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Dissertation Chairperson: Darryn S. Willoughby, Ph.D. 

  

 

The purpose of this study was to define the impact a restricted breathing mask 

(RBM) has on performance variables, and genes impacted by the stressful nature of the 

RBM.  In a cross-over design, ten participants performed two separate testing sessions, 

RBM and No Mask, consisting of squat, leg press, and leg extension. Muscle samples 

were obtained at baseline, 3hr, 6hr, and 24hr post-exercise.  Blood samples were obtained 

at baseline, 30min, 3hr, 6hr, and 24hr post-exercise. From each muscle sample, 

glucocorticoid receptor-DNA (GR-DNA) binding and mRNA expression of Atrogin-1, 

Foxo1, MuRF1, MAFbx, Myostatin, and REDD1 was determined.  Two-way repeated-

measures analyses of variance (ANOVA) were performed (p ≤ 0.05) with condition and 

time as main effects. Paired-samples t test was utilized for session rating of perceived 

exertion (S-RPE).  There was a significant decrease in total repetitions during the RBM 

session (p = .001). A majority of the decrease in repetitions to failure occurred in the 

squat (p = .030) and in the leg press (p = .001), while no difference was observed in leg 

extension (p <=.214). There was a significant increase in S-RPE during the RBM session 

(p = .004). There was a significant increase in pre-stress (p = .007) and post-stress (.010) 



in the RBM session. No significant difference between mean HR between exercise 

sessions (p = .083). There was a significant decrease in pulse oximetry during the RBM 

session (p = .002). No significant interactions between session and time for Atrogin-1, 

Foxo1, MuRF1, MAFbx, Myostatin, and REDD1. There was no main effect for session 

for serum cortisol. There was a significant interaction between session and time for GR- 

DNA binding. For the RBM session, compared to baseline GR-DNA binding was 

significantly elevated at 3-hr (p = .007), 6-hr (p > .001), and 24-hr (p = .002) post-

exercise. The use of a RBM negatively impacted the amount of repetitions completed 

during an acute session of lower-body resistance training, but failed to affect serum 

cortisol or alter the expression of proteolytic genes.
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CHAPTER ONE 

 

Introduction 

 

 

The maintenance of skeletal muscle mass is the product of a net balance between 

muscle protein synthesis (MPS) and degradation. Any disruption to this net balance can 

promote muscle atrophy, due to issues such as muscle disuse, nutritional deficiencies, and 

hypoxia. Hypoxia occurs when oxygen demand exceeds supply and is a common 

occurrence during higher intensities of exercise, high altitude, anemia, and chronic 

obstructive pulmonary disease and can disrupt the net protein balance. Hypoxia-inducible 

factor- 1α (HIF-1α) is the master regulator of the transcriptional response to hypoxia and 

is the mechanism behind the hypoxic response at the molecular level (Berra, 2006). A 

decrease in the partial pressure of oxygen (PO2) due to hypoxia inhibits prolyl-

hydroxylase (PHD) activity, a known inhibitor of HIF-1α, which leads to the stabilization 

and dimerization of HIF-1α. This stabilization results in the expression of genes involved 

in various functions including angiogenesis, metabolic transition to anaerobic glycolysis, 

activation of proliferator-activated receptor gamma coactivator 1-alpha (PCG-1α), and 

cell motility and invasion (Koumenis and Wouters, 2006). HIF-1α has been hypothesized 

to be directly responsible for the decrease in protein synthesis during extended bouts of 

hypoxia, but to date the exact mechanism remains elusive. However, current indications 

are that HIF-1α and the mammalian target of rapamycin (mTOR) pathway, a key positive 

regulator of MPS, have been shown to regulate one another (Cam et al., 2010). 

Additionally, hypoxic conditions have been shown to inhibit mTOR through expression 
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of regulated in development and DNA damage responses 1 (REDD1) and the critical 

enzymatic regulator of energy balance, 5’ AMP-activated protein kinase (AMPK) 

(McGee and Hargreaves, 2010). 

In mouse embryonic fibroblasts, REDD1 was observed to strongly be up-

regulated in reaction to hypoxia in response to low oxygen concentration (Pison et al., 

1998). Furthermore, in rodents exposed to short-term hypoxic conditions, skeletal muscle 

atrophy occurred when compared to normoxic pair-fed rats. This effect could be 

associated to a significant induction of REDD1 and muscle atrophy box (MAFbx), 

suggesting an activation of proteasomal degradation could further contribute to a 

reduction in skeletal muscle mass (Gomes et al., 2001). D’Hulst et al., (2013) observed a 

similar response in up-regulation in REDD1 mRNA with four hours of passive exposure 

to hypoxia in untrained males. Altogether, these observations suggest that REDD1 could 

contribute to skeletal muscle atrophy via the inhibition of mTOR and the subsequent 

reduction of protein translation. In addition, inhibition of mTOR by REDD1 may also 

activate the ubiquitin protease system (UPS) through the mTOR complex 2-Akt-Foxo 

pathway (Favier et al., 2010). Further, current data suggest up-regulation of myostatin, 

induced by hypoxia, is linked to muscle proteolysis through inhibition of the Akt-mTOR 

pathway (Hayot et al., 2011). Although, it has been shown that mRNA expression levels 

of myostatin, MuRF1, and MAFbx/Atrogin-1 three hours post-occluded knee extensions 

(20% 1RM) was no different than exercise without occlusion (Drummond et al., 2008). 

Additionally, occluded low-load resistance exercise has produced down-regulated mRNA 

expression of MuRF1, Atrogin-1 and FOXO-3A, and no change in myostatin eight hours 

post-exercise, similar to what is observed in high-load resistance training (Manini et al., 
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2012). The results of this inhibition of the PI3K/Akt pathway, due to specific inhibition 

of the mTOR pathway, could further favor a net state of catabolism even in spite of 

potential stimuli (nutritional or mechanical) to induce MPS.  

Resistance exercise has been recognized as a stimulus for skeletal MPS and 

governed by the intracellular signaling pathway, PI3K/Akt-mTOR, and the cumulative 

effects of increased MPS over time can lead to muscular hypertrophic adaptations 

(Bodine et al., 2001; Koopman et al., 2006; Sandri, 2008). It has been suggested that 

exposure to hypoxic conditions could plausibly blunt the known hypertrophic responses 

of resistance exercise based on mTOR inhibition; although, the data is limited. Etheridge 

et al., (2011) examined resistance exercise in hypoxic conditions (inspired 12 % oxygen) 

utilizing unilateral knee extensions (6 x 8 at 70% 1RM) in untrained males. No up-

regulation in REDD1 was observed but overall MPS was reduced in the hypoxic 

condition, leading the authors to suggest a potential disassociation between MPS and 

mTOR in hypoxic conditions. Although, one limitation of the study was only examining 

mRNA levels at a single time point (3.5 hours post), potentially missing up-regulation of 

REDD1 mRNA which may have occurred earlier. In a similar design, an acute bout of 

hypoxic resistance exercise (knee extensions) was shown to induce elevations in growth 

hormone levels 30 minutes post-exercise, which could lead to hypertrophic responses 

over time based on up-regulation of mTOR (Kon, Ikeda, Homma, Akimoto, Suzuki, and 

Kawahara, 2010).  Although, the same investigation also observed elevated levels of 

cortisol 30 minutes post-exercise. The stimulation of glucocorticoids on muscle 

proteolysis are known to exert their catabolic actions by causing a decreased expression 

of IRS-1 proteins, which operate upstream in the PI3K/Akt/mTOR pathway (Fabian, 
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Taylor, Nguyen, 2016). Cortisol diffuses across the sarcolemma and binds to its 

glucocorticoid receptor, which subsequently becomes activated, translocates into the 

nucleus, binds with the glucocorticoid response element located in the regulatory 

promoter regions of various genes involved in muscle proteolysis, and induces 

transactivation of these genes inevitably resulting in muscle proteolysis (Taio et al., 

1996). Though unclear, the conflicting results within the Kon et al., (2010) study are due 

to only having one bout of resistance exercise, involving untrained individuals, and 

general stress response to hypoxia.  

Recently a popular exercise training device has been developed, which has been 

promoted by companies as an ergogenic aid, known as a restrictive breathing mask 

(RBM). The RBM is to be worn to simulate the effects that high altitude (hypoxia) has 

physiologically by limiting the level of oxygen intake. Granados et al., (2014) confirmed 

a RBM sufficiently induces a hypoxic breathing environment during treadmill exercise 

demonstrating an arterial saturation percentage (SpO
2 %) of 92 [similar to an elevation of 

3000 meters]. However, oxygen saturation via pulse oximetry during resistance exercise 

has yet to be investigated to establish hypoxia when using a RBM. Sellers et al., (2015) 

reported no improvement in Wingate performance measures or body composition in 

reserve officers training corps cadets after six weeks of mandatory physical training 

utilizing a training mask (versus a control group). Although, no blood or muscle markers 

were examined and the testing modality may not have been appropriate given standard 

military physical training does not include anaerobic cycling.  

This product could plausibly hinder known hypertrophic adaptations to resistance 

exercise adaptations at the molecular level based on the hypoxic environment induced by 
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wearing the RBM. To date, a majority of research has focused on repeated exposure to 

hypoxia in aerobic-based paradigms. Most hypoxic resistance exercise studies have 

typically employed local hypoxia induced by blood flow restriction training 

demonstrating an anabolic response (Abe, 2006; Abe, 2010; Beekley, 2005; Takarada, 

2000b; Yasuda, 2005). The few hypoxia studies using systematic normobaric hypoxia 

(~15% oxygen; ~ SpO
2 90%) have utilized untrained males and a lower-intensity 

resistance exercise stimulus involving a single exercise (Ho, Kou, Liu, Dong, and Tung, 

2014; Kon, Ohiwa, Honda, Matsubayashi, Ikeda, and Akimoto, 2014; Yan, Lai, Yi, 

Wang and Hu, 2016). No study to date has investigated the impact that a RBM has on 

hypoxia in response to a single bout of lower-body resistance exercise in resistance 

trained males on muscle performance measures, SpO
2 %, and biochemical and molecular 

mechanisms. Potentially wearing a RBM could cause a reduction in performance (i.e. 

total reps) which would result in a reduction in mechanical stimuli for up-regulation of 

mTOR. Conversely, if performance measures remained unchanged while wearing a 

RBM, the potential hypoxia induced, which is primarily thought to be detrimental for 

MPS at the molecular level due to HIF-1α up-regulation, would conceptually support the 

thesis that the RBM does not impact muscle performance. Establishing the overall impact 

(positive or negative) of the RBM is important to athletes of all levels. Additionally, 

understanding the interplay between the molecular mechanisms involved with acute 

hypoxia and its influence on the anabolic/catabolic status in response to resistance 

exercise also has potential relevance for COPD patients. Skeletal muscle atrophy in these 

patients has been associated with hypoxia. Further, the data generated from the proposed 
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study would provide the foundation for a subsequent study in the future involving 

resistance training.                             

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               

Purposes of the Study 

In response to resistance exercise with or without a RBM, the main goal of the 

present study was to assess serum cortisol levels, assess the mRNA expression of 

myostatin, MuRF1, MAFbx/Atrogin-1, REDD1, and glucocorticoid receptor-DNA (GR-

DNA) binding. A secondary purpose of the study was to evaluate the effect on muscle 

performance (total reps), perceptual measures, heart rate, and oxygen saturation (via 

pulse oximetry changes) with or without the RBM.  

 

Hypotheses 

H1: At baseline, no significant differences in levels of cortisol, REDD1, myostatin, 

MuRF1, MAFbx/Atrogin-1, and GR/DNA binding will exist between testing 

sessions. 

H2: Restricted breathing mask resistance exercise will result in significantly different 

oxygen saturation levels and heart rate compared with no restricted breathing 

mask resistance exercise. 

H3: Restricted breathing mask resistance exercise will result in significantly different 

post-exercise cortisol, REDD1, myostatin, MuRF1, MAFbx/Atrogin-1, and 

GR/DNA binding compared with no restricted breathing mask resistance exercise. 

H4: Restricted breathing mask resistance exercise will result in significantly different 

session RPE compared to the no restricted breathing mask resistance exercise. 
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H5: Restricted breathing mask resistance exercise will result in significantly different 

total repetitions for each exercise and overall session compared to the no 

restricted breathing mask resistance exercise. 

 

Delimitations 

 

1. Ten apparently healthy males between the ages of 18 to 35 who were recreationally 

resistance-trained [persons who resistance train for general health and body 

composition purposes (i.e. three to six days per week for at least one year prior to 

the onset of the study), yet did not perform, with consistency, the volume of 

resistance training normally required in order to compete in professional strength or 

bodybuilding competitions or competitive athletic events] participated in the study. 

2. Participants were recruited from Baylor University and within the surrounding 

Waco, Tx area by flyers. 

3. Participants were excluded from the study if they have consumed of any dietary 

supplement (except a multivitamin) or pharmaceutical used as a potential ergogenic 

aid for three months prior to the study. 

4. All participants were considered low risk for cardiovascular disease, with no 

contraindication to exercise as outlined by the American College of Sports 

Medicine (ACSM). 

5. All participants were tested at the Baylor Laboratory for Exercise Science and 

Technology (BLEST) and Exercise Nutritional Biochemical Laboratory (EBNL) in 

accordance with Helsinki Code after University-approved informed consent 

documents were signed.  

6. Calorie and macronutrient intake between each testing session would not differ. 
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Limitations 

 

1. The results of the study are only applicable to the larger population of 

recreationally, resistance-trained men between 18 and 35 years of age. 

2. Inferences are limited to the time points at which samples were collected. 

3. Time under tension may be significantly greater for the no restricted breathing mask 

session compared to the training mask session. 

4. Each participant’s difference in inherent circadian rhythm due to sleep schedule and 

daily stresses may affect criterion variables. 

5. The biopsy procedure causes trauma (inflammation) to the site of extraction; to 

minimize any possible stress response, additional samples were taken from at least 

0.5 cm proximal or distal to the original biopsy site. 

 

Assumptions 

 

1. All laboratory equipment was functioning properly to produce valid and reliable 

measurements. Proper calibration and the use of trained research staff minimized 

any potential for errors.  

2. Participants put forth maximal effort during the maximal strength testing session 

and during each resistance exercise session. 

3. All participants followed the guidelines provided for completion of the study. 

4. All participants maintained their normal dietary habits throughout the study. 

5. All participants refrained from exercise for 48 before each of the testing sessions. 

6. All participants had adequate sleep (seven to eight hours) before each of the testing 

sessions. 
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7. Participants accurately answered all relevant questions regarding medical history 

and resistance training experience. 
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CHAPTER TWO 

 

Literature Review 

 

 

Hypoxia  

Hypoxia occurs when oxygen demand exceeds supply and is a common 

occurrence during higher intensities of exercise, high altitude, anemia, and chronic 

obstructive pulmonary disease that can disrupt the net muscle protein balance. 

Hypoxemia is observed as having an abnormally low level of oxygen in the blood, 

specifically the deficiency in arterial blood. The low levels of oxygen in the blood can be 

defined using the partial pressure of oxygen (pO2) in arterial blood (mm Hg), but can also 

be defined as a reduced content of oxygen or percentage of saturation of hemoglobin with 

oxygen (Favier, 2015). Serious hypoxemia occurs at a pO2 of under 60 mmHg which is 

associated with a steep portion of the oxy-hemoglobin dissociation curve. A left, upward 

shift in this curve indicates that the hemoglobin has an increased affinity for oxygen 

(observed in lungs). Conversely a right, downward shift equates to a decreased affinity 

for oxygen, which makes it easier for hemoglobin to release bound oxygen to peripheral 

tissues (Richardson, 1995). When exposed to hypoxic conditions, skeletal muscle 

experiences metabolic alteration, but full comprehension of the mechanisms remain 

elusive. It has been suggested that environmental hypoxia can cause a loss of 

mitochondrial density, along with a different substrate utilization from fatty acids to 

glucose, amino acids, and ketone bodies, a shift from aerobic to anaerobic metabolism, 

and both positive and negative regulation on muscle mass (Favier, 2015).  Full 
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understanding of the paradigm is difficult due to several factors including the length and 

level of hypoxic exposure, exercise testing modality, and method of hypoxic conditions 

utilized including breathing mask-induced hypoxia, environmental hypoxia, and 

occlusion training.  

 

Restrictive Breathing Mask 

The utilization of an exercise training device, known as a restrictive breathing 

mask (RBM) is worn to simulate the effects that high altitude (hypoxia) has 

physiologically by limiting the level of oxygen intake. The increase in the number of 

commercially-available products designed to simulate training at elevation has occurred 

over the past decade. The commercial use and promotion of RBM during training to 

improve exercise performance led researchers to investigate the benefits of resistance 

breathing during exercise. One such device is the ventilatory training mask (Training 

Mask 2.0), which has been designed and marketed as a method to simulate training at 

altitude by restricting airflow. The training masks increase the effort of breathing, which 

may possibly lead to respiratory muscle training, and introduce low levels of hypoxemia 

through the buildup of expired CO2 in the mask itself (Granados, 2014). From a 

functional perspective, these training masks could potentially serve as an acclimatization 

tool for military personnel living or training near sea levels at a far less cost than 

traditional hypoxic training. Currently, there is a need for research-based evidence 

regarding the effectiveness to improve aerobic and anaerobic performance measures 

using similar training masks.  

Granados et al., (2014) confirmed a RBM sufficiently induces a hypoxic 

breathing environment during treadmill exercise, demonstrating a SpO
2 % of 92 [similar 
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to an elevation of 3000 meters]. It was concluded that the reduced oxygen levels when 

wearing the RBM was caused by participants rebreathing expired CO2 that was trapped in 

the dead space of the mask. Kido et al., (2013) examined the impact of a six-week 

training study utilizing a RBM during continuous exercise. Training at a heart rate 

reserve of 75-85% improved peak oxygen consumption (VO2peak) significantly in boththe  

RBM (18.5%) and without RBM (11.7%) groups. Though, it is worth noting that only the 

RBM training group significantly increased maximal load (11.5%) and ventilatory 

threshold (36%) after six weeks of training. The results suggest that aerobic training 

adaptations can further be enhanced utilizing a RBM. However, the statistically 

significant results should be approached with caution given that the previously- 

mentioned study contained a small sample size (n=5) in the RBM group. Sellers et al., 

(2015) reported no improvement in Wingate performance measures or body composition 

in reserve officers training corps cadets after six weeks of mandatory physical training 

utilizing a training mask (versus a control group). Although, no blood or muscle markers 

were examined and the testing modality may not have been appropriate given standard 

military physical training does not include anaerobic cycling. However, it was the first 

study to examine potential anaerobic benefits from using a RBM. Based on the results, 

the training mask used in the previously- mentioned study led the authors to conclude that 

training with the masks did not demonstrate the same physiological benefits observed 

after true interval environmental hypoxic training. The previous investigations have 

utilized RBM aerobic and anaerobic paradigms, while anecdotally the product is 

endorsed by anaerobic athletes using resistance training modalities while wearing the 

product. Currently, no research to date has collected blood or muscle samples while 
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employing a RBM in any exercise modality. In regards to resistance training while 

utilizing the RBM, the hypoxic environment may hinder muscle protein synthesis (MPS) 

elevations typically observed following resistance exercise. A reduction in MPS has been 

observed in mountain climbers when exposed to altitude (Zamboni, 1996). Based on 

restricted blood flow localized hypoxia results,  a RBM could potentially increase 

glycolytic enzyme activity, thereby assisting in anaerobic endurance adaptations involved 

in muscle hypertrophy. The perceived increased intensity due to the restricted breathing 

could hinder total volume of repetitions completed during a resistance exercise session 

leading to a decrease in hypertrophic responsiveness over time. However, the RBM may 

be a less expensive alternative to investigating resistance training in hypoxic conditions 

compared to altitude chambers. 

 

Resistance Training in Hypoxic Conditions 

To date, there has been limited research examining the impact of systematic 

intermittent hypoxia (IH) on both hypertrophic and strength responses following IH 

(Friedmann et al., 2003; Nishimura et al., 2010; Manimmanakorn et al., 2013a,b; Ho et 

al., 2014; Kon et al., 2014; Kurobe et al., 2014). One investigation using low-load 

resistance training (20% 1RM) with short rest periods (30 seconds) combined with 

hypoxia (O2 saturation~80%) demonstrated superior hypertrophic and strength responses 

following IH compared to work-matched normoxic training (Manimmanakorn et al., 

2013a, 2013b). However, an additional investigation utilizing a similar exercise intensity 

(30% 1RM), but longer inter-set rest periods (60 seconds) and a greater hypoxic stress 

[fraction of inspired oxygen (FiO2) = 12%] observed no additive benefits of IH resistance 

training (Friedmann et al., 2003). These findings suggest that for IH resistance training 
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using low-loads, both the duration of inter-set rest periods combined with the level of 

hypoxia may affect the potential adaptive responses. Testing this concept, Kon et al., 

(2014) speculated in their study that systemic hypoxia during resistance exercise can be 

as effective as occlusion training on inducing greater anabolic hormone responses. The 

results from their study showed performing bench press and leg press at 70% and 50% of 

1RM in normobaric hypoxic conditions (FiO2 = 13%) caused greater accumulation of 

metabolites and a greater anabolic hormone response (testosterone and growth hormone) 

than that in the normoxic condition. Testosterone and growth hormone play a substantial 

role in promoting muscular strength and muscle hypertrophy in response to resistance 

training. However, other unknown signaling processes may override mTOR signaling in 

hypoxic conditions including muscle proteolytic signaling, which could affect the known 

physiological responses to resistance exercise (Etheridge, 2011). Further, Etheridge et al., 

(2011) showed an augmented response of MPS after subsequent resistance exercise in 

hypoxia which was mildly correlated with the extent of decreases in arterial oxygen 

saturation (r2 = 0.49; p < 0.05). This equated to individuals who maintained a higher 

capacity of post-exercise MPS and who also showed less hypoxaemia. It is important to 

note that the length of hypoxic exposure (3.5 hours) in the study to elicit a diminished 

MPS response was significantly longer than previous research involving acute systematic 

hypoxic exposure combined with resistance training (Kon, 2010; Kon, 2012; Nishimura, 

2010). When considering the atrophying effects of chronic hypoxia on skeletal muscle 

(MacDougall, 1991), it may be that exposure for as little as 3.5 hours can mitigate the 

potentially anabolic effects of IH. It is important to note that the physiological 

mechanisms essential for muscular adaptations to environmental hypoxic training have 
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not been fully understood to date and may in fact not be identical mechanisms observed 

in occlusion training (localized hypoxia). Whether short-term, moderate-intensity 

resistance training performed under environmental hypoxia can eventually lead to greater 

muscular strength and hypertrophy remains unclear, thus further studies for clarification 

are required. However, the current consensus is that localized hypoxia has produced 

hypertrophic results in skeletal muscle when combined with resistance training. 

 

Blood Flow Restriction Resistance Training Strength and Hypoxia 

Blood occlusion training involves decreasing blood flow to a working muscle via 

blood pressure cuff or tourniquet, essentially inducing localized hypoxia to the occluded 

limb. Occlusion training, offers a unique alternative to traditional weight lifting protocols 

given that loads as low as 20% of 1RM with moderate vascular occlusion (100 mmHg) 

have been shown to induce muscle hypertrophy (Yasuda, 2011). Under normal (non-

occlusion) conditions, 70-85% of 1-RM has been utilized to induce hypertrophy of 

muscle; however, Takarada et al., (2004) documented that an eight-week occlusion 

training program involving five sets of knee extension at 20% 1-RM resulted in a 10.3% 

increase in cross-sectional area (CSA). Additionally, Yasuda et al., (2005) examined knee 

extension at 20% of 1-RM over a two-week period resulting in a 7.8% increase in CSA 

for the occlusion group and 1.8% in the non-occlusion group. Occlusion training has been 

shown to increase hypertrophy in various population groups and modalities including: 

walk training (Abe, 2006; Beekley, 2005), cycle training (Abe, 2010), upper-body cycle 

training (Takarada, 2000b), isotonic exercises (Yasuda, 2005), and isometric exercises 

(Abe, 2005). The plausible mechanisms stimulating the hypertrophic response in the 

localized hypoxic environment include metabolic accumulation, fast-twitch fiber 
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recruitment, and increased MPS via mammalian target of rapamycin (mTOR) pathway 

(Kawada, 2005). Overall, the literature on blood flow restriction training supports the 

concept that localized hypoxia can induce muscle hypertrophy adaptations. Potentially 

the conflicting results between known atrophic responses at altitude from hypoxia and 

localized hypoxia from occlusion training are the result of the duration of hypoxic 

exposure. However, there is a known hypertrophic stimuli response to resistance exercise 

that could explain the contrast.  

 

Resistance Training and Muscle Protein Synthesis 

The precise mechanisms that induce elevations in MPS following exercise have 

been a vastly researched topic. It appears that the activation of mTOR and subsequently 

its downstream effectors, p70S6 kinase (p70S6K) and eukaryotic initiation factor 4E 

binding protein 1 (4EBP1) (Baar, 1999; Drummond, 2009), ultimately trigger the 

synthesis of skeletal muscle protein in a reactionary response to nutritional and exercise 

stimuli. This connection of mTOR was confirmed in a human model utilizing the 

administration of rapamycin resulting in a suppressed post-exercise increase in MPS 

(Drummond, 2009). Accordingly, the degree of increase in the phosphorylation of the 

mTOR substrate p70S6K after a bout of resistance exercise has been closely associated 

with that of exercise intensity, MPS, and hypertrophy in both rat and human muscle 

(Kumar, 2009; Baar, 1999; Terzis, 2008). A single bout of resistance exercise has been 

acknowledged as a sufficient stimulus for skeletal MPS and is governed by the 

intracellular signaling pathway, PI3K/Akt-mTOR.  The vast majority of studies 

examining muscle protein synthesis following acute resistance exercise have utilized high 

volume (i.e. ≥ three sets) bouts of exercise (Phillips et al., 1997; Kumar et al., 2008). 
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Seemingly, there is an exercise volume (load × repetitions) dose–response relationship 

that ultimately reaches a ceiling where the stimulatory effects of additional muscle 

contractions would diminish. A lack of difference between the acute spikes in MPS seen 

in young men who had performed three versus six sets of resistance exercise provides 

support for this concept (Kumar et al., 2008). Potentially, if a RBM limited total reps to 

failure this ceiling effect may not be reached, thusly reducing MPS and hypertrophic 

responses observed over time. Burd et al., (2010) examined a dose response relationship 

with one set vs. three sets of resistance exercise in regards to anabolic signaling. It was 

observed that one set improved fed-state MPS at five hour post-exercise to a lesser extent 

than three sets. Further, three sets elevated fed-state MPS at five hours (> one set) and 

sustained the MPS response for at least 24 hour post-exercise. The mechanisms 

facilitating this response may be related to the phosphorylation of p70S6K and its 

downstream target, rpS6, and the eventual recycling of the ribosome by decreased eIF2Bε 

phosphorylation. While it remains unclear if an acute bout of resistance exercise with a 

RBM will induce a blunted MPS due to hypoxia, the plausibility in a reduction in total 

repetitions during an acute bout exists and thusly could hinder hypertrophy over time. 

However, in certain hypoxic paradigms there has been an observed increase in markers of 

anabolism.  

 

Insulin-like Growth Factor-1 in Hypoxia 

 The insulin-like growth factors (IGF) are a family of growth-promoting peptides 

that function in the growth and development of various tissues (Yakar et al., 2002).  IGF-

1 is a 70 amino acid single-chain polypeptide produced and secreted into circulation by 

the liver via stimulation by growth hormone (Denley, 2005; Harridge, 2007).  Within 
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circulation, about 70-80% of IGF-1 travels in a complex bound to IGF binding protein 3.  

About 20% of IGF-1 circulates bound to one of five other IGF binding proteins, with the 

rest of IGF-1 circulating in free form (Yakar, et al., 2002). In skeletal muscle, IGF-1 

production is engaged by mechanical stimuli and participates in skeletal muscle repair 

and regeneration (Matheny, 2010).  Many of the anabolic actions of growth hormone 

(GH) are mediated by IGF-1 (Crewther, 2006; Kraemer, 2005), which is predominantly 

synthesized and released in response to circulating GH levels.  

Evidence exists that IGF-1 is up-regulated in response to an acute bout of low-

intensity occluded resistance exercise (Takano, 2005) and to twice-daily, high-frequency 

occluded resistance training (Abe, 2005). These observations in IGF-1 response are 

comparable to high-intensity resistance training without occlusion (Borst, 2001; Marx, 

2001). It is important to note that despite heightened GH responses following low-

intensity occluded resistance exercise (20 % 1RM), neither Fujita et al., (2007) nor 

Patterson et al., (2013) detected associated surges in IGF-1 levels. The equivocal results 

could be explained by the different peak times in GH and IGF-1 (Kraemer, 2005), with 

peaks in IGF-1 typically occurring between 16–28 hours after GH release (Kraemer, 

2005). While it is likely that the high-frequency occluded resistance training employed by 

Abe et al., (2005) resulted in chronically elevated GH levels and concurrent increases in 

IGF-1, it remains elusive to date the precise mechanisms that may have promoted the 

higher IGF-1 levels following a single bout of occluded resistance exercise compared to 

the non-occluded control groups. However, IGF-1 is yet to be examined utilizing a RBM 

combined with resistance training and the potential impact on MPS.  
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Hypoxia on Muscle Protein Synthesis 

Hypoxia-induced muscle wasting has been a consequence of exposure to high 

altitude and current indications are that HIF-1α and mTOR pathway have demonstrated 

the ability to regulate one another (Cam et al., 2010). Hypoxic environments have the 

functional capacity to inhibit mTOR through expression of regulated in development and 

DNA damage responses 1 (REDD1) and the critical regulator of energy balance, 5’ 

AMP-activated protein kinase (AMPK) (Cam et al., 2010). However, muscle atrophy can 

be imitated by various routes including a reduction in the rate of protein synthesis, an 

increase in the rate of degradation, or a simultaneous decline in synthesis in combination 

with an increase in degradation. D’Hulst et al., (2013) examined four hour hypoxic vs. 

normoxic exposure theorizing a repression in mTOR activity would subsequently occur 

while also activating proteolytic pathways. Short term hypoxic exposure resulted in 

higher S6K1 despite elevated mRNA levels of REDD1. The authors attributed this to the 

provided meal and additionally did not have a biopsy time point prior to the meal to 

determine the precise impact of the meal. The literature is limited in regards to clarifying 

the precise molecular response by which acute or extended environmental hypoxia 

controls muscle mass in humans without the confounder of nutritional intake or with the 

combination of resistance exercise. A slight decrease in total mTORC1 was found after 

residing at 4559 meters for seven to nine days (Vigano et al., 2008). Further, human 

subjects have shown a diminished resistance exercise-induced MPS response with 

hypoxic exposure (12% O2, SpO
2 ~ 86%) when matched with normoxic air breathing 

(Etheridge et al., 2011). In that study, hypoxia did not modify phosphorylation of S6K1 

or expression of REDD1 at rest or after resistance exercise. Additionally, hypoxic 

http://onlinelibrary.wiley.com/doi/10.1111/apha.12086/full#apha12086-bib-0053
http://onlinelibrary.wiley.com/doi/10.1111/apha.12086/full#apha12086-bib-0012
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exposure had no impact on MPS at rest. It is important to note that the participants in the 

previously-mentioned study were not resistance trained and only unilateral leg extension 

was utilized. In a rodent model, after three weeks of exposure to 6300 meters simulated 

altitude, REDD1 expression was increased and the PKB/mTORC1 pathway was 

subsequently down-regulated. Furthermore, in hypoxemic patients suffering from chronic 

obstructive pulmonary disease, a substantial decrease in phosphorylation of several 

intermediates of the PKB/mTORC1 pathway was reported (Favier et al., 2010).   

 

Hypoxia Inducible Factor-1 

HIF-1α is the master regulator of the transcriptional response to hypoxia and is 

the mechanism behind the hypoxic response at the molecular level. A decrease in PO2 

due to hypoxia inhibits prolyl-hydroxylases (PHD), a known inhibitor of HIF-1α, leads to 

the stabilization and dimerization of HIF-1α. This stabilization results in the expression 

of genes involved in various functions including angiogenesis, metabolic transition to 

anaerobic glycolysis, activation of proliferator-activated receptor gamma coactivator 1-

alpha (PCG-1α), and cell motility and invasion (Koumenis, 2006). HIF-1α has been 

hypothesized to be directly responsible for the decrease in MPS during bouts of hypoxia 

but to date the exact pathway has not been determined. Chronic exercise training may 

well involve suppression of the HIF-1α signaling pathway, and, in turn, increased levels 

of phospho-AMPK caused by hypoxia-driven ATP flux (Fabian, 2016). In agreement 

with this concept, Lundby et al., (2006) observed a decrease in HIF-1α and HIF-2α 

expression levels in endurance-trained muscles following exercise. Although the exact 

function of HIF-2α has not been fully elucidated, the results of Lundby et al., (2006) 

reveal the potential role for HIF-2α to compensate for the loss of HIF-1α in the HIF-1α 

http://onlinelibrary.wiley.com/doi/10.1111/apha.12086/full#apha12086-bib-0013
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null mice. As the expression of both HIF-1α and HIF-2α were not up-regulated in trained 

muscles, the plausibility exists that endurance training results in decreased HIF signaling, 

which equates to the elimination of HIF signaling as a noteworthy occurrence in aerobic 

training. The suppression of HIF-1 signaling during training can ultimately lead to an 

adaptive response through AMPK, producing augmented oxidative capacity in skeletal 

muscle. In support of this, six weeks of high-intensity cycle endurance training at a 

simulated altitude of 3850 meters resulted in increased levels of HIF-1α that did not 

occur in the control normoxic group (Vogt, 2001). Given that muscle biopsys were 

collected 24 hour post-exercise, the mRNA levels of increased HIF-1α represent the 

result of net long term changes.   

However, one constraint of measuring HIF-1α is the short half-life (half-life < one 

minute). In normoxic conditions, HIF-1α protein is rapidly degraded and facilitated by 

hydroxylation of proline residues on HIF-1α by PHD causing its binding to the von 

Hippel-Lindau (pVHL) tumour suppressor, ubiquitinylation, and ensuing degradation by 

the proteasome (Yu, 1998). In cell culture models, HIF-1α was found to be transiently 

stabilized in short three- hour periods following 1% O2 exposure (Bagnell et al., 2014). 

Further conflicting HIF-1α and its role, both the length and intensity of hypoxic exposure 

appear to impact its role in cell death or survival. It appears longer lasting and high 

hypoxic exposure causes uncontrolled HIF-1α levels leading to cell death (Bagnell et al., 

2014). Recently, Kon et al., (2014) examined eight weeks of hypoxic resistance training 

in untrained males finding no alterations to HIF-1α activity. However, muscle samples 

were collected 48-96 hours following the exercise session. Given the short half-life of 
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HIF-1α, it is conceivable that if any elevations in HIF-1α activity occurred it was missed 

due to the sampling time point.                              

 

Prolyl-Hydroxylase (PHD)  

It has been hypothesized that prolyl-hydroxylases (PHDs) play a role in the 

crosstalk between HIF-1α and mTOR pathways. In regards to energy metabolism, PHDs 

utilize oxygen and the citric acid cycle intermediate alpha-ketogluterate as co-substrates 

to hydroxylate HIF-1α as a negative regulator (Lieb, 2002). PHD enzymes are 2-

oxoglutarate- and iron-dependent dioxygenases, equating to PHD’s activity level being 

primarily dependent on oxygen availability and thusly during hypoxic conditions, the rate 

of hydroxylation is suppressed (Schonenberger, 2015). When there are decreased levels 

of PHDs, this can represent an adaptive mechanism to which HIF-1 is stabilized and 

reduces the effect of crosstalk between mTOR (Fabian, 2016). There are three variations 

of PHD (1, 2, and 3), with PHD2 being the most expressed in skeletal muscle (Lieb, 

2002). Lindholm et al., (2014) examined PHD2 activity in elite cyclists compared to 

moderately active individuals. Higher levels of PHD2 were observed in the elite cyclists 

which resulted in reduce expression of HIF-1α and pyruvate dehydrogenase kinase 1 

(PDK-1). The inhibitory effect of HIF-1α on mitochondrial oxygen consumption is 

exerted through increased PDK-1 expression (Kim, 2006). The up-regulation of the 

negative inhibitor PHD2 in skeletal muscle could lead to a blunted response to hypoxic 

conditions equating to a shift towards greater activation of the oxidative system in 

response to endurance training (Lindholm, 2014). Although the previous study did not 

occur under hypoxic conditions, it demonstrated a potential training effect response for 

negative regulators of HIF-1α. Further, after moderately-active males (n=24) completed 
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six weeks of high intensity cycle training there was an observed increased mRNA and 

protein levels of PHD2 (Lindholm, 2014). Although the muscle samples were collected 

before and 24 hours after the exercise session following six weeks of training, it remains 

unclear what the precise response to an acute bout of exercise would be, and more 

specifically to resistance training under hypoxic stress.    

 

Vascular Endothelial Growth Factor (VEGF)  

Vascular endothelial growth factor (VEGF), a positive regulator of angiogenesis 

in skeletal muscle, is acknowledged as being critical to increasing angiogenesis (Folkman 

and Shing, 1992; Olfert et al., 2009). VEGF is a gene regulated by the activation of HIF-

1α due to hypoxic conditions leading to adaptations in response to the reduced oxygen 

availability (Forsythe et al., 1996). In response to hypoxic high-intensity endurance 

training, concurrent increased levels of HIF-1α and VEGF mRNA levels have been 

observed (Vogt, 2001). When matched with wild‐type mice, muscle‐specific VEGF 

knock‐out mice (Olfert et al., 2009) have shown diminished skeletal muscle capillary 

density and VEGF transgenic mice (van Weel et al., 2004) have increased skeletal muscle 

capillary density.  In humans, increases in the expression of skeletal muscle VEGF 

mRNA and protein after acute high‐intensity resistance exercise (three sets of 10 

repetitions of two legged knee extensor exercise at 60–80% of 1RM) has been observed 

(Gavin et al., 2007). Thus, it is conceivable that resistance training combined with 

systemic hypoxia causes a more pronounced increase in skeletal muscle VEGF and 

capillarization potentially leading to increased muscular endurance comparatively to 

normoxic conditions. Kon et al., (2014) demonstrated increased plasma VEGF after eight 

weeks of hypoxic resistance training. This is in agreement with previous research 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4208656/#b14
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examining systematic hypoxia endurance training (Vogt et al., 2001). Although the 

training modalities were different (anaerobic vs. aerobic), it appears hypoxic exercise has 

additive benefits to capitalization when the intensity threshold is met. Potentially using a 

RBM during resistance training may allow individuals to gain adaptations typically 

associated with muscle endurance training combined with muscle strength.  

 

Catabolic Markers/Proteolytic Systems Related to Hypoxia 

Muscle protein breakdown results from the activation of the autophagy/lysosome 

pathway and/or the ubiquitin/proteasome system (UPS), both processes being controlled 

by the Akt/mTOR signaling pathway. The rapamycin-sensitive up-regulation of HIF-1 

activity and subsequent feedback loops have been recognized in several investigations. 

The data is limited in regards to the activation of UPS in a paradigm utilizing reduced 

O2 conditions and the outcomes of the studies have produced conflicting data regarding 

enzymatic activity of the 20S proteasome (Chaudhary, 2012, Favier, 2010). There has 

been an observed increase in MAFbx mRNA (Hayot, 2011), while this expression in not 

always observed after prolonged exposure to reduced O2 conditions (Favier, 2010; 

Chaillou, 2014).  Muscle ring finger-1 (MuRF1) presents a comparable expression profile 

with an increase during the first week of hypoxia exposure (Chaillou, 2014) and a return 

to basal level during longer exposure (Favier, 2010; Chaillou, 2014). The data suggests a 

stimulus adaptation response to the hypoxic conditions. These patterns of MuRF1 and 

MAFbx expression in response to hypoxia are similar to those reported during unloading 

and muscle inactivity (Bodine, 2014). Conversely, several proteolytic markers (forkhead 

box O3A, atrogin-1, and MuRF1) have been observed to undergo a decrease in the level 

of expression. In addition, myostatin expression, a negative regulator of muscle mass, 
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was decreased following restricted blood flow resistance exercise (Laurentino, 2012). It 

is possible that the decreased expression in these proteolytic markers may be due to the 

mechanical stimuli. However, similar observations have been observed with intermittent 

occlusion of limbs post anterior cruciate ligament reconstruction surgery without 

resistance exercise resulting in a reduction in disuse atrophy and associated markers 

(Takarada, 2000a). Given the short duration of localized hypoxia using occlusion this 

may be a critical factor in determining if being exposed to hypoxia results in the up-

regulation of anabolic or catabolic pathways. 

 Although human MPS has not been measured directly during hypoxia either at 

rest or after exercise, Rennie et al., (1983) showed that forearm leucine non-oxidative 

disposal was reduced in subjects breathing 12% O2 under hypobaric conditions, 

suggesting that MPS was reduced in response to hypoxia. Similar findings have been 

obtained in cell culture and whole animal studies, where reductions in anabolic signaling 

during hypoxia (1–5% O2) through increased activity of inhibitory hypoxia-responsive 

signaling proteins (Koumenis, 2006) have been suggested as a mechanism to blunt MPS. 

As such, reductions in MPS may explain blunted hypertrophic responses to weight 

training at altitude (Narici, 1995) and in pathological hypoxia (Casaburi, 2004). 

 

Regulated in DNA Development-1 (REDD1) 

There is an association between the down-regulation of mTOR activity in 

conjunction with elevated levels of REDD1. During periods of low O2 concentrations in 

rodent models, REDD1 was critical for inhibition of mTOR. This observation and 

reduction in protein translation suggest hypoxic environments may encourage atrophic 

conditions in skeletal muscle (Brugarolas, 2004). Atrophic conditions have been observed 
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in healthy subjects exposed to high altitude during mountaineering and often attributed to 

hypoghagia (suppression of caloric intake from a reduction in feeding behavior brought 

about environmental interventions) as opposed to hypoxia (Hill, 2011). However, Favier 

et al., (2009) exposed rodents to a hypoxic environment while observing hypophagia-

independent atrophy in association with a down-regulation of mTOR activity. 

Additionally, the increase in REDD1 activity that was observed was in a similar manner 

as to hypoxemic COPD patients.  In female rats utilizing plataris muscles, hypoxia 

reduced levels of phosphorylation of mTOR and its downstream target p70S6K at day 

five and 12 of hypoxic exposure (5500 meters) but not at day 56 in a functional overload 

model. Although REDD1 levels were impacted by the functional overload intervention, 

they did not appear to be influenced by hypoxic exposure (Chaillou, 2012). Potentially, 

resistance training in a systematic hypoxic condition may blunt mTOR responses 

typically observed; therefore, the use of a RBM could hinder hypertrophy. Although, in 

an acute occlusion model utilizing rodents, no increase in REDD1 protein levels 

occurred, nor did the mRNA levels of myostatin or MuRF1 (Nakajima, 2016). Further, an 

increase in phosphorylation of p70S6K was observed 1 hour post-occlusion suggesting an 

up-regulation of mTOR activity and MPS. The existence of a mechanism by which 

hypoxia-induced expression of REDD1 dynamically contributes to inhibition of the 

mTOR pathway in rat skeletal muscle has been detected and is plausibly pertinent in 

skeletal muscle of hypoxemic COPD patients. (Favier, 2010). Interestingly, REDD1 

expression is also activated by the administration of a glucocorticoid which blunts protein 

synthesis, and acts to inhibit mTOR signaling by reducing the levels of S6K1 and 4E-

BP1 phosphorylation (Wang, 2006). 
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Cortisol 

Circulating glucocorticoids are elevated during stressful situations and act as an 

inhibitor of protein synthesis through varied mechanisms. Firstly, glucocorticoids 

decrease the rate of protein synthesis (limits amino acid transport into the muscle) and 

thusly increase the rate of protein breakdown. This leaves an individual in a state of 

catabolism which can equate to muscle atrophy (Lofberg et al., 2002). Secondly, 

glucocorticoids inhibit the stimulatory effects of insulin, IGF-1, amino acids, and the 

phosphorylation of two key controlling factors, 4E-BP1 and S6K1, for mRNA translation 

involved in protein synthesis (Liu et al., 2004). Additional evidence suggests the 

stimulation of glucocorticoids on muscle proteolysis also occurs with activation of the 

UPS, the lysomal system (autophagy), and the calcium-dependent calpain system. (Tiao 

et al., 1996) In regards to the PI3K/Akt pathway (mediator for the anabolic actions of 

insulin/IGF-1), evidence suggests glucocorticoids exert their catabolic actions by causing 

a decreased expression of IRS-1 proteins, which operate upstream in the PI3K/Akt 

pathway. (Nakao et al., 2009) The results of this inhibition of the PI3K/Akt pathway is a 

subsequent inhibition of the mTOR pathway, which is key to MPS (potentially leaving an 

individual in a state of catabolism). Kou et al., (2013) indicate that the repression of 

mTOR signaling in response to glucocorticoids is the outcome of enhanced transcription 

of REDD1 and KLF-15, which are two repressors of mTORC1 signaling. REDD1 and 

KLF-15 are direct targets of the glucocorticoids in the skeletal muscle. REDD1 represses 

mTORC1 function, leading to decreased phosphorylation of both 4E-BP1 and S6K1 (Kou 

et al., 2013).   
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The impact on cortisol levels during an acute bout of hypoxic resistance training 

was examined finding elevated levels at 15, 30, and 60 minutes post-exercise compared 

to normoxia (Kon et al., 2010). Potentially this response over chronic training using a 

RBM could hinder skeletal muscle hypertrophy. Although there was also a statistically 

significant elevation in GH levels during the hypoxic condition at 15 and 30 minutes 

post-exercise, suggesting a potential hypertrophic response. Further investigation with 

resistance exercise (50% of 1RM) utilizing short (1 minute) rest intervals in hypoxic 

conditions (13% oxygen) observed no difference in cortisol levels between control and 

hypoxic trials. There was a significant increase in GH during the hypoxic trial though 

(Kon, 2012). In the follow-up training study (Kon et al., 2014) eight weeks of hypoxic 

resistance training produced decreases over time in cortisol levels. Although, this also 

occurred in the normoxia condition and there was no statistical difference between 

conditions. However, the participants were not resistance-trained and thusly it could be 

expected that cortisol levels would decrease over time while becoming accustomed to 

resistance training in both groups. Currently, no studies utilizing a RBM have examined 

cortisol levels in response to any form of exercise.     

 

Myostatin 

Myostatin is negative regulator of skeletal muscle mass and was verified by the 

use of myostatin-deficient mice which underwent augmented myofiber hypertrophy and 

number (McPherron, et al., 1997).  Myostatin is also referred to as growth differentiation 

factor 8 and is a member of the transforming growth factor β superfamily of growth 

factors that is predominately expressed in, and secreted from, skeletal muscle 

(McPherron, 1997).  Myostatin may play a role in both regulating myofiber hypertrophy 
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and the number of myofibers developed during myogenesis in adult fibers (Lee, 2004).  

Once secreted from skeletal muscle, myostatin acts in a paracrine/autocrine manner by 

binding to a membrane receptor complex resulting in downstream signaling cascades 

(Han, 2001).  For up to one hour post-exercise, the vast majority of available data has 

demonstrated that myostatin mRNA expression appears to remain unaffected after an 

acute bout of resistance training (Wilborn, 2009).  The down-regulation of myostatin 

mRNA expression appears to become the predominant response to an acute resistance 

exercise bout between two and 24 hours post-exercise (Dalbo, 2013; Wilborn et al., 

2009). After an acute resistance exercise bout myostatin mRNA expression appears to 

increase back to basal levels 48 to 72 hours post-exercise (Dalbo et al., 2011; Deldicque 

et al., 2008; Hulmi et al., 2007).   

 The expression of myostatin appears to be responsive to anabolic signaling 

markers such as GH, and elevated levels of GH decrease myostatin expression (Liu et al., 

2003). When there was a decreased level of myostatin expression there was an observed 

hypertrophic response in rodents (Thomas, 2000). Conversely, in a disuse-reuse model, 

immobilization increased myostatin expression in mice. Once weight bearing was 

reintroduced there was an associated decrease in myostatin expression in muscle 

(Wehling, 2000). It appears that exercise inhibits skeletal muscle protein degradation and 

promotes myogenesis via down-regulation of ubiquitin/proteolysis pathways, resulting in 

increasing muscle mass. Reduced expression of the proteolytic genes FOXO3a, atrogin-1, 

MuRF1, and myostatin has been observed after an acute bout of occlusion exercise 

(Laurentino, 2012; Manini, 2011) Further, mRNA expression level for myostatin and 

MuRF1 three hours following occluded knee extension at 20 % 1RM was not different 
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from a control group (Drummond et al., 2008). This is in agreement with additional 

investigations utilizing occlusion but without exercise in a rodent model not observing 

significant changes in FOXO3a, MuRF1, or myostatin mRNA expression levels 

(Nakajima, 2016). In support of this, patients utilizing limb occlusion with no exercise 

post ACL reconstructive surgery observed a decrease in muscle atrophy (Takarda, 2000). 

Myostatins response to an acute bout of IH or RBM resistance training is yet to be 

examined and remains unclear if either would have an impact.  

 

Rest Intervals in RT on Energy Substrate 

There are numerous controllable factors that can be engaged to adjust the 

potential adaptations observed in skeletal muscle including the type of exercise, intensity, 

volume, rest period length, training frequency, speed of contraction, and occurrence of 

volitional muscle fatigue (Kraemer, 1983). Depending on individual training goals, the 

length of rest intervals can be manipulated to focus more on strength, power, endurance, 

or hypertrophy. In support of this, Kraemer et al., (1997) examined the impact of varied 

rest intervals, one and three-minutes, on 20 American football players for total repetitions 

over three sets of bench press and leg press at a 10RM load. It was observed that three 

minutes rest between sets was adequate enough to allow for 10 repetitions on each set. 

However, one minute rest between sets resulted in a significant reduction in total 

repetitions completed over three sets. Conversely, in a similar paradigm Richmond and 

Godard, (2004) determined that neither three nor five-minute rest periods were sufficient 

for recovery when using a 12RM loads over two consecutive sets. Potentially the 

discrepancies exist due to the elite training status of Kraemer’s participants. However, 

three-minute rest intervals are typically associated with strength goals as opposed to 
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muscular endure which typically provides one-minute rest intervals. The use of shorter 

rest intervals during resistance training combined with restricted oxygen availability 

could cause a shift in substrate utilization. In normal conditions, the first step of glucose 

metabolism involves hexokinase (HK) and also phosphorylating glucose to glucose-6-

phosphate to assist in the mediation of additional glucose entering the cell (Jensen, 2012). 

This reaction is not reversible equating to the glucose being stuck and primed for uptake 

(Wasserman et al., 2011). Various rest intervals have been examined to determine 

appropriate recovery duration to allow for blood lactate concentrations to return to basal 

levels promoting maximal performance. Abdessemed et al., (1999) investigated this 

concept using 10 sets of six maximal effort bench press repetitions at 70% of 1RM and 

with one, three, or five minutes rest between sets in 10 untrained males. No significant 

differences in mean power occurred between the first and last sets using three or five 

minutes rest intervals; no increase in lactate was observed in either of these rest 

conditions. Conversely, the one-minute rest condition caused a significant decrease in 

mean power and elevation in blood lactate. Based on the results from this study, the 

significant elevation in blood lactate from the one-minute rest condition was not 

sufficient to replenish phosphocreatine (PCr), equating to an emphasis on glycolytic 

energy production (Abdessemed et al.,1999). Potentially short rest intervals combined 

with hypoxia could further stress the glycolytic system during resistance training, which 

over time could lead to beneficial adaptations. 

 

Energy Metabolism in Hypoxia 

When oxygen delivery to cells is insufficient for the demand, a shift in energy 

metabolism will occur where pyruvic acid will convert to lactic acid. An acute buildup of 
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lactic acid is a sign of mitochondrial deoxygenation. With stabilization and thusly 

accumulation of HIF-1α, oxidative metabolism is inhibited because of the repressed entry 

of pyruvate into the tricarboxylic acid cycle through the induction of pyruvate 

dehydrogenase kinase 1 (PDK1) (Kim et al., 2006). HIF-1 up-regulates the expression of 

numerous glycolytic enzymes (aldolase A, aldolase C, HK, phosphoglycerate kinase 1, 

pyruvate kinase M glyceraldehyde-3-phosphate dehydrogenase, enolase 1, lactate 

dehydrogenase A, phosphofructokinase L, and triose phosphate isomerase) contributing 

to enhance the glycolytic capacity of cells (Semenza, 2001). Although these targets have 

often been identified in non-muscle cells, significant up-regulation of lactate 

dehydrogenase and HK activity have been observed in skeletal muscle after hypoxic 

exposure. The intensity of the exercise is a regulator for the levels of HK activity. When 

the ratio of ATP to ADP is low there will be an elevation of glucose uptake into the cell. 

Overall, the process of glucose uptake into the muscle cell can be explained in three 

phases: glucose delivery to the muscle, GLUT4 transporting glucose into the muscle, and 

the phosphorylation of glucose by HK in the muscle (Wasserman et al., 2011). However, 

recent examination of the literature reveals that most activities of muscle glycolytic 

enzymes remain unaffected by hypoxia as reviewed by Horscroft et al., (2014). The 

glycolytic system is functionally capable of high increases in glycolysis at exercise in 

normoxia, so during a period of rest in hypoxic conditions there is no need to further 

enhance the maximal capacity of the glycolytic system. Supporting this concept utilizing 

sedentary rodents, muscle glycolytic capacity was not enhanced after 1, 16 or 90 days at 

5500 meters (Ou & Leiter, 2004), which showed an inconsequential effect of prolonged 

hypoxia on the anaerobic glycolytic pathway in skeletal muscle. Interestingly, one week 
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of hypoxic exposure demonstrated reduced levels of fatty acid oxidation in rodents 

suggesting another potential source for energy production (Dutta, 2009). 

 One potential mechanism in which hypoxia could also impact energy substrate 

metabolism during resistance training would be the rate of phosphocreatine (PCr) 

resynthesis being slowed.  However, this is purely dependent on the intensity and 

subsequent rest/recovery period between sets, as resynthesis of PCr during shorter 

repeated efforts occurs primarily by oxidative methods leaving it sensitive to oxygen 

availability (Haseler et al., 1999).  Perceptually, if exercise intensity is high enough 

combined with short rest periods, an increase in the reliance on anaerobic glycolysis will 

occur due to the reduced levels of PCr. It is conceivable that brief inter-set rest periods 

could result in subsequent sets initiating a lower PCr concentration when training in a 

hypoxic environment. Thusly, this would place greater stress on anaerobic glycolysis and 

subsequently increase the accumulation of metabolites. In support of this rest period 

concept, there was no added hypertrophic or strength benefits following intermittent 

hypoxic resistance training, which used inter-set rest periods of 90 – 120 seconds (Ho et 

al., 2014b; Kon et al., 2014). For example, Ho et al., (2014a) have reported no differences 

in blood lactate concentrations between hypoxic and normoxic resistance training groups 

following five sets of 15 repetitions of squats (30% 1RM) with 90 seconds of inter-set 

rest. It is likely that inter-set rest periods greater than 90 seconds are adequate enough to 

diminish the potential increase in metabolic stress induced by hypoxia. Kon et al., (2010) 

examined the effect of one minute rest intervals between five sets of 10 repetitions in 

bench press and leg press combined with hypoxic exposure (13% O2). Elevated levels of 

lactate, epinephrine, and norepinephrine were observed in the hypoxic trial and did not 
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return to baseline levels 60 minutes post-exercise prompting the authors to suggest 

additional time points post-exercise in future research.  

 

Conclusion 

The RBM is promoted as an ergogenic aid to improve training; however, this 

product may potentially be hinder training adaptations due to the potential hypoxic 

environment and increased in perceived exercise difficulty. Reproduction of altitude 

training in non-diseased humans under artificial conditions of hypoxia could further our 

understanding into the molecular and systemic mechanisms involved in muscle signaling. 

Admittedly, the product may not induce low oxygen levels equated to high altitude, but 

still may impact training adaptations by reducing the volume of training because of 

perceived intensity being elevated. Because of the potential anabolic and catabolic effects 

of hypoxia on muscle mass, our aim is to determine the effects of exposing healthy young 

men to physiologically and physiological significant hypoxia [achieve ~ 90% blood 

oxygen saturation (SpO2)] on catabolic and anabolic signaling. These responses occur not 

only under resting conditions, but also under conditions of anabolic challenge [i.e., a 

single bout of resistance exercise]. We hypothesized that hypoxia would blunt MPS both 

at rest and in the period after resistance exercise, and this would be associated with 

increases in REDD1 protein concentrations. Further, post RBM resistance exercise 

session mRNA expression of Myostatin, MuRF1, MAFbx/Atrogin-1, Foxo1, and GR-

DNA binding would be elevated compared to the no RBM trial. Additionally, an increase 

in session RPE and serum cortisol levels would be observed in the RBM compared to the 

no RBM trial, and that there would be a reduction in SpO2 during the RBM resistance 

exercise session along with an increased heart rate. 
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CHAPTER THREE 

 

Methods  

 

 

Participants 

Ten apparently healthy, resistance trained males (18-35 years, at least three days 

of resistance training per week for past 12 months) were recruited for the cross-over 

design study. Enrollment was open to men of all ethnicities. Only participants considered 

as low risk for cardiovascular disease and with no contraindications to exercise as 

outlined by the American College of Sports Medicine (ACSM), and who had not 

consumed any nutritional supplements (excluding multi-vitamins) such as creatine 

monohydrate, nitric oxide, hydroxy-beta-methylbutyrate (HMB), various 

androstenedione derivatives, or pharmacologic agents such as anabolic steroids three 

months prior to the study were not allowed to participate. All eligible participants signed 

university-approved informed consent documents and approval was granted by the 

Institutional Review Board for Human Subjects. Additionally, all experimental 

procedures involved in the study conformed to the ethical consideration of the Helsinki 

Code. 

 

Study Site 

All supervised testing was conducted in the Exercise & Sport Nutrition 

Laboratory (ESNL) at Baylor University.  All sample analyses were completed in the 

Exercise and Biochemical Nutrition Laboratory (EBNL) at Baylor University. 
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Testing Sessions 

The study included three visits: baseline body composition and strength testing; 

Visit 2 and 3: acute lower body resistance training session wearing the RBM or no RBM. 

During Visit 2 and 3, blood and muscle samples were obtained, muscle performance tests 

(total reps), perceptual measures, heart rate, and blood oxygen saturation via pulse 

oximeter were measured. Visit 2 for each participant was 72 hours post Visit 1. A period 

of seven days separated Visit 2 and 3. Participants were instructed to not exercise 48 

hours prior to testing sessions.  

 

Assessment of Heart Rate and Blood Pressure (Visits 1, 2, & 3) 

 In addition to the entry/familiarization session, at each of the two testing 

session’s participants underwent assessment of resting heart rate and blood pressure prior 

to, immediately after, and at each time point post-exercise.  These measurements were 

performed in order to monitor safety of the participant and to assess the physiological 

stress incurred during each resistance exercise session. Blood pressure was assessed in a 

seated position with a mercurial sphygmomanometer using standard procedures.  

Participant’s heart rate was recorded using a pulse oximeter for resting heart rate and 

during exercise to record immediate post-exercise heart rate for each time point during 

Visit 2 and 3.  

 

Determination of 12-Repetition Maximum [12-RM] (Visit 1) 

Based on the procedures of Kraft et al. (2009) a 12-RM was determined for squat, 

leg press, and knee extension. Participants performed a warm-up set of 12 repetitions at 

50% of their estimated 12-RM (~ 70 of 1RM). Following a three minute recovery period, 
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participants performed one set to volitional fatigue at their estimated 12 RM.  A 

participant’s 12-RM was accepted if the participant achieved volitional fatigue within one 

repetition [11-13 reps].  If participants completed ≤ 10 or ≥ 14 repetitions, resistance was 

adjusted and participants performed one set to volitional fatigue following a five minute 

recovery. This process was repeated for each of the three exercises. A three minute 

recovery period was given between exercises  

 

Body Composition Assessment (Visit 1) 

Body composition assessment was performed in line with our previous studies 

(Willoughby, 2013; Willoughby, 2014).  Total body mass (kg) was determined on a 

standard dual beam balance scale (Detecto Bridgeview, IL).  Percent body fat, fat mass, 

and fat-free mass was determined using DEXA (Hologic Discovery Series W, Waltham, 

MA).  Quality control calibration procedures were performed on a spine phantom 

(Hologic X-CALIBER Model DPA/QDR-1 anthropometric spine phantom) and a density 

step calibration phantom prior to testing.  The DEXA scans were segmented into regions 

(right & left arm, right & left leg, and trunk).  Each of these segments were analyzed for 

the determination of total body fat mass and fat-free mass.  

 

Restrictive Breathing Mask (Visit 2 or 3) 

Training Mask 2.0 (Training Mask, Cadillac, Michigan) is constructed of 

neoprene and uses valves to increase resistance to inhalation and exhalation. The product 

has several resistance levels to simulate how it would feel to breathe at 3,000, 6,000, 

9,000, 12,000, 15,000, and 18,000 feet above sea level. Resistance level on the mask for 

this study was set at 12,000 feet (3657.6 meters) based on the masks valves adjustments.  
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Resistance-Exercise Sessions (Visits 2 & 3) 

In a randomized cross-over design, participants completed two lower-body 

resistance exercise sessions (with RBM or no RBM) and each testing session was 

separated by seven days. One hour prior to arriving to the lab for the resistance training 

session for Visit 2 and 3, participants were instructed to drink a 500 mL bottle of water 

and consume an Atkins bar (carbohydrate = 2g, protein = 10g, kilocalories = 150) they 

were previously provided. This was done to encourage participants from arriving to the 

lab in a catabolic and/or dehydrated state. At each resistance exercise session, participants 

reported to the laboratory and then relaxed in a supine position for 15 minutes after which 

their baseline heart rate, blood pressure, stress, and blood oxygen saturation was 

measured.  At this point, baseline blood and muscle sample was obtained. Participants 

then completed a lower-body workout with the following exercises: barbell back squat, 

angled leg press, and knee extension with their previously-established 12-RM from Visit 

1. For the RBM trial, the RBM was worn following muscle and blood collection, and 

prior to the warm-up set. Participants performed one warm-up set at 50% of their 

previously determined 12-RM for each exercise.  Following a three-minute rest, 

participants completed the first set of that exercise. Each exercise consisted of four sets of 

reps to failure with two minutes rest between exercises and sets. Immediately after the 

completion of each set, the participant’s blood oxygen saturation, stress,  and heart rate 

was assessed. Upon completion of the resistance exercise session, participants were 

permitted to remove the RBM.  

At the end of each resistance exercise session the participant was asked to rate 

their perceived exertion (RPE) for the exercise session (S-RPE) using the 10-point 



 

 

39 

 

category ratings of perceived exertion scale (Omni scale). Prior to exercise, the RPE scale 

was verbally anchored by indicating to participants that RPE ‘‘1’’ corresponds to feelings 

of exertion during seated rest while RPE ‘‘10’’ corresponds to feelings at maximal 

exertion. At the end of the exercise session, participants had their heart rate and blood 

pressure measured to assure safety and systemic physiological stress. A blood sample 

was collected from participants at 30 minutes post-exercise. At both three and six hours 

after the end of the exercise session, blood and muscle biopsies were obtained.  After the 

six-hour time point, participants were allowed to leave. Before leaving for the day, 

participants were reminded to record their dietary intake until after the 24-hour biopsy. 

Participants were asked to refrain from exercise until after the 24-hour biopsy.  

 For the second day (24-hour time point), participants were asked to arrive in time 

so that preparations could be made for a muscle biopsy at 24 hours post-exercise. Upon 

arrival, participants were asked to rest in a supine position for 15 minutes after which 

their heart rate and blood pressure were measured, and then a 24-hour post-exercise 

muscle and blood sample was obtained. Following the collection of the 24-hour post-

exercise blood sample and muscle biopsy, participants turned in their dietary logs. 

 

Dietary Analysis (Visits 2 & 3) 

Participants were required to record their dietary intake for one day prior to each 

of the two testing sessions.  Additionally, participants were asked to record their dietary 

intake from the day of the testing session through the 24-hour time point (48-hour total). 

The participants’ diets were not standardized and participants were asked not to change 

their dietary habits during the course of the study.  The dietary recalls were evaluated 

with the Food Processor IV Nutrition Software (ESHA Research, Salem OR) to 
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determine the average daily macronutrient consumption of fat, carbohydrate, and protein 

in the diet for the duration of the study. For the second testing session, participants were 

asked to eat the same type and amount of food consumed during the first testing session.  

 

Venous Blood Sampling (Visits 2 & 3) 

At visit 2 and 3, Venous blood samples were obtained in one (10 ml) vacutainer 

tube from a 20 gauge intravenous catheter inserted into the antecubital vein based on our 

standard laboratory protocol (Schwarz, 2013). Blood samples stayed at room temperature 

for 10 minutes and then centrifuged. The serum was collected in micro-tubes and stored 

at -80C for later analysis. Five blood samples were obtained at each exercise session, 

with a total of 10 blood samples being obtained during the course of the study. At each 

testing session, blood samples were obtained: before resistance exercise, and at 0.5, 30, 3, 

6, and 24 hours post-exercise.  

 

Percutaneous Muscle Biopsies (Visits 2 & 3) 

Percutaneous muscle biopsies (~30 mg) were obtained from the middle portion of 

the vastus lateralis muscle of the leg at the midpoint between the patella and the greater 

trochanter of the femur at a depth between 1 and 2 cm under local anesthesia with 1% 

Lidocaine based on our standard laboratory protocol using a 14-gauge fine needle 

aspiration biopsy instrument (Tru-Core I Biopsy Instrument, Medical Device 

Technologies, Gainesville, FL) (Schwarz, 2013). Following removal, muscle samples 

were immediately frozen in liquid nitrogen and stored at -80°C for later analysis. The leg 

used for the initial biopsy at Visit 2 was randomly selected using the “pulled from a hat” 

procedure. The next biopsy at Visit 3 involved the opposite leg.  After the initial biopsy, 
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subsequent biopsy samples were taken from at least 0.5 cm proximal or distal to the 

original biopsy site, and from the same depth by using depth markings on the needle. 

Four muscle samples were obtained at each resistance exercise session, with a total of 

eight muscle samples being obtained during the course of the study. At each resistance 

exercise testing session, muscle samples were obtained: before exercise, immediately 

post-exercise and at 3, 6, and 24 hours post-exercise.  

 

Oxygen Saturation (Visits 2 & 3) 

Oxygen saturation was measured during resistance training exercise during Visit 2 

and 3 at: before exercise and immediately following each set for every exercise. Using a 

handheld pulse oximeter (Nellcor NPB-40, Nellcor Puritan Bennett Inc., Pleasanton, 

CA), participants had a small clip placed over the end of their finger that was loose fitting 

and painless during the resistance exercise session to assess blood oxygen saturation 

during exercise. This clip emitted an internal light form one side while the other side 

absorbs the light and measures the oxygen in the participant’s blood. This was done by 

analyzing the color of the participant’s finger when a light shone through it. The shade of 

red indicate how rich the blood is with oxygen. The red blood cells absorb different 

colors based on the level of oxygen saturation.  

 

Assessment of Serum Cortisol 

From the serum samples obtained at the two testing sessions, cortisol levels were 

determined using a commercially available enzyme-linked immunoabsorbent assay 

(ELISA) kit (Caymen Chemical Company, Ann Arbor, MI, #5000360). A set of 

standards was made via serial dilution starting at a concentration of 4,000 pg/ml and 
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ending at 6.6 pg/ml. After 50 µl of sample per well were added, 50 µl of the cortisol 

AChE tracer was added to all wells except for the blank wells. Next, 50µl of the 

monoclonal antibody were added to all wells except for the nonspecific binding and 

blank wells. The plates were then covered with a plate film and incubated overnight at 

4°C. The following morning the plates were then emptied and rinsed five times with 

wash buffer. The plates were then reconstituted with 200µl of Ellman’s reagent and 5 µl 

of tracer was added to the wells. The plates were then covered with a plastic film and 

placed on an orbital shaker for 90 minutes to develop in the dark. All samples were 

analyzed in duplicate and the assays were performed at 420 nm wavelength with a 

microplate reader (iMark, Bio-Rad, Hercules, CA). Hormone concentrations were 

determined using data reduction software (Microplate Manager, Bio-Rad, Hercules, CA).   

 

Skeletal Muscle Cellular and Nuclear Extraction and Protein Content 

Portions of each muscle sample were homogenized using a cell extraction buffer 

(item # FNN0011, Life Technologies, Grand Island, NY, USA) and a tissue 

homogenizer.  The cell extraction buffer was supplemented with 

phenylmethanesulphonyl fluoride (PMSF) (item # P7626, Sigma Chemical Company, St. 

Louis, MO, USA) and a protease inhibitor cocktail (item # P2714, Sigma Chemical 

Company, St. Louis, MO, USA) with broad specificity for the inhibition of serine, 

cysteine, and metallo-proteases (Ferreira, 2014; Taylor, 2012). Remaining muscle 

samples were homogenized in nuclear extraction buffer (item # 40410, Active Motif, 

Carlsbad, CA).  The nuclear extracts were supplemented with a phosphatase inhibitor 

buffer (Bufford, 2010; Cooke, 2011). Total protein content for cellular- and nuclear-

extracted samples were analyzed in duplicate and determined spectrophotometrically 
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using the Bradford assay at a wavelength of 595 nm and using bovine serum albumin as 

the standard (Ferreira 2014).   

 

Assessment of Skeletal Muscle Transcription Factor Protein Levels 

Protein levels of GR/DNA binding were determined using commercially-available 

ELISA kits (Active Motif, Carlsbad, CA, # 45496). This assay contains an 

oligonucleotide containing a GRE consensus sequence, and GR contained in nuclear 

extract binds specifically to this oligonucleotide. A total of 30 µl of complete binding 

buffer was added to each well. Next 20 µl of sample was added to the sample wells and 

20 µl of complete lysis buffer was added to the blank wells. Plates were sealed with 

adhesive cover and incubated for 1 hour at room temperature with mild agitation (100 

rpm on rocking platform). Following incubation, 100 µl of diluted GR antibody was 

added to all wells, incubated for 1 hour and then washed 3 times with 200 µl of Wash 

Buffer. Next, 100 µl of diluted HRP-conjugated antibody were added to all wells, 

incubated for 1 hour at room temperature, and then washed 4 times with 200 µl of wash 

buffer. Finally, with 100 µl of developing solution was added to all wells and incubated 

for 20 minutes before 100 µl of stop solution was added. The plates were then read at 450 

nm wavelength and in duplicate according to manufacturer instructions with a microplate 

reader (iMark, Bio-Rad, Hercules, CA). Protein concentrations were determined using 

data reduction software (Microplate Manager, Bio-Rad, Hercules, CA), and the final 

concentration was expressed relative to muscle protein content.  
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Assessment of Skeletal Muscle Gene Expression 

From the four muscle tissue samples obtained at each of the two testing sessions 

(eight total), mRNA expression of myostatin, MuRF1, MAFbx, Foxo1, REDD1, and 

Atrogin-1 was analyzed using reverse transcription real-time polymerase chain reaction 

(RT-PCR) utilizing our standard laboratory procedures (Buford 2010). 

 

Total RNA Isolation from Skeletal Muscle Samples 

Approximately 10 - 15 mg of muscle tissue was used for biochemical analysis.  

Total cellular RNA was extracted from homogenate of biopsy samples with a 

monophasic solution of phenol and guanidine isothiocyanate contained within the TRI-

reagent (Sigma Chemical Co., St. Louis, MO).  Five hundred μL of TRI-Reagent was 

added to each tube, and then muscle samples were homogenized using a pestle.  One 

hundred μL of chloroform was added to each tube and shaken, then allowed to sit for 15 

minutes. This process separated the samples into three distinct phases, a lower (pink) 

organic phase which contains the protein, a middle (gray) interphase containing the DNA, 

and an upper (clear) aqueous phase containing the RNA. Using a sterile transfer pipette, 

the clear aqueous phase was transferred into a new microfuge tube. The remaining 

interphase and organic phase was stored in an ultra-low freezer at -80oC. Subsequently, 

250 μL of 100% isopropanol was added to each tube and allowed to sit at room 

temperature for 5 to 10 minutes. Samples were then centrifuged at 12,000 x g at 2 to 8oC 

for 10 minutes, allowing for the formation of a RNA pellet. The supernatant was 

discarded, then 500 μL of 75% ethanol was added then vortexed to wash the pellet.  The 

samples were then centrifuged at 7500 x g at 2 to 8oC for 5 minutes then the supernatant 

discarded. The washing procedure was repeated twice.  The pellet was allowed to air dry 
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for 5 to 10 minutes, then 50 μL of nuclease free water was added to the microtube. Total 

RNA concentrations from each sample were determined spectrophotometrically with an 

optical density of 260 nm (OD260) and to verify RNA integrity and absence of RNA 

degradation, indicated by an OD260/OD280 ratio of approximately 2.0. The final 

concentration adjusted to 200 ng•μl-1 by diluting the total RNA extracts into DEPC-

treated nuclease-free H2O. The RNA samples were stored at -80°C until later analyses.  

 

Reverse Transcription and Complementary DNA Synthesis 

  A reverse transcription reaction mixture [i.e., 1 μl of total cellular RNA, 4 μl 5× 

reverse transcription buffer, a dNTP mixture containing dATP, dCTP, dGTP, and dTTP, 

MgCl2, RNase inhibitor, an oligo(dT)15 primer, 10 μL of nuclease-free H2O and 1 U•μl-

1 MMLV reverse transcriptase enzyme (Bio-Rad, Hercules, CA)] were incubated at 42°C 

for 40 minutes, heated to 85°C for five minutes, and then quick-chilled on ice yielding 

the complementary DNA (cDNA) product.  The standardized cDNA solutions were 

frozen at -80°C until real-time RT-PCR was performed. 

 

Oligonucleotide Primers for Polymerase Chain Reaction (PCR) 

The mRNA sequences of human skeletal muscle REDD1 (NC_000010.11), 

MuRF1 (NC_000894.1), Myostatin (NC_030685.1), Atrogin-1 (GCF_000001405.33), 

MAFbx (GCF_000001405.33), Foxo1 (GCF_000001405.33) , and GAPDH 

(GCF_000001405.33) published in the NCBI Entrez Nucleotide database 

(www.ncbi.nlm.nih.gov) were used to construct PCR primers using Beacon Designer 

software (Bio-Rad, Hercules, CA, USA), and then commercially synthesized (Integrated 

DNA Technologies, Coralville, IA).  These primers (Table 1) amplify fragments of base 

pairs for myostatin, MuRF1, MAFbx, Foxo1, REDD1, and Atrogin-1.   

http://www.ncbi.nlm.nih.gov/
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Table 1.  

Primer Sequences 

 

Gene Sequence 

GAPDH 
Forward 

Reverse 

5’- AAA GCC TGC CGG TGA CTA AC -3’ 

5’- CGC CCA ATA CGA CCA AAT CAG A -3’ 

Myostatin 
Forward 

Reverse 

5’- CCA GGA GAA GAT GGG CTG AA -3’ 

5’- CAA GAC CAA AAT CCC TTC TGG AT -3’ 

MuRF1 
Forward 

Reverse 

5’- CCT GAG AGC CAT TGA CTT TGG -3’ 

5’- CTT CCC TTC TGT GGA CTC TTC CT -3’ 

MAFbx 
Forward 

Reverse 

5’- CCC AAG GAA AGA GCA GTA TGG AGA -3’ 

5’- GGG TGA AAG TGA AAC GGA GCA -3’ 

Foxo1 
Forward 

Reverse 

5’- TTG TTA CAT AGT CAG CTT G -3’ 

5’- TCA CTT TCC TGC CCA ACC AG -3’ 

REDD1 
Forward 

Reverse 

5’- TGA GGC ACG GAG TGG GAA -3’ 

5’- CAG CTC GAA GTC GGG CAA -3’ 

Atrogin-1 
Forward 

Reverse 

5’- GCA GCT GAA CAA CAT TCA GAT CAC -3’ 

5’- CAG CCT CTG CAT GAT GTT CAG T -3’ 

 

RT-PCR 

 Aliquots of cDNA were added to each of the PCR reactions for, myostatin, 

MuRF1, MAFbx, Foxo1, REDD1, Atrogin-1 and GAPDH.  Specifically, each PCR 

reaction contained the following mixtures: 2 μl of cDNA template along with 10.0 μl of 

2× SYBR Green Supermix (Bio-Rad, Hercules, CA) [100 mM KCl mixture, 40 mM Tris-

HCl, 0.4 mM of each dNTP, 50 U•ml-1 of iTaq DNA polymerase, 6.0 mM MgCl2, 

SYBR Green I, 20 nM flourescein], 1.5 μl of sense and anti-sense primers, and 5.0 μl 

nuclease-free dH2O. Each PCR reaction was amplified with a thermal cycler (Bio Rad, 

Hercules, CA) and the amplification sequence involved a denaturation step at 95°C for 30 

seconds, primer annealing at 55°C for 30 seconds, and extension at 72°C for 60 seconds. 

RT-PCR was performed over 40 cycles with emitted fluorescence from the SYBR green 

fluorophore being measured after each cycle. An emission of fluorescence occurs due to 

the integration of the SYBR green into the double-stranded cDNA produced during the 

PCR reaction. GAPDH was used as an external reference standard for detecting relative 
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change in the quantity of target mRNA due to its consideration as a constitutively 

expressed housekeeping gene (Thellin et al., 1999).  All CT values were assessed in the 

linear portion of amplification and a DNA melting curve analysis was performed after 

amplification to assure that the single gene products were amplified in absence of primer-

dimers. Quantification of all mRNA were expressed relative to GAPDH expression using 

the delta CT protocol.  

Oligonucleotide primers were designed using known human mRNA sequences 

available online through the NCBI database.  The expression of mRNA was determined 

from the ratio of the CT values relative to GAPDH.  Delta changes from rest were 

expressed by subtracting the baseline GAPDH/target CT ratio from the GAPDH target CT 

ratio for each time point.  The specificity of the PCR was demonstrated with an absolute 

negative control reaction containing no cDNA template, and single gene products 

confirmed using DNA melt curve analysis. 

 

Statistical Analysis 

Statistical analyses of mRNA expression were performed by utilizing separate 2 x 

4 (session x time point) two-way repeated-measures analyses of variance (ANOVA) for 

each criterion variable.  Statistical analyses were performed by utilizing separate 2 x 5 

[Session (mask, no mask)] x Time (pre-exercise, post-exercise at 0.5, 3, 6, and 24 hours)] 

factorial ANOVA with repeated measures for blood variables. Session RPE and pre/post 

stress scales were analyzed using a paired t-test. Significant within-session  and within-

time differences were determined using Fisher’s Least Significant Difference post-hoc 

test.  If within-group assumption of sphericity was violated using Mauchly's Test of 

Sphericity, the Greenhouse-Geisser correction factor was used to evaluate observed 
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within-group F-ratios to protect against Type I error.  Interaction effects were 

investigated using separate repeated-measures ANOVA for each session and time point.  

Effect size was measured using partial eta-squared (partial η2). Significant between-group 

differences were then determined involving the Tukey’s Post Hoc Test. The sample size 

calculations for a two-tailed study design yielded a minimum sample size of 10 for each 

session in order to attain a statistical power of 0.80 in the performance variable of total 

repetitions (mean difference of 12 ± 12 reps). Statistical procedures were performed 

using SPSS 21.0 software (Chicago, IL) and a probability level of ≤ 0.05 will be adopted 

throughout. 
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CHAPTER FOUR 

 

Results 

 

 

Participant Anthropometric and 12-RM Data 

 

In all, 14 participants initially started the study, with four dropping out. Three 

participants were unable to complete the baseline strength assessment screening while 

wearing the RBM due to feeling uncomfortable and removing the mask. The other 

participant completed their baseline strength testing/screening, their no mask 

performance trial, but was unable to complete the RBM session due to the discomfort of 

breathlessness during the squat exercise.   

 

Table 2. 

Physical, Anthropometric, and 12-RM Data Describing the Participants. 

 

Variable Mean ± SD 

Age (years) 20.3 ± 1.3 

Height (cm) 177 ± 5.6 

Bodyweight (kg) 78.4 ± 9.2 

Body fat (%) 13.4 ± 5.1 

Leg Press 12-RM (kg) 269.7 ± 41.2 

Squat 12-RM (kg) 107.8 ± 17.8 

Perceived Stress Scale 10.5 ± 6.2 
Note: SD = standard deviation; cm = centimeters; kg = kilograms; % = percent; 

BW = bodyweight; 12-RM = twelve-repetition maximum. 
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Total Session and Exercise Repetitions 

 

 There was a significant decrease in total repetitions during the RBM session (p = 

.001). A majority of the decrease in repetitions to failure occurred in the squat (p = .030) 

and in the leg press (p = .001), while no difference was observed in leg extension (p = 

.214). 

 

Table 3. 

 Total Session and Exercise Repetitions 

 

Exercise No Mask SD RBM SD p-value 

Squat Repetitions 43.7 3.5 40.2 4.2 0.030 

Leg Press Repetitions 36.4 3.9 28 7.5 0.001 

Leg Extension Repetitions 38.7 7.7 36.9 8.6 0.214 

Total Session Repetitions 118.8 9.9 104.4 13.5 0.001 

           Note: RBM= restrictive breathing mask; SD = standard deviation. 

 

 

Perceptual Measures, Heart Rate, and Pulse Oximeter Session Data 

 

 There was a significant increase in S-RPE during the RBM session (p = .004). 

There was a significant increase in pre-stress (p = .007) and post-stress (.010) in the RBM 

session. There was not a significant difference between HR between sessions (p = .083). 

There was a significant decrease in arterial oxygen saturation during the RBM session (p 

= .002). 
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Table 4.  

Perceptual Measures, Heart Rate, and Pulse Oximeter Session  

 

Variable No Mask SD RBM SD p-value 

Session RPE 7.2 1.1 8.6 1.0 0.004 

Pre Stress 4.3 1.6 6.5 2.3 0.007 

Post Stress 5.9 1.2 7.9 1.5 0.010 

Heart Rate (bpm) 154 11.8 157 14.2 0.083 

Pulse Oximeter (%) 98.4 0.6 97.6 1.0 0.002 

Note: RBM= restrictive breathing mask; SD = standard deviation; RPE= rating of perceived exertion; bpm= 

beats per minute; % = percent. 

 

Gene Expression 

Myostatin mRNA Expression 

The mRNA expression of Myostatin at baseline and in response to each exercise 

session is presented in Figure 1. There was no statistically significant interaction between 

session and time for Myostatin mRNA expression [F(3, 27) = .898, p = .455, partial η2 = 

.091]. The main effect of time demonstrated no statistically significant difference in 

Myostatin mRNA expression between time points [F(3, 27) = 9.444, p = .000, partial η2 

= .512]. The main effect of session revealed a statistically significant difference in 

Myostatin mRNA expression between sessions [F(1, 9) = 7.715, p = .021, partial η2 = 

.462].  Post-hoc analyses revealed significant increase for Myostatin mRNA expression 

from pre vs. 3-hr (p = .002) post-exercise, pre vs. 6-hr (p = .000) post-exercise, and pre 

vs. 24-hr (p = .001) post-exercise.   
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Figure 1: Myostatin mRNA expression (GAPDH /Myostatin Ct Ratio) for each time point. hr = hours post-

exercise; Ct = threshold cycle. * = significantly different from pre-exercise.  

 

 

REDD1 mRNA Expression 

The mRNA expression of REDD1 at baseline and in response to each exercise 

session is presented in Figure 2.  There was no statistically significant interaction 

between session and time for REDD1 mRNA expression [F(3, 27) = .946, p = .432, 

partial η2 = .095]. The main effect of session revealed no statistically significant 

difference in REDD1 mRNA expression between trials [F(1, 9) = 3.118, p = .111, partial 

η2 = .257].  The main effect of time demonstrated a statistically significant difference in 

REDD1mRNA expression between time points [F(3, 27) = .3.379, p = .033, partial η2 = 

.273].  Post-hoc analysis revealed significant decrease for REDD1 mRNA expression 

from pre vs. 6-hr (p = .017) post-exercise, pre vs. 24-hr (p = .035) post-exercise.   
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Figure 2: REDD1 mRNA expression (GAPDH /REDD1 Ct Ratio) for each time point. hr = hours post-

exercise; Ct = threshold cycle; RBM = Restricted Breathing Mask.  * = significantly different from pre-

exercise. 

 

 

MAFbx mRNA Expression 

 

The mRNA expression of MAFbx at baseline and in response to each exercise 

session is presented in Figure 3. There was no statistically significant interaction between 

session and time for MAFbx mRNA expression [F(3, 27) = 2.107, p = .181, partial η2 = 

.190]. The main effect of session revealed a statistically significant difference in MAFbx 

mRNA expression between trials [F(1, 9) = 5.400, p = .045, partial η2 = .375].  The main 

effect of time demonstrated a statistically significant difference in MAFbx mRNA 

expression between time points [F(3, 27) = 21.465, p = .000, partial η2 = .705].  Post-hoc 

analysis revealed significant increases for MAFbx mRNA expression from pre vs. 3-hr (p 

= .000), pre vs. 6-hr (p = .000), and pre vs. 24-hr (p = .005) post-exercise. MAFbx 

mRNA expression 24-hr post-exercise was significantly reduced compared to 6-hr (p = 

.012) post-exercise.    
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Figure 3: MAFbx mRNA expression (GAPDH /MAFbx Ct Ratio) for each time point. hr = hours post-

exercise; Ct = threshold cycle; RBM = Restricted Breathing Mask.  * = significantly different from pre-

exercise. # = significantly different from 6-hr post-exercise. 

 

 

Atrogin-1 mRNA Expression 

The mRNA expression of Antrogin-1 at baseline and in response to each exercise 

session is presented in Figure 4.  There was no significant interaction between session 

and time for Atrogin-1 mRNA expression [F(3, 27) = 1.143, p = .344, partial η2 = .113]. 

The main effect of session revealed a statistically significant difference in Atrogin-1 

mRNA expression between trials [F(1, 9) = 5.781, p = .04, partial η2 = .391].  Mauchly's 

test of sphericity indicated that the assumption of sphericity had been violated for time 

[χ2(9) = 12.056, p = .035]; therefore, a Greenhouse-Geisser correction was applied (ε = 

0.540).  The main effect of time demonstrated a statistically significant difference in 

Atrogin-1 mRNA expression between time points [F(3, 27) = 6.582, p = .012, partial η2 = 

.422].  Post-hoc analyses revealed significant increase for Atrogin-1 mRNA expression 

from pre vs. 3-hr (p = .002) post-exercise. Atrogin-1 mRNA expression 24-hr post-
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exercise was significantly elevated compared to 3-hr (p = .002) and 6-hr (p = .02) post-

exercise.  

 
Figure 4: Atrogin-1 mRNA expression (GAPDH /Atrogin-1 Ct Ratio) for each time point. hr = hours post-

exercise; Ct = threshold cycle; RBM = Restricted Breathing Mask.  * = significantly different from pre-

exercise; # = significantly different from 24-hr post-exercise.  

 

 

Foxo1 mRNA Expression 

The mRNA expression of Foxo1 at baseline and in response to each exercise 

session is presented in Figure 5. There was no statistically significant interaction between 

session and time for Foxo1 mRNA expression [F(3, 27) = 1.640, p = .232, partial η2 = 

.154]. The main effect of session revealed no statistically significant difference in Foxo1 

mRNA expression between trials [F(1, 9) = 1.432, p = .262, partial η2 = .137].  The main 

effect of time demonstrated no statistically significant difference in Foxo1 mRNA 

expression between time points [F(3, 27) = 2.050, p = .186, partial η2 = .186].   
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Figure 5: Foxo1 mRNA expression (GAPDH /Foxo1 Ct Ratio) for each time point. hr = hours post-

exercise; Ct = threshold cycle; RBM = Restricted Breathing Mask.  

 

 

MuRF1 mRNA Expression 

The mRNA expression of MuRF1 at baseline and in response to each exercise 

session is presented in Figure 6. There was no statistically significant interaction between 

session and time for MuRF1 mRNA expression [F(3, 27) = .712, p = .553, partial η2 = 

.073].  The main effect of session revealed no statistically significant difference in 

MuRF1 mRNA expression between trials [F(1, 9) = 2.569, p = .143, partial η2 = .222].  

The main effect of time demonstrated no statistically significant difference in MuRF1 

mRNA expression between time points [F(3, 27) = 1.228, p =.319, partial η2 = .120].   
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Figure 6: MuRF1 mRNA expression (GAPDH/MuRF1 Ct Ratio) for each time point. hr = hours post-

exercise; Ct = threshold cycle; RBM = Restricted Breathing Mask.   

 

 

Serum Cortisol 

Serum cortisol at baseline and in response to each exercise session are presented 

in Figure 7. There was no statistically significant interaction between session and time 

[F(4, 36) = .865, p = .433, partial η2 = .088]. The main effect of session revealed no 

statistically significant difference between trials [F(1, 9) = .825, p = .387, partial η2 = 

.084]. The main effect of time demonstrated no statistically significant difference 

between time points [F(4, 36) = .995, p =.365, partial η2 = .100]. Mauchly's test of 

sphericity indicated that the assumption of sphericity had been violated for time [χ2(9) = 

38.849, p = .000]; therefore, a Greenhouse-Geisser correction was applied (ε = 0.335).   

Mauchly's test of sphericity indicated that the assumption of sphericity had been violated 

for time [χ2(9) = 37.412,  p = .009]; therefore, a Greenhouse-Geisser correction was 

applied (ε = 0.471).    
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Figure 7: Serum Cortisol for each time point. min = minutes post-exercise; hr = hours post-exercise; RBM 

= Restricted Breathing Mask.  

 

 

Glucocorticoid Receptor-DNA Binding 

The binding of GR-DNA at baseline and in response to each exercise session is 

presented in Figure 8. There was a statistically significant interaction between session 

and time [F(3, 27) = 7.288, p = .009, partial η2 = .447]. The main effect of session 

revealed no statistically significant difference between trials [F(1, 9) = .023, p = .883, 

partial η2 = .003].  The main effect of time demonstrated statistically significant 

difference between time points [F(3, 27) = 8.559, p =.007, partial η2 = .487].  Mauchly's 

test of sphericity indicated that the assumption of sphericity had been violated for time 

[χ2(9) = 15.508, p = .009]; therefore, a Greenhouse-Geisser correction was applied (ε = 

0.487).  Mauchly's test of sphericity indicated that the assumption of sphericity had been 

violated for time [χ2(9) = 11.257, p = .048]; therefore, a Greenhouse-Geisser correction 

was applied (ε = 0.542). Post-hoc analysis revealed a significant increase from pre vs. 3-

hr (p < .000) and 24-hr (p = .002) post-exercise. GR-DNA binding at 24-hr post-exercise 
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was significantly lower compared to 3-hr (p = .005) and 6-hr (p < .000) post-exercise. 

Paired-samples t tests of delta scores representing the change in GR-DNA binding from 

baseline at each time point revealed a significant difference at 3-hr (p = .007), 6-hr (p > 

.001), and 24-hr (p = .002). 

     

 
Figure 8: Glucocorticoid Receptor-DNA binding for each time point. hr = hours post-exercise; GR = 

Glucocorticoid Receptor; RBM = Restricted Breathing Mask.  * = significantly different from 3-hr and 6-hr 

post-exercise; # = significantly different from pre-exercise. 
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CHAPTER FIVE 

 

Discussion 

 

 

Introduction 

 

 Based on previous literature utilizing the product, the hypothesis was the RBM 

could plausibly cause mild hypoxia by the rebreathing of exhaled CO2 collected in the 

dead space of the mask. However, in the current investigation utilizing an anaerobic 

paradigm this was not observed. Granados et al., (2017) found that using the RBM 

sufficiently induced at least a mild hypoxic breathing environment during treadmill 

exercise demonstrating an arterial saturation percentage (SpO
2 %) of 92. Although it 

would be worthwhile to examine total volume of inspired and expired gases in a design 

similar to the previously mentioned study. While Sellers et al., (2017) group did not 

examine oxygen saturation during their investigation into the RBMs impact on Wingate 

performance. Notably, none of the current research using the product has examined any 

blood or muscle markers. The potential does exists for the RBM to diminish known 

hypertrophic responses to resistance exercise adaptations at the molecular level based on 

a decrease in mechanical stimulus due to a reduction in training intensity. There is limited 

research to date utilizing a RBM in both aerobic and anaerobic models.  

Resistance training has an established hypertrophic response requiring only a 

single bout of resistance exercise as sufficient stimulus for MPS via the mTOR pathway 

(Bodine et al., 2001; Koopman et al., 2006; Sandri, 2008). It is suspected that hypoxia 

can negatively impact the degree to which hypertrophy occurs. To date, a majority of 
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research has focused on repeated exposure to hypoxia in aerobic-based paradigms. Most 

hypoxic resistance training studies have typically employed local hypoxia induced by 

blood flow restriction training demonstrating an anabolic response (Abe, 2006; Abe, 

2010; Beekley, 2005; Takarada, 2000b; Yasuda, 2005). Conversely, there are limited 

hypoxia studies that have employed systematic normobaric hypoxia (~15% oxygen; ~ 

SpO
2 90%). These studies utilized untrained males and a lower-intensity resistance 

training stimulus with only a single exercise (Ho, Kou, Liu, Dong, and Tung, 2014; Kon, 

Ohiwa, Honda, Matsubayashi, Ikeda, and Akimoto, 2014; Yan, Lai, Yi, Wang and Hu, 

2016). No study to date has investigated the impact that a RBM has on generating a 

hypoxic environment in response to a single bout of lower-body resistance exercise in 

resistance trained males on muscle performance measures, SpO
2 %, and biochemical and 

molecular mechanisms. Potentially the data generated from the current study will provide 

the foundation for a subsequent study in the future involving chronic resistance training. 

 

Performance 

 The present study examined repetitions to failure at participants’ 12-RM as a 

performance parameter between the no mask and RBM session. The RBM session 

negatively influenced performance with a mean reduction of 14.4 repetitions. In regards 

to MPS and hypertrophy, increases in the phosphorylation of the mTOR substrate 

p70S6K post resistance training has been closely associated with exercise intensity in 

both rat and human muscle (Kumar, 2009; Baar, 1999; Terzis, 2008). The resulting 

diminished mechanical stimuli (reduced volume) provides a plausible rationale that the 

chronic use of a RBM with resistance training could negatively impact muscle strength 

and hypertrophy expected over time because of the reduction in training intensity. Much 
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of the reduction in training intensity occurred during the squat (No Mask: 43.7 ±3.5 reps; 

RBM: 40.2 ± 4.2 reps) and leg press (No Mask: 36.4 ± 3.9 reps; RBM: 28 ± 7.5 reps) 

while no statistical difference occurred in leg extension (No Mask: 38.7 ± 7.7 reps; RBM: 

36.9 ± 8.6 reps).Potentially no difference was found in leg extension because the exercise 

intensity was lower given it is a single joint exercise compared to multi-joint for squat 

and leg press (Simão 2007). One study to date examined the potential training impact of 

using a RBM in an anaerobic condition over 6-weeks in ROTC observing no differences 

in VO2peak or Wingate performance (Sellers, 2017). However, the authors do note that 

given the high fitness level and consistent training habits of the participants they may 

physiologically be near their genetic ceiling, potentially explaining while no differences 

in condition or time existed. Further research in this area should examine the use of a 

RBM in untrained participants to examine the training impact. A reduction in time under 

tension would subsequently result in a diminished mTOR response as there is a minimum 

intensity threshold required for maximal muscle hypertrophy (Ratamess et al., 2009). It is 

unclear if the stimulus threshold was met during the RBM session and requires additional 

investigation with chronic resistance training while wearing a RBM. However, Burd et 

al., (2010) examined a dose response investigation (one set vs. three sets) with resistance 

exercise observed a diminished MPS response at five hour post-exercise compared to 

three sets. Further, additional research is needed to examine the impact a RBM would 

have an upper body and lower body resistance training in both acute and chronic 

scenarios.  

 The average HR was slightly elevated during the RBM session, but no statistical 

difference was observed (157 ± 14.2 bpm vs. 154 ± 11.8 bpm; p = 0.08). It is interesting 
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to note the similar HR response despite the associated reduction in repetitions for the 

RBM session. This suggests participants experienced similar intensities despite a 

decrease in performance. Physiologically there was trend for increase stress given the 

slightly elevated HR during the RBM. Specifically there was a mean increase of 5 bpm in 

the squat exercise in spite of a reduced time under tension because of the decrease in 

repetitions. Potentially an increase in intrathoracic pressure moderately increased HR 

because of the increased pressure of breathing with the RBM. This is in agreement with 

the previous investigation utilizing steady state exercise observing no difference in HR 

while wearing a RBM (Granados, 2017). While the pulse oximetry data observed a 

significant decrease during the RBM session (No Mask: 98.4 ± 0.6 %; RBM: 97.6 ± 1.0 

%; p < 0.01), physiologically this is not significant (mild hypoxia ~94%). This differed 

from previous literature utilizing a RBM. Granados et al., (2014) demonstrated a SpO
2 % 

of 90 during an acute bout of 30 minutes of steady state treadmill exercise, far below the 

SpO
2 % that was observed during the RBM trial. Further, at an elevation of ~2700 meters 

it would be expected to see SpO
2 % of ~89, similar to the results of the previously-

mentioned Granados et al., (2014) study.  The plausible differences may be explained by 

the type of exercise (aerobic vs. anaerobic) and the rest times between sets allowed 

participants to recover vs. steady state exercise. The inclusion of rest periods between 

sets and exercises and the utilization of two common lower body exercises where an 

individual is seated undoubtedly impacted the SpO
2 % numbers. Potentially shorter rest 

periods in an anaerobic paradigm combined with multi-joint body weight exercises 

(Squat, pushups, etc.) could potentially increase the rate of rebreathing expired CO2 that 
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was trapped in the dead space of the mask. This would subsequently lower the SpO
2 % to 

induce hypoxia.                                               

 

Perceptual Measures 

 Participants utilized S-RPE to gauge their perceived exertion during the acute 

resistance training session. S-RPE was elevated during the RBM session (No Mask: 7.2 ± 

1.1; RBM: 8.6 ± 1.0; p < 0.01) despite completing fewer repetitions during the session 

while it being perceived as more difficult. One other study to date has examined the 

impact of a RBM on RPE finding similar results of increased RPE during exercise 

(Granados, 2014). Participants in that study observed a reduction in both VO2 and VCO2 

during the RBM trials despite the intensity being clamped at 30 minutes at 60% of their 

VO2 peak for all sessions. This potentially explains the increase in RPE that was observed. 

The current investigation utilized an anaerobic paradigm (compared to aerobic in the 

previous study) and did not clamp the workloads, but instead repetitions to failure. It 

would be noteworthy for a future investigation to utilize a similar protocol to the 

Granados study, but measure time to fatigue at a clamped workload to examine the RBM 

impact.    

 Participants gauged their perceived stress pre- and post-exercise with a significant 

difference being found for both between sessions. Elevated levels in stress were observed 

in the RBM session compared to the no mask session in both the pre (No Mask: 4.3 ± 1.6; 

RBM: 6.5 ± 2.3; p < 0.01) and post (No Mask: 5.9 ± 1.2; RBM: 7.9 ± 1.5; p = 0.01) time 

points. The Perceived Stress scale was utilized to assess participants day-to-day stress 

levels to establish if a stress response was potentially due to the RBM or if the 

participants were quantified as high- stress individuals. None of the participants in the 
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study qualified as high-stress on the scale (> 27) and only three participants qualified as 

moderate-stress (14-26) in the study (Cohen, 1983). Overall, the mean score was 10.5± 

6.2 for the current investigation. Based on the data, it can be interpreted that the RBM 

sufficiently induced an anticipatory stressful event in the participants and subsequently 

the participants experienced what was perceived as a stressful event. Potentially this 

increased stress negatively impacted participant’s repetitions to failure with a desire to 

discontinue the exercise. The perceived stress occurred despite the participants being 

quantified as low stress individuals. This is the first study to date to examine the 

perceived stressfulness associated with a RBM because of the increased difficulty to 

breath. Further investigation is needed to quantify if the stress response would be blunted 

with chronic use of a RBM. 

 

Serum Cortisol 

In response to an acute bout of hypoxic resistance exercise elevated cortisol levels 

have been observed at 15, 30, and 60 minutes post-exercise compared to normoxia (Kon 

et al., 2010). Glucocorticoids, such as cortisol, can increase the rate of protein 

degradation and or decrease the rate of protein synthesis (Kuo, 2013). In the current 

investigation, cortisol was observed to be elevated 30min post-exercise during both 

sessions, although main effects were observed for time. There is also an association 

between chronic stress and elevated levels of cortisol; thusly it may be worthwhile to 

investigate how the use of a RBM over time impacts cortisol.  

There is a strong correlation between number of sets/total volume completed 

during a resistance training session and cortisol levels observed post-exercise (Smilios, 

2003). Given the sets were identical between sessions but the total repetitions completed 
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showed a reduction of ~14 during the RBM, the potential exists to see a diminished 

cortisol response. Hypothetically the stress of perceived difficulty breathing was of 

sufficient stimulus to elevate cortisol despite a reduction in total volume lifted.  

Conversely, the volume lifted may have been too similar to observe a physiological 

difference. Sufficient stimulus thresholds have been demonstrated in total volume lifted 

in one set vs. six sets with regards to cortisol levels being elevated with higher repetitions 

(Ratamess, 2005). The difference in total repetitions in the previously-mentioned study 

was ~50, compared to only ~14 in the current study. Potentially one limitation of the 

present study was total cortisol being measured as the unbound cortisol is biologically 

active. Roughly 10% of all circulating cortisol is free (Kraemer, 2005). Elevated levels of 

unbound cortisol could explain why an increase in GR/DNA binding was observed in the 

RBM trial. Additionally, exercise is a known stimulus for increases in cortisol, which 

potentially hid any increase induced specifically by the stress of the RBM trial (Kraemer, 

2005). Further, resistance training in the morning has demonstrated the capacity to alter 

normal diurnal variations of cortisol (compared to afternoon training) immediately post-

exercise and up to 48hr post-training (Ammar, 2017). Although, all participants 

completed the resistance training sessions in the morning so it would be interesting to 

examine a similar investigation comparing morning RBM training with afternoon RBM 

training.  In the previously-mentioned Ammar et al., (2017) study this also led to an 

increase in testosterone/cortisol ratio, potentially creating a more anabolic status. 

However, testosterone was not measured in the current investigation but would be 

noteworthy in future studies. Future investigations should examine the impact of a RBM 
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on cortisol levels at rest with no exercise and different exercise intensities as this is 

currently the only study to date to examine cortisol with the use of a RBM.   

 

Glucocorticoid Receptor-DNA Binding 

Cortisol is functionally capable of diffusing across the sarcolemma and 

subsequently binds to the GR, which successively becomes activated, translocates into 

nucleus, binds with the glucocorticoid response element located in the regulatory 

promoter regions of various genes involved in muscle proteolysis, and induces 

transactivation of these genes inevitably resulting in muscle proteolysis (Taio et al., 

1996). GR-DNA binding increased over time during the RBM trial while subsequently 

decreasing over time during the No Mask trial. Delta values for GR-DNA binding from 

baseline vs. each time point revealed a significant difference between sessions at 3-hr, 6-

hr, and 24-hr post-exercise. Few studies to date have examined muscle GR combined 

with resistance training and none to date with the use of a RBM. Utilizing untrained 

males with a single session of eccentric exercises a substantial increase in GR protein 

content was observed at 6 and 24h post-exercise (Willoughby, 2003). The damaging 

nature of eccentric exercise demonstrated a potential glucocorticoid mediated pathway 

for proteolysis during resistance exercise (Willoughby, 2003).  Interesting to note that in 

the Willoughby et al., (2003) study repeated the exercise 3 weeks later and the increase in 

GR was diminished suggesting a repeated bout affect. Potentially this training impact 

may also be observed utilizing a RBM, but has yet to be examined. Although cortisol was 

elevated in conjunction with GR-DNA binding, conversely the present study saw an 

associated increase in activity in spite of no difference in cortisol levels between sessions. 

Glucocorticoids inhibitory effect on MPS is through blunting the Akt-mTOR pathway 
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and was confirmed with dexamethanasone administration (Wang, 2016). Given the 

increase in GR DNA binding during the RBM trial with an associated reduction in 

repetitions, it is plausible that a blunted mTOR response may have occurred to the RBM 

session. Although not measured in the current study, it would be noteworthy for future 

investigations to examine. 

 

Proteolytic Gene Expression 

 

 

REDD1 

Hypoxic conditions have been shown to inhibit mTOR through expression of 

REDD1 and the critical enzymatic regulator of energy balance, AMPK (McGee and 

Hargreaves, 2010). Rodents exposed to short-term hypoxic conditions, skeletal muscle 

atrophy occurred when compared to normoxic pair-fed rats. This effect could be 

associated to a significant induction of REDD1 and MAFbx, suggesting an activation of 

proteasomal degradation could further contribute to a reduction in skeletal muscle mass 

(Gomes et al., 2001). D’Hulst et al., (2013) observed a similar response in up-regulation 

in REDD1 mRNA with four hours of passive exposure to hypoxia in untrained males. 

Altogether, these observations suggest that REDD1 could contribute to skeletal muscle 

atrophy via the inhibition of mTOR and the subsequent reduction of protein translation. 

However, based on the pulse oximeter data from the current investigation a hypoxic 

condition was not sufficiently generated by a RBM, which is contrary to previous 

research (cite study). Potentially the exercise modality (aerobic vs. anaerobic) was the 

reason for substantially different oxygen saturation numbers (~90%; Grandos, 2014 vs. 

~97%; current study). Aerobic exercise places a greater demand on oxygen dependent 
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energy production which would increase ventilation during exercise. There was 

significant decrease for REDD1 mRNA expression from pre vs. 6-hr post-exercise, pre 

vs. 24-hr post-exercise suggesting the resistance training stimulus was sufficient to blunt 

the proteolytic marker in both sessions. The justification exists for additional research 

utilizing a RBM to determine what specific paradigms a hypoxic environment occurs 

with this product and how it potentially impacts known proteolytic pathways induced by 

hypoxia. 

 

MAFbx 

MAFbx was minimally expressed. To date this is the first study to examine 

MAFbx in response to an acute resistance training session while wearing a RBM. While 

the RBM has demonstrated a capacity to generate a hypoxic state in a steady state aerobic 

paradigm, it failed to in an anaerobic condition. There has been an observed increase in 

MAFbx mRNA in hypoxic conditions (Hayot, 2011), but the RBM failed to induce a 

hypoxic environment. With repeated bouts of resistance training, changes in expression 

of genes involved in protein degradation are blunted, including MuRF1 and MAFbx 

(Mascher, Tannerstedt, Elfegoun, Ekblom, Gustafsson, Blomstrand, 2008). Given the 

lack of a hypoxic environment combined with the high training status of all the 

participants utilized it is understandable no differences were observed between sessions 

in the current study. It remains unclear if MAFbx activity would be upregulated in an 

aerobic paradigm utilizing a RBM given the Granados et al. (2014) study induced a 

physiological significant hypoxic environment (~90%) and be worth additional 

investigation. 
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Myostatin 

The current literature suggests the up-regulation of myostatin, induced by 

hypoxia, is associated with muscle proteolysis through inhibition of the Akt-mTOR 

pathway (Hayot et al., 2011). Connections between myostatin and hypoxia exist in the 

current literature, but the RBM did not sufficiently induce a hypoxic event. However, 

there is an associated pathway between elevations in glucocorticoid-induced muscle 

proteolysis through a myostatin-dependent pathway (Wang, 2016). Although, there was 

no statistically significant interaction between session and time for myostatin mRNA 

expression. Given the elevated level of GR-DNA binding during the RBM session it is 

plausible the moderate trend in elevation over time in expression of myostatin could be 

due to the increased GR-DNA binding activity. A majority of the previous literature 

observing the dynamics of myostatin mRNA expression propose that resistance exercise 

negatively augments myostatin mRNA expression but an intensity threshold may exist 

(Hulmi et al., 2007; Kim et al., 2007; Laurentino et al., 2012; Lundberg, Fernandez-

Gonzalo, Gustafsson, & Tesch, 2013). However, in the current investigation a significant 

increase over time for myostatin mRNA expression occurred from pre vs. 3-hr post-

exercise, pre vs. 6-hr post-exercise, and pre vs. 24-hr post-exercise. Observations of 

myostatin expression in response to two separate resistance exercise protocols with 

intensity workloads of 16% and 70% of 1-RM resulted in an attenuation of myostatin for 

only the 70% intensity condition (Agergaard et al., 2013). Likewise, after resistance 

exercise with 20% or 80% of 1-RM, only the 80% intensity was capable of attenuating 

myostatin mRNA expression (Laurentino, et al., 2012).  Though, it is unclear if the 

reduction of ~14 repetitions during the RBM trial was sufficient to drop below the 



 

 

71 

 

threshold. The down-regulation of myostatin mRNA expression appears to become the 

predominant response to an acute resistance exercise bout between two and 24 hours 

post-exercise (Dalbo, 2013; Wilborn et al., 2009). After an acute resistance exercise bout, 

myostatin mRNA expression appears to increase back to basal levels 48 to 72 hours post-

exercise (Dalbo et al., 2011; Deldicque et al., 2008; Hulmi et al., 2007).  The current 

investigation only examined mRNA levels of myostatin up to 24hr post-exercise though. 

For up to one hour post-exercise, the vast majority of available data has demonstrated 

that myostatin mRNA expression appears to remain unaffected after an acute bout of 

resistance exercise (Wilborn, 2009).  Wilborn et al., (2009) observed that myostatin 

expression was reduced equally at 6-hr following resistance exercise at 60 to 65% and 80 

to 85% of 1-RM despite differences in workload volume.  Conversely, it is also possible 

that the intensities were too similar to stimulate a differential response and this could also 

potentially explain the results of the current study in regards to myostatin expressions 

given the similar workloads between sessions. Potentially, if additional exercises were 

added to a resistance training session there may be a divergence in myostatin mRNA 

expression using a RBM. 

 

Atrogin-1 

To date this is the first study to examine Atrogin-1 in response to an acute 

resistance exercise session while wearing a RBM. In rodent models, a proposed 

glucocorticoid dependent mechanism has been suggested to activate specific proteolytic 

pathways during intermittent hypoxia, including Atrogin-1(Przygodda, 2017). Although 

the duration of intermittent hypoxia lasted 8 hours, far longer than the time participants in 

the current study utilized the RBM. Regardless, the RBM failed to induce a hypoxic 
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environment. Further, it has been demonstrated that the proteolytic marker Atrogin-1 is 

down regulated with prolonged resistance training (Zanchi, 2009). With the use of 

resistance-trained participants, and the lack of a hypoxic environment, this could explain 

why there was not an interaction between session and time for Atrogin-1.  

 

MuRF1 

To date this is the first study to examine MuRF1 in response to an acute resistance 

training session while wearing a RBM. Current evidence suggests GR-DNA activity and 

Foxo1 are capable of synergistically activating the MuRF1 gene (Mascher, Tannerstedt, 

Elfegoun, Ekblom, Gustafsson, Blomstrand, 2008), but there was only an increase in GR-

DNA binding in the current study. While GR-DNA binding was increased during the 

RBM session, there was no difference in Foxo1 activity between sessions. It has been 

hypothesized that resistance training in a systematic hypoxic state could hinder known 

mTOR responses through Foxo1 activity. Although, in an acute occlusion model utilizing 

rodents no increase in REDD1 protein levels occurred, nor did the mRNA levels of 

myostatin or MuRF1 (Nakajima, 2016). Further, Foxo transcription factors are required 

for the up-regulation of both MuRF1 and MAFbx (Sandri, 2004). In the current study 

there was no up-regulation of Foxo1. Given the results of the previous study and that the 

RBM failed to produce a hypoxic environment regardless in the current paradigm, this 

potentially explains why changes in MuRF1 expression was observed. 

 

Foxo1 

To date this is the first study to examine Foxo1 in response to an acute resistance 

exercise session while wearing a RBM. Foxo1 plays an essential role in the regulation of 
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Atrogin-1 and MuRF1 expression in glucocorticoid-induced muscle atrophy (Glass, 

2005). In regards to muscle atrophy, the regulation of Akt and its downstream Foxo1 

signaling pathway are both associated with the process.  Although, it has been shown that 

mRNA expression levels of myostatin, MuRF1, and MAFbx/Atrogin-1 three hours post-

occluded knee extensions (20% 1RM) was no different when compared to resistance 

exercise without occlusion (Drummond et al., 2008). Further, Foxo transcription factors 

are required for the up-regulation of both MuRF1 and MAFbx (Sandri, 2004).  The main 

effect of session revealed no statistically significant difference in Foxo1 mRNA 

expression between sessions and/or between time points. Activation of Akt has 

demonstrated hypertrophic properties but also the subsequent inhibition of atrophy 

signaling (Glass, 2005). Given a hypoxic environment was not induced by the RBM and 

the hypertrophic nature of the resistance training session in this paradigm, the results of 

no up-regulation of proteolytic markers is expected with known hypertrophic responses 

to resistance exercise. Though, it would be worthwhile to examine mTOR activation in a 

similar design to the current investigation. 

 

Conclusions and Future Directions 

 Based on the current data the use of a RBM reduces the total number of session 

repetitions in an acute lower-body resistance training session in resistance-trained males. 

Future research should examine a RBM impact on resistance training manipulating 

variables including upper body, total body, rest time, and total volume/intensity. 

Additionally, the RBM sufficiently increases the perceived difficulty of the resistance 

exercise session, while slightly elevating heart rate, in spite of the reduction of total 

repetitions. Further, anticipatory stress levels and post session stress levels were higher 
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during the RBM session. Despite the increase in perceived stress, there was no observed 

increase in serum cortisol between the sessions. However, cortisol should continue to be 

examined in different training paradigms when using a RBM.  

The RBM failed to produce a physiologically significant hypoxic environment 

during the resistance training session; it may still produce a hypoxic environment in 

aerobic paradigms based on previous research. Given hypoxia did not occur there was no 

change in proteolytic markers myostatin, MuRF1, MAFbx, Foxo1, REDD1, and Atrogin-

1 but, nonetheless, should potentially be investigated in an aerobic paradigm where the 

RBM has been shown to produce a hypoxic environment. With GR-DNA binding there 

was an increase in the delta change values from baseline vs. each time point with 

increased binding during the RBM session. Amplified GR-DNA binding can increase 

activity of proteolytic markers (myostatin, MuRF1, MAFbx, Foxo1, REDD1, and 

Atrogin-1), but was not observed in the current study. There is evidence that increased 

GR binding may not result in activation of proteolytic markers when mTOR is 

upregulated. Markers of anabolism should be examined in future studies to see if there is 

a blunted response physiologically from the RBM or in conjunction from the reduction in 

mechanical stimuli (i.e. reduction in reps).  

 In conclusion, the use of a RBM negatively impacted the amount of repetitions 

completed during an acute session of lower-body resistance training, but failed to affect 

serum cortisol or alter the expression of proteolytic genes.  
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APPENDIX A 

 

Informed Consent Form 

 

 

Baylor University 

[HEALTH, HUMAN PERFORMANCE AND RECREATION] 

 

Consent Form for Research 

 

Protocol title: Effects of Inducing Hypoxia Using a Restrictive Breathing Mask on 

Muscle Anabolism, Catabolism, and Performance in Resistance-Trained Males  

 

Principal investigator: DARRYN WILLOUGHBY, Ph.D., Professor, HHPR 

 

Supported by: Exercise and Biochemical Nutrition Lab, Baylor University 

 

 

Introduction 

 

Please read this form carefully.  The purpose of this form is to provide you with 

important information about taking part in a research study.  If any of the statements or 

words in this form are unclear, please let us know. We would be happy to answer any 

questions. You have the right to discuss this study with another person who is not part of 

the research team before making your decision whether or not to be in the study.  

 

Taking part in this research study is up to you.  If you decide to take part in this research 

study we will ask you to sign this form.  We will give you a copy of the signed form. 

 

The person in charge of this study is Darryn Willoughby, Ph.D. We will refer to him as 

the “researcher” throughout this form.  

 

Why is this study being done? 

 

A single bout of lifting weights is known for adding muscle strength and over time can 

lead to muscle growth. Hypoxia occurs when oxygen demand is greater than the supply 

and is common during exercise. It can also hinder with the body’s ability to build muscle. 

Few studies have looked at weight training and hypoxia but only used untrained males 

and a single exercise.  

A new product has been said to be an exercise training booster, known as a restrictive 

breathing mask. The mask is to be worn to create breathing at high altitude by limiting 

the level of oxygen intake. Oxygen levels during weight lifting using the mask have not 

been looked at. This product could blunt known muscle building responses to weight 
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lifting because of the hypoxic setting created by wearing the mask. Knowing the role of 

the mask is important to athletes of all levels.  

You have been asked to volunteer for this study because you are a healthy male 

between the ages of 18-35. You are of normal weight, defined as having a body mass 

index (BMI) between 18.5-30 kg/m2. You are physically active and resistance-trained, 

defined as participating in a structured resistance training program at least 3 times a 

week for at least 1 year prior to the study. You have not consumed any nutritional 

supplements (excluding multi-vitamins) for one month or anabolic steroids 3 months 

prior to the study. You are a non-smoker and considered as low risk for cardiovascular 

disease and with no contraindications to exercise as outlined by the American College 

of Sports Medicine (ACSM). You are free from orthopedic problems that would inhibit 

you from participating in upper- and lower-body resistance training exercises.  

 

We are asking you to take part in this study because you: 

 

You will be one of 10 apparently healthy, resistance-trained males between the ages 18 to 

35 who will participate in this study. You are not currently taking any medications known 

to influence the cardiac or endocrine systems (e.g., blood pressure, heart rate, thyroid, 

etc.). You are free from orthopedic problems that would inhibit you from participating in 

upper or lower-body resistance exercise. During an initial familiarization session, you 

will be informed of the requirements of the study and sign an informed consent 

statement. A trained researcher will determine whether you are qualified to participate in 

this study. If you are cleared to participate in the study, you will be familiarized to the 

testing procedures. This will take approximately 20 minutes to complete. Once you 

complete the familiarization, you will be complete baseline testing.   

 

How long will I take part in this research study? 

 

We expect that you will be in this research study for a total of 14 days. During this time, 

we will ask you to make 3 study visits to Marrs McLean Gym, room 120 [Exercise and 

Biochemical Nutrition Lab (EBNL) at Baylor University] 

 

 

What will happen if I take part in this research study? 

 

We expect that your participation in this study will last for 2 weeks. During this time, we 

will ask you to make three visits to the EBNL and Baylor Laboratories for Exercise 

Science & Technology (BLEST) at Baylor University. Data collection will occur in 

Marrs-McLean Gym, rooms 120 and 233.11. We anticipate the first visit will take 

approximately 90 minutes. During this visit, you will be provided with an overview and 

familiarization of the study so that you can choose to participate if eligible. You will sign 

a informed consent form, and then you will complete a medical history questionnaire and 

undergo a general physical exam to determine if you qualify to participate in the study. 

Data collection will occur at the remainder of the 3 visits. We anticipate the 1st visit will 

take 90 minutes.  We anticipate that the 2nd and 3rd visits will take approximately 90 
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minutes each. The total lab time required to complete this study is approximately 4.5 

hours. 

 

Below is a breakdown of each study visit. 

 

VISIT 1 

 

Visit 1 will take roughly 90 minutes to complete.  

 

At this visit, we will ask you to do the following procedures: 

• Give you some questionnaires to fill out about your physical health, diet, and 

exercise habits 

 

• Ask about your medical and mental history 

 

• Ask about your medications 

 

• Measure your vital signs: blood pressure, heart, breathing rates  

 

• Measure your height, weight, and total body water  

 

• Give you a DXA (or DEXA) scan. A DXA is a type of X-ray used to measure 

bone strength. During this test, X-ray pictures of your body will measure how 

much fat and muscle are present. You will lie flat on a table and a machine will 

take pictures of different areas of the body. This test will last about 6 minutes. 

 

• Test your 12 repetition maximum (12RM) for Squat, leg press, and leg extension  

 

o You will perform a warm-up set of 12 repetitions at 50% of your 

estimated 12-RM. Following a 3 minute recovery period, you will perform 

1 set of as many repetitions as possible of your estimated 12RM.  Your 

12-RM will be accepted if you complete within one repetition of the 

estimated 12 RM (11-13 reps).  If you complete ≤ 10 or ≥ 14 repetitions, 

the resistance will be adjusted and you will perform 1 set of as many 

repetitions as possible after a 5 minute recovery.  This process will be 

repeated for each of the 3 exercises. A 3 minute recovery period will be 

given between exercises. 

 

 

VISIT 2 

 

Visit 2 will take roughly 90 minutes to complete the resistance training. You will be 

required to return no sooner than 2 days following visit 1. You will be instructed to drink 

a 500mL bottle of water and eat a provided Atkins bar (Carb 3g, protein 7g, and calories 

190) to assist that you do not arrive in a substantial net catabolic or dehydrated state one 

hour prior to arriving to the lab for the resistance training session for Visit 2 and 3.  
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At this visit, we will ask you to do the following procedures: 

 

• Measure your vital signs: blood pressure, heart, breathing rates  

• Measure your total body water: 5 minutes  

• Provide a urine sample. This sample will be used to measure your hydration status 

only 

• Provide estimations for perceived exertion 

• Perform a resistance exercise session consisting of squat, leg press, and leg 

extension (60 minutes) 

o You will perform a warm-up with 50% of your 12RM of bench press. You 

will then be asked to perform four sets to failure of your 12RM for each of 

the listed exercises. You will be given three minutes rest between each set 

and three minutes rest between each exercise. During this acute resistance 

training you will wear a RBM or will not wear a RBM.  

o Oxygen saturation will be measured during resistance training session pre-

exercise and immediately post-exercise set for every exercise. You will 

have a small clip placed over the end of their finger that is loose fitting 

and painless during the resistance training session in the lab to asses blood 

oxygen saturation during exercise. 

• Collect a blood and muscle sample:  

 

o Blood draw:  

▪ You will then donate about 20 milliliters (4 teaspoons) of venous 

blood from a vein in your arm. At each testing session, blood 

samples will be obtained: before resistance exercise, after exercise 

at 0.5, 3, 6, and 24 hours.   Blood samples will be obtained using 

standard/sterile procedures using a needle inserted into a vein in 

your arm.  You understand that personnel who will be taking my 

blood are experienced in phlebotomy (procedures to take blood 

samples) and are qualified to do so under guidelines established by 

the Texas department of health and human services.  This will take 

about 10 minutes to complete.  

 

 

o Muscle biopsy:  

▪ After the blood draw, you will then be prepared for the muscle 

biopsy. At each resistance exercise testing session, muscle samples 

will be obtained: at baseline (before exercise), post-exercise at 3, 6 

and 24 hours. You understand that you will have the biopsy 

location identified on the thigh of your leg.  The biopsy area will 

be cleaned with rubbing alcohol.  In addition, the biopsy site will 

be further cleansed by swabbing the area with Betadine (fluid 

antiseptic). You understand that a small area of the cleaned skin 

approximately 2 cm in diameter will be anesthetized with a 1.5 ml 

subcutaneous injection of the topical anesthetic Lidocaine. Once 

the local anesthesia has taken effect (approximately 2-3 minutes) 
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the biopsy procedure will only take 15-20 seconds. Once 

anesthetized, a small puncture will be made in your skin and a 

biopsy needle introduced 1 cm into the muscle. The puncture is so 

small that it will be simply covered with an adhesive bandage 

(band-aid). Due to the localized effects of the anesthetic, you 

should feel no pain during this process; however, you should feel a 

pressure sensation. After the anesthetic wears off within 2-3 hours, 

the sensation at the biopsy site is comparable to that of a bruise and 

may persist for up to 24 hours after the procedure.  

 

 

Visit 3 

 

Visit 3 will take roughly 90 minutes to complete the resistance training. You will be 

required to the complete visit 3 seven days after visit 2. You will be instructed to drink a 

500mL bottle of water and eat a provided Atkins bar (Carb 3g, protein 7g, and calories 

190) to assist that you do not arrive in a substantial net catabolic or dehydrated state one 

hour prior to arriving to the lab for the resistance training session for Visit 2 and 3. All 

procedures will be identical to visit 2 with the only exception being you will wear the 

RBM or will not wear the RBM.  

 

At this visit, we will ask you to do the following procedures: 

 

• Measure your vital signs: blood pressure, temperature, heart, breathing rates 

• Measure your total body water  

• Provide a urine sample. This sample will be used to measure your hydration status 

only 

• Provide estimations for perceived exertion, sleep, thirst, and recovery. 

• Perform a resistance exercise session consisting of Squat, leg press, and leg 

extension (60 minutes) 

o Description of procedure detailed in visit 2 

• Blood draw  

o Description of procedure detailed in visit 2 

• Muscle biopsy 

o Description of procedure detailed in visit 2 

 

 

What are the risks of taking part in this research study? 

 

You will be asked on the medical history questionnaire to report all nutritional 

supplements, medically prescribed drugs, and non-medically prescribed drugs that you 

may be presently taking.  

 

You will also be asked to report if you have any known allergies to local anesthetics and 

if you have had any prior allergic reactions to topical anesthetics. By a medical history 

questionnaire, you will be asked to report whether you have any additional medical 
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problems that would prevent you from participating in this study. You must agree to 

report all changes in medical status, nutritional and/or pharmacological agents (drugs) 

that you take during the course of the investigation to Darryn Willoughby, Ph.D. (254-

710-3504). If you experience any unexpected problems or adverse events from 

participating in this study you may be referred to discuss the problem with your primary 

care physician, or if you are a Baylor student, the student health center to determine 

whether any medical treatment is needed and/or whether you can continue in the study. 

Resistance Training Session risks 

During the two acute resistance training sessions you are likely to experience muscle 

fatigue from completing 4 sets of each exercise (squat, leg press, leg extension), however 

this is a sensation that experienced weight lifters are familiar with. Muscle strains/pulls 

resulting from exercise testing and resistance training. You understand that it is possible 

that each exercise bout will make your muscles fatigued and possibly sore for the 24 to 

48 hours after you complete the exercise bout. The soreness you may experience is 

normal and as an experienced resistance trainer, a sensation in which you should be 

familiar. 

 

During the RBM trial it is possible you could experience the feeling of breathlessness and 

will be instructed to remove the mask should you experience feelings of lightheadness, 

dizziness and or nausea. Given the use of resistance-trained individuals for the study this 

risk should substantially reduce the likelihood of occurrence.   

 

Blood draw risks 

 

Risks of having blood drawn are soreness and/or a black and blue mark at the site from 

where the blood is drawn. Sometimes, people feel uncomfortable at the time of the blood 

draw. Occasionally people feel lightheaded or faint. There is also a small risk of infection 

whenever blood is drawn. On 10 separate occasions during this study (visits 2-3), you 

will have approximately four teaspoons (20 milliliters) of blood drawn from a forearm 

vein using standard procedures. All blood sampling will be performed by an experienced 

phlebotomist. This procedure may cause a small amount of pain when the needle is 

inserted into as well as some bleeding and bruising. You may also experience some 

dizziness, nausea, and/or faint if unaccustomed to having blood drawn. 

 

Muscle biopsy risks 

 

On 8 separate occasions during this study (visits 2-3), you will undergo a muscle biopsy 

in which a small sample of muscle will be obtained from the thigh of your exercised leg. 

Darryn Willoughby, Ph.D., Joshua Gann, M.S., Thomas Andre, M.S., or Paul Hwang, 

M.S. will perform all blood draws and muscle biopsies and that a local anesthetic 

(lidocaine) will be injected into the skin of your thigh prior to the biopsy, which will help 

prevent any pain and discomfort during the procedure. A small puncture will be made in 

your skin and a biopsy needle introduced 1 cm into the muscle. The puncture is so small 

that it will be simply covered with an adhesive bandage (band-aid). After the anesthetic 

wears off within 2-3 hours, the sensation at the biopsy site is comparable to that of a 

bruise and may persist for up to 24 hours after the procedure. Although rare, there is a 
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potential risk for striking a nerve during the biopsy procedure which can increase post 

procedure soreness and temporary numbness to the area. You are required to inform 

study personnel if you have had any prior allergic reactions to anesthesia (e.g. While in 

the hospital or during a dental visit). You are required to inform study personnel if you 

have had any prior allergic reactions to anesthesia (e.g. While in the hospital or during a 

dental visit). You will be further advised to refrain from vigorous physical activity with 

your leg during the first 24 hours post-biopsy.  You understand that if you feel it 

necessary, you may take a non-prescription analgesic medication such as tylenol to 

relieve pain if needed and that some soreness of the area may occur for about 24 hours 

after the biopsy.  You will also be advised to avoid such medications such as aspirin, 

advil, bufferin, or nuprin, as they may lead to bruising at the biopsy site. 

 

Risks from radiation 

 

Procedures such as DXA scans, CT scans, and/or X-Rays will be used during this 

research study. The cumulative radiation exposure from these tests is considered small 

and is not likely to adversely affect you. However, the effects of radiation add up over a 

lifetime.  It is possible that having several of these tests may add to your risk of injury or 

disease. When deciding to enter this study, think about your past and future contact with 

radiation. Examples of contact with radiation include x-rays taken for any reason or 

radiation therapy for cancer treatment. 

 

Loss of confidentiality 

 

A risk of taking part in this study is the possibility of a loss of confidentiality. Loss of 

confidentiality includes having your personal information shared with someone who is 

not on the study team and was not supposed to see or know about your information. The 

researcher plans to protect your confidentiality. Their plans for keeping your information 

private are described later in this consent form. 

 

Incidental findings 

 

Although the procedures you will undergo in this study are being undertaken for research 

purposes only, it is possible that researchers may notice something that could be 

important to your health. If so, we will contact you to explain what was noticed. If you do 

not have a private physician, we will refer you to an appropriate clinic for follow-up. It 

will be your choice whether to proceed with additional tests and/or treatments to evaluate 

what we observed, and you or your insurer will be responsible for these costs. 

 

Are there any benefits from being in this research study? 

 

Possible benefits  

The primary benefit obtained from participating in this study is to gain insight about your 

health and fitness status from the body composition, exercise, and nutritional assessments 

to be performed. In addition, you may also gain insight into how your body responds to 

resistance exercise in a hypoxic state and possible ways to improve your fitness. 
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What alternatives are available? 

You may choose not to take part in this research study. 

 

Storing study information for future use 

 

We would like to store your study information for future research related to exercise. We 

will label all your study information with a code instead of your name.  The key to the 

code connects your name to your study information.  The researcher will keep the code in 

a password-protected computer/locked file. 

 

Future use of study information is required for this study. If you do not want your 

information to be used for future research, you should not be in this study.  

 

Storing samples and health information for future use 

 

We would like to store some of your samples and health information for future research 

related to dehydration and resistance training.  We will label your samples and health 

information with a code instead of your name.  The key to the code connects your name 

to your samples and health information.  The study doctor will keep the key to the code in 

a locked file. 

 

Your samples will be stored in an ultralow freezer located in MMG 120. Your sample 

will be kept for 3 years. After that time, the sample will be destroyed by methods in 

accordance with laboratory or institution procedures. 

 

Future use of samples and health information is required for this study. If you do not 

want your samples and health information to be used for future research, you should not 

be in this study.  

 

The following people or groups may review your study records for purposes such as 

quality control or safety: 

• The researcher and any member of Dr. Darryn Willoughby’s research team 

• Authorized members of Baylor university who may need to see your information, 

such as administrative staff members from the office of the vice provost for 

research and members of the institutional review board (a committee which is 

responsible for the ethical oversight of the study) 

• The sponsor or funding agency for this study 

• Federal and state agencies that oversee or review research (such as the HHS office 

of human research protection or the food and drug administration) 

 

The study data will be stored in lock cabinets in the office of Dr. Darryn Willoughby in 

the exercise, biochemistry, and nutrition lab (EBNL).   

 

The results of this study may also be used for teaching, publications, or presentations at 

professional meetings. If your individual results are discussed, your identity will be 
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protected by using a code number or pseudonym rather than your name or other 

identifying information. 

Study participation and early withdrawal 

 

Taking part in this study is your choice.  You are free not to take part or to withdraw at 

any time for any reason.  No matter what you decide, there will be no penalty or loss of 

benefit to which you are entitled.  If you decide to withdraw from this study, the 

information that you have already provided will be kept confidential. You cannot 

withdraw information collected prior to your withdrawal.  

 

If Baylor faculty, employees, or students are enrolled: you may choose not to be in the 

study or to stop being in the study before it is over at any time.  This will not affect your 

job status at Baylor University.  You will not be offered or receive any special 

consideration if you take part in this research study. 

 

The researcher may take you out of this study without your permission and may happen 

because: 

• The researcher thinks it is in your best interest 

• You can’t make the required study visits 

• Other administrative reasons 

 

Will I get paid for taking part in this research study?   

 

If you complete all 3 visits, we will pay you a total of $100.  If you do not complete the 

entire study, we will pay you at the following visits that you complete ($50 for 

completing visit 2). Your Social Security number will be required to receive payment 

when you complete your final visit.  

 

What will it cost me to take part in this research study? 

 

There are no costs to you for taking part in this research study. 

 

What happens if i am injured as a result of participating in this research study? 

 

If you become ill or injured as a result of your participation in the study, you should seek 

medical treatment from your doctor or treatment center of choice. You should promptly 

tell the researcher about any illness or injury.  

  

There are no plans for Baylor University to pay you or give you other compensation for 

your injury or illness.  You do not give up any of your legal rights to seek compensation 

by signing this form. 

 

What if I have any questions or concerns about this research study? 

 

You can call us with any concerns or questions about the research. Our telephone 

numbers are listed below:   
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Thomas Andre, M.S. (graduate research assistant and study coordinator in the 

Department of Health, Human Performance & Recreation, 120 Marrs Mclean 

Gymnasium, Baylor University 254-710-3240); e-mail: Thomas_Andre@baylor.edu 

 

 

Darryn Willoughby, Ph.D. (principal investigator, Department of Health, Human 

Performance & Recreation, 120 Marrs Mclean Gymnasium, Baylor University, phone: 

254- 710-3504); e-mail: Darryn_Willoughby@baylor.edu 

 

If you want to speak with someone not directly involved in this research study, you may 

contact the Baylor University IRB through the office of the vice provost for research at 

254-710-1438. You can talk to them about: 

• Your rights as a research subject 

• Your concerns about the research 

• A complaint about the research 

 

Indicate your decision for the below optional research discussed earlier in this form: 

 

 

Future contact 

 

We may like to contact you in the future either to follow-up to this study or to see if you 

are interested in other studies taking place at Baylor University.   

 

 

Do you agree to let us contact you in the future? 

 

______yes   ______no  _______initials 

 

Statement of consent  

 

 

Signature of subject: 

 

I have read the information in this consent form including risks and possible benefits.  I 

have been given the chance to ask questions.  My questions have been answered to my 

satisfaction, and i agree to participate in the study.   

______________________________________  ____________________ 

Signature of subject      Date 

 

Signature of person obtaining consent: 

 

I have explained the research to the subject and answered all his/her questions.  I will 

give a copy of the signed consent form to the subject. 

________________________________________  _______________________ 

Signature of person obtaining consent   Date 

mailto:Thomas_Andre@baylor.edu
mailto:Darryn_Willoughby@baylor.edu
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 Synopsis 

 

Title 

Effects of Inducing Hypoxia Using a Restrictive Breathing 

Mask on Muscle Anabolism, Catabolism, and Performance 

in Resistance Trained Males 

 

Protocol Date August 2016 

Study Duration One year 

Study location(s) 
BLEST (MMGYM 127) and EBNL (MMGYM 120) at Baylor 

University 

Objectives 

The specific aims of this study are to: 

 

1. increase serum cortisol; 

2. increase myostatin, MAFbx, and Atrogin 1 mRNA 

expression; 

3. reduced PHD mRNA expression; 

4. increase GR/DNA  and HIF-1α/DNA binding;  

5. increase REDD1 activity; 

6. reduce mTOR activity; 

7. reduce total repetitions for each exercise and overall 

session; 

8. increase session RPE 

 

Number of Subjects 10 

Main 

Inclusion/Exclusion 

Criteria 

Apparently healthy 18-35 year old males 
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1.0 BACKGROUND AND RATIONALE 

The maintenance of skeletal muscle mass is the product of a net balance between muscle 

protein synthesis and degradation. Any disruption to this net balance can promote muscle 

atrophy (muscle disuse, nutritional imbalance, and hypoxia) or hypertrophy (nutrition and 

resistance training). Hypoxia occurs when oxygen demand exceeds supply and is a 

common occurrence during exercise, high altitude, anemia, and chronic obstructive 

pulmonary disease that can disrupt the net protein balance. Hypoxia-inducible factor-1α 

(HIF-1α) is the master regulator of the transcriptional response to hypoxia and is the 

mechanism behind the hypoxic response at the molecular level. A decrease in the partial 

pressure of oxygen (PO2) due to hypoxia inhibits prolyl-hydroxylases (PHD), a known 

inhibitor of HIF-1α, which leads to the stabilization and dimerization of HIF-1α. This 

stabilization results in the expression of genes involved in various functions including 

angiogenesis, metabolic transition to anaerobic glycolysis, activation of proliferator-

activated receptor gamma coactivator 1-alpha (PCG-1α), and cell motility and invasion 

(18). HIF-1α has been hypothesized to be directly responsible for the decrease in protein 

synthesis during bouts of hypoxia but to date the exact mechanism remains elusive. 

However, current indications are that HIF-1α and the mammalian target of rapamycin 

(mTOR) pathway, a key positive regulator of muscle protein synthesis (MPS), have been 

shown to regulate one another (4). Hypoxic conditions have been shown to inhibit mTOR 

through expression of regulated in development and DNA damage responses 1 (REDD1) 

and the critical regulator of energy balance, 5’ AMP-activated protein kinase (AMPK) 

(19). 

In mouse embryonic fibroblasts, REDD1 was observed to strongly be up-regulated in 

response to hypoxia in response to low O2 concentration (20). Furthermore, in rodents 

exposed to short-term hypoxic conditions, skeletal muscle atrophy occurred when 

compared to normoxic pair-fed rats. This effect could be associated to a significant 

induction of REDD1 and muscle atrophy box (MAFbx), suggesting an activation of 

proteasomal degradation which could further contribute to a reduction in skeletal muscle 

mass (11). D’Hulst et al. (6) observed a similar response in up-regulation in REDD1 

mRNA with 4 hours of passive exposure to hypoxia in untrained males. Altogether, these 

observations suggest that REDD1 could contribute to skeletal muscle atrophy when 

exposed to hypoxia via the inhibition of mTOR and the subsequent reduction of protein 

translation. In addition, inhibition of mTOR by REDD1 may also activate the ubiquitin 

protease system (UPS) through the mTOR complex 2-Akt-Foxo pathway (9). Further, 

current data suggest up regulation of myostatin, induced by hypoxia, is linked to muscle 

proteolysis through inhibition of the Akt-mTOR pathway (13). The results of this 

inhibition of the PI3K/Akt pathway, due to specific inhibition of the mTOR pathway, 

could further favor a net state of catabolism even in spite of potential stimuli (nutritional 

or mechanical) to induce MPS.  

A single bout of resistance exercise has been recognized as a stimulus for skeletal MPS 

and governed by the intracellular signaling pathway, PI3K/Akt-mTOR, and the 

cumulative effects of increased MPS over time can lead to muscular hypertrophic 

(muscle building) adaptations (1,17,21). It has been suggested that exposure to hypoxic 

conditions could plausibly blunt the known hypertrophic responses of resistance exercise 
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based on mTOR inhibition; although, the data is limited. Etheridge et al. (7) examined 

resistance exercise in hypoxic conditions (inspired 12 % oxygen) utilizing unilateral knee 

extensions (6 x 8 at 70% 1RM) in untrained males. No up-regulation in REDD1 was 

observed but overall MPS was reduced in the hypoxic condition, leading the authors to 

suggest a potential disassociation between MPS and mTOR in hypoxic conditions. 

Although, one limitation of the study was only examining mRNA levels at a single time 

point (3.5 hours post), potentially missing up-regulation of REDD1 mRNA which may 

have occurred earlier. Conversely, in a similar design, an acute bout of hypoxic resistance 

exercise (knee extensions) was shown to induce elevations in growth hormone levels 30 

minutes post-exercise, which could lead to hypertrophic responses over time based on up-

regulation of mTOR (15).  Although, the same investigation also observed elevated levels 

of cortisol (glucocorticoid) 30 minutes post-exercise. The stimulation of glucocorticoids 

on muscle proteolysis (protein breakdown) is known to exert their catabolic actions by 

causing a decreased expression of IRS-1 proteins, which operate upstream in the 

PI3K/Akt/mTOR pathway (8). In addition, cortisol diffuses across the sarcolemma and 

binds to its glucocorticoid receptor, which subsequently becomes activated, translocates 

into nucleus, binds with the glucocorticoid response element located in the regulatory 

promoter regions of various genes involved in muscle proteolysis, and induces 

transactivation of these genes inevitably resulting in muscle proteolysis. Potentially the 

conflicting results with the study of Kon et al. (15) are due to the low training stimulus 

(only one resistance exercise), the training status of the individuals (untrained), and 

general stress response to hypoxia.  

Recently a popular exercise training device has been developed, which has been 

promoted by companies as an ergogenic aid, known as a restrictive breathing mask 

(RBM). The RBM is to be worn to simulate the effects that high altitude (hypoxia) has 

physiologically by limiting the level of oxygen intake. Granados et al. (12) confirmed a 

RBM sufficiently induces a hypoxic breathing environment during treadmill exercise 

demonstrating a arterial oxygen saturation percentage (SpO
2 %) of 92 [similar to an 

elevation of 3000 m]. However, oxygen saturation via pulse oximetry during resistance 

exercise has yet to be investigated to establish hypoxia when using a RBM. Sellers et al. 

(23) reported no improvement in Wingate performance measures or body composition in 

reserve officers after 6 weeks of mandatory physical training utilizing a training mask 

(versus a control group). Although, no blood or muscle markers were examined and the 

testing modality may not have been appropriate given standard military physical training 

does not include anaerobic cycling.  

This product could plausibly hinder known hypertrophic adaptations to resistance 

exercise adaptations at the molecular level based on the hypoxic environment induced by 

wearing the RBM. To date, a majority of research has focused on repeated exposure to 

hypoxia in aerobic-based paradigms. The hypoxic resistance training studies have 

typically employed local hypoxia induced by blood flow restriction training. The few 

hypoxia studies using normobaric hypoxia (~15% oxygen; ~ SpO
2  90%) have utilized 

untrained males and a low resistance training stimulus (i.e. single exercise) (14,16,27). 

No study to date has investigated the impact that a RBM has on hypoxia in response to a 

single bout of lower-body resistance exercise in resistance trained males on muscle 
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performance measures, SpO
2 %, and biochemical and molecular mechanisms. Potentially 

wearing a RBM could cause a reduction in performance (i.e. total reps) which would 

result in a reduction in mechanical stimuli for up-regulation of mTOR. Conversely, if 

performance measures remained unchanged while wearing a RBM, the potential hypoxia 

induced, which is primarily thought to be detrimental for MPS at the molecular level due 

to HIF-1α up-regulation, would conceptually support that the RBM does not impact 

muscle performance. Establishing the overall impact (positive or negative) of the RBM is 

important to athletes of all levels. Additionally, understanding the interplay between the 

molecular mechanisms involved with hypoxia and its influence on the anabolic/catabolic 

status in response to resistance exercise has potential relevance for COPD patients. 

Skeletal muscle atrophy in these patients has been associated with hypoxia. Further, the 

data generated from the proposed study would provide the foundation for a subsequent 

study involving resistance training study in the future  

 

2.0 STUDY OBJECTIVES 

 

In response to a resistance exercise session with or without a RBM, the main goal of the 

present study is to assess serum cortisol levels at pre-exercise and at 0.5, 3, 6, and 24 

hours post-exercise and the mRNA expression of myostatin, PHD, MAFbx, and Atrogin 

1, activity of the signaling proteins mTOR and REDD1, and HIF-1α/DNA and 

glucocorticoid receptor (GR)/DNA binding at pre-exercise and at 3, 6 and 24 hours post-

exercise A secondary purpose of the study is to evaluate the effect on muscle 

performance (total reps), perceptual measures, heart rate, and SpO
2 % with or without the 

RBM.  

 

We hypothesize that, compared to no RBM, the training session with the RBM 

will significantly: 

 

1) increase serum cortisol; 

2) increase myostatin, MAFbx, and Atrogin 1 mRNA expression; 

3) reduced PHD mRNA expression; 

4) increase GR/DNA  and HIF-1α/DNA binding;  

5) increase REDD1 activity; 

6) reduce mTOR activity; 

7) reduce total repetitions for each exercise and overall session; 

8) increase Session RPE 

 

Independent and Dependent Variables 

 

The independent variables will be the acute bout of resistance training with a 

RBM or no mask. The dependent variables are body composition and muscle 

performance, perceptual measures, heart rate, SpO
2 %, serum cortisol levels and 

the mRNA expression of myostatin, PHD, MAFbx, and Atrogin 1, activity of the 

signaling proteins mTOR and REDD1, and HIF-1α/DNA and glucocorticoid 

receptor (GR)/DNA binding.  
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 3.0 SUBJECT SELECTION & RECRUITMENT 

  

 3.1 INCLUSION CRITERIA  

 

Participants 

 

Ten apparently healthy males between the ages of 18-35 who have participated in 

at least 3 days of resistance training per week for past 12 months will be recruited 

for the study.  Enrollment will be open to men of all ethnicities.  Only participants 

considered as low risk for cardiovascular disease and with no contraindications to 

exercise as outlined by the American College of Sports Medicine (ACSM) and 

who have not consumed any nutritional supplements (excluding multi-vitamins) 

such as creatine monohydrate, nitric oxide, hydroxy-beta-methylbutyrate (HMB), 

herbal testosterone boosters, pro-hormone analogues of testosterone (i.e., 

androstenedione), or pharmacologic agents such as anabolic steroids three months 

prior to the study will not be allowed to participate. All participants will provide 

written informed consent and be cleared for participation by passing a mandatory 

medical screening.  All eligible subjects will sign university-approved informed 

consent documents and approval will be granted by the Institutional Review 

Board for Human Subjects.  Additionally, all experimental procedures involved in 

the study will conform to the ethical consideration of the Declaration of Helsinki. 

 

Randomization Procedure 

 

Following visit 1, eligible participants will be randomly assigned to either a RBM 

or No RBM group using a random number generator (www.random.org).  

 

Recruitment   

 

Recruitment flyers (see appendix) will be posted on campus, at area fitness 

centers, on the Baylor Department of Health, Human Performance, and 

Recreation (HHPR) webpage, on the internet 

(https://www.facebook.com/groups/BaylorHHPR/), and distributed in various 

classes by HHPR faculty.  

 

Consent Form Process 

 

Informed consent forms may be emailed to the potential participant for them to 

read over and become familiar with the study to help them decide if they want to 

participate.  However, they will be instructed not to sign the form.  Upon 

reporting to the lab for the familiarization/baseline testing session at visit 1, 

participant will be familiarized to the study protocol via a verbal and written 

explanation outlining the study design, and will then read (or re-read) and sign the 

university-approved informed consent form. Upon signing the consent form, 

participants will complete a medical history questionnaire and undergo a general 

physical examination to determine whether they meet eligibility criteria. 

http://www.random.org/
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Subject Withdrawals 

 

The participants are free not to take part in this study, or to withdraw from the 

study at any time, for any reason. No matter what they decide, there will be no 

penalty or loss of benefit to which they are entitled.  If they decide to withdraw 

from this study, the information that they have already provided will be kept 

confidential. Participants cannot withdraw information collected prior to their 

withdrawal. The researcher may take the participant out of this study without their 

permission.  This may happen because: 1) the researcher thinks it is in the best 

interest of the participant; 2) the participant cannot comply to the resistance 

training protocol; 3) the participant cannot attend the required study visits; and 4) 

if the researchers find physical problems that, in their opionion, make completing 

the experimental procedures risky.  

 

3.2 EXCLUSION CRITERIA  

  

Participants will not be allowed to participate in the study if they:  

 

1. Have not been involved in a habitual resistance training program which utilizes 

the lower body (minimum of 3 days/week for at least 12 months); 

 

2. Have any known metabolic disorder including heart disease, arrhythmias, 

diabetes, thyroid disease, or hypogonadism; 

 

3. Have a known allergy to topical anesthetics; 

 

4. Have a known bleeding disorder and are taking blood thinners (i.e., warfarin). 

 

5. Have orthopedic limitations that would limit participation in exercise; 

 

6. Have a history of pulmonary disease, hypertension, hepatorenal disease, 

musculoskeletal disorders, neuromuscular/neurological diseases, autoimmune 

disease, cancer, peptic ulcers, or anemia; 

 

7. Are taking any heart, pulmonary, thyroid, anti-hyperlipidemic, hypoglycemic, 

anti-hypertensive, endocrinologic (e.g, thyroid, insulin, etc), psychotropic, 

neuromuscular/neurological, or androgenic medications;  

 

8. Have taken ergogenic levels of nutritional supplements that may affect muscle 

mass (e.g., creatine, HMB) or anabolic/catabolic hormone levels (e.g., 

androstenedione, DHEA, etc) within three months prior to the start of the study; 

    

9. Have any absolute or relative contraindication for exercise testing or prescription 

as outlined by the American College of Sports Medicine;  

 

 



 

 

94 

 

4.0 RESEARCH METHODS & PROCEDURES   
Experimental Approach 

 

In a randomized, counter balanced experimental design, participants will visit the 

laboratory on 3 separate occasions in the following manner: visit 1 = 

entry/familiarization session, Visit 2 = acute resistance exercise session with 

RBM or no RBM, visit 3 = acute resistance exercise session with RBM or no 

RBM. Muscle and blood samples will be collected during Visit 2 and Visit 3. For 

each muscle biopsy, the opposite leg will be utilized from the previous lab visit. 

At visit 1, participant grouping will be randomly determined using a random 

number generator (www.random.org) to the RBM or no RBM group. The entire 

duration of the study will be approximately one year. 

 

Assessment of Heart Rate and Blood Pressure (Visits 1, 2, & 3) 

In addition to the entry/familiarization session, at each of the 2 testing sessions 

participants will undergo assessments of resting heart rate and blood pressure 

prior to, immediately after, and at each time point post-exercise.  These 

measurements will be performed in order to monitor safety of the participant. 

Resting blood pressure will be assessed in the supine position with a mercurial 

sphygmomanometer using standard procedures.  Participants will wear a heart 

rate monitor (Polar; Stamford, Conn.) to record resting heart rate. In addition, 

participants will wear a heart rate monitor during exercise to record immediate 

post-exercise heart rate for each exercise and set during Visit 2 and 3.  

 

Determination of 12-repetition maximum [12-RM] (Visit 1) 

 

A 12-RM will be determined for squat, leg press, and knee extension. Participants 

will perform a warm-up set of 12 repetitions at 50% of their estimated 12-RM. 

Following a 3 minute recovery period, participants will perform 1 set to volitional 

fatigue at their estimated 12 RM.  A participant’s 12-RM will be accepted if the 

participant achieves volitional fatigue within one repetition [11-13 reps].  If 

participants complete ≤ 10 or ≥ 14 repetitions, resistance will be adjusted and 

participants will perform 1 set to volitional fatigue following a 5 minute recovery. 

This process will be repeated for each of the 3 exercises. A 3 minute recovery 

period will be given between exercises. 

 

Body composition assessment (Visit 1) 

 

Body composition assessment will be performed based on our previous studies 

(25,26).  Total body mass (kg) will be determined on a standard dual beam 

balance scale (Detecto Bridgeview, IL).  Percent body fat, fat mass, and fat-free 

mass will be determined using DEXA (Hologic Discovery Series W, Waltham, 

MA).  Quality control calibration procedures will be performed on a spine 

phantom (Hologic X-CALIBER Model DPA/QDR-1 anthropometric spine 

phantom) and a density step calibration phantom prior to each testing session.  

The DEXA scans will be segmented into regions (right & left arm, right & left 

http://www.random.org/
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leg, and trunk).  Each of these segments will be analyzed for fat mass and fat-free 

mass. Total body water will be determined with bioelectrical spectroscopy [(BIS) 

ImpediMed Ltd., Australia] using a low energy, high frequency current (500 

micro amps at a frequency of 50 kHz).   

 

Resistance-exercise sessions (Visits 2 & 3) 

 

In a randomized cross-over design, participants will complete 2 lower body 

resistance exercise sessions (with RBM or no RBM) and each testing session will 

be separated by 7 days. Participants will be instructed to drink a 500mL bottle of 

water and consume a provided Atkins bar (Carb 2g, protein 10g, calories 150) one 

hour prior to arriving to the lab for the resistance training session for Visit 2 and 

3. This is done to encourage participants from arriving to the lab in a substantial 

net catabolic or dehydrated state. At each resistance exercise session, participants 

will report to the laboratory and provide a urine sample to determine urine 

specific gravity. Participants will then relax in a supine position for 15 minutes 

after which their baseline heart rate, blood pressure, and blood oxygen saturation 

will be measured.  After appropriate preparations are made, a blood and muscle 

sample will be obtained. Participants will complete a lower body workout with 

the following exercises: squat, leg press, and knee extensions with the previously- 

established 12 repetition maximum weight for each participant at visit 1. For the 

RBM trial, the RBM will be put on post muscle and blood collection, and prior to 

the warm up set. Participants will perform one warm-up set at 50% of their 

previously determined 12-RM for each exercise.  Following a 3 minute rest, 

participants will then complete the first set of that exercise. Each exercise will 

consist of 4 sets of reps to failure with three minutes rest between exercises and 

sets. Immediately after the completion of each set, the participant’s blood oxygen 

saturation and heart rate will be assessed. Upon completion of the resistance 

exercise session, participants will be permitted to remove the RBM. At the end of 

each resistance training session the participant will be asked to rate their 

perceived exertion for the exercise session using Borg’s 15-point category ratings 

of perceived exertion scale (2). Prior to exercise, the RPE scale will be verbally 

anchored by indicating to subjects that RPE ‘‘1’’ corresponds to feelings of 

exertion during seated rest while RPE ‘‘10’’ corresponds to feelings at maximal 

exertion. Participants will be asked to refrain from exercise until after the 24-hour 

biopsy.  At the end of the exercise session, participants will have their heart rate 

and blood pressure measured to assure safety. A blood sample will be collected 

from participants 0.5 hours post-exercise. At both three and six hours following 

completion of the exercise session, muscle biopsies will be obtained.  After the 

six hour time point, participants will be allowed to leave. Before leaving for the 

day, participants will be reminded to record their dietary intake until after the 24-

hour biopsy. For the second day (24-hour time point), participants will be asked to 

arrive in time so that preparations can be made for a muscle biopsy at 24 hours 

post-exercise. Upon arrival, participants will be asked to rest in a supine position 

for 15 minutes after which their heart rate and blood pressure will be measured.  

After appropriate preparations are made, a 24-hour post-exercise muscle and 
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blood sample will be obtained. Following the collection of the 24-hour post-

exercise muscle biopsy, participants will turn in their dietary logs. 

 

Restrictive Breathing Mask (Visit 2 or 3) 

 

Training Mask 2.0 (Training Mask, Cadillac, MI) is constructed of neoprene and 

uses valves to increase resistance to inhalation and exhalation (see attached 

image). The product has several resistance levels to simulate how it would feel to 

breathe at 3,000, 6,000, 9,000, 12,000, 15,000, and 18,000. Resistance level on 

the mask for this study will be set at 12,000 ft (3657.6 m) based on the masks 

valves adjustments.  

 

Dietary Analysis (Visits 2 & 3) 

 

Participants will be required to record their dietary intake for one day prior to 

each of the two testing sessions.  Additionally, participants will be asked to record 

their dietary intake from the day of the testing session through the 24-hour time 

point. The participants’ diets will not be standardized and subjects will be asked 

not to change their dietary habits during the course of the study.  The dietary 

recalls will be evaluated with the Food Processor IV Nutrition Software (ESHA, 

Salem OR) to determine the average daily macronutrient consumption of fat, 

carbohydrate, and protein in the diet for the duration of the study. For the second 

testing session, participants will be asked to eat the same type and amount of food 

consumed during the first testing session. Additionally, participants will be 

instructed to drink a 500mL bottle of water and eat a provided Atkins bar (Carb 

3g, protein 7g, and calories 190) to assist that participants do not arrive in a 

substantial net catabolic or dehydrated state one hour prior to arriving to the lab 

for the resistance training session for Visit 2 and 3. Additionally, the time point 

and nutritional values of the bar were selected as such to minimize any potential 

influence on mTOR regulation.  

 

Hydration status (Visits 2 & 3) 

 

Based on our prior studies (28,29) prior to both RBM and no RBM resistance 

exercise sessions, hydration status will be assessed through a urine sample 

provided immediately prior to each exercise session. Participants will be provided 

with a sterile collection cup. Upon entering the restroom, they will be asked to 

void a small amount of urine into the toilet and then to collect a small amount of 

urine into the collection cup. The urine samples will be measured for urine 

specific gravity [USG (the concentration of particles in the urine)] to assess pre-

resistance exercise session hydration determined by a urine analuzer (Clinitek 

Status+ Analyzer, Siemens, Tarrytown, NY, USA).  Adequate hydration will be 

established if USG is (≤ 1.02). If participants are classified as dehydrated (USG 

>1.02) participants will ingest water until necessary hydration status is met.  Upon 

completion of USG analysis, the urine sample will be safely discarded in a 

marked biohazard waste receptacle.  
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Venous blood sampling (Visits 2 & 3) 

 

At visit 2 and 3, Venous blood samples will be obtained into 2 (10 ml) vacutainer 

tubes from a 20 gauge intravenous catheter inserted into the antecubital vein 

based on our standard laboratory protocol (22). Blood samples will stay at room 

temperature for 10 minutes and then centrifuged. The serum will be collected in 

micro-tubes and stored at -80C for later analysis. Five blood samples will be 

obtained at each exercise session, with a total of ten blood samples being obtained 

during the course of the study. At each testing session, blood samples will be 

obtained: before resistance exercise, after exercise at 0.5, 3, 6, and 24 hours. 

Researchers will wear Nitrile Examination gloves for all blood draws. 

 

Percutaneous muscle biopsies (Visits 2 & 3) 

 

Using a 14-gauge fine needle aspiration procedure, percutaneous muscle biopsies 

(~30 mg) will be obtained from the middle portion of the vastus lateralis muscle 

of the leg at the midpoint between the patella and the greater trochanter of the 

femur at a depth between 1 and 2 cm under local anesthesia with 1% Lidocaine 

(Dr. Ronald Wilson is the overseeing physician in the use of the lidocaine) based 

on our standard laboratory protocol using a 14-gauge fine needle aspiration 

biopsy instrument (Tru-Core I Biopsy Instrument, Medical Device Technologies, 

Gainesville, FL) (22). Following removal, muscle samples will be immediately 

frozen in liquid nitrogen and stored at -80°C for later analysis. The leg used for 

the initial biopsy at Visit 2 will be randomly selected using the “pulled from a 

hat” procedure. The next biopsy at Visit 3 will involve the opposite leg.  After the 

initial biopsy, the next biopsy attempts will extract tissue from approximately the 

same location as the initial biopsy by using the pre-biopsy markings and depth 

markings on the needle. Four muscle samples will be obtained at each resistance 

exercise session, with a total of 8 muscle samples being obtained during the 

course of the study. At each resistance exercise testing session, muscle samples 

will be obtained: at baseline (before exercise), post-exercise at 3, 6 and 24 hours. 

Researchers will wear Nitrile Examination gloves for all muscle biopsys. 

 

Oxygen Saturation (Visits 2 & 3) 

 

Oxygen saturation will be measured during resistance training exercise during 

visit 2 and 3 at: pre-exercise and immediately post-exercise set for every exercise 

using a Nellcor NPB-40 Handheld Pulse Oximeter (Nellcor Puritan Bennett Inc., 

Pleasanton, CA). Participants will have a small clip placed over the end of their 

finger that is loose fitting and painless during the resistance training session in the 

lab to asses blood oxygen saturation during exercise. This clip will emit an 

internal light form one side while the other side absorbs the light and measures the 

percent of oxygen saturation in the participant’s blood. This is done by analyzing 

the color of the participant’s finger when a light shines through it. The shade of 

red will indicate how rich the blood is with oxygen. The red blood cells absorb 

different colors if they are or are not carrying oxygen. Should oxygen saturation 
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fall below 79% the participants will be instructed to remove the mask. This level 

was selected based on average oxygen saturation levels at an elevation of 3658m. 

However, this level is unlikely given previous research (12) utilizing the mask at 

the 4500m setting induced levels of oxygen saturation at 90% during steady state 

exercise. 

 

Assessment of Serum Cortisol 

 

From the serum samples obtained at the two testing sessions, cortisol levels will 

be determined using a commercially available enzyme-linked immunoabsorbent 

assay (ELISA) kit (DetectX, Arbor Assays, K003-H1W/H5W). All samples will 

be analyzed in duplicate and the assays will be performed at 450 nm wavelength 

with a microplate reader (iMark, Bio-Rad, Hercules, CA). Hormone 

concentrations will be determined using data reduction software (Microplate 

Manager, Bio-Rad, Hercules, CA).   

 

Skeletal muscle cellular and nuclear extraction and protein content 

 

Portions of each muscle sample will be homogenized using a cell extraction 

buffer (item # FNN0011, Life Technologies, Grand Island, NY, USA) and a tissue 

homogenizer.  The cell extraction buffer will be supplemented with 

phenylmethanesulphonyl fluoride (PMSF) (item # P7626, Sigma Chemical 

Company, St. Louis, MO, USA) and a protease inhibitor cocktail (item # P2714, 

Sigma Chemical Company, St. Louis, MO, USA) with broad specificity for the 

inhibition of serine, cysteine, and metallo-proteases (10,24). Remaining muscle 

samples will be homogenized in nuclear extraction buffer (item # 40410, Active 

Motif, Carlsbad, CA).  The nuclear extracts will be supplemented with a 

phosphatase inhibitor buffer (3,5). Total protein content for cellular- and nuclear-

extracted samples will analyzed in duplicate and determined 

spectrophotometrically using the Bradford assay at a wavelength of 595 nm and 

using bovine serum albumin as the standard (10).   

 

Assessment of Skeletal Muscle Transcription Factor Protein Levels 

 

Protein levels of HIF-1α/DNA and GR/DNA binding will be determined using 

commercially-available ELISA kits (Abcam, Cambridge, MA, # ab133104) will 

be measured by duplicate at 450 nm wavelength according to manufacturer 

instructions with a microplate reader (iMark, Bio-Rad, Hercules, CA). Protein 

concentrations will be determined using data reduction software (Microplate 

Manager, Bio-Rad, Hercules, CA), and the final concentration will be expressed 

relative to muscle weight.  

 

Assessment of Skeletal Muscle mTOR and REDD1 Signaling Protein Activity 

From the muscle tissue samples obtained at the two testing sessions, the total 

phospho-protein levels of mTOR and REDD1 will be determined by 

commercially-available phospho-protein ELISA kits (Active Motif, Carlsbad, 
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CA). All samples will be run in duplicate and the assays will be performed at 450 

nm wavelength with a microplate reader (iMark, Bio-Rad, Hercules, CA). Protein 

concentrations will be determined using data reduction software (Microplate 

Manager, Bio-Rad, Hercules, CA), and the final concentration expressed relative 

to muscle wet-weight.  

 

Assessment of Skeletal Muscle Gene Expression 

 

From the 4 muscle tissue samples obtained at each of the 2 testing sessions (8 

total), mRNA expression of myostatin, MAFbx, PHD, and Atrogin 1 will be 

analyzed using reverse transcription real-time polymerase chain reaction (RT-

PCR) utilizing our standard laboratory procedures (3). 

 

Total RNA Isolation from Skeletal Muscle Samples 

 

Total cellular RNA will be extracted from the homogenate of biopsy samples with 

a monophasic solution of phenol and guanidine isothiocyanate contained within 

the TRI-reagent (Sigma Chemical Co., St. Louis, MO).  Total RNA 

concentrations from each sample will be determined spectrophotometrically with 

an optical density of 260 nm (OD260), with final concentration adjusted to 200 

ng•μl-1 by diluting the crude total RNA extracts into DEPC-treated nuclease-free 

H2O. The RNA samples will be stored at -80°C until later analyses. 

 

Reverse Transcription and DNA Synthesis  

 

A reverse transcription reaction mixture [i.e., 1 μl of total cellular RNA, 4 μl 5× 

reverse transcription buffer, a dNTP mixture containing dATP, dCTP, dGTP, and 

dTTP, MgCl2, RNase inhibitor, an oligo(dT)15 primer, 10 μL of nuclease-free 

H2O and 1 U•μl-1 MMLV reverse transcriptase enzyme (Bio-Rad, Hercules, 

CA)] will be incubated at 42°C for 40 minutes, heated to 85°C for 5 minutes, and 

then quick-chilled on ice yielding the clonal DNA (cDNA) product.  Starting 

cDNA template concentrations will be standardized to 200 ng•μl-1 prior to RT-

PCR amplification by detecting crude cDNA synthesized products 

spectrophotometrically at a wavelength of 260 nm and diluting them in nuclease-

free H2O.  The standardized cDNA solutions will be frozen at -80°C until real-

time RT-PCR is performed. 

 

RT-PCR 

 

Anti-sense and sense oligonucleotide primer pairs will be constructed using 

commercially available Beacon Designer software (Bio-Rad, Hercules, CA) from 

known mRNA sequences published in the GenBank nucleotide database and 

commercially synthesized (Integrated DNA Technologies, Coralville, IA).  β-

actin will be used as an external reference standard for detecting relative change 

in the quantity of target mRNA due to its consideration as a constitutively 

expressed housekeeping gene.  Two hundred ng of cDNA will be added to each of 
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the PCR reactions for, myostatin, MAFbx, PHD, Atrogin 1 and β-actin.  

Specifically, each PCR reaction will contain the following mixtures: 2 μl of 

cDNA template along with 12.5 μl of 2× SYBR Green Supermix (Bio-Rad, 

Hercules, CA) [100 mM KCl mixture, 40 mM Tris-HCl, 0.4 mM of each dNTP, 

50 U•ml-1 of iTaq DNA polymerase, 6.0 mM MgCl2, SYBR Green I, 20 nM 

flourescein], 1.5 μl of sense and anti-sense primers, and 7.5 μl nuclease-free 

dH2O. Each PCR reaction will be amplified with a thermal cycler (Bio Rad, 

Hercules, CA) and the amplification sequence will involve a denaturation step at 

95°C for 30 seconds, primer annealing at 55°C for 30 seconds, and extension at 

72°C for 60 seconds. RT-PCR will be performed over 40 cycles with emitted 

fluorescence from the SYBR green fluorophore being measured after each cycle. 

An emission of fluorescence occurs due to the integration of the SYBR green into 

the double-stranded cDNA produced during the PCR reaction. All CT values will 

be assessed in the linear portion of amplification and a DNA melting curve 

analysis will be performed after amplification to assure that the single gene 

products were amplified in absence of primer-dimers. Quantification of all mRNA 

will be expressed relative to β-actin expression. Agarose gel electrophoresis using 

25 μl aliquots of the finalized PCR reaction mixtures will be performed in 1.5% 

agarose gels [1 μg•ml-1] using 1× Tris-Boric acid-EDTA (TBE) buffer and 

illuminated with a UV transilluminator (Chemi-Doc XRS, Bio-Rad, Hercules, 

CA) to verify positive amplification of target mRNA. 

 

5.0 STUDY VISITS (if applicable) 

Visit 1 Visit 2 Visit 3 

Informed Consent 

Form. 

Health History Form. 

Activity Form. 

Hemodynamic 

Measures. 

Height and Body 

Weight. 

DEXA and BIA for 

Body Composition. 

12-RM Strength 

Assessments. 

Randomization into 

Groups. 

Hemodynamic Measures. 

Urine Sample Collection 

Pre-exercise Blood 

Collection and Muscle 

Biopsy. 

Lower-Body Resistance 

Exercise Session (Mask or 

No Mask). 

Assess Blood Oxygen 

Saturation and Heart Rate 

During Exercise. 

Blood Collection at 0.5, 3, 

6, and 24 hours Post-

Exercise. 

Muscle Biopsy at 3, 6 and 

24 Hours Post-Exercise. 

Session RPE. 

Diet Logs. 

Hemodynamic Measures. 

Urine Sample Collection 

Baseline Blood Collection 

and Muscle Biopsy. 

Lower-Body Resistance 

Exercise Session (Mask or 

No Mask). 

Assess Blood Oxygen 

Saturation and Hear Rate 

During Exercise. 

Blood Collection at 0.5, 3, 

6, and 24 hours Post-

Exercise. 

Muscle Biopsy at 3, 6 and 

24 Hours Post-Exercise. 

Session RPE. 

Diet Logs. 

Entry and Familiarization Session (Visit 1) 

Participants expressing interest in participating in this study will be interviewed 

on the phone or through e-mail to determine whether they appear to qualify to 

participate in this study.  Participants believed to meet eligibility criteria will then 
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be invited to attend an entry/familiarization session (visit 1). Once reporting to the 

laboratory, participants will be familiarized to the study protocol via a verbal and 

written explanation outlining the study design, and will then read and sign the 

approved informed consent form. Upon signing the consent form, participants will 

complete a medical history questionnaire and undergo a general physical 

examination to determine whether they meet eligibility criteria. Participants will 

be randomly assigned to the RBM or No RBM. Participants will then undergo 

assessments for body composition, strength for squat, leg press and knee 

extension. At the conclusion of the familiarization session, participants will be 

given an appointment in which to attend their second testing session (visit 2). In 

addition, each participant will be instructed to refrain from exercise for 48 hours 

prior to each testing session and record their dietary intake for four days 

immediately prior to each of the testing sessions (visits 2-3) involved in the study.  

 

Assessment of Heart Rate and Blood Pressure (Visits 1, 2, & 3) 

 

In addition to the entry/familiarization session, at each of the 2 testing sessions 

participants will undergo assessment of resting heart rate and blood pressure prior 

to, immediately after, and at each time point post-exercise.  These measurements 

will be performed in order to monitor safety of the participant. Blood pressure 

will be assessed in the supine position with a mercurial sphygmomanometer using 

standard procedures.  Participants will wear a heart rate monitor (Polar; Stamford, 

Conn.) to record resting heart rate. In addition, participants will wear a heart rate 

monitor during exercise to record immediate post-exercise heart rate for each 

exercise and set during Visit 2 and 3.  

 

Determination of 12-repetition maximum [12-RM] (Visit 1) 

 

A 12-RM will be determined for squat, leg press, and knee extension. Participants 

will perform a warm-up set of 12 repetitions at 50% of their estimated 12-RM. 

Following a 3 minute recovery period, participants will perform 1 set to volitional 

fatigue at their estimated 12 RM.  A participant’s 12-RM will be accepted if the 

participant achieves volitional fatigue within one repetition [11-13 reps].  If 

participants complete ≤ 10 or ≥ 14 repetitions, resistance will be adjusted and 

participants will perform 1 set to volitional fatigue following a 5 minute recovery. 

This process will be repeated for each of the 3 exercises. A 3 minute recovery 

period will be given between exercises. 

 

Body composition assessment (Visit 1) 

 

Body composition assessment will be performed in line with our previous studies 

(25,26). Total body mass (kg) will be determined on a standard dual beam balance 

scale (Detecto  

Bridgeview, IL).  Percent body fat, fat mass, and fat-free mass will be determined 

using DEXA (Hologic Discovery Series W, Waltham, MA).  Quality control 

calibration procedures will be performed on a spine phantom (Hologic X-



 

 

102 

 

CALIBER Model DPA/QDR-1 anthropometric spine phantom) and a density step 

calibration phantom prior to each testing session.  The DEXA scans will be 

segmented into regions (right & left arm, right & left leg, and trunk).  Each of 

these segments will be analyzed for fat mass and fat-free mass. Total body water 

will be determined by bioelectric impedance analysis (Xitron Technologies Inc., 

San Diego, CA).   

 

Resistance-exercise sessions (Visits 2 & 3) 

 

In a randomized cross-over design, participants will complete 2 lower body 

resistance exercise sessions (with RBM or no RBM) and each testing session will 

be separated by 7 days. Participants will be instructed to drink a 500mL bottle of 

water and a provided Atkins bar (Carb 2g, protein 10g, calories 150) one hour 

prior to arriving to the lab for the resistance training session for Visit 2 and 3. 

This is done to encourage participants from arriving to the lab in a substantial net 

catabolic or dehydrated state. At each resistance exercise session, participants will 

report to the laboratory and provide a urine sample to determine urine specific 

gravity. Participants will then relax in a supine position for 15 minutes after which 

their baseline heart rate, blood pressure, and blood oxygen saturation will be 

measured.  After appropriate preparations are made, a blood and muscle sample 

will be obtained. Participants will complete a lower body workout with the 

following exercises: squat, leg press, and knee extensions with the previously 

established 12 rep max weight for each participant at visit 1. For the RBM trial, 

the RBM will be put on post muscle and blood collection, and prior to the warm 

up set. Participants will perform one warm-up set at 50% of their previously 

determined 12-RM for each exercise.  Following a 3 minute rest, participants will 

then complete the first set of that exercise. Each exercise will consist of 4 sets of 

reps to failure with three minutes rest between exercises and sets. Immediately 

after the completion of each set, the participant’s blood oxygen saturation and 

heart rate will be assessed. Upon completion of the resistance exercise session, 

participants will be permitted to remove the RBM. At the end of each resistance 

training session the participant will be asked to rate their perceived exertion for 

the exercise session using Borg’s 15-point category ratings of perceived exertion 

scale (2). Prior to exercise, the RPE scale will be verbally anchored by indicating 

to subjects that RPE ‘‘6’’ corresponds to feelings of exertion during seated rest 

while RPE ‘‘20’’ corresponds to feelings at maximal exertion. Participants will be 

asked to refrain from exercise until after the 24-hour biopsy.  At the end of the 

exercise session, participants will have their heart rate and blood pressure 

measured to assure safety. A blood sample will be collected from participants 0.5 

hours post-exercise. At both three and six hours after the end of the exercise 

session, muscle biopsies will be obtained.  After the six hour time point, 

participants will be allowed to leave. Before leaving for the day, participants will 

be reminded to record their dietary intake until after the 24-hour biopsy. For the 

second day (24-hour time point), participants will be asked to arrive in time so 

that preparations can be made for a muscle biopsy at 24 hours post-exercise. Upon 

arrival, participants will be asked to rest in a supine position for 15 minutes after 
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which their heart rate and blood pressure will be measured.  After appropriate 

preparations are made, a 24-hour post-exercise muscle and blood sample will be 

obtained. Following the collection of the 24-hour post-exercise muscle biopsy, 

participants will turn in their dietary logs. 

 

Restrictive Breathing Mask (Visit 2 or 3) 

 

Training Mask 2.0 (Training Mask, Cadillac, Michigan) is constructed of 

neoprene and uses valves to increase resistance to inhalation and exhalation. The 

product has several resistance levels to simulate how it would feel to breathe at 

3,000, 6,000, 9,000, 12,000, 15,000, and 18,000. Resistance level on the mask for 

this study will be set at 12,000 ft (3657.6 m) based on the masks valves 

adjustments.  

 

Dietary Analysis (Visits 2 & 3) 

 

Participants will be required to record their dietary intake for one day prior to 

each of the two testing sessions.  Additionally, participants will be asked to record 

their dietary intake from the day of the testing session through the 24-hour time 

point. The participants’ diets will not be standardized and subjects will be asked 

not to change their dietary habits during the course of the study.  The dietary 

recalls will be evaluated with the Food Processor IV Nutrition Software (ESHA, 

Salem OR) to determine the average daily macronutrient consumption of fat, 

carbohydrate, and protein in the diet for the duration of the study. For the second 

testing session, participants will be asked to eat the same type and amount of food 

consumed during the first testing session. Additionally, participants will be 

instructed to drink a 500mL bottle of water and eat a provided Atkins bar (Carb 

3g, protein 7g, and calories 190) to assist that participants do not arrive in a 

substantial net catabolic or dehydrated state one hour prior to arriving to the lab 

for the resistance training session for Visit 2 and 3. Additionally, the time point 

and nutritional values of the bar were selected as such to minimize any potential 

influence on mTOR regulation.  

 

Hydration Status Assessment (Visits 2 & 3) 

 

Participants will be asked to provide a urine sample prior to each resistance 

exercise sessions (visit 2 and 3) in order to determine urine specific gravity (USG) 

(the concentration of particles in the urine) to assess pre-resistance exercise 

session hydration status using an automated urine analyzer (Clinitek Status +, 

Siemens, Malvern, PA).  Upon completion of USG analysis, the urine sample will 

be safely discarded.  

 

Venous blood sampling (Visits 2 & 3) 

At visit 2 and 3, Venous blood samples will be obtained into 2 (10 ml) vacutainer 

tubes from a 20 gauge intravenous catheter inserted into the antecubital vein 

based on our standard laboratory protocol (22). Blood samples will stay at room 
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temperature for 10 minutes and then centrifuged. The serum will be collected in 

micro-tubes and stored at -80C for later analysis. Five blood samples will be 

obtained at each exercise session, with a total of ten blood samples being obtained 

during the course of the study. At each testing session, blood samples will be 

obtained: before resistance exercise, after exercise at 0.5, 3, 6, and 24 hours. 

Researchers will wear Nitrile Examination gloves will be used for all blood 

draws.  

 

Percutaneous muscle biopsies (Visits 2 & 3) 

 

Using a 14-gauge fine needle aspiration procedure, percutaneous muscle biopsies 

(~30 mg) will be obtained from the middle portion of the vastus lateralis muscle 

of the leg at the midpoint between the patella and the greater trochanter of the 

femur at a depth between 1 and 2 cm under local anesthesia with 1% Lidocaine 

(Dr. Ronald Wilson is the overseeing physician in the use of the lidocaine) based 

on our standard laboratory protocol using a 14-gauge fine needle aspiration 

biopsy instrument (Tru-Core I Biopsy Instrument, Medical Device Technologies, 

Gainesville, FL) (22). Following removal, muscle samples will be immediately 

frozen in liquid nitrogen and stored at -80°C for later analysis. The leg used for 

the initial biopsy at Visit 2 will be randomly selected using the “pulled from a 

hat” procedure. The next biopsy at Visit 3 will involve the opposite leg.  After the 

initial biopsy, the next biopsy attempts will extract tissue from approximately the 

same location as the initial biopsy by using the pre-biopsy markings and depth 

markings on the needle. Four muscle samples will be obtained at each resistance 

exercise session, with a total of 8 muscle samples being obtained during the 

course of the study. At each resistance exercise testing session, muscle samples 

will be obtained: at baseline (before exercise), post-exercise at 3, 6 and 24 hours. 

Researchers will wear Nitrile Examination gloves for all muscle biopsys. 

 

Oxygen Saturation (Visits 2 & 3) 

 

Oxygen saturation will be measured during resistance training exercise during 

visit 2 and 3 at: pre-exercise and immediately post-exercise set for every exercise 

using a Nellcor NPB-40 Handheld Pulse Oximeter (Nellcor Puritan Bennett Inc., 

Pleasanton, CA). Participants will have a small clip placed over the end of their 

finger that is loose fitting and painless during the resistance training session in the 

lab to asses blood oxygen saturation during exercise. This clip will emit an 

internal light form one side while the other side absorbs the light and measures the 

oxygen in the participant’s blood. This is done by analyzing the color of the 

participant’s finger when a light shines through it. The shade of red will indicate 

how rich the blood is with oxygen. The red blood cells absorb different colors if 

they are or are not carrying oxygen. Should oxygen saturation fall below 79% the 

participants will be instructed to remove the mask. This level was selected based 

on average oxygen saturation levels at an elevation of 3658m. However, this level 

is unlikely to be reached given previous research (12) utilizing the mask at a 



 

 

105 

 

higher setting of 4500m induced levels of oxygen saturation at 90% during steady 

state exercise. 

 

6.0 RISKS & BENEFITS  

 

Potential Risks   

 

Participants who meet eligibility criteria will be subjected to a strength testing 

session involving squat, angled leg press, and leg extension exercises. They will 

likely experience muscle soreness for up to 24 to 48 hours after exercise. This 

soreness is normal and as experienced resistance trainers, a sensation in which 

they should be familiar. Muscle strains/pulls resulting from exercise testing are 

possible. During the familiarization session, participants will be informed of the 

exercise protocol and correct technique for the exercise protocol. Therefore, 

potential injury due to exercise will be minimized since all participants will be 

instructed on how to adhere to correct lifting technique. In addition, only Darryn 

Willoughby, Ph.D., Tom Andre, M.S., Paul Hwang, M.S., and Joshua Gann, 

M.S., all with expertise in resistance training, will conduct the testing and exercise 

procedures.   

 

During the two acute resistance training sessions participants are likely to 

experience muscle fatigue from completing 4 sets of each exercise (squat, leg 

press, leg extension), however this is a sensation that experienced weight lifters 

are familiar with. During the RBM trial it is possible participants could 

experience the feeling of breathlessness and will be instructed to remove the mask 

should they experience feelings of lightheadedness, dizziness and or nausea. 

Although given the use of experienced highly trained individuals for the study this 

risk should substantially reduce the likelihood of occurrence. Should oxygen 

saturation fall below 79% the participants will be instructed to remove the mask. 

This level was selected based on average oxygen saturation levels at an elevation 

of 3658m. However, this level is unlikely to be reached given previous research 

(12) utilizing the mask at a higher setting of 4500m induced levels of oxygen 

saturation at 90% during steady state exercise.  

 

Total body water will then be estimated using a Xitron 4200 Bioelectrical 

Impedance Analyzer (San Diego, CA) which measures bio resistance of water and 

body tissues based on a minute low energy, high frequency current (500 micro 

amps at a frequency of 50 kHz) transmitted through the body. After the unit has 

measured the resistance, which takes approximately 10 seconds, the unit then 

calculates total body water and body water percent. This analyzer is commercially 

available and has been used in the health care/fitness industry as a means to assess 

body composition and body water for over 20 years. The use of this device has 

been approved by the Food and Drug Administration (FDA) to assess total body 

water and the current to be used has been deemed safe.  

Body composition/bone density will then be determined using a calibrated 

Hologic 4500W dual energy x-ray absorptiometry (DEXA) by study personnel 
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who have all received training on radiation safety from Baylor’s Department of 

Risk Management.  In addition, Dr. Willoughby has a certification in limited x-

ray technology training for DEXA. The DEXA body composition test will involve 

having the participant lie down on their back in a standardized position in a pair 

of shorts and a t-shirt. A low dose of radiation will then scan their entire body for 

approximately six (6) minutes. The DEXA segments regions of the body (right 

arm, left arm, trunk, right leg, and left leg) into three compartments for 

determination of fat, soft tissue (muscle), and bone mass. Radiation exposure 

from DEXA for the whole body scan is approximately 1.5 mR per scan. This is 

similar to the amount of natural background radiation a person would receive in 

one month while living in Waco, TX. The maximal permissible x-ray dose for 

non-occupational exposure is 500 mR per year. Total radiation dose will be less 

than 6 mR for the entire study. 

 

Participants will donate about approximately 10 milliliters of venous blood a total 

of 10 times and approximately 20-30 mg of muscle a total of 8 times for muscle 

during the study. Blood samples will be obtained by an experienced phlebotomist 

using standard procedures and sterile techniques. In addition, Dr. Willoughby is a 

certified phlebotomy technician. These procedures may cause a small amount of 

pain when the needle is inserted into the vein as well as some bleeding and 

bruising. However, proper pressure will be applied upon removal to reduce 

bruising. The participant may also experience some dizziness, nausea, and/or faint 

if they are unaccustomed to having blood drawn. Researchers will wear Nitrile 

Examination gloves for all blood draws.  

 

There is a risk of infection if the participant does not adequately cleanse the area 

for approximately 24 hours post-biopsy. Participants will be instructed to remove 

the band-aid and cleanse the biopsy puncture site with soap and water, pat the 

area dry, and reapply a fresh adhesive band-aid. The participant will be instructed 

to leave the band-aid on for 24 hours.  The participant will be further advised to 

refrain from vigorous physical activity with the affected leg for 24 hours after the 

biopsy. Although rare, there is a potential risk for striking a nerve during the 

biopsy procedure increasing post procedure soreness and possibly temporary 

numbness to the area. There is a potential risk of an allergic reaction to the 

Lidocaine.  All participants will be asked if they have known allergies to local 

anesthetics (e.g. Lidocaine, Xylocaine, etc.) that they may have been previously 

given during dental or hospital visits. Participants with known allergies to 

anesthesia medications will not be allowed to participate in the study. This 

procedure may cause a small amount of pain when the needle is inserted to 

subcutaneously inject the Lidocaine and participants may also experience some 

dizziness, nausea, and/or faint if unaccustomed to needles.  However, due to the 

localized effects of the anesthetic, the participant should feel no pain during this 

process. In addition, the biopsy procedure may cause some bleeding and bruising. 

If needed, the subject may take non-prescription analgesic medication such as 

Acetominophen to relieve pain if needed. However, medications such as aspirin, 

Advil, Nuprin, Bufferin, or Ibuprophen will be discouraged as these medications 
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may lead to ecchymosis at the biopsy site. Soreness of the area may occur for 

about 24 hours post-biopsy. Darryn Willoughby, Ph.D., Thomas Andre, M.S., 

Paul Hwang, M.S., and Joshua Gann, M.S. are trained in muscle biopsy 

techniques and will be the only study personnel performing all blood sampling 

and muscle biopsies. Researchers will wear Nitrile Examination gloves for all 

muscle biopsys.  

 

Trained, non-physician exercise physiologists certified in CPR will supervise 

participants undergoing testing and assessments. An automated electronic 

defibrillator (AED) is located in the BLEST, Marrs McLean Gym, room 127 and 

two doors down from the EBNL (Marrs McLean Gym, room 120). A telephone is 

in both laboratories in case of any emergencies, and there will be no less than two 

researchers working with each participant during testing sessions. In the event of 

any unlikely emergency one researcher will check for vital signs and begin any 

necessary interventions while the other researcher contacts Baylor’s campus 

police at extension 2222. Instructions for emergencies are posted above the 

phones in the event that any other research investigators are available for 

assistance. Participants will be informed to report any unexpected problems or 

adverse events they may encounter during the course of the study to Darryn S. 

Willoughby, Ph.D. If clinically significant side effects are reported, the 

participants will be referred to their physician for medical follow-up. New 

findings and/or medical referrals of unexpected problems and/or adverse events 

will be documented, placed in the participants research file, and reported to the 

Baylor IRB committee.    

 

Incidental Findings 

 

Although the procedures the participants will undergo in this study are being 

undertaken for research purposes only, it is possible that researchers may notice 

something that could be important to their health. If so, we will contact them to 

explain what was noticed. If they do not have a private physician, we will refer 

them to an appropriate clinic for follow-up. It will be their choice whether to 

proceed with additional tests and/or treatments to evaluate what we observed, and 

them or their insurer will be responsible for these costs. 

 

Potential Benefits   

 

The primary benefit obtained from participating in this study is to gain insight 

about their health and fitness status from the body composition, exercise, and 

nutritional assessments to be performed. In addition, they may also gain insight 

into how their body responds hypoxic resistance exercise. Society may benefit 

from this study by possibly could be the foundation for additional investigations 

using the RBM during resistance training and also possibly, in clinical settings, be 

extrapolated to individuals with restrictive breathing disorders including chronic 

obstructive pulmonary disorder (COPD). 
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7.0 STATISTICAL ANALYSIS 

 

Statistical Analysis 

 

Statistical analyses will be performed by utilizing separate 2 x 5 [Condition 

(mask, no mask)] x Time (pre-exercise, post-exercise at 0.5, 3, 6, and 24 hours)] 

factorial analyses of variance (ANOVA) with repeated measures for blood 

variables. For muscle variables, separate 2 x 4 ANOVA will be performed. 

Further analysis of the main effects will be performed by separate one-way 

ANOVAs. For oxygen saturation and heart rate during each exercise, several 2 x 

4 Condition (mask, no mask)] x Time (pre, post-exercise set for each exercise) 

factorial analyses of variance (ANOVA) with repeated measures will be used. 

Significant between-group differences will then be determined involving the 

Tukey’s Post Hoc Test. The index of effect size utilized will be partial Eta 

squared (η2), which estimates the proportion of variance in the dependent variable 

that can be explained by the independent variable. Partial Eta squared effect sizes 

will be determined to be: weak = 0.17, medium = 0.24, strong = 0.51, very strong 

= 0.70. All statistical procedures will performed using SPSS 21.0 software 

(Chicago, IL) and a probability level of ≤ 0.05 will be adopted throughout. 

 

Data Management 

 

Participants in this study will not be individually identified unless they give their 

written consent. All participants will have a number to identify their results. Only 

the study personnel will know the subject numbers. Only study personnel will 

have access to the data. All data will be stored in a locked cabinet in the Exercise 

and Biochemistry Laboratory and only Darryn Willoughby, Ph.D. will have 

access to the key. 
 

8.0 DATA MANAGEMENT & PRIVACY/CONFIDENTIALITY 

 

Confidentiality 

 

We will keep the records of this study confidential by assigning each participant 

with an ID code that will also include the experimental condition code and an 

identifier for the particular sample. Hard copy records will be kept in filing 

cabinets that are housed in our lab and locked at all times. Electronic data is 

stored on password-protected computers housed in our lab. Data collected on 

these computers will be transferred to Dr. Willoughby’s password-protected 

computer and backed-up on a password-protected external hard drive. The 

external hard drive and researcher’s computer will be maintained in MMG 123 

(Dr. Willoughby’s office). The office is locked in Dr. Willoughby’s absence. The 

researchers will not discuss participant information with anyone other than them 

or the members of the research team (Darryn Willoughby, Ph.D., Thomas Andre, 

M.S., Paul Hwang, M.S., and Joshua Gann, M.S.).  
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We will make every effort to keep the participants’ records confidential.  

However, there are times when federal or state law requires the disclosure of their 

records. The following people or groups may review the study records for 

purposes such as quality control or safety: The researcher and any member of his 

research team; authorized members of Baylor University who may need to see 

study information, such as administrative staff members from the Office of the 

Vice Provost for Research and members of the Institutional Review Board (a 

committee which is responsible for the ethical oversight of the study), and; federal 

and state agencies that oversee or review research (such as the HHS Office of 

Human Research Protection or the Food and Drug Administration). 

 

The study data will be stored in our lab (MMG 120) for the duration of the study 

and for three years following the conclusion of the study. 

 

Future Use of Study Information 

 

We would like to store the study information – including blood and muscle 

samples - for future research related to the relationship between hypoxia induced 

by RBM and its impact on body composition and muscle performance.  We will 

label all of the participant’s study information with a code instead of their name.  

The key to the code connects their name to their study information.  The 

researcher will keep the code in a password-protected computer-locked file. 

 

The samples will be stored in an ultralow freezer located in MMG 120. Each 

sample will be kept for three years. After that time, the sample will be destroyed 

by methods in accordance with laboratory or institution procedures. 

 

Future use of study information is not optional for this study. If the participant 

does not want their information to be used for future research, they cannot still be 

in the study.  

 

Research Team 

 
Darryn S. Willoughby, PhD, FACSM, FISSN, FACN.  Dr. Willoughby will 

serve as the principal investigator. He is a Professor of Exercise and Muscle 

Physiology and Biochemistry in the Department of Health, Human Performance, 

& Recreation at Baylor University. He is also an Associate Professor of Baylor’s 

Biomedical Science Institute. Dr. Willoughby is an internationally recognized 

exercise biochemist and molecular physiologist. He has conducted a vast amount 

of research focusing on the biochemical and molecular regulatory mechanisms 

regarding exercise performance and nutrition. He will perform blood sampling 

and oversee all aspects of the study and perform the majority of the biochemical 

and clinical chemistry assays involved in the project.  

 

Thomas Andre, M.S. Mr. Andre is an exercise physiologist pursuing his Ph.D. in 

Exercise, Nutrition, and Preventative Health and serves as a research assistant in 
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the EBNL. He will assist in all aspects of the project, particularly recruiting 

participants, muscle biopsies and blood draws, and data analysis. 

 

Paul Hwang, M.S. Mr. Hwang is an exercise physiologist pursuing his Ph.D. in 

Kinesiology, Exercise Nutrition, and Preventative Health and serves as a research 

assistant in the EBNL. He may assist in all areas involved in the project, 

particularly recruiting, performing muscle biopsies and blood draws, and data 

analysis. 

 

Joshua Gann, M.S. Mr. Gann is an exercise physiologist pursuing his Ph.D. in 

Exercise, Nutrition, and Preventative Health and serves as a research assistant in 

the EBNL. He may assist in any aspect of the project, particularly recruiting 

participants, muscle biopsies and blood draws, and data analysis. 

 

 9.0 DATA & SAFETY MONITORING  

 

Adverse Events 

 

Trained, non-physician exercise physiologists certified in CPR will supervise 

participants undergoing testing and assessments. An automated electronic 

defibrillator (AED) is located in the BLEST, Marrs McLean Gym, room 127 and 

two doors down from the EBNL (Marrs McLean Gym, room 120). A telephone is 

in both laboratories in case of any emergencies, and there will be no less than two 

researchers working with each participant during testing sessions. In the event of 

any unlikely emergency one researcher will check for vital signs and begin any 

necessary interventions while the other researcher contacts Baylor’s campus 

police at extension 2222. Instructions for emergencies are posted above the 

phones in the event that any other research investigators are available for 

assistance. Participants will be informed to report any unexpected problems or 

adverse events they may encounter during the course of the study to Darryn S. 

Willoughby, Ph.D. If clinically significant side effects are reported, the 

participants will be referred to their physician for medical follow-up. New 

findings and/or medical referrals of unexpected problems and/or adverse events 

will be documented, placed in the participants research file, and reported to the 

Baylor IRB committee. There will not be any independent monitoring of the 

source data. 
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APPENDIX C 

 

Recruitment Flyer 

 

 

RESISTANCE-TRAINED MALES 

NEEDED  
 

Researchers in the exercise & biochemical nutrition lab at Baylor University are 

recruiting 10 healthy, physically-active males between the ages of 18-35 to participate in 

a study designed:  

 

To determine if a training product hinders known muscle building adaptations to 

resistance exercise at the molecular level by wearing the restricted breathing mask. 

 

Participants will be required to engage in 3 visits to the lab for testing. Participants will 

be also required to undergo body composition and muscular strength testing, and to also 

submit to providing 5 blood samples and 4 muscle biopsies at two of the visits.   

 

Eligible subjects will receive $100 for completing the study and free nutritional analyses, 

muscle strength, and body fat testing. 

 

 

FOR MORE INFORMATION CONTACT: 

 

EXERCISE & BIOCHEMICAL NUTRITION LAB 

DEPARTMENT OF HHPR 

 

RENA MARRS MCLEAN GYMNASIUM ROOM 120 

254-710-4012 

 

THOMAS_ANDRE@BAYLOR.EDU 

 

 

 

 

 

 

 

 

 

  

mailto:Thomas_Andre@baylor.edu
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APPENDIX D 

 

Medical History Inventory 

 

 

BAYLOR UNIVERSITY 

EBNL 

 

MEDICAL HISTORY INVENTORY 

 
Directions.  The purpose of this questionnaire is to enable the staff of the exercise and sport 

sciences laboratory to evaluate your health and fitness status.  Please answer the following 

questions to the best of your knowledge.  All information given is confidential as described in 

the informed consent statement. 

  

Name:__________________________________ age: _____date of birth: ___________ 

 

Name and address of your physician (if known): 

_____________________________________________________    

  

 

Medical history 

 

Do you have or have you ever had any of the following conditions? (please write the date when 

you had the condition in blank). 

 

___ heart murmur, clicks, or other cardiac findings?   ___ asthma/breathing difficulty?  

___ frequent extra, skipped, or rapid heartbeats?         ___ bronchitis/chest cold? 

___ chest pain (with or without exertion)?               ___ melanoma/skin lesions? 

___ high cholesterol?                  ___ stroke or blood clots? 

___ diagnosed high blood pressure?                ___ emphysema/lung disease? 

___ heart attack or any cardiac surgery?     ___ epilepsy/seizures? 

___ leg cramps (during exercise)?                ___ rheumatic fever? 

___ chronic swollen ankles?                 ___ scarlet fever? 

___ varicose veins?                  ___ ulcers? 

___ frequent dizziness/fainting?      ___ pneumonia? 

___ muscle or joint problems?      ___ anemias? 

___ high blood sugar/diabetes?      ___ liver or kidney disease? 

___ thyroid disease?                  ___ autoimmune disease? 

___ low testosterone/hypogonadism?     ___ nerve disease? 

___ glaucoma?        ___ psychological disorders? 

____ lidocaine allergy  

 

Do you have or have you been diagnosed with any other medical condition not listed?  

______________________________________________________________________________

______ 

 ________________________________________________________________________

____________         ____________ 
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Please provide any additional comments/explanations of your current or past medical history.  

______________________________________________________________________________

______         

 __________________________ 

 

Please list any recent surgery (i.e., type, dates etc.).  

______________________________________________________________________________

______  

______________________________________________________________________________

______ 

 

 

 

List all prescribed/non-prescription medications and nutritional supplements you have taken in 

the last 3 months.  

 

 

 

 

What was the date of your last complete medical exam?  

 

 

 

 

 

 

Do you know of any medical problem that might make it dangerous or unwise for you to 

participate in this study (including strength and maximal exercise tests)  ____ if yes, please 

explain:  

 

 

 

 

Recommendation for participation 

 

____ no exclusion criteria presented. Subject is cleared to participate in the study. 

 

____ exclusion criteria is/are present. Subject is not cleared to participate in the study. 

 

 

 

 

 

Signed: ___________________________________ date: ________________________ 
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APPENDIX E 

 

Exercise History Questionnaire 

 

 

EXERCISE AND BIOCHEMICAL NUTRITION LABORATORY 

  

  PERSONAL INFORMATION 

 

Name:                                                                                                                                                           

 

Address:                                                                                                                                                          

 

City:                                        state:                zip code                 

 

Home phone:  (      )                     __ work phone: (      )                                                      

Cellular  (      )                                   

 

Email address:         

 

 

Birth date:            /            /              age:                  height:                 weight:                   

Exercise & supplement history/activity questionnaire 

 

1. Describe your typical occupational activities. 

 

 

 

 

 

 

2. Describe your typical recreational activities 

 

 

 

 

 

 

 

3. Describe any exercise training that you routinely participate.  
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4. How many days per week do you exercise/participate in these activities? 

 

 

 

 

 

5. How many hours per week do you exercise? 

 

 

 

 

 

6. How long (years/months) have you been consistently exercising/training? 

 

 

 

 

 

7. When was the last time you ingested any nutritional supplement? 

 

 

 

 

 

 

8. If applicable, list the nutritional supplement(s) that you most recently ingested. 
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APPENDIX F 

 

Diet Logs 

 

 

EXERCISE & BIOCHEMICAL NUTRITION LABORATORY 

 

 

Participant code_________________________________ date  _________________ 

 

Instructions 

 
1.    Record everything you eat for 2 days (including one weekend day).  If you eat pretzels, 

        record how many.  If you eat a bag of chips, record the number of ounces.  For drinks,   

        record the number of cups or ounces. Record everything you drink except water. 

2.     Record the food, amount, brand name, and preparation methods. For example:  baked vs. Fried 

chicken; 1 cup           of rice; 2 teaspoons of margarine; 1 cup of 2% milk; mcdonald’s, healthy choice, or 

frosted flakes.   

3.     Record immediately after eating.  Waiting until that night may make it difficult to  

        remember all foods and quantities. 

 
Food (include brand)  method of preparation quantity (cups, oz., no.)  

 

 

Breakfast: 

                                                                                           _________________________                             

                                                                                            _________________________                             

                                                                                            _________________________                             

                                                                                            _________________________                             

                                                                                           _________________________ 

 

 

Lunch: 

                                                                                            _________________________                             

                                                                                           _________________________                             

                                                                                            _________________________                             

                                                                                            _________________________                             

                                                                                            _________________________                             

                                                                                            _________________________                             

 

 

Dinner: 

                                                                                            _________________________                             

                                                                                            _________________________                             

                                                                                            _________________________                             

                                                                                            _________________________                             

                                                                                            _________________________ 

                              

 

Snacks: 

                                                                                           _________________________                             

                                                                                           _________________________ 

                                                                                           _________________________ 
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APPENDIX G 

 

Data Collection Forms 

 

 

 
 

Participant ID: Date: Time:

Ht: Wt: TBW:

BF%: HR: BP:

12RM Squat:

Settings:

12RM Leg Press:

Settings:

12RM Leg Exstension:

Settings:
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Participant ID: Date: Time: Session:

HR: BP: O2 Sat: Hema:

12RM Squat: Reps: O2 Sat: HR:

Settings: Reps: O2 Sat: HR:

Reps: O2 Sat: HR:

Reps: O2 Sat: HR:

Total:

12RM LP: Reps: O2 Sat: HR:

Settings: Reps: O2 Sat: HR:

Reps: O2 Sat: HR:

Reps: O2 Sat: HR:

Total:

12RM Leg Ex: Reps: O2 Sat: HR:

Settings: Reps: O2 Sat: HR:

Reps: O2 Sat: HR:

Reps: O2 Sat: HR:

Total:

Session Total Reps:

Session RPE: Diet logs:

Stress Score: Blood Pre: Muscle Pre:

30 min: 3hr:

Pre Stress: 3hr: 6hr:

6hr: 24hr:

Post Stress: 24hr:
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APPENDIX H 

 

Rating of Perceived Exertion 

 

 

 
  



 

 

120 

 

 

 

APPENDIX I 

 

Perceived Stress Scale 

 

 

 

 

 

10 cm Visual Analog Scale: 

Mark a vertical line on how stressful you anticipate the resistance training session is 

going to be.  

 

Not Stressful          Highly 

Stressful 



 

 

121 

 

 

 

BIBLIOGRAPHY 

 

 

Abdessemed D, Duche P, Hautier C, et al. (1999). Effect of recovery duration on 

muscular power and blood lactate during the bench press exercise. Int J Sports 

Med, 20: 368–73. 

 

Abe T, Kearns CF, Sato Y. (2006). Muscle size and strength are increased following walk 

training with restricted venous blood flow from the leg muscle, Kaatsu-walk 

training. J Appl Physiol, 100: 1460-1466. 

 

Abe T, Fujita S, Nakajima T, Sakamaki M, Ozaki H, Ogasawara R. (2010). Effects of 

low-intensity cycle training with restricted leg blood flow on thigh muscle volume 

and VO2max in young men. J Sports Sci Med, 9:452-458. 

 

Abe T, Yasuda T, Midorikawa T, et al. (2005). Skeletal muscle size and circulating IGF-

1 are increased after two weeks of twice daily KAATSU resistance training. Int J 

KAATSU Training Res, 1(1):6–12.  

 

Baar K, Esser K. (1999). Phosphorylation of p70(S6k) correlates with increased skeletal 

muscle mass following resistance exercise Am J Physiol, 276(1 Pt 1):C120–C127 

 

Baechle TR, Early RW. (2008). National Strength and Conditioning: Essentials of 

strength training and conditioning (3rd ed.). Champaign, IL: Human Kinetics.  

 

Bagnall J, Leedale J, Taylor SE et al. (2014). Tight control of hypoxia-inducible factor-α 

transient dynamics is essential for cell survival in hypoxia. J Biol Chem, 

289:5549–5564. 

 

Beekley MD, Sato Y, Abe T. (2005). KAATSU-walk training increases serum bone-

specific alkaline phosphatase in young men. Int J KAATSU Training Res, 2: 77-

81. 

 

Berra E, Ginouvès A, Pouysségur J. (2006). The hypoxia-inducible factor hydroxylases 

bring fresh air into hypoxia signaling. EMBO Rep, 7, 41–45. 

 

Bodine SC, Stitt TN, Gonzalez M, Kline WO, Stover GL, Bauerlein R, et al. (2001). 

Akt/mTOR pathway is a crucial regulator of skeletal muscle hypertrophy and can 

prevent muscle atrophy in vivo. Nat Cell Biol, 3: 1014–1019. 

 

Borg GA. (1982). Psychophysical bases of perceived exertion. Med Sci Sports Exerc, 14: 

377–381. 

 



 

 

122 

 

Borst SE, De Hoyos DV, Garzarella L, et al. (2001). Effects of resistance training on 

insulin-like growth factor-1 and IGF binding proteins. Med Sci Sports Exerc, 

33(4):648–53.  

 

Buford TW, Cooke MB, Manini TM, Leeuwenburgh C, & Willoughby DS. (2010). 

Effects of age and sedentary lifestyle on skeletal muscle NF-kappaB signaling in 

men. J Gerontol A Biol Sci Med Sci, 65: 532–537.  

 

Burd NA, Holwerda AM, Selby KC, West D, Staples AW, Cain NE, Cashaback JA, 

Potvin JR., Baker SK, & Phillips SM. (2010). Resistance exercise volume affects 

myofibrillar protein synthesis and anabolic signalling molecule phosphorylation 

in young men. Jl of Physiol, 588: 3119–3130. 

 

Cam H, Easton JB, High A, & Houghton PJ. (2010). mTORC1 signaling under hypoxic 

conditions is controlled by ATM-dependent phosphorylation of HIF-1α. Mol Cell 

40: 509–520.  

 

Casaburi R, Bhasin S, Cosentino L, Porszasz J, Somfay A, Lewis MI, Fournier M, Storer 

TW. (2004). Effects of testosterone and resistance training in men with chronic 

obstructive pulmonary disease. Am J Respir Crit Care Med, 170: 870–878.  

 

Chaillou T, Koulmann N, Meunier A et al. (2014). Ambient hypoxia enhances the loss of 

muscle mass after extensive injury. Pflüg Arch Eur J Physiol, 466:587–598.  

 

Chaillou T, Koulmann N, Simler N, Meunier A, Serrurier B, Chapot R, Peinnequin A, 

Beaudry M, Bigard X. (2012). Hypoxia transiently affects skeletal muscle 

hypertrophy in a functional overload model. Am J Physiol Regul Integr Comp 

Physiol, 302(5):R643–654. 

 

Chaudhary P, Suryakumar G, Prasad R et al. (2012). Chronic hypobaric hypoxia 

mediated skeletal muscle atrophy: role of ubiquitin-proteasome pathway and 

calpains. Mol Cell Biochem, 364:101–113. 

 

Cohen S, Kamarck T, Mermelstein R. (1983). A global measure of perceived stress. J 

Health Social Behavior, 24, 386-396. 

 

Cooke MB, La Bounty P, Buford T, Shelmadine B, Redd L, Hudson G, et al. (2011). 

Ingestion of 10 grams of whey protein prior to a single bout of resistance exercise 

does not augment Akt/mTOR pathway signaling compared to carbohydrate. J Int 

Soc Sports Nutr, 8: 18.  

 

Crewther B, Keogh J, Cronin J, et al. (2006). Possible stimuli for strength and power 

adaptation: acute hormonal responses. Sports Med, 36(3):215–38.  

 



 

 

123 

 

Dalbo VJ, Roberts MD, Hassell S, & Kerksick CM. (2013). Effects of pre-exercise 

feeding on serum hormone concentrations and biomarkers of myostatin and 

ubiquitin proteasome pathway activity. Eur J Nutr, 52(2), 477-487. 

 

Deldicque, L., Atherton, P., Patel, R., Theisen, D., Nielens, H., Rennie, M. J., & 

Francaux, M. (2008). Effects of resistance exercise with and without creatine 

supplementation on gene expression and cell signaling in human skeletal muscle. 

J Appl Physiol, 104(2), 371-378. 

 

Denley A, Cosgrove LJ, Booker GW, Wallace JC, Forbes B E (2005). Molecular 

interactions of the IGF system. Cytokine Growth Factor Rev, 16(4-5), 421-439. 

 

D’Hulst, G, Jamart, C, Van Thienen, R, Hespel, P, Francaux, M, and Deldicque, L. Effect 

of acute environmental hypoxia on protein metabolism in human skeletal muscle. 

Acta Physiol Oxf Engl 208: 251–264, 2013. 

 

Drummond MJ, Fujita S, Abe T, Dreyer HC, Volpi E, Rasmussen BB. (2008). Human 

muscle gene expression following resistance exercise and blood flow restriction. 

Med Sci Sports Exerc, 40:691–698. 

 

Drummond MJ, Fry CS, Glynn EL, et al. (2009). Rapamycin administration in humans 

blocks the contraction-induced increase in skeletal muscle protein synthesis J 

Physiol, 587(Pt 7):1535–1546. 

 

Dutta A, Vats P, Singh VK et al. (2009). Impairment of mitochondrial beta-oxidation in 

rats under cold-hypoxic environment. Int J Biometeorol, 53:397–407. 

 

Etheridge T, Atherton PJ, Wilkinson D, Selby A, Rankin D, Webborn N, et al. Effects of 

hypoxia on muscle protein synthesis and anabolic signaling at rest and in response 

to acute resistance exercise. Am J Physiol Endocrinol Metab 301: E697–702, 

2011. 

 

Fábián, Z, Taylor, CT, and Nguyen, LK. (2016). Understanding complexity in the HIF 

signaling pathway using systems biology and mathematical modeling. J Mol Med 

Berl Ger, 315–38. 

 

Favier FB, Costes F, Defour A et al. (2010). Downregulation of Akt/mammalian target of 

rapamycin pathway in skeletal muscle is associated with increased REDD1 

expression in response to chronic hypoxia. Am J Physiol Regul Integr Comp 

Physiol, 298:R1659–R1666.  

 

  



 

 

124 

 

Ferreira MP, Li R, Cooke M, Kreider RB, & Willoughby, DS. (2014). Periexercise 

coingestion of branched-chain amino acids and carbohydrate in men does not 

preferentially augment resistance exercise-induced increases in 

phosphatidylinositol 3 kinase/protein kinase B-mammalian target of rapamycin 

pathway markers indicative of muscle protein synthesis. Nutr Res N Y N, 34: 

191–198.  

 

Folkman J, Shing Y. (1992). Angiogenesis. J. Biol. Chem, 267:10931-10934. 

 

Forsythe JA, Jiang BH, Iyer NV, Agani F, Leung SW, Koos RD. (1996). Activation of 

vascular endothelial growth factor gene transcription by hypoxia‐inducible factor 

1. Mol Cell Biol, 16:4604-4613.  

 

Friedmann B, Kinscherf R, Borisch S, Richter G, Bärtsch P, Billeter R. (2003). Effects of 

low‐resistance/high‐repetition strength training in hypoxia on muscle structure 

and gene expression. Pflugers Arch, 446:742-751.  

 

Fujita S, Abe T, Drummond MJ, et al. Blood flow restriction during low-intensity 

resistance exercise increases S6K1 phosphorylation and muscle protein synthesis. 

J Appl Physiol. 2007;103(3):903–10.  

 

Gavin TP, Drew JL, Kubik CJ, Pofahl WE, Hickner RC. (2007). Acute resistance 

exercise increases skeletal muscle angiogenic growth factor expression. Acta 

Physiol. (Oxf); 191:139-146. 

 

Gomes MD, Lecker SH, Jagoe RT, Navon A, & Goldberg AL. (2001). Atrogin-1, a 

muscle-specific F-box protein highly expressed during muscle atrophy. Proc Natl 

Acad Sci USA, 98: 14440–14445.  

 

Harridge SD. (2007). Plasticity of human skeletal muscle: gene expression to in vivo 

function. Exp Physiol, 92(5), 783-797.  

 

Haseler LJ, Hogan MC, Richardson RS. (1985). Skeletal muscle phosphocreatine 

recovery in exercise-trained humans is dependent on O2 availability. J Appl 

Physiol, 86(6):2013-8. 

 

Han HQ, Zhou X, Mitch WE, & Goldberg AL. (2013). Myostatin/activin pathway 

antagonism: Molecular basis and therapeutic potential. Int J Biochem Cell Biol. 

 

Hayot M, Rodriguez J, Vernus B et al (2011) Myostatin up-regulation is associated with 

the skeletal muscle response to hypoxic stimuli. Mol Cell Endocrinol 332:38–47.   

 

Hill NE, Stacey MJ, Woods DR. (2011). Energy at high altitude. JR Army Med Corps, 

157(1):43-8. 

 



 

 

125 

 

Ho JY, Huang TY, Chien YC, Chen YC, Liu SY. (2014a). Effects of acute exposure to 

mild simulated hypoxia on hormonal responses to low-intensity resistance 

exercise in untrained men. Res Sports Med, 22(3):240-52. 

 

Ho J-Y, Kuo T-Y, Liu K-L, Dong X-Y, & Tung K. (2014b). Combining normobaric 

hypoxia with short-term resistance training has no additive beneficial effect on 

muscular performance and body composition. J Strength Cond Res Natl Strength 

Cond Assoc, 28: 935–941.  

 

Horscroft JA, Murray AJ. (2014). Skeletal muscle energy metabolism in environmental 

hypoxia: climbing towards consensus. Extreme Physiol Med. 

 

Hulmi JJ, Ahtiainen JP, Kaasalainen T, Pollanen E, Hakkinen K, Alen M, Mero AA. 

(2007). Postexercise myostatin and activin IIb mRNA levels: effects of strength 

training. Med Sci Sports Exerc, 39(2), 289-297. 

 

Jensen TE, Richter EA. Regulation of glucose and glycogen metabolism during and after 

exercise. J Physiol. 2012 Mar 1;590(5):1069-76.  

 

Kawada S, Ishii N. (2005). skeletal muscle hypertrophy after chronic restriction of 

venous blood flow in rats. Med Sci Sports Exerc, 37: 1144-1150. 

 

Kim J, Tchernyshyov I, Semenza GL, Dang CV (2006) HIF-1-mediated expression of 

pyruvate dehydrogenase kinase: a metabolic switch required for cellular 

adaptation to hypoxia. Cell Metab 3:177–185. 

 

Kon M, Ikeda T, Homma T, Suzuki Y. (2012). Effects of low-intensity resistance 

exercise under acute systemic hypoxia on hormonal responses. J Strength Cond 

Res, 26(3):611-7. 

 

Kon M, Ikeda T, Homma T, Akimoto T, Suzuki Y, & Kawahara T. (2010). Effects of 

acute hypoxia on metabolic and hormonal responses to resistance exercise. Med 

Sci Sports Exerc, 42: 1279–1285.  

 

Kon, M, Ohiwa, N, Honda, A, Matsubayashi, T, Ikeda, T, Akimoto, T, et al. (2014). 

Effects of systemic hypoxia on human muscular adaptations to resistance exercise 

training. Physiol Rep 2.  

 

Koopman R, Zorenc AHG, Gransier RJJ, Cameron-Smith D, & van Loon LJC. (2006). 

Increase in S6K1 phosphorylation in human skeletal muscle following resistance 

exercise occurs mainly in type II muscle fibers. Am J Physiol Endocrinol Metab, 

290: E1245–1252.  

 

Koumenis C, Wouters BG. (2006). “Translating” tumor hypoxia: unfolded protein 

response (UPR)-dependent and UPR-independent pathways. Mol Cancer Res, 4: 

423–436.  



 

 

126 

 

Kraft JA, Green JM, Bishop PA, Richardson MT, Neggers YH, & Leeper JD. (2010). 

Impact of dehydration on a full body resistance exercise protocol. Eur J Appl 

Physiol, 109: 259–267. 

 

Kraemer WJ. (1997). A series of studies: the physiological basis for strength training in 

American football: fact over philosophy. J Strength Cond Res, 11: 131–42. 

 

Kraemer RR, Kilgore JL, Kraemer GR, et al. (1992). Growth hormone, IGF-I, and 

testosterone responses to resistive exercise. Med Sci Sports Exerc, 24(12):1346–

52.  

 

Kraemer WJ, Ratamess NA. (2005). Hormonal responses and adaptations to resistance 

exercise and training. Sports Med, 35(4):339–61.  

 

Kraemer WJ. (1983). Exercise prescription in weight training: manipulating program 

variables. J Strength Cond Res Natl Strength Cond Assoc, 5(3), 58-61. 

 

Kubota A, Sakuraba K, Sawaki K, Sumide T, Tamura Y. (2008). Prevention of disuse 

muscular weakness by restriction of blood flow. Med Sci Sports Exerc, 40:529–

534. 

 

Kumar V, Selby A, Rankin D, et al. (2009). Age-related differences in the dose-response 

relationship of muscle protein synthesis to resistance exercise in young and old 

men J Physiol, 587(Pt 1):211–217. 

 

Kuo T, Charles HA,  Wang JC. Metabolic functions of glucocorticoid receptor in skeletal 

muscle. Molecular and Cellular Endocrinology 2013; 380, 1–2; 79–88 

 

Kurobe K, Huang Z, Nishiwaki M, Yamamoto M, Kanehisa H, & Ogita F. (2014). 

Effects of resistance training under hypoxic conditions on muscle hypertrophy 

and strength. Clin Physiol Funct, Imaging doi: 10.1111/cpf.12147. [Epub ahead of 

print]. 

 

Lee SJ. (2004). Regulation of muscle mass by myostatin. Annu Rev Cell Dev Biol, 20, 

61-86. doi: 10.1146/annurev.cellbio.20.012103.135836. 

 

Lee, S. J., & McPherron, A. C. (2001). Regulation of myostatin activity and muscle 

growth. Proc Natl Acad Sci U S A, 98(16), 9306-9311.  

 

Lieb ME, Menzies K, Moschella MC, Ni R, Taubman MB. (2002). Mammalian EGLN 

genes have distinct patterns of mRNA expression and regulation. Biochem Cell 

Biol 80: 421–426.  

 

 

 



 

 

127 

 

Lindholm ME, Fischer H, Poellinger L, Johnson RS, Gustafsson T, Sundberg CJ, 

Rundqvist H. (2014). Negative regulation of HIF in skeletal muscle of elite 

endurance athletes: a tentative mechanism promoting oxidative metabolism. Am J 

Physiol Regul Integr Comp Physiol. 307 (3):R248-55. 

 

Liu L, Kimball SR, Jahn LA, Barrett EJ. (2004). Glucocorticoids modulate amino acid 

induced translation initiation in human skeletal muscle. American J Physiol: 

Endocrinology and Metabol, 287: 275-81. 

 

Lofberg E, Geutierrez A, Wernerman J, Anderstam B, Mitch WE Price SR, et al. (2002). 

Effects of high doses of glucocorticoids on free amino acids, ribosomes, and 

protein turnover in human muscle. Euro J Clinical Investigation, 32: 345-53. 

 

Laurentino GC, Ugrinowitsc C, Roschel H, Aoki MS, Soares AG, Neves M Jr, Aihara 

AY, Fernandes Ada R, Tricoli V. (2012). Strength training with blood flow 

restriction diminishes myostatin gene expression. Med Sci Sports Exerc, 44:406–

412. 

 

Lundby C, Gassmann M, Pilegaard H. (2006). Regular endurance training reduces the 

exercise induced HIF-1alpha and HIF-2alpha mRNA expression in human 

skeletal muscle in normoxic conditions. Eur J Appl Physiol, 96: 363–369.  

 

MacDougall JD, Green HJ, Sutton JR, et al. (1991). Operation Everest II: structural 

adaptations in skeletal muscle in response to extreme simulated altitude. Acta 

Physiol Scand, 142(3):421–7.  

 

Manimmanakorn A, Hamlin MJ, Ross JJ, Taylor R, & Manimmanakorn N. (2013a). 

Effects of low-load resistance training combined with blood flow restriction or 

hypoxia on muscle function and performance in netball athletes. J Sci Med Sport, 

16, 337–342.  

 

Manimmanakorn A, Manimmanakorn N, Taylor R., Draper N, Billaut F, Shearman JP, et 

al. (2013b). Effects of resistance training combined with vascular occlusion or 

hypoxia on neuromuscular function in athletes. Eur J Appl Physiol, 113, 1767–

1774. 

 

Manini TM, Vincent KR, Leeuwenburgh CL, Lees HA, Kavazis AN, Borst SE, Clark 

BC. (2011). Myogenic and proteolytic mRNA expression following blood flow 

restricted exercise. Acta Physiol (Oxf), 201:255–263. 

 

Marx JO, Ratamess NA, Nindl BC, et al. (2001). Low-volume circuit versus high-volume 

periodized resistance training in women. Med Sci Sports Exerc, 33(4):635–43.  

 

Matheny RW, Nindl BC, & Adamo ML. (2010). Minireview: Mechano-growth factor: a 

putative product of IGF-I gene expression involved in tissue repair and 

regeneration. Endocrinology, 151(3), 865-875. 



 

 

128 

 

McGee, SL and Hargreaves, M. (2010). AMPK-mediated regulation of transcription in 

skeletal muscle. Clin Sci Lond Engl, 1979 118: 507–518.  

 

Nakao R, Hirasaka K, Goto J, Ishidoh K, Yamada C, Ohno A, et al. (2009). Ubiquitin 

ligase Cbl-b is a negative regulator for insulin-like growth factor 1 signaling 

during muscle atrophy caused by unloading. Molecular Cell Bio, 29:4798-811. 

 

Nakajima, T., Yasuda, T., Koide, S. et al. (2016). Heart Vessels. doi:10.1007/s00380-

016-0801-6. 

 

Narici MV, Kayser B. (1995). Hypertrophic response of human skeletal muscle to 

strength training in hypoxia and normoxia. Eur J Appl Physiol Occup Physiol, 70: 

213–219.  

 

Nishimura A, Sugita M, Kato K, et al. (2010). Hypoxia increases muscle hypertrophy 

induced by resistance training. Int J Sports Physiol Perform, 5(4):497–508.  

 

Ou LC, Leiter JC. (2004). Effects of exposure to a simulated altitude of 5500 m on 

energy metabolic pathways in rats. Respir Physiol Neurobiol, 141:59–71.  

 

Olfert IM, Howlett RA, Tang K, Dalton ND, Gu Y, Peterson KL. (2009). Muscle‐specific 

VEGF deficiency greatly reduces exercise endurance in mice. J. Physiol, 

587:1755-1767. 

 

Phillips SM, Tipton KD, Aarsland A, Wolf SE, Wolfe RR Mixed muscle protein 

synthesis and breakdown after resistance exercise in humans Am J Physiol 

1997;273(1 Pt 1):E99–E107. 

 

Pison CM, Chauvin C, Perrault H, Schwebel C, Lafond JL, Boujet C, et al. (1998).In vivo 

hypoxic exposure impairs metabolic adaptations to a 48 hour fast in rats. Eur 

Respir J, 12: 658–665.  

 

F Przygodda et al. (2017). Acute intermittent hypoxia in rats activates muscle proteolytic 

pathways through a gluccorticoid-dependent mechanism. J Appl Physiol, 122 (5), 

1114-1124.  

 

Ratamess NA, Alvar BA, Evetoch TK, Housh TJ, Kibler WB, Kraemer WJ, et al. (2009). 

American college of sports medicine position stand. Progression models in 

resistance training for healthy adults. Med. Sci. Sports Exerc, 41:687. 

 

Ratamess NA, Kraemer WJ, Volek JS, et al. (2005). Effects of heavy resistance exercise 

volume on post-exercise androgen receptor content in resistance-trained men. J 

Steroid Biochem Molec Biol,  93: 35–42. 

 



 

 

129 

 

Rennie MJ, Edwards RH, Emery PW, Halliday D, Lundholm K, Millward DJ. (1983). 

Depressed protein synthesis is the dominant characteristic of muscle wasting and 

cachexia. Clin Physiol, 3: 387–398.  

 

Richmond SR, Godard MP. (2004). The effects of varied rest periods between sets of 

failure using bench press in recreationallytrained men. J Strength Cond Res, 18: 

846–9. 

 

Sandri M, Sandri C, Gilbert A, Skurk C, Calabria E, Picard A, et al. (2004). Foxo 

transcription factors induce the atrophyrelated ubiquitin ligase atrogin-1 and cause 

skeletal muscle atrophy. Cell, 117, 399–412. 

 

Sandri M. (2008). Signaling in muscle atrophy and hypertrophy. Physiol Bethesda Md, 

23: 160–170. 

 

Schwarz NA, Spillane M, La Bounty P, Grandjean PW, Leutholtz B, & Willoughby DS. 

(2013). Capsaicin and evodiamine ingestion does not augment energy expenditure 

and fat oxidation at rest or after moderately-intense exercise. Nutr Res N Y N 33: 

1034–1042. 

 

Schönenberger MJ, Kovacs WJ. (2015). Hypoxia signaling pathways: modulators of 

oxygen-related organelles. Front Cell Dev Biol. Jul 21;3:42. 

 

Sellers J, Monaghan TP, Jacobson BH, Schnaiter JA, Hester GM, & Pope ZK. (2017). 

Efficacy of a ventilatory training mask to improve anaerobic capacity in reserve 

officers’ training corps cadets. Int J Exerc Sci Conf Proc 11, Available from: 

http://digitalcommons.wku.edu/ijesab/vol11/iss3/60. 

 

Semenza GL. (2001). HIF-1, (2), and the 3 PHDs: how animal cells signal hypoxia to the 

nucleus. Cell, 107:1–3. 

 

Simão R, Farinatti Pde T, Polito MD, Viveiros L, Fleck SJ. (2007). Influence of exercise 

order on the number of repetitions performed and perceived exertion during 

resistance exercise in women. J Strength Cond Res., 21(1):23-8. 

 

Smilios I, Pilianidis T, Karamouzis M, Tokmakidis SP. (2003). Hormonal responses after 

various resistance exercise protocols. Med Sci Sports Exerc. 35(4):644-54. 

 

Takarada Y, Takazawa H, Ishii N. (2000a). Applications of vascular occlusion diminish 

disuse atrophy of knee extensor muscles. Med Sci Sports Exerc, 32:2035–2039 

 

Takarada Y, Takazawa H, Sato Y, Takebayahi S, Tanaka T, Ishii N (2000b). Effects of 

resistance exercise combined with moderate vascular occlusion on muscular 

function in humans. J Appl Pyshiol, 88: 2097-2106. 

 



 

 

130 

 

Takarada Y, Tsuruta T, & Ishii N. (2004). Cooperative effects of exercise and occlusive 

stimuli \ 54 on muscular function in low-intensity resistance exercise with 

moderate vascular occlusion. The Japanese Journal of Physiology, 54(6), 585-

592. 

 

Taylor LW, Wilborn CD, Kreider RB, & Willoughby DS. (2012). Effects of resistance 

exercise intensity on extracellular signal-regulated kinase 1/2 mitogen-activated 

protein kinase activation in men. J Strength Cond Res Natl Strength Cond Assoc, 

26: 599–607.  

 

Terzis G, Georgiadis G, Stratakos G, et al. (2008). Resistance exercise-induced increase 

in muscle mass correlates with p70S6 kinase phosphorylation in human subjects 

Eur J Appl Physiol, 102(2):145–152. 

 

Thellin O, Zorzi W, Lakaye B, Borman BD, Coumans B, Hennen G, Grisar T, Igout A, 

Heinen E. (1999). Housekeeping genes as internal standards: use and limits. J 

Biotech, 75, 291-295. 

 

Thomas M, Langley B, Berry C, Sharma M, Kirk S, Bass J, Kambadur R. (2000). 

Myostatin, a negative regulator of muscle growth, functions by inhibiting 

myoblast proliferation. J Biol Chem 275:40235–40243. 

 

Tiao G, Fagan J, Roegner V, Lieberman M, Wang JJ, Fischer JE, et al. (1996). Energy 

ubiquitin dependent muscle proteolysis during sepsis in rats is regulated by 

glucocorticoids. J Clinical Investigation, 97: 339-48. 

 

Van Weel V, Deckers MM, Grimbergen JM, van Leuven K J, Lardenoye JH, 

Schlingemann R. O. (2004). Vascular endothelial growth factor overexpression in 

ischemic skeletal muscle enhances myoglobin expression in vivo. Circ. Res. 

95:58-66. 

 

Vigano A, Ripamonti M, De Palma S, Capitanio D, Vasso M, Wait R, Lundby C, 

Cerretelli P, & Gelfi C. (2008). Proteins modulation in human skeletal muscle in 

the early phase of adaptation to hypobaric hypoxia. Proteomics, 8, 4668–4679. 

 

Vogt M, Puntschart ., Geiser J, Zuleger C, Billeter R, Hoppeler H. (2001). Molecular 

adaptations in human skeletal muscle to endurance training under simulated 

hypoxic conditions. J. Appl. Physiol.; 91:173-182. 

 

Wang H, Kubica N, Ellisen LW, Jefferson LS, Kimball SR. (2006). Dexamethasone 

represses signaling through the mammalian target of rapamycin in muscle cells by 

enhancing expression of REDD1. J Biol Chem 281: 39128 –39134.  

 

Wasserman DH, Kang L, Ayala JE, Fueger PT, & Lee-Young RS. (2011). The 

Physiological regulation of glucose flux into muscle in vivo. J of Experi Bio, 214, 

254-262. 



 

 

131 

 

Wehling M, Cai B, Tidball JG. (2000). Modulation of myostatin expression during 

modified muscle use. FASEB J, 14:103–110. 

 

Wilborn CD, Taylor LW, Greenwood M, Kreider RB, & Willoughby DS. (2009). Effects 

of different intensities of resistance exercise on regulators of myogenesis. J 

Strength Cond Res, 23(8), 2179-2187. 

 

Willoughby DS & Leutholtz B. (2013). D-aspartic acid supplementation combined with 

28 days of heavy resistance training has no effect on body composition, muscle 

strength, and serum hormones associated with the hypothalamo-pituitary-gonadal 

axis in resistance-trained men. Nutr Res, N Y N 33: 803–810.  

 

Willoughby DS, Spillane M, & Schwarz N. (2014). Heavy resistance training and 

supplementation with the alleged testosterone booster nmda has no effect on body 

composition, muscle performance, and serum hormones associated with the 

hypothalamo-pituitary-gonadal axis in resistance-trained males. J Sports Sci Med, 

13: 192–199. 

 

Willoughby DS, Taylor M, Taylor L. (2003). Glucocorticoid receptor and ubiquitin 

expression after repeated eccentric exercise. Med Sci Sports Exerc, 35(12):2023-

31. 

 

Yan B, Lai X, Yi L, Wang Y, & Hu Y. (2016). Effects of Five-Week Resistance Training 

in Hypoxia on Hormones and Muscle Strength. J Strength Cond Res Natl Strength 

Cond Assoc, 30: 184–193. 

 

Yakar S, Rosen CJ, Beamer WG, Ackert-Bicknell CL, Wu Y, Liu JL,  LeRoith D. 

(2002). Circulating levels of IGF-1 directly regulate bone growth and density. J 

Clin Invest, 110(6), 771-781. doi: 10.1172/JCI15463. 

 

Yasuda T, Abe T, Sato Y, Midorikawa, Kearns CF, Inoue K, Ryushi T, Ishii N. (2005). 

Muscle fiber cross-sectional area is increased after two weeks of twice daily 

KAATSU-resistance training. Int J KAATSU Training Res, 1(2): 65-70.  

 

Yasuda  T, Ogasawara R, Sakamaki M, Ozaki H, Sato Y, Abe T. (2011). Combined 

effects of low-intensity blood flow restriction training and high-intensity 

resistance training on muscle strength and size. Eur J Appl Physiol, 111: 2525-

2533. 

 

Yu AY, Frid MG, Shimoda LA et al. (1998). Temporal, spatial, and oxygen-regulated 

expression of hypoxia-inducible factor-1 in the lung. Am J Physiol, 275:L818–

L826. 

 

  



 

 

132 

 

Zanchi NE, Sigueira Filho MA, Lira FS, Rosa JC, Yamashita AS, Oliveira Carvalho CR, 

Seelaender M, Lancha-Jr AH. (2009). Chronic resistance training decreases 

MuRF-1 and Atrogin-1 gene expression but does not modify Akt, GSK-3beta and 

p70S6K levels in rats. Eur J Appl Physiol, 106: 415-23. 

 

 




