

cytokines can be described as pleiotropic. A single cytokine may confer different mediating 

effects depending upon the initial stimuli, target cell, or additional cytokines released in 

conjunction. Cytokines are also capable of acting in local (autocrine or paracrine) or systemic 

(endocrine) fashion depending on their target tissue (Peake, Della, Gatta, Suzuki, & Nieman, 

2015). 

Skeletal muscle has been found to secrete cytokines in response to muscular contraction. These 

cytokines (termed “myokines”) have also been shown to act both locally or systemically through 

release into the circulation (Pedersen & Febbraio, 2012).The strength of an individual myokine 

response appears to vary based on exercise mode, volume, and intensity (Peake et al., 2015). 
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These myokines have been shown to have potential mediating effects on skeletal muscle growth, 

hypertrophy, glucose uptake, and fat oxidation (Nielsen & Pedersen, 2007; So et al., 2014).  

There is a growing paradigm that skeletal muscle may act as an endocrine organ with myokines 

being their secretions (Schnyder & Handschin, 2015). While myokines and hormones act in 

seemingly similar ways as intercellular signalling molecules, unique characteristics also exist for 

each molecule type. For clarity, a table summarizing the similar and distinctive qualities of 

myokines and hormones has been placed in Appendix A. Furthermore, a summary of relevant 

research on myokines potentially linked to skeletal muscle anabolism may be found in Appendix 

B; however, interleukin-6, interleukin-15, and decorin have been selected for this project and 

will be expanded upon in the forthcoming sections. These myokines have been selected due to 

the strength of their individual bodies of literature in addition to their relevance as it pertains to 

the skeletal muscle hypertrophy responses observed during BFR-RT. 

1.2.5 Interleukin-6.  

Exercise-induced IL-6. Interleukin-6 has various roles in the human body, the most 

prominent of which being a potent signalling molecule in the acute phase of infection or injury 

(Samols, Agrawal, & Kushner, 2002); however, IL-6 has also been implicated in other biological 

roles such as the acute response to exercise (Fischer, 2006). In response to long duration running 

events, IL-6 has been shown to increase in systemic circulation by more than 100-fold from 

baseline (Peake et al., 2015). Moreover, it has been shown that this marked increase in systemic 

IL-6 is primarily derived from contracting skeletal muscle (Steensberg et al., 2000). Serum IL-6 

has been shown to peak at the end of exercise and rapidly return to baseline levels shortly 

thereafter (Fischer, 2006). Exercise duration has been shown as a primary indicator of variability 
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in systemic IL-6 release (Fischer, 2006), therefore, it has been suggested that IL-6 plays a role as 

an energy sensor during acute exercise (Pedersen, 2012). Other findings have implicated IL-6 as 

an essential regulator of satellite cell mediated muscular hypertrophy (Yin et al., 2013). 

IL-6 and Skeletal Muscle Hypertrophy. IL-6 has been implicated in skeletal muscle 

hypertrophy primarily through the mobilization and proliferation of myogenic stem cells. This 

occurs via IL-6 functioning as both a cytokine and myokine.  

In response to acute injury (for example, exercise-induced muscle damage), immune cells such 

as monocytes and macrophages infiltrate the damaged tissue and assist in clearing cellular debris. 

During this process, IL-6 acts as a cytokine involved in chemoattractant signalling. The local 

release of IL-6 by invading immune cells and myogenic stem cells pleiotropically stimulates 

further immune response; at the same time, local IL-6 assists in the liberation of additional 

myogenic stem cells from the myofiber basal lamina and promotes their proliferation (Yin et al., 

2013). This relationship is further exemplified by impaired muscle regeneration during age-

related reductions in monocyte and macrophage chemoattractant signalling (Yin et al., 2013). 

As a myokine, concentrations of muscle fibre IL-6 have been shown to increase in response to 

skeletal muscle contraction (Peake et al., 2015). Research has shown that through the signal 

transducer and activator of transcription 3 (STAT3) pathway, IL-6 may contribute to skeletal 

muscle hypertrophy by stimulating myogenic stem cell proliferation and mobilization in 

myofibers (Serrano, Baeza-Raja, Perdiguero, Jardi, & Munoz-Canoves, 2008). 

Finally, the appearance of systemic IL-6 in response to resistance training has been correlated 

with skeletal muscle hypertrophy (r = 0.48, p = 0.019) (Mitchell et al., 2013); furthermore, while 

the influence of IL-6 on myogenic stem cells is a locally occurring phenomenon, systemically 
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measured IL-6 has also been correlated to levels found in skeletal muscle biopsies (R2 = 0.89, p 

= 0.016) (Mckay et al., 2009).  
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Table 1.2 Plasma IL-6 Responses to Various Exercise. 

 
Study N Modality Protocol Findings 

Peake et al. (2005) 10 males (trained) 
Acute AE (downhill 

running) 

Ex: treadmill 

Grade: -10% 

Time: 45 mins 

Intensity: 60% 

VO2Max 

Plasma IL-6 

significantly 

increased 

immediately and 1-

hour post exercise. 

 

Pre: 0.44 pg/mL 

Post: 2 pg/mL 

Reihmane, Jurka, 

Tretjakovs, & Dela 

(2013) 

40 males (trained) Acute AE 

Half-marathon (18) 

 

Or 

 

Marathon (22) 

Plasma IL-6 

significantly 

increased 

immediately post 

exercise. 

 

Half-marathon 

Pre: <0.5 pg/mL 

Post: 6 pg/mL 

 

Marathon:  

Pre: <0.5 pg/mL 

Post: 33 pg/mL 

Cornish & Johnson 

(2014) 
10 males (untrained) Acute RE (eccentric) 

Ex: eccentric knee 

extension 

L: max eccentric 

V: 6 x 10 

R: 1 min 

Plasma IL-6 not 

significantly 

increased 

immediately post 

exercise. 

 

Pre: 0.81 ± 0.16 

pg/mL 

Post: 0.95 ± 0.22 

pg/mL 

Nieman et al. (2004) 30 males (trained) Acute RE 

Ex: 10 exercises, full 

body 

L: 40-60% 1RM 

V: 4 x 10 

R: 2-3 min 

Plasma IL-6 

significantly 

increased 

immediately post 

exercise. 

 

Pre: 0.98 ± 0.16 

pg/mL  

Post: 6.43 ± 1.12 

pg/mL 

Takarada et al. 

(2000) 
6 males (trained) Acute BFR-RT 

Ex: knee extension 

L: 20% 1RM 

V: 5 x failure 

R: 30 sec 

Plasma IL-6 

significantly 

increased 1-hour 

post exercise. 

 

Pre: 0.3 pg/mL Post: 

0.95 pg/mL (1-hour) 

Note: RE = resistance exercise, AE = aerobic exercise, Ex = exercise, L = load, V = volume (sets 
x repetitions), R = rest, pg = picogram. 
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1.2.6 Interleukin-15.  

Exercise-induced IL-15. IL-15 displays pleiotropic effects within the human body. IL-15 

has been shown to assist in immune regulation as a cytokine and is proposed to function in an 

anabolic fashion as a myokine (Nielsen & Pedersen, 2007).  

Plasma IL-15 appears to increase immediately post-exercise in response to full body moderate-

vigorous resistance training and moderate treadmill running (Riechman et al., 2004; Tamura, 

Watanabe, Kantani, Hayashi, & Ishida, 2011). However, plasma IL-15 does not appear to 

increase in the systemic circulation in response to all resistance exercise protocols (Nielsen et al., 

2007), potentially indicating a volume or intensity threshold for this response to occur. 

Additionally, the systemic increase in IL-15 returned to baseline by approximately one hour post 

treadmill running (Tamura et al., 2011). Plasma samples taken at 6, 24, and 48 hours after an 

acute bout of heavy resistance training showed no elevation in IL-15; however, there remained a 

two-fold elevation in IL-15 mRNA expression in muscle biopsies at the 24 hour measurement 

(Nielsen et al., 2007). This is in contrast to previous research that showed no elevation in IL-15 

mRNA in muscle biopsy samples taken immediately after a two-hour resistance training bout 

(Nieman et al., 2004). Furthermore, it has been shown that IL-15 mRNA appearance is greater in 

skeletal muscle dominated by type-2 muscle fibres than type-1 fibres (Nielsen et al., 2007). 

Taken together, it would appear that elevated systemic IL-15 appearance may be restricted to a 

window immediately post-exercise and that there may be a unique time course for the 

appearance of plasma and muscle IL-15 markers. 

 IL-15 and Skeletal Muscle Hypertrophy. Myosin-heavy chains are a structural component 

of myosin, one of the contractile proteins found in skeletal muscle sarcomeres (Caiozzo, 2012). 
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The accretion of contractile protein is crucial for skeletal muscle hypertrophy (Schoenfeld, 

2010). Both human and animal models have shown that IL-15 stimulates myosin-heavy chain 

accumulation in fully differentiated myocytes (muscle cells) (Furmanczyk & Quinn, 2003; 

Quinn, Haugk, & Grabstein, 1995). The hypertrophic effect of IL-15 appears distinct from that of 

IGF-1 (Quinn et al., 1995). IGF-1 stimulates the proliferation and differentiation of myoblasts 

(myofiber precursor cells) but not fully differentiated myocytes whereas IL-15 appears to act in 

the opposite manner (Furmanczyk & Quinn, 2003). To confirm, in vitro analysis of IL-15 in 

combination with IGF-1 revealed an increased hypertrophic effect when compared to a saturated 

dose of IGF-1 alone. These results suggest IL-15 plays not only a distinct role in skeletal muscle 

hypertrophy, but also provides an additive effect when combined with IGF-1 (Quinn et al., 

1995). 

Table 1.3 Plasma IL-15 Responses to Various Exercise. 

 
Study N Modality Protocol Findings 

Tamura et al. (2011) 13 males (untrained) Acute AE 

Ex: treadmill 

running  

Grade: N/A 

Time: 30 mins 

Intensity: 70% age-

predicted HRMax 

Serum IL-15 

significantly 

increased 10 minutes 

post-exercise. 

 

Pre: 1.72 pg/mL 

Post: 1.92 pg/mL 

Nielsen et al. (2007) 8 males (untrained) Acute RE 

Ex: leg press and 

knee extensions 

L: 70-80% 1RM 

V: 4 x 6-14 

R: 90 sec 

No significant 

increase in plasma 

IL-15 (time points 6, 

4, or 48 hours post 

exercise). 

Riechman et al. 

(2004) 

123 males & females 

(untrained) 
Acute RE 

Ex: 13 exercises, full 

body  

L: 80% 1RM 

V: 3 x 6-10 

R: 30 sec 

Plasma IL-15 

significantly 

increased 

immediately post 

exercise  

 

Pre: 1.68 pg/mL 

Post: 1.75 pg/mL 

Note: RE = resistance exercise, AE = aerobic exercise, Ex = exercise, L = load, V = volume (sets 
x repetitions), R = rest, pg = picogram. 
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1.2.7 Decorin.  

Exercise-induced decorin. Decorin is a proteoglycan found in the extracellular matrix. It 

serves as a myokine which is released by skeletal muscle contraction (Kanzleiter et al., 2014). 

An acute bout of moderate intensity resistance training has been shown to produce a significant 

elevation in plasma decorin immediately post-exercise in trained males. Subsequent 

measurements showed a rapid decline in plasma decorin back to baseline. The degree of 

elevation in plasma decorin was also positively correlated to the amount of strength used on the 

leg-press exercise (Kanzleiter et al., 2014).  

Decorin and Skeletal Muscle Hypertrophy. Expression of myostatin is known to 

negatively regulate skeletal muscle hypertrophy (Lee, 2004). In vitro analysis has shown that 

decorin binds to myostatin in a zinc-dependent manner (Guiraud, Wittenberghe, Georger, 

Scherman, & Kichler, 2012; Miura et al., 2006). Confirming this, a follow-up experiment 

utilized murine myogenic cells cultured in a proliferation medium. Researchers placed an insert 

coated with an inert collagen gel containing either myostatin, decorin, or myostatin and decorin 

into the proliferation medium. After incubation, the number of cells cultured with the myostatin 

insert was significantly less than the number of cells cultured without myostatin. Furthermore, 

the number of cells cultured with the insert containing myostatin and decorin was significantly 

greater than with myostatin alone, and significantly less than the cells cultured with decorin 

alone or in control settings (Miura et al., 2006). In vivo murine models have also indirectly 

assessed the effect of decorin on downstream targets of myostatin. Results showed that 

experimentally- induced overexpression of decorin reduces the suppression of known 

downstream targets of myostatin, further indicating the role decorin plays on inhibiting 
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myostatin (Kanzleiter et al., 2014). Altogether, these findings suggest that the interaction of 

decorin with myostatin acts to supress the inhibitory action of myostatin on muscular growth. 

Table 1.4 Plasma Decorin Response to Resistance Exercise . 

Study N Modality Protocol Findings 

Kanzleiter et al. 

(2014) 
10 males (trained) Acute RE 

Ex: 8 exercises, full 

body 

L: 80% 1RM 

V: 3 x 8 

R: 3 min 

Plasma decorin 

significantly 

increased 10 minutes 

post-exercise. 

 

1.3 fold increase 

over baseline. 

Note: RE = resistance exercise, AE = aerobic exercise, Ex = exercise, L = load, V = volume (sets 
x repetitions), R = rest, pg = picogram. 

 

1.3 Statement of Problem 

The underlying mechanisms behind the hypertrophic response to BFR-RT have not been fully 

elucidated (Scott et al., 2015). While recent research has implicated several myokines in skeletal 

muscle hypertrophy pathways, no studies have been conducted on the systemic myokine 

response to BFR-RT (Furmanczyk & Quinn, 2003; Kanzleiter et al., 2014; Mitchell et al., 2013). 

To date, there is a sparse body of literature examining the cytokine response to BFR-RT; 

however, these studies are restricted to IL-6 and are utilizing its appearance in systemic 

circulation as an indicator of inflammation rather than as a myokine (Karabulut et al., 2013; 

Patterson et al., 2013; Takarada et al., 2000). Therefore, the purpose of this study was to 

determine whether or not blood flow restricted exercise modifies the appearance of systemic 

myokines IL-6, IL-15, and decorin by comparing the difference in systemic myokine appearance 

between acute bouts of low-intensity, blood flow restricted, and high-intensity knee extensions. 
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1.4 Hypotheses 

The application of blood flow restriction has been shown to be the primary variable involved in 

stimulating hypertrophic mechanisms when utilizing low-load resistance training protocols 

typically not known to produce such effects (Fry et al., 2010; Laurentino et al., 2012; Takarada et 

al., 2004). Therefore, this project will have three primary hypotheses. These hypotheses include: 

1) The BFR-RT intervention will produce a statistically significantly greater appearance of 

the systemic myokine interleukin-6 measured 1-hour post-exercise when compared to a 

non-restricted LI-RT intervention. 

2) The BFR-RT intervention will produce a statistically significantly greater appearance of 

the systemic myokine interleukin-15 measured immediately post-exercise when 

compared to a non-restricted LI-RT intervention. 

3) The BFR-RT intervention will produce a statistically significantly greater appearance of 

the systemic myokine decorin measured immediately post-exercise when compared to a 

non-restricted LI-RT intervention. 

These hypotheses are based on the following rationale. Interleukin-6 has been shown to increase 

in systemic circulation at one hour post-exercise following a BFR-RT intervention (Takarada et 

al., 2000). Furthermore, interleukin-6 has been shown to be an essential mediator of myogenic 

stem cell activity (Serrano et al., 2008) and BFR-RT has been shown to stimulate the 

proliferation and integration of myogenic stem cells following training interventions (Nielsen et 

al., 2012). Thus, it is hypothesized that a BFR-RT intervention will produce a statistically 

significantly greater appearance of the systemic myokine IL-6 measured 1-hour post-exercise 

when compared to a non-restricted LI-RT intervention. 
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Interleukin-15 has been shown to stimulate the accumulation of myosin-heavy chains in fully 

differentiated myogenic cells (Furmanczyk & Quinn, 2003). Myosin-heavy chain accumulation 

is an essential component of increasing skeletal muscle hypertrophy (Schoenfeld, 2010), of 

which, BFR-RT has been shown to produce to a greater extent than LI-RT. Thus, it is 

hypothesized that a BFR-RT intervention will produce a statistically significantly greater 

appearance of the systemic myokine IL-15 measured immediately post-exercise when compared 

to a non-restricted LI-RT intervention. 

Decorin has been shown to acutely increase in the systemic circulation immediately following 

resistance training interventions (Kanzleiter et al., 2014). Further, decorin has been shown to 

antagonize myostatin, blocking its activity on myogenic cells (Miura et al., 2006). Thus, in 

conjunction with data showing that BFR-RT results in reduced myostatin gene expression found 

in muscle biopsies taken post-exercise (Laurentino et al., 2012), it is hypothesized that a BFR-

RT intervention will produce a statistically significantly greater appearance of the systemic 

myokine decorin measured immediately post-exercise when compared to a non-restricted LI-RT 

intervention.  
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CHAPTER 2 – METHODS 

This study utilized a randomized crossover design in which participants were randomly assigned 

to one of three conditions. These conditions were acute bouts of LI-RT, BFR-RT, or HI-RT. 

Participants then completed one training condition per week (over the course of three successive 

weeks) in randomized order until all three training conditions had been completed.  

2.1 Participants 

Participants recruited for the study were young men (age 18-35 years) with at least one year of 

resistance training experience. For the purposes of this study, resistance training experience can 

be defined as 2-4 bouts of resistance training per week, utilizing a loading scheme of 70-85% 

1RM with 1-3 sets per exercise, 6-12 repetitions per set, and rest periods between 1-2 minutes 

(Ratamess et al., 2009). This decision was made to assist in providing a more homogenized 

training response than in untrained populations, which have been shown to be quite variable 

(Ratamess, 2008). Furthermore, increases in muscular strength and hypertrophy have been 

produced in athletic and resistance trained populations undergoing BFR-RT interventions 

(Lowery et al., 2014; Luebbers, Fry, Kriley, & Butler, 2014); thus, in an effort to isolate the BFR 

exercise condition as the primary variable, resistance trained individuals were be selected for this 

project. Finally, the participant age range was selected to minimize potential age-related 

differences in proposed skeletal muscle hypertrophy mechanisms; for example, muscle protein 

synthetic rate and endocrine responses have been shown to be blunted in older populations when 

compared to younger populations (Kraemer & Ratamess, 2005; Kumar et al., 2009). 

2.1.1 Sample Size Calculation. A sample size analysis was completed to determine an 

appropriate number of participants. With α set to 0.05, β set to 0.90, and data on the appearance 
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of systemic IL-6 in response to an acute bout of BFR-RT from Takarada et al. (2000), a sample 

size of 9 participants was calculated to provide adequate statistical power. With an estimated 

attrition rate of 50%, a projected total of 14 subjects were required for recruitment. Currently, no 

data exists regarding the systemic appearance of IL-15 or decorin in response to acute bouts of 

BFR-RT. Thus, the power calculation utilizing data on the systemic appearance of IL-6 in 

response to an acute bout of BFR-RT was used for the remaining two myokines.  

2.1.2 Inclusion and Exclusion Criteria. Participants in the study were required to have 

at least one year of resistance training experience.  

Participants must not have engaged in any form of blood flow restricted exercise within one 

month of the present study to ensure adequate detraining from potential hypertrophic BFR-RT 

stimulus (Kubo, Ikebukuro, Yata, Tsunoda, & Kanehisa, 2010; Yasuda, Loenneke, Ogasawara, 

& Abe, 2015). Furthermore, participants must have abstained from resistance training their lower 

body for at least 48 hours prior to all required exercise sessions. Additionally, all participants 

must have been cleared for exercise via completion of a “PAR-Q+” questionnaire (Appendix C). 

Participants were excluded if they presented with any musculoskeletal injury or limitation which 

would have interfered with correct placement of the blood flow restriction apparatus or 

completion of exercise. Participants were also to be excluded if they were currently taking non-

steroidal anti-inflammatory drugs (NSAIDs) or any potentially anti-inflammatory supplements 

(e.g. omega-3 fatty acid or curcumin supplements) (Appendix D). Finally, participants were 

excluded if they presented with hypertension, had used tobacco regularly within the last six 

months, or had risk factors for cardiovascular disease, heart disease, lower limb vascular 
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conditions, or an ABPI ratio of <0.9 (as calculated by dividing measured ankle blood pressure by 

brachial blood pressure). 

2.2 Procedures 

 

Figure 2.1 Visual Depiction of Blood Flow Restricted Knee Extensions via KAATSU. 
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2.2.1 Blood Flow Restriction via KAATSU. During the BFR-RT intervention, 

participants were fitted with KAATSU air-band cuffs (KAATSU Nano; KAATSU-Global, 

Huntington Beach, CA, USA) to facilitate appropriate blood flow restriction during exercise. 

These cuffs come in three different sizes based upon optimized fitting for specific thigh girths. 

Each cuff is approximately 5 cm wide with adjustable tightness via Velcro fastening. Restrictive 

pressure was controlled in real time by an automated touch-screen mobile device. These cuffs 

also contain an inflatable pneumatic air pressure bag which controls pressure changes as 

required. Further, each air-band can be controlled independently and may confer restrictive 

pressure up to 400 mmHg. In the case of participant discomfort or desire to withdraw from the 

intervention, the KAATSU air-bands could be rapidly deflated via touch-screen control or 

through quick removal of Velcro attachments. 

2.2.2 Familiarization and 1RM Testing. Participants underwent a familiarization and 

one repetition maximum (1RM) testing session at least 72 hours prior to the first resistance 

training bout. Participants rested quietly in a supine position for 10 minutes before having their 

resting heart rate (RHR) and both brachial and ankle blood pressures measured (Omron Series 7 

Model BP761CAN, Omron Corporation, Lake Forest, IL, USA). Blood pressure measurements 

were taken twice and the mean of the two measurements used as their resting blood pressure. 

Participant ABPI was calculated by dividing their ankle blood pressure by their brachial blood 

pressure. Participants were screened out if they presented with an ABPI of <0.9.  

Participants then had their height measured via stadiometer (Seca 222, SECA, Chino, CA, USA), 

weight measured via electric scale (Seca 813, SECA, Chino, CA, USA), waist circumference and 

thigh girths measured via tape measure (MasterCraft Fibreglass Tape Measure, Canadian Tire 

Corporation, Toronto, ON, CAN), and body fat percentage measured via bioelectrical impedance 
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analysis (BIA) (Quantum II, RJL Systems Inc., Clinton Township, MI, USA) before being issued 

their first dietary intake log (Appendix E). 

Participants were then allowed to familiarize themselves with the cycle ergometer to be utilized 

during all intervention arms (Precor UBK 385, Precor Inc., Woodinville, WA, USA). Once 

participants were confident in cycle ergometer use, they were allowed to warm-up for 10 minutes 

at 50% of their heart rate reserve (HRR). Participant heart rate reserve was calculated by using 

the age-predicted maximum heart rate (APMHR) Karvonen formula utilizing the resting heart 

rate (RHR) acquired during initial heart rate and blood pressure measurements. 

 

Karvonen Equation: 

HRR = (([APMHR] – RHR) * %Intensity) + RHR (Jeffreys, 2008; Reuter & Hagerman, 2008). 

 

Participant water intake proceeded ad libitum. Upon completion of the general warm-up, 

participants were instructed on how to perform a bilateral knee extension exercise (Precor 

DPL0560, Precor Inc., Woodinville, WA, USA). The knee extension exercise had been selected 

for this project for two primary reasons. Previous research has shown that exercises involving 

more muscle mass (legs rather than arms) elicit a greater physiological response to BFR-RT than 

exercises with less muscle mass (Madarame et al., 2010). To further delineate between favouring 

hamstrings or quadriceps during exercise selection, consideration was given to their skeletal 

muscle architecture and the overall goal of the research project. The quadriceps is a pinnate 

muscle and is therefore more optimally designed for force generation than the fusiform 
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hamstrings; furthermore, the quadriceps may allow for an overall higher degree of muscle fibers 

to be activated during exercise due to their higher physiological cross-sectional area relative to 

the hamstrings (Lieber, 2010; McComas, 1996). 

 Once participants were confident in bilateral knee extension technique, the National Strength 

and Conditional Association’s 1RM testing protocol (Appendix F) was administered to 

determine participant 1RM on the bilateral knee extension exercise. 

Next, participants were instructed on application and correct implementation of blood flow 

restriction techniques. During the familiarization session, application of KAATSU air-band 

technology was permitted but no exercise ensued in order to maintain the novelty of the training 

response during subsequent interventions. While seated in the bilateral knee extension machine, 

estimated arterial occlusion pressure was calculated by incrementally increasing air-band 

restrictive pressure at the thigh until the ankle pulse (via palpation) is no longer detectable 

Finally, a complete overview of experimental procedures took place to allow participants to fully 

understand all arms of the study. 

2.2.3 Resistance Training Bouts.  

Table 2.1 Exercise Intervention Details. 

Intervention Load Repetitions Rest 
Applied 

Pressure 

LI-RT 30% 1RM 75 (30,15,15,15) 30 seconds 0 mmHg 

BFR-RT 30% 1RM 75 (30,15,15,15) 30 seconds 200 mmHg 

HI-RT 80% 1RM 28 (7,7,7,7) 60 seconds 0 mmHg 

Note: Exercise tempo proceeded with a 1-second concentric, 0 second pause, and 1-second 
eccentric pace as assisted by metronome. 
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Figure 2.2 Timeline of Participant Intervention: Participation proceeded as indicated left to 
right. 

 

BFR-RT. Participants arrived at the testing facility where they sat quietly for 5 minutes 

before having their heart rate and brachial blood pressure measured via automated blood pressure 

device. Blood pressure measurements were taken twice, the mean of which was utilized for all 

required calculations. Participants completed a general warm-up by riding a cycle ergometer for 

10 minutes. Warm-up intensity was set to 50% of individual participant’s HRR calculated via the 

age-predicted Karvonen formula.  

Participant water intake proceeded ad libitum. Upon completion of a general warm-up, the 

KAATSU air-bands were applied to the most proximal portion of the participant’s thighs. 

Restrictive pressure during exercise was set to approximately 50% of the participant’s estimated 

arterial occlusion pressure (Scott et al., 2015). Immediately prior to exercise, the air-bands were 

inflated to approximately 50 mmHg and held for 20 seconds. They were then released for 5 

seconds before being re-inflated to 100 mmHg for another 20 seconds. Beyond 100 mmHg, this 

pattern of inflation and deflation continued in even increments until four total waves had taken 
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place and the total restrictive pressure applied had reached 50% of the participant’s estimated 

arterial occlusion pressure as determined during familiarization. Restrictive pressure then 

remained set at 50% of the individual participant’s estimated arterial occlusion pressure in order 

to properly stimulate vascular restriction but not occlusion during the forthcoming exercise bout. 

This process was designed to promote vascular dilation prior to the initiation of exercise.  

Participants then completed a bout of bilateral knee extension exercise following a 1:0:1 

(concentric, pause, eccentric) exercise tempo. Exercise tempo was assisted via metronome 

(iPhone Application “Pro Metronome”, EUMLab, Hangzhou, China). The exercise bout included 

one set of 30 repetitions followed by three additional sets of 15 repetitions with 30 seconds of 

rest allotted between sets. Based upon recent review (Scott et al., 2015), it has been observed that 

optimal BFR-RT loading schemes fall between 20-40% 1RM for improving muscular 

hypertrophy and strength. Therefore, total load was set to 30% 1RM as measured during the 

familiarization session. As participant criteria included at least one year of resistance training 

experience, an increased loading percentage helped ensure an adequate stimulus was provided 

for the intervention. The KAATSU air-bands remained inflated for the duration of the exercise 

bout (including rest periods) and were released immediately upon completion of the prescribed 

exercise bout. 

 LI-RT. The LI-RT intervention replicated the procedures utilized during the BFR-RT 

intervention, the only difference is that no blood flow restriction took place. The KAATSU air-

bands were applied to the most proximal portion of the participant’s thighs but remained deflated 

for the duration of the intervention in order to act as a control. 
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HI-RT. The HI-RT intervention once again replicated the same procedures as found 

during the BFR-RT intervention; however, the exercise parameters were modified to reflect a 

high-intensity setting. The KAATSU air-bands were applied to the most proximal portion of the 

participant’s thighs and remained deflated in order to act as a control. The exercise bout included 

four sets of 7 repetitions with 1 minute of rest allotted between sets. Total load was set to 

80%1RM as measured during the familiarization session. These exercise parameters had been 

selected in order to most accurately adhere to the ACSM’s guidelines for skeletal muscle 

hypertrophy training while also attaining the closest possible approximation of total work-

volume equitability between all exercise interventions. 

2.2.4 Blood Sampling and Analysis. Participants had blood samples drawn immediately 

pre-exercise, immediate post-exercise, 1-hour post-exercise, and 24-hours post-exercise during 

each intervention arm. A certified phlebotomist drew approximately 10 ml of blood from the 

antecubital vein using a venous blood collection needle. Blood was drawn into a vacutainer 

coated with ethylenediaminetetraacetic acid (EDTA). Next, collected samples were centrifuged 

for 15 minutes at 4°C and 3000 RPM. Upon completion, separated plasma from EDTA tubes 

was aliquoted using a transfer pipette and placed into a microtube. The microtubes were placed 

in a -80°C storage freezer and remained there until analysis. 

 

Figure 2.3 Timeline of One Study Arm: Indicated times are relative to the exercise 

intervention. 
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Blood samples were analysed in duplicate for plasma IL-6, IL-15, and decorin content by 

utilizing an enzyme-linked immunosorbent assay (ELISA) technique specific to manufacturer’s 

instruction (Human IL-6 ELISA Kit KHC0061, Thermo Fisher Scientific, Waltham, WA, USA; 

Human IL-15 Quantikine ELISA Kit D1500, R&D Systems Inc., Minneapolis, MN, USA; 

Human Decorin ELISA Kit EHDCN, Thermo Fisher Scientific, Waltham, WA, USA). In 

general, the ELISA technique involves a “sandwich” approach. A 96 well-plate is produced 

already coated with capture antibodies specific to the molecule of interest. Plasma samples, 

control samples and standards are added to each well and incubated to allow antibody-sample 

interaction. This interaction allows the capture antibodies to bind to the molecule of interest. The 

wells are washed several times after the interaction period to clear any unattached sample or 

debris. A secondary antibody which has been conjugated to an enzyme is added to each well. 

This second antibody also binds to the molecule of interest during another incubation period. A 

chromogenic substrate is then added to each well. This substrate is specific to the enzyme 

conjugated to the second antibody; the substrate-enzyme interaction then generates a color 

change in the well-plate. Thus, a greater quantity of the molecule of interest will produce a 

greater color change. The degree of color change is then quantified via microplate wavelength 

absorbance analysis. It is compared to data generated from a standard curve produced by 

absorbance measurements from the standardized well-plate concentrations (Gleeson & Bosch, 

2013). 

2.2.5 Dietary Tracking. Participants completed a three-day food diary for each arm of 

the crossover design (Appendix E). Dietary tracking encompassed the duration of each resistance 

training day (until completion of the 24-hour post blood draw) and the two days prior. In an 

effort to maintain dietary control, participants were instructed to replicate their 24-hour dietary 
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intake from the first resistance training session for the second and third (crossover) sessions. 

Replication of dietary intake was used to control for any potential ergogenic or anti-

inflammatory effects found in participant meals. As consumption of certain foods / supplements 

are known to provide anti-inflammatory characteristics (Maroon & Bost, 2006), 24-hour 

replication assisted normalizing the potential dietary influence on myokine response between the 

three interventions.  

Creatine monohydrate and beta-alanine are popular ergogenic aids utilized in the resistance 

training community. Long term creatine monohydrate supplementation has been shown to 

provide an increased capability for resistance training individuals to perform high intensity 

exercise with regard to strength / power output and total work capacity (repetitions before 

failure). These benefits are credited to potentially increased muscle PCr and ATP re-synthesis 

during exercise (Buford et al., 2007). Similarly, beta-alanine is a rate-limiting substrate in the 

endogenous production of carnosine. Carnosine acts as an intramuscular proton buffer during 

exercise thereby slowing exercise-induced acidosis. Beta-alanine supplementation appears to be 

most beneficial during high intensity exercise bouts lasting between 60-240 seconds (Trexler et 

al., 2015). As the prescribed BFR-RT bout lasted approximately 150 seconds, during which the 

blood flow mediated inter-set recovery was blunted, participants may have benefited from beta-

alanine supplementation. Thus, in an effort to interpret any potential variability between 

individual performances in BFR-RT bouts, participants were asked to declare whether or not 

they were currently supplementing with creatine monohydrate and/or beta-alanine. 

Finally, participants were instructed to abstain from alcohol, caffeine, or other stimulant 

consumption for at least 8 hours prior to the familiarization and resistance training sessions. 
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Participants were also asked to abstain from exercise until completion of the 24-hour post-

exercise blood draw. 

2.3 Statistical Analysis 

A two-factor (group x time) repeated measures analysis of variance (ANOVA) was used to 

determine significant within-group differences for each dependant variable. A p-value of ≤0.05 

was used to determine significance. A post hoc Bonferroni adjustment was made to the p-value 

based upon the number of comparisons to be made if statistically significant differences were 

found. All calculations were made using Statistica Academic version 13 (StatSoft, Tulsa, OK, 

USA) statistical analysis software.  
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CHAPTER 3 – RESULTS 

3.1 Participant Characteristics 

Ten participants were recruited for the study with nine completing all three arms of the crossover 

design. One participant was forced to drop out due to an unexpected adverse reaction to blood 

drawing procedures (mild light headedness / dizziness); thus, analysis was completed on data 

from the remaining nine participants and statistical powering requirements were met. Participants 

underwent a familiarization and 1-repetition maximum (1RM) testing session where their resting 

heart rate, resting brachial and ankle blood pressures, height, weight, waist circumference, body 

fat percentage, thigh girth, and 1RM in the knee extension exercise were measured. Participant 

body fat percentage has been subsequently removed from analysis as the readouts appeared to be 

inaccurate (unreasonably high). This inaccuracy can be attributed to flawed application of the 

measurement device by the primary investigator. A summary of participant characteristics can be 

seen in table 3.1. 

Table 3.1 Participant Descriptive Characteristics. 

Characteristic Mean ± SD Range 

Age (years) 25.78 ± 3.56 20 — 30 

Height (m) 1.75 ± 0.07 1.63 — 1.86 

Weight (kg) 79.74 ± 8.82 68.4 — 91 

Waist Circumference (cm) 84 ± 4.85 76 — 91 

BMI (kg/m2) 25.93 ± 2.22 22.3 — 28.9 

RHR (bpm) 57.56 ± 5.25 50 — 64 

Brachial Systolic BP 120.11 ± 12.15 97 — 131 

Ankle Systolic BP 136 ± 7.45 123 — 148 

ABPI 1.14 ± 0.10 1.01 — 1.30 

Knee Extension 1RM (lbs) 254.44 ± 47.40 215 — 370 

Note: BMI = Body mass index, RHR = Resting heart rate, BP = Blood pressure, ABPI = Ankle 
brachial pressure index (ankle systolic BP / brachial systolic BP), 1RM = 1-repetition maximum. 
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3.2 Exercise Interventions 

During familiarization, all participants reached the maximum pressure capability of the 

KAATSU air bands (400 mmHg) without experiencing complete vascular occlusion. Thus, all 

participants underwent BFR-RT trials at 50% of the maximum pressure capability of the 

KAATSU air-bands (200 mmHg). 

All participants successfully completed the set and repetition requirements for each trial. Total 

load, sets, and repetitions required for the HI-RT trial were designed in such a way as to fall 

within recommended hypertrophy training parameters (Ratamess et al., 2009) while also 

providing within-subject equated total volume between all exercise trials. In an effort to maintain 

dietary control, all participants were asked to replicate their dietary intake for the 24-hour period 

encompassing each exercise intervention until the completion of the 24-hour post-exercise blood 

draw. 

3.3 Blood Analysis Results 

Blood samples were thawed and analyzed for plasma concentrations of interleukin-6, interleukin-

15, and decorin via enzyme-linked immunosorbent assay (ELISA). Individual ELISA kit data 

readouts can be found in appendix I. 

3.3.1 Interleukin-6. Analysis of blood samples for plasma concentrations of IL-6 showed 

no detectable levels of IL-6 for any participant during any intervention or time point. This 

conclusion was confirmed by generating a standard curve of known concentrations of IL-6 to 

compare our collected blood plasma samples against.  



44 

 

3.3.2 Interleukin-15. Analysis of blood samples for plasma concentrations of IL-15 

showed no statistically significant condition (F = 0.0495, p = 0.9518), time (F = 0.6468, p = 

0.5875), or condition by time (F = 0.4580, p = 0.8370) effects. 

 

Figure 3.1 Plasma Interleukin-15 Concentrations: Mean ± SD of plasma IL-15 concentrations 
at all time points by intervention group. LI-RT is represented by the red line (circles), BFR-RT is 

represented by the green line (squares), and HI-RT is represented by the blue line (triangles). 
Concentration values are reported in pg/mL. No significant effects were observed. 
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3.3.3 Decorin. Analysis of blood samples for plasma concentrations of decorin showed a 

statistically significant time (F = 12.0221, p = 0.0000) but no condition (F = 0.0082, p = 0.9918) 

or condition by time (F = 0.5958, p = 0.7327) effect. A Bonferroni post-hoc test was applied and 

indicated that measurements taken immediately post-exercise were significantly greater than 

measurements taken immediately pre-, 1-hour post-exercise, and 24-hours post-exercise. No 

significant differences were found for any other time point. 

 

Figure 3.2 Plasma Decorin Concentrations: Mean ± SD of plasma decorin concentrations at 
all time points by intervention group. LI-RT is represented by the red line (circles), BFR-RT is 

represented by the green line (squares), and HI-RT is represented by the blue line (triangles). 
Concentration values are reported in pg/mL. A significant time effect was observed, but no group 
or group by time effects were observed. 

  

Pre Post Post-1 Post-24 

0

500

1000

1500

2000

2500

3000

3500

4000

P
la

sm
a
 D

e
co

ri
n
 (

p
g
/m

L
) 

LI-RT BFR-RT HI-RT



46 

 

Table 3.2 Numerical Data for Systemic Myokine Concentrations. 

Variable 
Pre-training 

(Mean ± SD) 

Post-training 

(Mean ± SD) 

1 hour post-

training 

(Mean ± SD) 

24 hours post-

training 

(Mean ± SD) 

LI-RT IL-15 

(pg/mL) 
0.78 ± 0.69 0.78 ± 0.65 0.72 ± 0.69 0.76 ± 0.65 

BFR-RT IL-15 

(pg/mL) 
0.65 ± 0.54 0.73 ± 0.59 0.67 ± 0.63 0.74 ± 0.73 

HI-RT IL-15 

(pg/mL) 
0.83 ± 0.68 0.81 ± 0.70 0.77 ± 0.66 0.76 ± 0.62 

LI-RT Decorin 

(pg/mL) 

2016.10 ± 

1250.94 

2195.20 ± 

1362.85 

2117.57 ± 

1387.60 

1895.50 ± 

1182.22 

BFR-RT 

Decorin 

(pg/mL) 

1901.19 ± 

1144.05 

2121.24 ± 

1189.63 

1996.01 ± 

1196.53 

1909.76 ± 

1187.80 

HI-RT Decorin 

(pg/mL) 

1939.47 ± 
1142.65 

2237.72 ± 
1446.64 

1983.09 ± 
1323.87 

1883.66 ± 
1090.47 

Note: SD = standard deviation. 

The systemic appearance of IL-15 and decorin had unique patterns of response for each 

individual. For convenience, the individual participant response for each myokine and exercise 

intervention has been placed in Appendix J. As seen in this appendix, plasma concentrations for 

three participants in the IL-15 and decorin analysis respectively appear to have noticeably 

different results than the rest. These differences appear to be contained to a single ELISA plate 

per myokine. Determination of myokine concentrations via ELISA technique were performed by 

analyzing plasma samples from three complete participants (all interventions and time points) 

per ELISA plate. As such, the discrepancies appear to be plate-wide errors in which the results 

from three participants were affected while the other six participants were not. Upon closer 

inspection of the ELISA data, these results may have occurred due to an imperfection in the 

standard curves generated for the given plates. An under-prediction may have occurred for the 
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aforementioned subjects of the IL-15 samples and an over-prediction may have occurred for the 

subjects of the decorin samples. In response, a percentage-change calculation was performed on 

the decorin results and indicated that despite this potential inflation, on a percentage-change 

scale, the observed time-effect (but no condition or condition by time effect) remained intact. A 

post-hoc Bonferroni adjustment once again confirmed the results. Unfortunately this same 

calculation could not be performed for the IL-15 results as the under-predicted values reported as 

zero values (no detectable concentrations). The overall implication of these finding is that the 

observed magnitude of myokine concentrations (expressed as mean ± SD) may have been 

affected, potentially under or overstating the average IL-15 or decorin concentration 

respectively. The percentage-change calculation performed on the decorin results showed that its 

statistically significant time effect remained intact; however, the same could not be said for 

whether or not the IL-15 results may have been modified as the same calculation could not be 

performed. 
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CHAPTER 4 – DISCUSSION 

The primary purpose of the study was to measure whether or not adding a BFR condition to an 

acute bout of low-intensity knee extensions would modify the systemic myokine appearance of 

interleukin-6, interleukin-15, and decorin. Participants underwent three separate acute resistance 

training bouts; one low-intensity condition without blood flow restriction (LI-RT), one low-

intensity condition with blood flow restriction (BFR-RT), and one high-intensity condition 

without blood flow restriction (HI-RT). LI-RT and HI-RT conditions were included in the 

project to serve as negative and positive controls respectively. A total of nine (n = 9) male 

participants between the ages of 18-35 with at least one year of resistance training experience 

were included in the study. They performed each of the three aforementioned resistance training 

bouts in randomized order with approximately one week between each session. The primary 

outcome variable was the comparison of systemic myokines interleukin-6, interleukin-15, and 

decorin in response to each resistance training bout. Measurement of the outcome variables took 

place by analyzing blood samples taken at time points immediately pre-, immediately post-, one 

hour post-, and 24 hours post-exercise. 

This project had three primary hypotheses. 

1) A BFR-RT intervention will produce a statistically significantly greater appearance of the 

systemic myokine interleukin-6 measured 1-hour post-exercise when compared to a non-

restricted LI-RT intervention. 

2) A BFR-RT intervention will produce a statistically significantly greater appearance of the 

systemic myokine interleukin-15 measured immediately post-exercise when compared to 

a non-restricted LI-RT intervention. 
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3) A BFR-RT intervention will produce a statistically significantly greater appearance of the 

systemic myokine decorin measured immediately post-exercise when compared to a non-

restricted LI-RT intervention. 

In contrast, this project showed: 

1) No observable data was found for the appearance of the systemic myokine interleukin-6 

at any time point for any intervention. 

2) No statistically significant differences were observed between LI-RT and BFR-RT 

interventions for IL-15 measured immediately post-exercise. 

3) No statistically significant differences were observed between LI-RT and BFR-RT 

interventions for decorin measured immediately post-exercise. 

Interpretation of these findings can be assisted by acknowledging the limitations of the 

measurement tools utilized by this project, comparing data from this project to that of previous 

research, and discussing the pleiotropic nature of each myokine. 

4.1 Interleukin-6 

Despite hypothesizing that a statistically significantly greater appearance of interleukin-6 found 

in systemic circulation would be seen in response to a BFR-RT trial when compared to a LI-RT 

trial measured 1-hour post-exercise, no circulating levels of interleukin-6 were detected across 

any time point for any intervention. 

The primary hypothesis for IL-6 was based heavily on previous literature establishing this 

response (Takarada et al., 2000). In the cited literature, participants of similar characteristics to 

those found in this project underwent an acute bout of blood flow restricted knee extensions. One 
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of the major differences is that the cited literature utilized five sets of exercise in which each set 

was taken to volitional fatigue; in contrast, this project utilized a submaximal protocol (four non-

failure sets). While there were detectable levels of IL-6 found during all time points of the 

Takarada et al. (2000) study, these measurements only spanned concentrations of approximately 

0.3 pg/mL - 1.2 pg/mL. The ELISA kit utilized during this project was as high sensitivity as 

available, however, the lower limit of detectability for the assay was ambiguously described as 

<2 pg/ml. It is possible; therefore, that a similar level of IL-6 was present in plasma samples of 

both studies but that the blood analysis tool utilized by this project was not capable of detecting 

them. This can be supported by the fact that the positive control (HI-RT), in which we would 

expect to find an IL-6 response, also could not breach the detectability limit of the assay. 

Under the assumption that there was an IL-6 response that our measurement tool simply could 

not detect; consideration would also need to be given to the aforementioned difference in 

exercise protocol administered by each study. Particularly, special care must be given to 

interpreting the Takarada et al. (2000) study which utilized an acute bout of BFR-RT with 

participants performing five sets to volitional fatigue (Takarada et al., 2000). In contrast, the 

advent of literature designed to optimize administration of BFR-RT provided guidance on 

designing the sub-maximal training protocol for this project (Scott et al., 2015). The volitional 

fatigue and submaximal exercise disparity may have played a role in any hypothetical 

differences of systemic IL-6 release during the two projects. To clarify, recent literature has 

suggested that training protocols taken to volitional fatigue may confer equivocal levels of 

skeletal muscle hypertrophy regardless whether high or low load was utilized (Mitchell et al., 

2012). Using this knowledge, one may posit that the physiological underpinnings of hypertrophic 

adaptation may also experience equivocal responses when training is taken to volitional fatigue. 
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Therefore, interpretation of the Takarada et al. (2000) study may have been muddied by 

confounding the BFR training stimulus with their volitional fatigue protocol. Underlining this 

point, the control condition utilized in the Takarada et al. (2000) study performed volume-

matched, but not failure-matched, non-blood flow restricted knee extensions and subsequently 

observed a non-significant change in circulating levels of IL-6. 

An alternative possibility is that this project did not produce a significant increase in circulating 

levels of IL-6. One explanation is that production of a systemic IL-6 response of sufficient 

magnitude for detection may have been hindered by the level of control exhibited by this project. 

IL-6 is known as a myokine with a robust potential for systemic release in response to exercise 

(Peake et al., 2015); however, a systemic IL-6 response is also greatly impacted by exercise 

mode and duration. It has been shown that increasing the amount of muscle mass involved in an 

exercise bout, increasing the total duration of exercise, and increasing the overall exercise 

intensity may greatly amplify the total systemic release of IL-6 (Febbraio & Pedersen, 2002). 

Moreover, it has been noted that IL-6 is only released from the specific contracting skeletal 

muscle involved during exercise (Febbraio & Pedersen, 2002). In an effort to target the 

application of blood flow restriction as the only modified variable, utilization of an isolation 

exercise and single muscle group for this project may have reduced the overall likelihood of 

observing a systemic IL-6 response. For example, when comparing knee extensions to a more 

dynamic exercise such as running, it has been shown that a bout of knee extensions may release a 

dramatically lower (or nearly undetectable) amount of IL-6 into the systemic circulation 

(Febbraio & Pedersen, 2002). 

The pleiotropic nature of myokines adds further speculation into the interpretation of any 

potential findings. As intercellular messengers, myokines are released in response to stimuli in 
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order to produce an appropriate response. Contextualizing the exercise stimulus, target tissue, 

and the measurement type of the myokine sample may change the interpretation of its role 

(Peake et al., 2015). For example, IL-6 has been shown to be an essential mediator of satellite 

cell activity (Serrano et al., 2008); however, it has also been linked to AMPK in a potential role 

as an energy sensor (Nielsen & Fischer, 2007; Pedersen, 2012). This project is analyzing the 

myokine response to BFR-RT in an effort to understand the underlying mechanism(s) of the 

hypertrophic adaptation is produces. While plasma levels of IL-6 have been correlated to those 

found in muscle, a more direct indicator of whether or not satellite cell activity has been 

increased in response to BFR-RT induced IL-6 would be through analyzing muscle biopsy 

(Mckay et al., 2009). Even though this project was not able to produce data regarding the 

systemic release of IL-6 in response to BFR-RT, care should be taken when attempting to 

determine if IL-6 would have been fulfilling the role of a satellite cell mediating myokine or that 

of one of its various other functions due to the nature of an indirect measurement (blood plasma 

and not muscle biopsy). To use the Takarada et al. (2000) experiment as a reference point, the 

minor increase in circulating IL-6 produced by that study may have been indicative of the energy 

crisis induced by the BFR stimulus and multiple exercise sets performed to fatigue (stimulating 

AMPK), but not necessarily an indicator of satellite cell activity (Takarada et al., 2000). 

4.2 Interleukin-15 

Despite hypothesizing that a statistically significantly greater appearance of interleukin-15 found 

in systemic circulation would be seen in response to a BFR-RT trial when compared to a LI-RT 

trial measured immediately post-exercise, no statistically significant differences were observed. 
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The study design of this project sought to isolate the blood flow restricted condition as the 

primary variable of interest between exercise interventions. The high-intensity and low-intensity 

controls were employed to assist in the interpretation of any potential differences in the systemic 

appearance of IL-15. An acute bout of knee extensions was selected in order to control for total 

volume between interventions; however, it is possible that this reductionist mindset limited the 

possibility of observing a statistically significant change in circulating IL-15 due to minimized 

exercise volume. Previous literature on the topic has shown variability in the systemic 

appearance of IL-15 in response to different exercise volumes and modalities. Riechman and 

colleagues observed a statistically significant increase in plasma IL-15 following a full body 

(non-blood flow restricted) resistance training regimen. This protocol included thirteen exercises 

completed for three sets of 6-10 repetitions at approximately 80% 1RM (Riechman et al., 2004). 

In contrast, Nielsen and colleagues did not observe any change in plasma IL-15 following a 

resistance exercise protocol designed specifically to fatigue the quadriceps muscle. This protocol 

(also non-blood flow restricted) employed four sets of leg press and knee extension exercises at 

approximately 80% 1RM, with a goal of reaching complete exhaustion by the end of each set. 

Despite the fact that this study employed a second lower body exercise when compared to our 

own and also elected to train to volitional fatigue, there was no observation of increased IL-15 in 

the systemic circulation (Nielsen et al., 2007). Finally, Tamura and colleagues observed an 

increase in circulating levels of IL-15 in response to aerobic exercise. This protocol required 

each participant to complete 30 minutes of treadmill running at 70% of their age-predicted heart 

rate maximum (Tamura et al., 2011). These collective findings seem to indicate that full-body 

exercise and higher total workloads may stimulate the appearance IL-15 to a greater extent than 

that of the isolated resistance training provided by our interventions. 
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Recent additions to the IL-15 literature have also begun to propose alternative roles for the 

myokine. While early (in vitro) research seemed to indicate that IL-15 may act as a potential 

anabolic agent on fully differentiated myocytes (Furmanczyk & Quinn, 2003), updated reviews 

from the same lab group have challenged their previous conclusions (Pistilli & Quinn, 2013). To 

further examine the effects of IL-15 in vivo, a transgenic mouse line was developed. This mouse 

line was bred to overexpress IL-15 in the systemic circulation and muscle tissue with an 

improved signaling peptide sequence. Compared to control littermates, the transgenic mouse line 

exhibited higher levels of both intramuscular and circulating IL-15 in addition to a reduced level 

of visceral and subcutaneous fat. Their findings indicated that the difference in circulating levels 

of IL-15 were necessary for the impact on adipose tissue observed between the two mouse lines 

(Pistilli & Quinn, 2013). Furthermore, while the transgenic mouse line did possess a higher lean 

mass percentage than control animals, this was not due to an increase in absolute lean tissue; 

rather, it appeared that a reduced overall body fat percentage observed in the transgenic mouse 

line was the mediating factor (Pistilli & Quinn, 2013). Additional human studies have indicated a 

weak negative correlation between IL-15 and obesity (regression coefficient = -12.4; R2 = 0.05) 

(Nielsen et al., 2008). Supporting studies have also indicated that IL-15 plays a role in inhibiting 

lipogenesis and increasing lipolysis after exogenous administration in mouse models (Ye, 2015). 

Altogether, the alternative roles posited by these studies in conjunction with the differences in 

systemic appearance observed between exercise protocols suggests that exercise volume 

thresholds may be required to stimulate a measureable systemic release of IL-15. This may be 

due differences in the effects that IL-15 has within muscle tissue and systemic circulation. As 

such, consideration must also be given to the implications of measuring the systemic appearance 

of IL-15 on its potential role in skeletal muscle hypertrophy. Primary supporting evidence of IL-
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15 acting in anabolic fashion has been derived from in vitro studies; however, more recent in 

vivo studies have begun to suggest a different role entirely. This project is exploring the potential 

for myokines to play a role in the skeletal muscle hypertrophy response to BFR-RT; however, 

unlike IL-6, no evidence currently exists for a correlation between systemic and locally measured 

IL-15. Since the potential anabolic actions of IL-15 would need to be measured at the level of 

muscle tissue, measurements taken from systemic circulation may not provide an accurate 

depiction of its action. This limits the interpretation of IL-15 as an indirect measurement. 

4.3 Decorin 

Despite hypothesizing that a statistically significantly greater appearance of decorin found in 

systemic circulation would be seen in response to a BFR-RT trial when compared to a LI-RT 

trial measured immediately post-exercise, no statistically significant differences were observed. 

In vivo data of resistance exercise induced decorin is sparse. A similar pattern of decorin release 

was observed in this project as was previously established by Kanzleiter et al. (2014). Both 

experiments showed a statistically significant increase in plasma decorin measured immediately 

post-exercise which rapidly declined towards baseline within the first hour of recovery 

(Kanzleiter et al., 2014). The magnitude of change was greater in the cited literature (an 

approximate 30% increase in circulating decorin over baseline) measured immediately post-

exercise when compared to this project (approximately 10-15% increase); however, the overall 

exercise volume was substantially greater as well. Kanzleiter and colleagues utilized seven 

exercises designed to train the full body. Each exercise was performed with three sets of eight 

repetitions and approximately 75-80% 1RM (Kanzleiter et al., 2014). By contrast, this project 

utilized only one exercise (knee extensions) with exercise parameters (sets, repetitions, and load) 
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prescribed for the specific intervention type (LI-RT, BFR-RT, or HI-RT). One could hypothesize 

that given similar training volume, a similar magnitude of decorin released into the systemic 

circulation would be observed. As Kanzleiter and colleagues were performing moderate-high 

intensity resistance exercise in a non-blood flow restricted setting; their findings are most 

relatable to the positive control utilized during this project (HI-RT). Given that this project 

observed no statistical difference in decorin release between interventions, it is possible that 

resistance exercise of various intensities may confer a similar decorin release. Finally, Kanzleiter 

and colleagues observed a correlation (r2 = 0.44) of decorin release and total weight utilized in 

the leg press exercise; however, the difference in observations between these two experiments in 

conjunction with the equated-volume used between interventions in this project suggest that 

overall training volume or muscle mass involvement may also be an indicator of the magnitude 

of decorin release (Kanzleiter et al., 2014). 

Decorin was chosen as a myokine of interest in this project due to its association with myostatin 

inhibition. It has been shown that both aerobic and resistance exercise can downregulate 

myostatin mRNA expression (Hittel et al., 2010; Louis, Raue, Yang, Jemiolo, & Trappe, 2007) 

indicating that various exercise modalities and intensities may inhibit its effects. Furthermore, 

previous literature exploring the effect of BFR-RT on myostatin has established that both chronic 

BFR-RT and HI-RT produce a similar downregulation of myostatin mRNA after 8 weeks of 

resistance training whereas LI-RT does not (Laurentino et al., 2012). It is noteworthy; therefore, 

that acute bouts of LI-RT, BFR-RT, and HI-RT produced statistically similar increases in 

circulating levels of decorin during this project. This underscores the difficulty of interpreting the 

impact of systemically measured decorin on myostatin expression without measuring both within 

the same project. 
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Expanding on the previous section, the observation of resistance exercise-induced decorin being 

released into systemic circulation is an indirect measure when considering the role decorin is 

purported to play. Reduced myostatin influence on skeletal muscle hypertrophy is assumed to 

take place, at least in part, due to the binding of decorin to myostatin in response to resistance 

exercise. However, one cannot simply assume that where an increase in systemic decorin exists, 

a downregulation of myostatin influence at the muscular level will occur. What is actually being 

observed in this project is a measurement of decorin not bound to myostatin and not detected at 

the correct location of influence (skeletal muscle). While this measurement may indicate that 

decorin was indeed produced by contracting skeletal muscle in response to resistance exercise 

(as there was an overall systemic increase pre-to-post exercise); specifically, this observation 

would be of the residual, non-bound, decorin. It is difficult, therefore, to determine the actual 

magnitude of release or influence this exercise-induced decorin may have had on myostatin. 

Future research should focus on measurements of decorin and myostatin located specifically at 

the muscle to get a better indication of decorin’s magnitude of release and efficiency of action. 

In summary, a novel finding of this project is that blood flow restricted resistance training does 

in fact produce an increase in the myokine decorin detected within systemic circulation 

immediately post-exercise. While it is possible that decorin plays some role in the hypertrophy 

response induced by BFR-RT, the lack of significant differences observed between interventions 

within this project indicates that decorin variability may not be a differentiating factor between 

their hypertrophic responses.  
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4.4 Study Limitations 

This project utilized a statistical calculation in order to determine the adequate participant 

number needed to meet statistical powering demands. One limitation of the project is that the 

participant calculation was completed utilizing data on the systemic appearance of IL-6 in 

response to an acute bout of BFR-RT. To the best of our knowledge no studies have been 

completed on the systemic appearance of IL-15 or decorin in response to BFR-RT, thus, the 

participant requirements to power for IL-6 were subsequently utilized for the project. This may 

have weakened the statistical power of the project and exposed it to an increased likelihood of 

committing a type-2 error (false-negative) with respect to IL-15 and decorin.  

The controls utilized during the project call into question the generalizability of the findings. In 

an effort to isolate the blood flow restricted condition as the single modified variable between 

exercise interventions, this project may have limited the transferability of the findings to a more 

realistic “real-world” scenario. For instance, it is highly unlikely that a resistance trained male 

would only perform an acute bout of blood flow restricted knee extensions as a part of their 

resistance training routine. It is much more likely that the technique would be woven into a much 

larger total volume of exercise. In this case, there may be a difference in the myokine response of 

a BFR-RT bout occurring after a specified quantity of resistance exercise as opposed to in strict 

isolation. Furthermore, the choice of utilizing a resistance trained participant to produce a more 

homogenized outcome response may have also limited the findings. There may be a unique 

pattern of myokine response over the spectrum of resistance training statuses (untrained, 

intermediate, and well-trained). Each level of resistance training experience may confer a volume 

threshold in order to stimulate the myokine response, and/or, a difference in the overall 

magnitude of myokine response. 
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Sensitivity of the available blood analysis tools also limits the ability to accurately interpret the 

results of this project. Analysis of IL-15 and decorin yielded measureable results; however, both 

the previously established literature (Takarada et al., 2000) and the concentration of IL-6 found 

within blood samples of this project appear to have fallen below the sensitivity capabilities of our 

ELISA kit. This means that interpretation of the systemic response of IL-6 is purely theoretical 

based on current literature and the expected response to BFR-RT from prior experiments. 

Furthermore, one ELISA plate for IL-15 and decorin respectively appeared to have an 

imperfection within their standard curves. While data analysis for decorin appeared to be 

unaffected, the analysis of our IL-15 results may have been modified and thereby reduced the 

chance of detecting any statistically significant results. 

 This project sought to utilize all available literature in order to design exercise protocols which 

would limit potential confounders and optimize the employed method of BFR-RT. Recent 

reviews have indicated that approximately 40-50% of an individual’s estimated arterial occlusion 

pressure appears to be an optimal BFR-RT pressure stimulus (Scott et al., 2015). During 

familiarization however, all participants reached the maximum external pressure application 

capabilities of the KAATSU Mini system (400 mmHg). It has been theorized BFR-RT may act 

through a hormesis effect, whereby, a potentially harmful stimulus when given at high doses 

(blood flow restriction) may actually be beneficial at lower doses (Loenneke, Thiebaud, Abe, & 

Bemben, 2014). Following this theory, an inappropriately high external pressure may be 

detrimental while lower pressures may be sub-optimal. As all participants reached the maximum 

pressure capacity of the KAATSU Mini without experiencing vascular occlusion, it is impossible 

to determine what percentage of their estimated arterial occlusion pressure was actually applied 

during exercise, or, if this pressure fell within the optimal range. 
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A critical limitation of this study is that analysis of blood samples acts as an indirect measure for 

the outcome(s) of interest. The overall narrative of this project is to understand the capacity for 

low-intensity blood flow restricted resistance training to produce a similar skeletal muscle 

hypertrophy adaptation when compared to more classically prescribed (moderate-vigorous) 

exercise parameters. Limited funding and available equipment for this project influenced the 

decision to analyze blood samples instead of muscle biopsy. The pleiotropic nature of myokines 

confers a potential for vastly different effects given a local or systemic environment of action. 

This severely limits the interpretation of this project and calls for future research to explore a 

similar study design with the primary analysis coming by way of muscle biopsy.  
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CHAPTER 5 – CONCLUSION 

The results of this project indicate that an acute bout of blood flow restricted resistance training 

does not modify the systemic appearance of myokines interleukin-6, interleukin-15, or decorin 

when compared to low-intensity and high-intensity control conditions; however, a novel finding 

of this study is that LI-RT, BFR-RT, and HI-RT appear to stimulate a similar increase in plasma 

concentrations of the myokine decorin measured in the systemic circulation immediately post-

exercise. 

5.1 Implications for Future Research 

Given the degree of control employed by this study in addition to its aforementioned limitations, 

the following suggestions may be of use for future projects on the topic. 

First, future research should utilize muscle biopsy techniques for the detection of myokines 

potentially linked with the hypertrophic adaptations associated with BFR-RT. Given the 

pleiotropic nature of many myokines, a local measurement would provide critical insights into 

their function. 

Second, future projects should seek to determine any differences in myokine response to BFR-

RT between trained and untrained individuals. Recommendations for skeletal muscle 

hypertrophy training changes as the individual gains resistance training experience (Ratamess et 

al., 2009). It is possible that the underlying mechanisms driving skeletal muscle hypertrophy 

(such as myokines) may also change as the individual gains experience. Insights into differences 

observed across the spectrum of resistance training experience may assist in prioritization of 

BFR-RT for different training populations. 
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Finally, future research should endeavour to integrate BFR-RT into a more realistic training 

regimen and track any difference of myokine response therein. It would be extremely unlikely to 

find an intermediate or advanced trainee utilizing an acute bout of BFR-RT as their entire upper 

or lower body training routine. Furthermore, BFR-RT has been shown to stimulate strength and 

hypertrophy in well-trained individuals (Lowery et al., 2014; Luebbers et al., 2014). Given these 

findings, research should attempt to determine whether any hypothetical differences in myokine 

response are still relevant when an increased training volume is accounted for.  
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Characteristic Hormone Myokine 

Molecule Type(s) Polypeptide, steroid, 
eicosanoid 

Polypeptide, protein 

Receptor Type(s) Membrane bound, cell nucleus Membrane bound, soluble 

(plasma) 

Receptor Location & 

Function 

Target cell; distinct (lock and 

key) 

Target cell, plasma; 

homologous 

Produced By Specialized endocrine organs Skeletal muscle 

Site(s) of Action Autocrine, paracrine, 

endocrine 

Autocrine, paracrine, 

endocrine 

Mode of Action Second messenger, nuclear-

binding / gene transcription 

Second messenger 

Effect(s) Specific to hormone (limited 

effects) 

Pleiotropy, synergy & 

redundancy 
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APPENDIX B – Myokine Research Summary 
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Myokine Study Data Type Relevant Findings 

Interleukin-4 
(IL-4) 

Horsley, Jansen, 

Mills, & Pavlath 
(2003) 

In vitro (murine) 

IL-4 appears to 
promote muscle 

growth via 
recruitment & fusion 
of myoblasts to 

existing myotubes. 
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Myokine Study Data Type Relevant Findings 

Interleukin-6 

(IL-6) 

Serrano et al. (2008) 
In vitro / vivo 

(murine) 

IL-6 appears to be an 
essential mediator of 

satellite cell 
proliferation and 
migration. 

Begue et al. (2013) In vivo (murine) 

Resistance exercise 

activates satellite cell 
proliferation. 

 
Acute exercise 
elevates IL-6 mRNA 

(2 & 6 hours post-
exercise) in muscle 

biopsy samples. 

Toth, Mckay, Lisio, 
Little, & Tarnopolsky 

(2011) 
In vivo (human) 

Muscle damaging 
(lengthening) 
contractions increased 

IL-6 serum content by 
200% at 24 hours post 

exercise. 
 
Co-observation of 

satellite cells with IL-
6 peaked at 3 hours 

post-exercise and 
remained significantly 
elevated at 24 hours 

post-exercise. 
 

Muscle biopsy IL-6 
mRNA peaked at 3 
hours post-exercise (↑ 

~150 fold from 
baseline) and 

remained elevated at 
24 hours post (~80-
fold). 

Mckay et al. (2009) In vivo (human) 

Systemic levels of 

circulating IL-6 are 
highly correlated to 

muscular (mRNA) 
levels in response to 
lengthening 

contraction resistance 
training (r2 = 0.89). 
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Myokine Study Data Type Relevant Findings 

Interleukin-7 
(IL-7) 

Haugen et al. (2010) 

In vitro (human) 

IL-7 observed in 
cultured human 

myotubes. 
 
IL-7 increases in a 

time dependent 
manner with cell 

culture incubation. 
 
IL-7 concentration 

increased during 
satellite cell 

differentiation into 
myotubes and may be 
involved in satellite 

cell migration. 

In vivo (human) 

Muscle biopsy IL-7 
mRNA expression 

enhanced by 
resistance training 
interventions. 
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Myokine Study Data Type Relevant Findings 

Interleukin-15 

(IL-15) 

Quinn et al. (1995) 

In vitro (murine) 

 

IL-15 stimulated 
myosin-heavy chain 

expression ~5-fold in 
cultured myoblasts vs. 
control. 

 
IL-15 appears to 

affect fully 
differentiated 
myocytes. 

In vitro (bovine) 

IL-15 stimulated 

MHC expression 
~2.5-fold in cultured 

myoblasts vs. control. 
 
Confirms IL-15 

appears to affect fully 
differentiated 

myocytes and acts 
independently / in 
addition to IGF-1 

Furmanczyk & Quinn 

(2003) 
In vitro (human) 

Cell cultures exposed 

to recombinant IL-15 
at day-2 (post-

differentiation) of 
incubation showed a 
dose-influenced 

increase in MHC 
accretion when 

compared to control 
and cells exposed at 
day-0. 

Riechman et al. 

(2004) 
In vivo (human) 

Plasma IL-15 

increases significantly 
in response to acute 

resistance exercise 
(~80% 1RM, 3 sets of 
6-8 repetitions, 30s of 

rest). 

Nielsen et al. (2007) In vivo (human) 

Muscle biopsy IL-15 
mRNA is more highly 

expressed in muscles 
dominated by type-

two muscle. 
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Myokine Study Data Type Relevant Findings 

Decorin 

Guiraud et al. (2012) In vitro (human) 

Decorin binds to 
myostatin in a zinc-
dependent fashion. 

 
Inhibition of 

myostatin is seen in a 
dose-dependent 
decorin-dependent 

fashion. 

Kanzleiter et al. 
(2014) 

In vivo (murine) 

4-weeks of resistance 
training significantly 

increased basal 
muscle biopsy decorin 
mRNA. 

In vivo (human) 

Acute resistance 

exercise stimulates the 
systemic appearance 

of decorin in human 
subjects. 

Miura et al. (2006) In vitro (murine) 

Decorin binds to 
myostatin in a zinc-

dependent fashion. 
 

Decorin appears to 
inhibit the negative 
effects of myostatin 

on myogenic cells. 
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Myokine Study Data Type Relevant Findings 

Irisin 
Huh, Dincer, Mesfum, 
& Mantzoros (2014) 

In vitro (human) 

FNDC5 (Irisin 
precursor) appears to 

be dramatically 
upregulated when 
myocytes are 

differentiating into 
myotubes. 

 
Irisin appears to 
upregulate later in the 

process (day 8 into 
incubation). 

 
Exogenous dosing of 
Irisin upregulated 

secretion of IGF-1 
and downregulated 

myostatin expression 
in a dose-dependent 
manner. 

 
Irisin’s effects appear 
to be mediated 

through p38 MAPK / 
ERK pathways, not 

AKT. 
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Myokine Study Data Type Relevant Findings 

Leukemia Inhibiting 

Factor 
(LIF) 

Spangenburg & Booth 
(2002) 

In vitro (murine) 

C2C12 cultures 
incubated with LIF 

resulted in ~ 3-fold 
increase in cell-count 
and ~2-fold increase 

in satellite cell 
proliferation vs. 

control. 
 
LIF induced a rapid 

and transient increase 
in JAK2 / STAT3 on 

satellite cells. 

Broholm & Pedersen 

(2010) 

In vivo (human) 
 

LIF mRNA 
expression increased 
~4.5 fold in muscle 

biopsy taken 
immediately post-

exercise, 1.5 hours 
and 3 hours post-
exercise (cycle 

ergometer) when 
compared to control. 

 
LIF did not increase 
in plasma samples. 

 

In vitro (human) 

Primary human 
myocytes treated with 

ionomycin induced 
~3.4-fold increase in 
LIF mRNA vs. 

control. 
 

LIF protein was also 
increased significantly 
compared to control. 
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APPENDIX C – PAR-Q+ 
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APPENDIX D – Anti-Inflammatory Guide 
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Please refrain from ingesting the following dietary supplements and/or over-the-counter drugs as 
they may affect the myokine response. We request that you continue to avoid these items for the 

duration of the study. 

 

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) 

 
1) Ibuprofen 

a. Advil 
b. Motrin 

c. Robax Platinum 

2) Naproxen Sodium 

a. Aleve 

3) Acetylsalicylic Acid (ASA) 
a. Aspirin 

b. Asaphen 

c. Entrophen 

d. Novasen 

4) Diclofenac 
a. Voltaren 

b. Voltaren Emulgel 
c. Voltaren Emulgel Joint Pain 

 

Dietary Supplements 

 

1) Omega-3 Fatty Acid / Fish Oil Tablets 

2) Turmeric and/or Curcumin 

 

If you are unsure if any over-the-counter drugs, foods, or dietary supplements may act in an anti-
inflammatory fashion or contain any of the ingredients in the above lists, feel free to contact the 

principle investigator for clarification. All inquiries may be directed via e-mail to 
umbugere@myumanitoba.ca. 
 

Thank you! 
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APPENDIX E – Dietary Intake Log 
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APPENDIX F – NSCA 1RM Test Protocol 
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NSCA 1RM Test Protocol 

1) Instruct the athlete to warm up with a light resistance that allows 5-10 repetitions. 

2) Provide a one-minute rest period. 

3) Estimate a warm-up load that will allow the athlete to complete three to five repetitions 

by adding: 

a. 10-20 pounds (4-9 kg) or 5%-10% for upper body exercise or 

b. 30-40 pounds (14-18 kg) or 10%-20% for lower body exercise. 

4) Provide a two-minute rest period. 

5) Estimate a conservative, near-maximal load that will allow the athlete to complete two to 

three repetitions by adding: 

a. 10-20 pounds (4-9 kg) or 5%-10% for upper body exercise or 

b. 30-40 pounds (14-18 kg) or 10%-20% for lower body exercise. 

6) Provide a two- to four-minute rest period. 

7) Make a load increase: 

a. 10-20 pounds (4-9 kg) or 5%-10% for upper body exercise or 

b. 30-40 pounds (14-18 kg) or 10%-20% for lower body exercise. 

8) Instruct the athlete to attempt a 1RM. 

9) If the athlete was successful, provide a two- to four-minute rest period and go back to 

step 7. 

If the athlete failed, provide a two- to four-minute rest period, and then decrease the load by 

subtracting: 

a) 5-10 pounds (2-4 kg) or 2.5% to 5% for upper body exercise or 

b) 15-20 pounds (7-9 kg) or 5% to 10% for lower body exercise. 

AND then go back to step 8. 

Continue increasing or decreasing the load until the athlete can complete one repetition with 

proper exercise technique. Ideally, the athlete’s 1RM will be measured within three to five 

testing sets (Baechle, Earle, & Wathen, 2008). 
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110 

 

Informed Consent 
 
Research Project Title: The Myokine Response to an Acute Bout of Blood Flow 

Restricted Exercise. 
 
Principal Investigator and contact information:  Eric Bugera (principal investigator), 

Faculty of Kinesiology and Recreation Management, University of Manitoba, phone 204-

290-9014, email: umbugere@myumanitoba.ca 
 

Research Supervisor and contact information: Dr. Stephen Cornish (thesis advisor), 

Faculty of Kinesiology and Recreation Management, University of Manitoba, phone: 
204-474-9981 or 204-381-7296, email: Stephen.cornish@umanitoba.ca 

 
This consent form, a copy of which will be left with you for your records and reference, 

is only part of the process of informed consent. It should give you the basic idea of what 
the research is about and what your participation will involve. If you would like more 
detail about something mentioned here, or information not included here, you should 

feel free to ask. Please take the time to read this carefully and to understand any 
accompanying information.  

 
Purpose of the Study: Blood flow restricted exercise is a relatively new training 

method. Thus far, a complete explanation of how it produces increases in muscular 

hypertrophy does not exist. Cytokines are a universal signalling molecule found within 
the human body. Recent research has discovered that exercising skeletal muscle also 

releases cytokines (named “myokines”). It has been suggested that these myokines 
may play a role in the exercise-induced increases in muscular hypertrophy; however, 
there is no current data on whether or not blood flow restricted exercise stimulates the 

appearance of these myokines. Therefore, the purpose of this study is to determine 
whether or not blood flow restricted resistance training stimulates the release of 

myokines interleukin-6 (IL-6), interleukin-15 (IL-15), and decorin into the bloodstream. 
 
Procedures: This study will be using a randomized crossover design. This means that 

we will be asking you to complete three different training sessions which will occur in a 
randomized order.  

 
Once you have understood all outlined procedures and consented to voluntary 
participation in the research project (as indicated by signing this form), you will be given 

a screening questionnaire to determine whether or not it is safe for you to undergo the 
exercises required for this study.  

 
Next, you will undergo a familiarization session where we will measure baseline 
statistics (for example, height and weight, resting blood pressure etc.) in addition to 

testing your 1-repetition maximum (1RM) (the heaviest load that can be safely and 
correctly lifted) for the exercise to be used in this study.  
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You will then be assigned to one of three groups. These groups include high-intensity 
resistance training (HI-RT), blood flow restricted resistance training (BFR-RT), or low-

intensity resistance training (LI-RT). According to your group assignment, you will then 
complete the alternative training styles in the following weeks. 

 
1. During a familiarization session, resting heart rate, ankle, and brachial blood 

pressures will be measured. Additional measurements will include height, weight, 

body fat percentage, waist circumference, and thigh girth. You will also be 
familiarized with all training devices (a stationary bicycle, knee extension 

machine, and KAATSU blood flow restriction cuffs) in addition to completing a 1-
repetition maximum test for the knee extension exercise. Finally, we will 
determine the amount of external pressure (applied by the KAATSU cuffs) that 

will be required to restrict blood flow for the BFR-RT training session. This 
session will take approximately 1 hour to complete. 

 
2. A certified phlebotomist (someone certified in drawing blood) will draw 

approximately 10 ml (2 teaspoons) of blood at various time points surrounding 

each resistance training session. The first blood draw will occur immediately 
before exercise, the second blood draw will occur immediately after exercise, the 

third blood draw will occur 1-hour after exercise, and the fourth blood draw will 
occur 24-hours after exercise. Each blood draw will take approximately 5 minutes 
for a total of 20 minutes per training session. Since there are three different 

resistance training sessions, a total of 12 blood draws will occur during the study 
for a total time commitment of approximately 60 minutes. For convenience, it is 

recommended that you stay on site between blood draws #2 and #3. This will 
therefore attach an additional hour of time commitment to each intervention wing. 
The total time commitment for blood drawing procedures will be approximately 4 

hours. All blood draws will be conducted under sterile conditions. 
 

3. For the BFR-RT session, participants will warm up for approximately 10 minutes 
on our stationary bicycle. From here, we will apply the KAATSU blood flow 
restriction cuffs to the highest portion of the participant’s thighs. In an effort to 

promote blood vessel dilation below to the attached air-bands, immediately prior 
to exercise restrictive pressure will be applied and removed in wavelike fashion. 

Starting at 50 mmHg, participants will have blood flow restricted for 20 seconds 
and then released for 5 seconds. Pressure will then be reapplied at 100 mmHg 
for an additional 20 seconds before being released once again for 5 seconds. 

This pattern of inflation and deflation will continue from this point in even 
increments until four total waves have taken place and the total restrictive 

pressure applied has reached 50% of the participant’s estimated arterial 
occlusion pressure measured during familiarization. Restrictive pressure will then 
remain set at 50% of the individual participant’s estimated arterial occlusion 

pressure in order to properly stimulate blood flow restriction but not occlusion 
during the exercise bout. Once the KAATSU cuffs have been applied, 

participants will then undergo a low-intensity resistance training session involving 
four sets of knee extension exercises. The first set will include 30 repetitions and 
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the remaining three sets will include 15 repetitions. This session will utilize 30% 
of the participants 1RM for all sets. Participants will be given 30 seconds of rest 

between each set. Once the four sets are completed, blood flow restriction will be 
removed and the session will be finished. This session will take approximately 1 

hour to complete. 
 

4. For the LI-RT session, the same procedures as seen in the BFR-RT session will 

be replicated. The only difference between sessions will be that the LI-RT 
session will not use the KAATSU blood flow restriction cuffs during exercise. This 

session will take approximately 1 hour to complete. 
 

5. For the HI-RT session, the same procedures as seen in the BFR-RT and LI-RT 

sessions will be replicated; however, the exercise parameters will be changed to 
reflect high-intensity training. Participants will complete four sets of 7 repetitions 

utilizing 80% of their 1RM. Participants will be given 1 minute of rest between 
each set. This session will also not use the KAATSU blood flow restriction cuffs 
during exercise. This session with take approximately 1 hour to complete. 

 

The following is a step-by-step guide on what to expect during each study day. 
Assignment and completion of HI-RT, BFR-RT, and LI-RT days will occur in random 
order with the alternate interventions occurring in the following weeks. 

 

1) Familiarization and 1-RM testing (72 hours prior to any resistance training 
sessions) 

 

a. Informed consent completed and turned in 
b. PAR-Q+ (screening form) 

c. Blood pressure (ankle and brachial) and heart rate 
d. Height 
e. Weight 

f. Body fat percentage 
g. Waist circumference 

h. Thigh girth 
i. Familiarization (stationary bicycle, bilateral knee extension machine, 

KAATSU cuffs) 

j. Apply KAATSU blood flow restriction cuffs 
k. Estimated arterial occlusion pressure calculation (thigh) 

l. 1RM test 
 

2) BFR-RT 
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a. Resting blood pressure (brachial) and heart rate 
b. First blood draw 

c. General warm-up (stationary bicycle) 
d. Apply KAATSU blood flow restriction cuffs 

e. Perform wavelike pressure application 
f. Bilateral knee extension resistance training bout 
g. Second blood draw 

h. Third blood draw (1 hour later) 
 

Day 2 
 

i. Fourth blood draw (24 hours after resistance training bout) 

 
3) LI-RT 

 
a. Resting blood pressure (brachial) and heart rate 
b. First blood draw 

c. General warm-up (stationary bicycle) 
d. Bilateral knee extension resistance training bout 

e. Second blood draw 
f. Third blood draw (1 hour later) 

 

Day 2 
 

g. Fourth blood draw (24 hours after resistance training bout) 
 

4) HI-RT 

 
a. Resting blood pressure (brachial) and heart rate 

b. First blood draw 
c. General warm-up (stationary bicycle) 
d. Bilateral knee extension resistance training bout 

e. Second blood draw 
f. Third blood draw (1 hour later) 

 

Day 2 
 

g. Fourth blood draw (24 hours after resistance training bout) 
 

 
You will also be asked to complete three dietary intake logs (recording three 
consecutive days) to provide information on potential dietary influence on either 

exercise performance or myokine response which may occur. You will also be asked to 
replicate the exact dietary and supplementary intake from the first resistance training 

session for the second and third sessions. We will also be requiring participants to 
abstain from any non-steroidal anti-inflammatory drug use (NSAIDs) or consumption of 
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known supplements with anti-inflammatory properties (information to be provided) for 
the duration of the study as they may modify the myokine response. Finally, you will be 

asked to avoid consuming alcohol or caffeine for at least 8 hours prior to participation in 
any part of the study and to avoid vigorous resistance training of the lower body for at 

least 48 prior to any part of the study (up to and including the 24 hour blood draw). 
 
Benefits of Participation: Benefits you may receive from participation in this study 

include learning about a new training method and how to safely apply it to your own 
workout routines. 

 
Risks of Participation: Potential risks involved with participation in this study are 

minimal but present. All participants will be asked to complete bilateral knee extension 

exercise bouts which may pose a risk of muscle strain or tear. Furthermore participants 
will undergo a 1-repetition maximum testing protocol to determine the participant's 

maximal strength in the bilateral knee extension exercise. This test is by definition 
maximal effort and therefore will impose strenuous exercise conditions upon the 
participants. This risk will be minimized by using certified exercise professionals in all of 

the fitness testing procedures that are familiar with the protocols used for the tests. 
Similarly, the resistance training bouts themselves will be no more dangerous than 

performing any exercise normally selected during the participant's personal exercise 
routines. We are manipulating blood flow parameters during one resistance training 
bout. This training methodology has been shown to be safe and we will be employing 

many screening techniques to ensure anyone willing to participate is completely fit to 
undergo this style of training. While using blood flow restriction techniques during 

resistance training, common but minor side effects typically include light bruising or 
light-headedness. Complications outside of these minor side effects are extremely rare. 
Should participants feel uncomfortable performing any of the required tasks of this 

study, they will be allowed to withdraw consequence free at any time. Furthermore, they 
may ask to halt exercise at any time and blood flow restriction can be removed rapidly 

through many methods. Finally, there is also minor risk associated with the blood 
drawing process; again, these risks are typical of those found during any blood drawing 
procedure (such as blood donation). Risks may include light bruising or infection. These 

risks will also be minimized by employing a certified phlebotomist (a person certified to 
draw blood) and performing all blood drawing procedures under sterile conditions. All 

personnel associated with exercise and blood drawing procedures will be certified in 
first aid, CPR-C and AED training. They will also be within quick access of all first aid 
supplies should an adverse event occur. 

 
Confidentiality: Every effort will be made to keep personal information completely 

confidential. All data collected will be held securely in a locked office and locked cabinet 
for storage. We will also be assigning all participants with an encoding scheme to 
replace their name. This will be used for all documents and data collection forms. 

Furthermore, all participant names and identifying traits will be removed from study 
reports and will not be made available to anyone outside of the research team. All 

members of the research team (including hired phlebotomists) will also sign an oath of 
confidentiality. 
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Voluntary Withdrawal: Participation in this study is completely voluntary. Participants 

are free to withdraw from this study at any time point for any reason without explanation 
(including during exercise or blood drawing procedures). This may be accomplished by 

contacting the principal investigator (Eric Bugera) in person or via e-mail at 
umbugere@myumanitoba.ca. 
 
Research Dissemination: It is the intention to have the results of this study published 

in a scientific journal and/or presented at workshops or scientific conferences. In this 

case, all information will again be represented completely anonymously and appear as 
statistics. 
 
Summary of Results: Participants are entitled to a complete summary and brief 

explanation (approximately 1-3 pages) of the research results. Interested participants 

may attach their physical mailing address or email address to this consent form in order 
to receive either a physical or electronic copy of this information upon completion of the 
project. An estimated completion time is currently set to May 2017. 

 
Destruction of Confidential Information: All data will remain encoded and stored in a 

locked filing cabinet of a locked office building until such a time that all potential data 
analysis has been completed. Upon completion of this study, all physical copies of 
confidential data will be destroyed via an anonymous paper shredding company and all 

electronic copies of confidential data will be destroyed by formatting the storage hard 
drive. This process will occur no later than seven years after the completion of the 

project. Estimated date: May 2023. 
 
Your signature on this form indicates that you have understood to your satisfaction the 

information regarding participation in the research project and agree to participate as a 
subject. In no way does this waive your legal rights nor release the researchers, 

sponsors, or involved institutions from their legal and professional responsibilities. You 
are free to withdraw from the study at any time, and /or refrain from answering any 
questions you prefer to omit, without prejudice or consequence. Your continued 

participation should be as informed as your initial consent, so you should feel free to ask 
for clarification or new information throughout your participation. 

 
The University of Manitoba may look at your research records to see that the research 
is being done in a safe and proper way.  

 
This research has been approved by the Education/Nursing Research Ethics Board. If 

you have any concerns or complaints about this project you may contact any of the 
above-named persons or the Human Ethics Coordinator at 204-474-7122 or 
humanethics@umanitoba.ca. A copy of this consent form has been given to you to keep 

for your records and reference.  
 

Participant’s Signature ________________________ Date ____________  
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Researcher and/or Delegate’s Signature ___________________ Date _______ 

 

Mailing Address for Research Dissemination 

 

Physical Address: _______________________________________________________________ 

______________________________________________________________________________ 

Email Address: _________________________________________________________________ 
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APPENDIX I – ELISA Information 
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IL-6 Plate 1 
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IL-6 Plate 2 
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IL-6 Plate 3 
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IL-15 Plate 1 
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IL-15 Plate 2 
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IL-15 Plate 3 
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Decorin Plate 1 
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Decorin Plate 2 
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Decorin Plate 3 
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APPENDIX J –Plasma Myokine Concentration Data 
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Individual Participant Data Points for Plasma IL-15 Concentrations following LI-RT. 

Intervention Participant 
Pre-

intervention 
Post-

intervention 
1-hour post-
intervention 

24 hours 

post-
intervention 

LI-RT 

 

FB-338 0.00 0.00 0.00 0.00 

TS-641 1.88 1.65 2.07 1.74 

DH-010 0.00 0.00 0.00 0.00 

KW-306 0.77 0.87 0.54 0.58 

QI-724 0.00 0.00 0.00 0.00 

EZ-382 1.14 1.18 1.14 1.18 

YP-623 1.43 1.35 1.13 1.22 

OV-524 1.22 1.31 0.96 1.22 

NU-756 0.58 0.67 0.67 0.86 

Note: All values reported as pg/mL. 
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Individual Participant Data Points for Plasma IL-15 Concentrations following BFR-RT. 

Intervention Participant 
Pre-

intervention 
Post-

intervention 
1-hour post-
intervention 

24 hours 

post-
intervention 

BFR-RT 

FB-338 0.00 0.00 0.00 0.00 

TS-641 1.18 1.55 1.74 2.16 

DH-010 0.00 0.00 0.00 0.00 

KW-306 0.73 0.91 0.28 0.54 

QI-724 0.00 0.00 0.00 0.00 

EZ-382 1.18 1.23 1.14 1.04 

YP-623 1.22 1.04 1.00 0.77 

OV-524 1.00 1.13 1.13 1.39 

NU-756 0.58 0.72 0.72 0.72 

Note: All values reported as pg/mL. 

 

 

 

 

 

-1

-0.5

0

0.5

1

1.5

2

2.5

Pre Post Post-1 Post-24

P
la

sm
a 

IL
-1

5
 (

p
g/

m
L)

 

BFR-RT 

FB-338

TS-641

DH-010

KW-306

QI-724

EZ-382

YP-623

OV-524

NU-756



133 

 

Individual Participant Data Points for Plasma IL-15 Concentrations following HI-RT. 

Intervention Participant 
Pre-

intervention 
Post-

intervention 
1-hour post-
intervention 

24 hours 

post-
intervention 

HI-RT 

FB-338 0.00 0.00 0.00 0.00 

TS-641 1.79 1.92 1.88 1.74 

DH-010 0.00 0.00 0.00 0.00 

KW-306 0.96 0.82 0.77 0.87 

QI-724 0.00 0.00 0.00 0.00 

EZ-382 1.23 1.04 1.09 1.04 

YP-623 1.52 1.13 1.04 1.04 

OV-524 1.18 1.56 1.35 1.22 

NU-756 0.81 0.77 0.77 0.95 

Note: All values reported as pg/mL. 
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Individual Participant Data Points for Plasma Decorin Concentrations following LI-RT. 

Intervention Participant 
Pre-

intervention 
Post-

intervention 
1-hour post-
intervention 

24 hours 

post-
intervention 

LI-RT 

 

FB-338 1023.16 1174.60 1117.84 1107.92 

TS-641 3908.53 4458.92 4514.96 3725.50 

DH-010 941.03 1032.19 1138.96 1010.23 

KW-306 1396.37 1579.97 1264.51 1092.17 

QI-724 1074.37 1136.62 1403.82 966.84 

EZ-382 3744.35 3734.90 3983.20 3536.53 

YP-623 1554.48 1511.23 1287.58 1442.27 

OV-524 1199.15 1395.75 1104.52 1102.27 

NU-756 3303.52 3732.56 3242.73 3075.71 

Note: All values reported as pg/mL. 
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Individual Participant Data Points for Plasma Decorin Concentrations following BFR-RT. 

Intervention Participant 
Pre-

intervention 
Post-

intervention 
1-hour post-
intervention 

24 hours 

post-
intervention 

BFR-RT 

FB-338 1053.76 1386.80 1339.65 1181.18 

TS-641 3389.70 4087.73 3877.87 3971.12 

DH-010 933.94 1106.76 1007.42 870.87 

KW-306 1340.28 1592.47 1226.42 1232.25 

QI-724 975.13 1027.67 1158.50 1117.84 

EZ-382 3813.02 3499.62 3634.06 3314.82 

YP-623 1384.70 1547.98 1310.83 1183.58 

OV-524 1267.46 1420.47 1211.88 1231.67 

NU-756 2952.71 3421.64 3197.93 3084.55 

Note: All values reported as pg/mL. 
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Individual Participant Data Points for Plasma Decorin Concentrations following HI-RT. 

Intervention Participant 
Pre-

intervention 
Post-

intervention 
1-hour post-
intervention 

24 hours 

post-
intervention 

HI-RT 

FB-338 1140.75 1149.61 1230.22 1085.31 

TS-641 3949.41 5231.00 4277.77 3860.66 

DH-010 1079.55 1204.07 972.36 1048.64 

KW-306 1218.85 1448.52 1234.58 1185.88 

QI-724 1002.95 1035.58 926.31 1264.09 

EZ-382 2987.70 3385.15 3538.84 3080.13 

YP-623 1238.09 1601.06 1129.93 1291.15 

OV-524 1529.87 1660.60 1225.25 1188.76 

NU-756 3308.04 3423.92 3312.56 2948.34 

Note: All values reported as pg/mL. 
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