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Abstract 
 

Previous research has shown the effectiveness of milk/whey protein plus exercise on increasing muscle 

size, optimizing body composition and increasing strength in adult males and females. Greek yogurt (GY) 

contains similar muscle-supporting nutrients as milk yet it is different in several ways including being a 

solid food, and it has yet to be investigated in this context. Thus, the purpose of this study was to assess 

the effects of GY consumption plus exercise (resistance and plyometric) training on strength, muscle 

thickness and body composition. Thirty untrained, university-aged (18-25 years) males were randomized 

to 2 groups (fat-free, plain GY; n= 15, or a Placebo Pudding [PP; isoenergetic carbohydrate-based 

pudding]; n= 15) and underwent a combined resistance/plyometric training program 3d/week for 12 

weeks. They consumed either GY (20 g protein per serving) or PP (0 g protein per serving) daily (GY: 

3x200 g on training days and 2x150 g on non-training days; spread throughout the day). After 12 weeks, 

both groups significantly increased strength, muscle thickness and fat-free mass from baseline (p<0.05). 

GY gained more strength (GY; 26.8%, PP; 15.1%) than PP in 3 of 4 exercises determined by 1-RM 

(p<0.05). GY gained more biceps brachii muscular thickness (GY; 16.4%, PP; 7.1%) than PP determined 

by ultrasound (p<0.05). GY also increased fat-free mass (GY; 3.9%, PP; 2.3%) and reduced % body fat 

(GY; -1.1%, PP; 0.1%) more than PP determined by air-displacement plethysmography (p<0.05). Thus, 

consumption of GY during a training program resulted in improved strength, muscle thickness and body 

composition over a carbohydrate-based placebo. Given the benefits of consuming GY and its 

distinctiveness from milk, GY may offer a plausible, post-exercise, nutrient-rich alternative for positive 

strength, muscle and body composition adaptations.
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CHAPTER 1:  

1.1 Introduction 

 The use of protein supplements to facilitate exercise adaptations has long been documented in 

human populations (1). Dairy protein, which is comprised mostly of casein and whey protein has been 

demonstrated as a favourable recovery and muscle building protein (2,3). This is in part due to the 

complete essential amino acid (AA) profile and adequate leucine levels which is primarily responsible for 

muscle protein synthesis (MPS) (4–6). Whey, which is rapidly absorbed and delivered to necessary 

tissues, such as exercised muscles, is able to provide AAs to the muscle to begin MPS soon after 

consumption (1,7). Casein, which constitutes 80% of dairy protein, is absorbed slower, and is able to 

provide the muscle with a sustained, positive influx of AA (8). The prolonged absorption is hypothesized 

to attenuate muscle protein breakdown (MPB), allowing for a net positive protein balance (or a less 

negative balance) over a prolonged period time (9). With these unique characteristics, dairy protein, in 

particularly milk, has been shown to be an effective beverage for facilitating favourable adaptations to 

resistance training (RT) (2,3). This poses the question; would other dairy products elicit similar 

adaptations to RT as milk?  

Greek Yogurt (GY) has become a popular dairy product due to its high protein content (17 g/175 

g serving in unflavoured/plain GY) which is created during the manufacturing and condensing process in 

which GY is made from regular yogurt (10). To date, no research exploring the combined effects of GY 

and exercise on strength, muscle, or body composition exists. One review identified only 2 randomized 

controlled trials (RCTs), both of which investigated the use of regular yogurt as a weight loss or weight 

management tool in overweight, female populations (10). One study found that regular yogurt 

consumption (3x 170 g serving/day, 5 g protein/serving) in women resulted in greater fat loss and lean 

mass retention after 12 weeks during energy restriction (and no exercise) versus a control group 

(11).The other study found that regular yogurt (4 g of protein/serving) in women was unable to further 
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decrease body fat greater than the placebo (isoenergetic sucrose beverage) after 16 weeks of an energy 

deficit with RT (12). Another study in young, normal weight, untrained females indicated no benefit of 

regular yogurt (with 5 g protein/serving, 3x/day) and RT on increasing strength or lean mass compared 

to a protein-matched control (13). The amount of protein provided by the regular yogurt was likely 

insufficient to produce results, particularly in studies with an exercise component. GY, however, 

contains 3-4x the amount of protein than regular yogurt, and thus warrants investigation in this context.  

 There is strong support for the use of isolated protein supplements, such as whey for increasing 

strength, muscle size, and lean mass while partaking in RT (1,7,14). However, research regarding whole-

food protein sources is limited. It is important to study whole-food protein sources as they likely contain 

additional food components beneficial to overall health such as micronutrients, and the food matrix in 

whole foods may affect nutrient absorption (15). Hartman et al., (2007) and Josse et al., (2010) have 

shown that milk and RT was able to produce significant strength and body composition improvements 

compared to isoenergetic placebos (2,16). However, research by Rankin et al., (2004) found no benefit 

of chocolate milk on these outcomes compared to CHO (17). Similar to milk, GY contains important 

nutrients for musculoskeletal health such as calcium, phosphorus and protein, however the consistency 

and composition of GY is different from milk. GY possesses unique properties that may provide 

additional health benefits such as the provision of probiotics (18). Probiotic/fermented foods, such as 

GY, assist digestion, increase bioavailability of nutrients, and enhance immunity (10,18–22). In addition, 

in terms of the overall diet, by promoting GY consumption, other healthful eating behaviours may 

increase such as the consumption of more fruits, fibrous foods such as oats and granola, calcium, 

probiotics, and also improving eating behaviours by increasing satiety and normalizing appetite. All of 

these properties may potentially lead to increased health in addition to enhancing physical outcomes 

such as muscle strength, muscle thickness and body composition.  
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 This thesis focuses on GY consumption with RT and plyometric (PLY) training on three main 

outcomes: muscular strength, muscle thickness, and body composition. A review of the current 

literature is provided, and due to the minimal research on GY or yogurt in general, the literature review 

also highlights research on milk and to a lesser extent whey protein.  

1.2.1 Rationale for Investigating Greek Yogurt 

 The justification for this research was to explore a gap in the current understanding of the 

effects of a non-milk dairy food (i.e. GY) on variables relating to muscle strength, muscle thickness, and 

body composition following muscle/strength-building and plyometric exercise (RT and PLY) in young, 

untrained males. GY has recently become a popular dairy product due to its higher protein and 

decreased sugar content (plain GY) compared to regular yogurt (17 g vs 5 g of protein per 175 g serving, 

respectively). However, both types of yogurt are made from heating milk and introducing active cultures 

such as Lactobacillus bulgaricus and Streptococcus thermophiles to induce fermentation (23). Then, the 

regular yogurt undergoes a straining process which removes some whey and lactose thus concentrating 

the remaining contents (24). The final product is a thick, strained yogurt or what is commonly called GY. 

It provides more protein per gram (1 g protein per 10 g GY) making it a potentially favourable post-

exercise whole-food source of protein. Currently, there is no research on the use of GY post-training on 

any measure relating to strength, muscle, and/or body composition. Thus, this thesis research 

investigated these outcomes with GY in a 12-week RT and PLY protocol in untrained, university-aged 

males. The study also included a placebo group that underwent the same training protocol but 

consumed a carbohydrate-based, isoenergetic pudding (placebo pudding: PP) which was designed to 

mimic the consistency of GY. This study design allowed us to indirectly compare to similar studies done 

using milk in the same population using a similar protocol (2,17).  

 Yogurt has many unique properties that make it somewhat different from milk and adds to the 

rationale for investigating it. Yogurt is available in a variety of flavours and lactose-free options and its 
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solidity makes it more satiating than liquid food sources (25). Yogurt can serve as a vehicle for 

consumption of other healthful foods such as cereals, nuts and fruits to form a complete meal (26). 

Since yogurt also has a longer shelf-life and stability compared to milk (27), it could serve as a more 

practical and dependable option for consuming dairy post-workout. Recent research has also linked 

fermented dairy products with a reduced risk for developing type 2 diabetes (28). Research has shown 

the positive effects of whey protein on muscular hypertrophy (1,29). However whey protein powder 

often lacks supporting nutrients which contribute to overall health such as calcium and magnesium, and 

probiotic cultures (23,30,31). Lastly, our research is applicable/translatable to the general population 

because we used yogurt that is available to consumers.  

1.2 Rationale for Investigating Outcomes 

 The outcome variables of interest were selected because they are associated with improved 

health and disease prevention. Muscle strength describes the amount of force muscles can generate and 

is inversely associated with all-cause mortality in healthy men (32,33). By improving strength as a young 

adult, and maintaining it into late adulthood, an individual may decrease their risk of developing 

diseases or physical states associated with low muscular strength such as sarcopenia (34), osteoporosis 

(35), obesity (36) as well as physical and functional limitations (37,38) while maintaining their 

independence and autonomy (39,40). The accumulation of muscle tissue (or fat free mass (FFM)) is also 

associated with increased strength and athletic performance in addition to preventing or attenuating 

many chronic diseases such as type 2 diabetes and cardiovascular disease (41). This relates to the fact 

that muscle tissue plays a very important role in glucose homeostasis as it is the largest reservoir for 

glucose disposal and storage (42). Percent body fat, expressed as body fat mass relative to total mass, is 

a useful indicator of overall health (43). Negative associations exist between individuals who exercise 

more frequently and fat mass, with less fat mass in the upper and central body regions compared to 

infrequent exercisers (44). This reduces the risk for obesity and metabolic disorders (44). A body fat 
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percentage of 13-22% is considered normal for adult males (45). A high body fat percentage (>40th 

percentile) is associated with all-cause mortality risk (46).  
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CHAPTER 2: Literature Review 
  

2.1 Population 

 The population chosen for this study was untrained, university-aged males. Since the 

investigation of GY and exercise is a new phenomenon, it was decided that it is best to start in a healthy, 

young sample to determine whether there is an effect on our variables of interest before investigating in 

a clinical population. A healthy population is, for the most part, void of any physiological abnormalities 

which could potentially deliver different findings. Untrained, which was defined as performing 

structured resistive exercises twice a week or less for at least the last 6 months, was chosen due to 

these subjects potentially being more sensitive to the training stimulus (47). This should maximize our 

chances of seeing training adaptations in the variables of interest following a 12-week training program. 

Untrained individuals are also more sensitive to training stimuli compared to athletes or conditioned 

individuals (48,49). A meta-analysis noted that strength gains can be made in untrained individuals with 

an intensity of 60% 1-RM and 4 sets per muscle group whereas athletic populations need to train at 85% 

1-RM and 8 sets per muscle group (50). This meta-analysis noted the effort-to-benefit ratio for strength 

adaptations increases with training status. That is, as training experience advances, an individual needs 

to apply more effort to see comparable benefits as novice trainers (48,50). Since the current study was 

only 12 weeks in duration, we decided a novice population would be more sensitive to training 

adaptations than previously trained individuals. Young adults (18-25 years old) are also more sensitive to 

training stimuli, and have a lower threshold for MPS than elderly individuals who are more resistant to 

the anabolic effects of protein and thus require larger doses to elicit a similar MPS effect (5).  

 The reason we chose to only study males was to maintain a homogenous sample. From a 

physiological and hormonal standpoint, young adult males and females are different (51–53).  
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The magnitude and rate of hormonal changes in response to exercise differs between males and females 

(54,55), and therefore grouping males and females together would make interpretation of our results 

difficult. In young adults, interventions should be separated by sex (54), unless it is an outcome to 

compare between sexes. Future research could study this paradigm in a female population. 

2.2 Greek Yogurt 

 

 Dairy products are nutrient dense and offer a favourable nutrient profile for optimizing strength 

and muscle while reducing body fat (56). The protein in GY is primarily casein (10,24), which allows for a 

prolonged influx of AAs which may theoretically assist in attenuating MPB (57). The acidity of yogurt 

delays gastric emptying, allowing prolonged time for nutrient absorption (58). Due to the lower pH of 

yogurt, dairy minerals such as calcium and magnesium are present in their ionic forms, which increases 

their absorption (59). Yogurt tends to be a more easily-digested and tolerable source of dairy compared 

to milk due to naturally occurring enzymes present in the bacterial cultures. These enzymes are 

responsible for the intra-intestinal digestion of lactose into its monosaccharide components glucose and 

galactose, making it more easily digested by lactose-intolerant populations (60). Yogurt consumption 

has also been shown to be positively associated with a reduced risk of developing type 2 diabetes. This 

may be related in part to its ability to delay gastric emptying, which subsequently reduces blood-glucose 

and insulin fluctuations (18,61). 

 The probiotic cultures added during yogurt production also offer health benefits. The bacterial 

cultures support healthy gut microflora and provide antipathogenic and anti-inflammatory properties 

(31). Yogurt has also been associated with beneficial immunological properties (62). Its consumption has 

been associated with a reduced risk of developing or experiencing symptoms of diarrheal-based 

diseases (63), colon cancer (64), irritable bowel syndrome (65) and food allergies (66). Bacteria within 

yogurt also contain proteolytic enzymes and peptidases which help to catabolize the proteins in yogurt 

making them more easily digested and absorbed (67). Dairy calcium has also been associated with 
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reducing FM (68). The combination of these nutrients and unique properties of GY make it an attractive 

and functional food for possibly improving important health parameters. However, research has yet to 

investigate the use of GY in this way and/or in combination with exercise. Due to the unique properties 

of GY, it is plausible that individuals beginning a RT program may yield similar strength, muscle and body 

composition adaptations from GY as other previously-studied protein sources, while also providing 

additional health benefits due to the bone-supporting and digestive nutrients present. 

2.2.1 Protein Content 

 

 Milk, which consists of 80% casein and 20% whey protein (18), has been shown to result in a 

greater net protein balance and greater muscle protein accretion than an isonitrogenous and 

isoenergetic soy protein following one bout of RT (69). Chronic milk consumption in combination with a 

12 week RT program increased strength and lean mass (fat and bone-free lean mass) while reducing FM 

compared to a CHO-based beverage in young male (2) and female (3) untrained individuals. However, 

there is conflicting research. Rankin et al. found no added benefit of young males consuming chocolate 

milk over a CHO placebo to increase lean mass or strength after 10 weeks of RT (17). Candow et al., 

found that there were no differences between whey and soy for increasing lean mass and strength 

following a 6 week RT protocol in young males and females (70). It is possible that these studies were 

too short to see divergent changes in the protein groups. As well, each group consumed 1.2 g/kg/d of 

protein throughout the study, leading the authors to conclude that protein source was not an important 

indicator of lean mass and strength. Similar research resulting in non-significant findings of dairy 

supplementation and RT featured total protein intakes below the recommended level for those in a RT 

program (≥1.6 g/kg) (71–73) and similar protein intake levels between the intervention groups which 

may explain why no interaction effect was present (13,17,74–77). Due to the relatively high protein 

content of GY in comparison to other protein-rich foods (Figure 2.1), GY may serve as a practical option 

to increase total protein intake and yield beneficial training adaptations. 
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FIGURE 2.1- Popular energy-matched protein sources. Each food contains 113 kcals which was equivalent to one serving of 
Greek yogurt used in our study. Information obtained from ESHA (Food Processor, ESHA Inc., Salem, OR). 

 

2.2.2 Dairy Protein Quality 

 In addition to total protein amount, protein quality is also important. High quality protein 

contains sufficient amounts of all essential AAs and is effectively digested and absorbed (78). 

Dairy and its constituent proteins can be scored based on their biological value (BV) which determines 

the efficiency of the protein to be synthesized in bodily tissues. Protein digestibility corrected amino acid 

score (PDCAAS) is another ranking system based on the completeness of AA within the protein and its 

digestibility (79). BV is out of 100, and is a relative score compared to egg protein. PDCAAS is out of 1.0. 

Bovine milk has a BV of 91, and PDCAAS of 1.00, Casein has a BV of 77 and a PDCAAS of 1.00, and whey 

has a BV of 104, and a PDCAAS of 1.00 (80). The Digestible Indispensable Amino Acid Score (DIAAS) is a 

relatively new protein quality scoring system that is currently accepted as more accurate for assessing 

protein quality (78). The DIAAS is based on the digestible content of the indispensable AA of a given 

protein (81). Research has indicated that the PDCAAS generally overestimates protein quality compared 

to the DIAAS (as assessed by true fecal nitrogen digestibility), especially in lower quality proteins (82). 

This new scoring system further demonstrates the high quality (scores >100 = high/excellent quality) of 
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dairy protein (milk protein concentrate= 120) over plant based sources such as soy and wheat (soy 

flour=89, wheat=45) (83). It is important to note that much of the research on protein supplementation 

and RT uses isolated protein sources, such as whey protein or soy protein. The combination of other 

macronutrients and micronutrients within a food may affect digestion and absorption (84,85). Thus, 

further research on GY is specifically required. 

2.2.3 Protein Kinetics of Absorption 

 Casein protein exists in a micellar form which encases the casein molecule making it insoluble in 

water (57). This causes casein to coagulate in the stomach, resulting in prolonged digestion and 

ultimately slowing AA absorption into the blood (8). Whey protein is the acid-soluble portion of protein 

in dairy, and is rapidly digested and absorbed into the blood (8). The production of GY involves a 

straining process, which removes some of the whey protein. Although the exact whey to casein ratio of 

GY is not known, based on the production method, it is hypothesized that GY contains less than 20% 

whey protein and more than 80% casein. Fast-absorbing proteins like whey induce a rapid, but transient 

period of hyperaminoacidemia and leucine influx (86). Casein protein, which is absorbed slowly, induces 

a delayed, but prolonged AA influx. Postprandial leucine balance over 7 hours was higher after 

consumption of casein than a free AA mixture mimicking casein and a free AA mixture mimicking whey 

(87). This suggests that casein is able to promote a longer duration of positive net protein balance which 

would be favourable for MPS and MPB. This was confirmed in a different study using a stable isotope 

tracer method where the absorption kinetics of 13C-leucine labelled whey and casein proteins were 

determined. The results of leucine’s absorption kinetics from each protein support these findings (8). 

Specifically, protein breakdown was inhibited by 34% with casein ingestion, but not inhibited with whey. 

However, whey did increase whole-body protein by 68%, compared to 31% with casein (8). Figure 2.2 shows 

the leucine concentrations in the blood over time for both proteins. Casein was able to achieve a greater 

positive net leucine balance over 7 hours compared to whey (8). However, the rapid absorption of whey and 
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increased leucine content was able to cause a greater initial increase in MPS. Therefore, the effects of whey 

and casein proteins when consumed together, as is the case in dairy products, are complimentary, and 

provide both a rapid influx and subsequent absorption of AA into muscle fibers to support MPS soon after 

ingestion, as well as the prolonged influx of AA necessary to offset MPB and maintain a positive net protein 

balance hours later. Additional research supported these findings as whey and casein have been shown to 

produce equal overall MPS responses despite temporal differences in AA absorption (9).  

 

FIGURE 2.2 - Protein Kinetics. This figure demonstrates the plasma-leucine concentration following whey and casein 
consumption over 7 hours. * denotes a significant difference between groups (<0.05). The dashed lines at the top of the figure 
denote a significant difference from baseline within group (<0.05) (8).  

 

2.2.4 Protein and Body Composition 

 In addition to building muscle tissue, protein has unique and advantageous properties which 

make it an attractive nutrient for improving and maintaining a healthy body composition. The majority 

of research regarding exercise and protein on body composition outcomes utilize protocols involving 

energy-restriction and are usually related to weight loss (88,89). RCTs by Hartman et al., (2007) and 
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Josse et al., (2010) demonstrated the positive effects of consuming milk with RT in promoting 

improvements in body composition with eucaloric diets in both males and females, respectively (2,3). 

The improvements in body composition with dairy were characterized by increases in lean mass paired 

with decreases in FM. A meta-analysis supports the use of whey protein in combination with RT as a 

means to improve body composition (7). A review on protein supplementation for weight loss and 

weight maintenance promotes intakes of 1.2 to 1.6 g/kg/day of protein with specific meals containing 

25-30 g of protein (every 3-4 hours) for improving body composition (90). They arrived at this range by 

examining existing weight loss and weight management research that showed that individuals within 

this range for protein intake were more likely to lose weight and fat (and less lean mass) compared to 

those who consumed protein at the RDA which is 0.8g/kg/d (90). The review attributes these results to 

protein’s increased thermic effect of food (which increases energy expenditure), and its effect on satiety 

and appetite suppression as being the main mechanisms by which protein can reduce fat mass. This, 

along with its ability to preserve lean body mass results in protein eliciting an overall favourable body 

composition change. Protein consumption has also been shown to preserve lean mass during short 

hypoenergetic periods (91). Of the three macronutrients, protein is more satiating than carbohydrates 

and fats (92) and requires more energy to metabolize (93). Research has demonstrated that high protein 

GY is able to reduce hunger, increase fullness and delay subsequent eating compared to other snacks 

containing lower levels of protein (18,94,95). Increasing satiety is a potential mechanism for optimizing 

body composition as it could limit overall food intake and thus decrease FM by promoting a negative (or 

less positive or neutral) energy balance.  

 In summary, the unique digestive properties of dairy proteins offer a rapid and prolonged influx 

of AAs essential for muscle growth (86). The satiating effect of protein as well as the dietary-induced 

thermogenesis appear to be beneficial for improving body composition. The ability of protein 

consumption alone to promote lean mass accretion can also stimulate an increased metabolism which 
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can improve body composition. Higher protein intakes (i.e. 40 g) seem to offer diminishing returns, as 

excess proteins are oxidized (96) and may contribute to increased fat mass via mechanisms involving 

gluconeogenesis and lipogenesis. This may ultimately cause undesirable changes in body composition 

(97). 

2.2.5 Calcium and Body Composition 

 Higher calcium intake can increase lipolysis and decrease lipogenesis, resulting in fat loss (98). A 

meta-analysis in healthy males and females revealed a significant effect of dietary calcium on inhibiting 

fat absorption and increasing faecal fat loss (99). Additionally, research has shown that calcium derived 

from dairy foods is more effective than supplemental calcium at increasing fat loss possibly due to the 

additive effects of other bioactive compounds (68). Three or more servings of dairy/day has been 

associated with significant reductions in fat mass with energy restriction (100), and without energy 

restriction (68). Calcium (1400 mg/d) was also shown to significantly increase fat oxidation greater than 

500 mg while on an energy deficit analyzed in a room calorimeter for 24 hours (101). Research providing 

obese subjects (low habitual calcium consumers ~400-500 mg/day) with three daily servings of 170 g of 

regular yogurt (providing 1100 mg/day) for 12 weeks resulted in significantly greater fat losses than an 

energy-void placebo (11). All subjects within this study were placed on a 500 kcal energy deficit diet and 

there was no exercise intervention. Research has also suggested that elevated calcium intake, along with 

higher protein intakes may further enhance fat loss due to their compounded effects (102). However, 

long-term studies are required to assess the effects of chronic calcium intake on fat and weight loss and 

to establish a dose-response relationship (99). 

2.3 Protein Dose and Timing of Intake  

The RDA for protein is 0.8 g/kg/d, however these values are based on the needs of sedentary 

individuals and reflect the amount of protein needed to replace typical losses. They do not consider the 
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increased requirements for individuals involved in RT and seeking to gain lean mass. 1.6 g/kg/day of 

protein is recommended to optimize training adaptations in untrained individuals (71,72). A review on 

protein doses found 20 g of high quality protein to be a sufficient amount for inducing 

hyperaminoacidemia which is able to augment MPS stimulated by RT (103). Another recent review by 

Schoenfeld et al., (2018) noted that the majority of existing research on protein dosage was obtained 

through analyzing fast-digesting sources of protein (such as whey) in the absence of other nutrients 

which may affect digestion and absorption rates (73). The author suggested that combining slower-

digesting proteins and consuming them with other macronutrients may further delay absorption 

resulting in an enhanced utilization of AAs and a decrease in AA oxidation (73). This research 

demonstrated that in order to maximize anabolism, 0.4 g/kg should be the minimum amount of protein 

consumed per meal spread out across at least 4 meals per day to achieve the minimum threshold of 1.6 

g/kg/day for individuals involved in RT (73). According to the minimum recommendation (73) for 

exercising individuals, an individual with body weight of 70 kg would need to consume 112 g of protein 

throughout the day, spread out over 4 meals containing 28 g of protein each. This could be partly 

achieved by providing participants with three 200 g servings of GY throughout the day which would 

provide 60 g protein over the day. These doses, in combination with one’s habitual protein intake should 

allow individuals to meet these new daily protein intake recommendations and maximize adaptations. 

 Protein doses of 20 g in young adult male populations (which is present within 200 g of GY) are 

sufficient for stimulating MPS without increased oxidation and contributing to increased urea 

production (86,103–106). Moreover, research suggests that frequent, moderate whey protein 

consumption of 4 doses of 20 g, given every 3 hours following RT is optimal for MPS compared to two 40 

g doses 6 hours apart or eight 10 g doses every 1.5 hours (107). In this study, although total protein was 

equalized, doses of 20 g every 3 hours appeared to maximize a positive net protein balance, optimizing 

MPS while also allowing for the consumption of sufficient amounts of total daily protein (1.6-1.7 g/kg/d) 
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(71,108). This level of consumption should also minimize excess protein oxidation, as research has 

indicated that a protein dose-dependent relationship may exist in untrained (106) and trained males 

(105). A recent study gave young adult males varied amount of protein (crystalline AA modelled after 

egg protein) with labelled [1-13C]phenylalanine following  intense exercise (shuttle run) to analyze whole 

body net protein turnover via breath and urine (109). Results indicated that net protein balance was 

achieved at approximately 0.15 g/kg/hour, suggesting that an anabolic limit exists whereby protein 

intake beyond this amount is oxidized. For a 70 kg individual, this equates to 10.5 g of protein per hour. 

However, this amount may be different following a full-body bout of RT and if AA absorption was 

delayed by a slower digesting protein such as casein. 

 Research providing 0, 10, 20 and 40 g of protein following RT in trained adult males 

demonstrated diminishing returns from consuming 40 g of protein as myofibrillar MPS did not differ 

from that of the 20 g dose. Instead, AA oxidation and urea production increased suggesting the excess 

protein was used elsewhere in the body (105). These findings are congruent with similar research which 

also examined the dose-response with protein intake following RT (see figure 2.3 below) (96). Similar 

methods using lean beef (30 g versus 90 g protein) supported previous findings in that no differences in 

MPS between conditions occurred at rest (104).  
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FIGURE 2.3 – Depicts the dose response relationship for protein (egg protein) following RT in young males. Means with different 
letters are significantly different from each other. (96) 

 The amount of total protein may not be as important as the leucine content within the protein. 

A review of protein quality and RT suggests that the leucine content of protein is important for 

maximally stimulating MPS and developing muscle mass during chronic RT (110). Leucine is known as 

the primary AA involved in MPS due to its ability to stimulate the mTOR signalling pathway (4,6,111). 

Research suggests 3 to 4 g of leucine is needed to maximally stimulate MPS in young populations 

(112,113). The Whey Protein Institute states that there is 1 g of leucine per 100 g of GY (114). Therefore, 

consumption of 600 g of GY (and 400 g within one hour post-exercise), would provide 4 g of leucine 

during this critical time. Supplementing with 4 g of leucine daily has been shown to increase strength 

following a 12 week RT program in untrained young men compared to a CHO placebo (115). However, 

an 8 week RT program in young untrained males supplemented with 3 g of leucine post exercise 

(2x/week) did not lead to greater strength or muscle size compared to the placebo (cornstarch) (116).   

 It is evident that RT acts as a primer for MPS by preparing the muscle for aminoacidemia (117). 

RT increases AA transporters to the cell membrane and increases blood flow to the working muscle 

(118). The sensitivity following RT for MPS, also known as the ‘anabolic window’, is thought to last for at 

least 24 hours, with no difference between trained or untrained individuals (105). Earlier research 

suggested that protein ingestion soon-after exercise could significantly enhance MPS greater than 
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protein ingestion during other time points (119). Research on untrained, young adult males participating 

in a 21-week RT program showed 15 g of whey protein consumption before and after training resulted 

in increased cell-cycle kinase cdk2 mRNA expression within the muscle (120). This is a marker of cell 

proliferation necessary for muscular hypertrophy, and suggests that protein consumption timed around 

RT resulted in higher cell proliferation within the muscle compared to a non-energetic placebo (water 

with colouring and sweetener) (120). Andersen et al., (2005) showed that a pre/post RT protein dose 

was able to significantly increase muscle size and strength compared to a carbohydrate beverage after 

14 weeks of training in untrained males (121). Willoughby et al., (2007) also demonstrated that pre and 

post RT doses (40 g protein total) were able to increase muscle size, strength and body composition 

greater than the placebo (carbohydrate) after 10 weeks of RT in young, untrained males. In both the 

Andersen and Willoughby studies, it is possible the results were due to the protein group consuming 

more total protein than the carbohydrate group and thus the total amount of protein could be 

responsible for the increased muscle size and strength reducing the importance of timing.  

 Hoffman et al., (2009) designed a study to analyze the difference between pre/post RT protein 

consumption and morning/night protein consumption (122). Thirty-three resistance-trained young 

males underwent RT 4 days per week for 10 weeks. One group consumed protein before/after exercise, 

another group consumed protein at bedtime and in the morning and a third group only exercised with 

no protein. Each protein dose consisted of 42 g of protein. Food diaries and nitrogen balance via urinary 

analysis was implemented to measure total protein intake. The results indicated that timing of protein 

intake had no effect on strength, power, or body composition as all groups improved from baseline but 

did not significantly differ from each other (122). Both supplement groups were consuming protein 

beyond 2 g/kg/d and even the control group had a habitual protein intake of more than 1.5 g/kg/d 

which may be the reason why no differences were seen in the variables of interest. Another recent 

study showed no difference of 35 g casein supplementation at daytime versus nighttime, as both groups 
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were significantly able to increase muscle size, lean mass, and strength with no differences between 

groups (123). Both groups within this study were consuming 1.8 g/kg/d of protein daily leading the 

authors to suggest that total protein amount, if you are consuming above the recommendation, is likely 

more important than timing.  

 Current research also supports the use of pre-sleep protein ingestion during RT to further 

augment muscle size and strength gains by increasing overnight MPS and protecting against MPB (124). 

The sleeping hours are usually characterized by an overnight fast of around 6-10 hours, and during this 

time, MPS decreases and MPB increases. However, if protein is consumed right before bed (particularly 

protein that is slowly digested and absorbed), this may increase AA delivery to muscles during the night 

(57). As mentioned previously, GY is primarily comprised of casein protein which allows for a sustained 

influx of AA over time which has been shown to increase MPS while inhibiting MPB (8). Research by 

Snijders et al. (2015) assessed the effects of pre-sleep protein consumption and RT on strength and 

muscle size. The study found that following 12 weeks of RT in young, untrained adult males, the group 

consuming casein protein (27.5 g) prior to sleep experienced greater strength and muscle size gains 

compared to the noncaloric placebo (water) group (125). However, the daily protein intakes by the 

groups were not otherwise matched (protein group consumed 1.9 g/kg/d while control group consumed 

1.3 g/kg/d), therefore these results cannot be attributed only to a pre-sleep protein dose. Despite this, 

an earlier, acute study from this lab demonstrated that casein protein prior to sleep was able to 

promote an increased blood-AA concentration and attenuate MPB throughout sleep (57). 

 A meta-analysis on 43 studies and 1003 participants revealed a small to moderate effect of 

protein timing (within 1 hour post-training) on strength and muscle hypertrophy (126). However, as 

shown in Figure 2.4, when controlling for covariates such as total protein intake, the significant 

relationship between timing and muscle hypertrophy dissipates. The meta-analysis indicated that 

protein timing is less important for increasing strength and muscular hypertrophy when consuming an 
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adequate amount of total protein while participating in a RT program (126). That is, a steady intake of 

protein throughout the day amounting to a total intake greater than 1.6 g/kg/d may be the most 

important factor in augmenting training adaptations. 

 

FIGURE 2.4 - The impact of protein timing on muscular hypertrophy when adjusted for total protein intake. There is a lack of 
data supporting the hypothesis for immediate protein consumption following RT and existing data support the theory that total 
protein intake is more important for increasing strength and muscle hypertrophy (126). 

 Energy provided following exercise alone has been shown to attenuate MPB and sustain a 

positive net protein balance (127,128). Comparing the effect of protein post-exercise to a carbohydrate-

based placebo has been done before in other training studies (2,3,121,129–132,13,17,29,70,74–77). This 

allows for the direct detection of the effect of protein or the protein-containing food on outcomes of 

interest rather than being confounded by the lack of provision of calories to a placebo group. Research 

by Roy et al., investigated the acute effects of glucose consumption immediately and 1 hour following a 

unilateral knee extension exercise bout in young men. The study showed that carbohydrate 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiqxbWJ9u3eAhUDm-AKHTpSA_AQjRx6BAgBEAU&url=https://jissn.biomedcentral.com/articles/10.1186/1550-2783-10-53&psig=AOvVaw1WdWJWaObqsaihgRS6CfIE&ust=1543179572520684
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consumption following exercise was able to attenuate myofibrillar breakdown and urinary urea 

excretion which suggests a more positive net protein balance compared to the noncaloric placebo (133). 

 In summary, although timing the intake of protein around exercise may still be beneficial, 

research indicates that total protein intake of around 1.6 g/kg/day for novice exercisers may be the 

most important factor to facilitate strength and muscle adaptations in response to RT (72,108,126). 

Additionally, protein intakes of approximately 20-25 g or 0.25-0.4 g/kg/day 3-4 times per day (i.e. as 

meals) may be optimal to maximize MPS while limiting protein oxidation (71,72,108,134). The amount 

of leucine present in protein is also important to consider as this AA plays a significant role in MPS 

(5,113,135). Protein timing appears to have a small to moderate effect on increasing muscle 

hypertrophy and strength when consumed around the RT bout (126). Therefore, the primary focus 

should be placed on consuming adequate total protein, with considering timing of protein intake around 

RT secondary. 

2.4 Training Prescription 

 RT is a form of training which utilizes resistance against muscular contractions with the goal of 

increasing strength, anaerobic fitness and skeletal muscle size. There are several factors able to mediate 

muscle size/growth including mechanical tension, muscle damage and metabolic stress (136). Each of 

these factors can be targeted through RT. Muscle tissue’s hypertrophic response to RT is highly 

dependent on various training variables such as intensity, volume, exercise selection, and rest intervals 

(136).  Muscle size increases in response to the RT stimulus. This is achieved by stressing the myofibers 

which leads to adaptations including the proliferation of contractile proteins such as actin and myosin 

and increases in the extracellular matrix to support muscular hypertrophy (137,138). Along with 

structural enhancements, RT also signals neurological adaptations, which are also able to increase 

muscular strength (72).  
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RT also has beneficial properties capable of enhancing body composition. RT has been shown to 

increase total energy expenditure by increasing resting metabolic rate as well as energy costs associated 

with training (139). RT also promotes maintenance or growth of metabolically active tissue, such as 

muscle, which may help to decrease fat mass and subsequently improve body composition (140–142). 

Circuit RT which consists of completing consecutive sets of different exercises with minimal rest in 

between, has demonstrated decreases in fat mass, and body fat %, while increasing fat-free mass in 

moderately active young adult males following a 12 week training program compared to non-training 

controls (143). A study in college-aged males demonstrated that RT was able to increase lean mass, 

strength and limb circumference significantly greater than endurance training and no training after 24 

weeks (144).  

 Plyometrics (PLY), another form of exercise training, consists of explosive jumping exercises with 

the goal of muscle contraction from an elongated state to its shortened state as quickly as possible. A 

meta-analysis on PLY training showed this modality to increase power; a specific sport-performance 

factor (as measured by vertical jump height), which is a combination of speed and strength (145). 

Research in young, untrained men who underwent 12 weeks of either RT or PLY both experienced 

significant muscle size gains and strength gains, whereas power only increased within the PLY group 

(146). Similar research in young men that included a RT, PLY and RT+PLY group found that strength and 

power significantly improved to a greater extent in the combined training group than in each of the 

exclusive training groups following 12 weeks of training (3x/week) (147). PLY and RT were both included 

in the training prescription in this thesis study. This style of mixed-mode training may better reflect the 

nature of physical activity or sport in the general population (148). Additional details regarding the 

exercise training program are in Appendix 8.1. 
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2.5 Summary of the Literature 

 Below is a summary of current research on protein supplementation versus a placebo during a 

chronic RT program (minimum 6 weeks) on strength, muscle thickness, and/or body composition in 

young, untrained adults of normal body weight. Generally, results demonstrate that protein 

supplementation following RT is able to increase strength (3,70,121,125,129,130,132), muscle thickness 

(2,76,121,129) and muscle mass (2,3,29) greater than a placebo (which is usually an energy-matched 

carbohydrate beverage or water). Of the few studies that did not show significant interaction effects, 

these studies may have been too short in duration (< 10 weeks) (13,17,74,75,149), or total protein 

intake may have been insufficient (<1.6 g/kg/d) or not greater/different from the placebo group 

(13,17,75,77). 

Table 2.1: Summary of Relevant Research  

Study Population and duration 

(RT sessions/ wk) 

Protein 

Source 

Protein 

Dose 

Muscle 

Thickness 

Fat-Free 

Mass 

Muscle 

Strength 

Hartman et al., 

2007 (2) 

56 Untrained males 

12 wks; 5d/wk 

Milk vs Soy vs 

Pla (CHO) 

17.5 g 2x/day 
↑* ↑* ↑ 

Snijders et al., 

2015 (125) 

 

44 Untrained males 

12 wks; 3d/wk 

Casein vs Pla 

(water) 

27.5 g 1x/day 

↑* ↑* ↑* 

Andersen et al., 

2005 (121) 

22 Untrained males 

14 wks; 3d/wk 

Protein (whey, 

casein, egg) vs 

Pla (CHO) 

25 g 1x/day 

↑* N/A 

 

↑*  

jump 

performance 

only 

Hulmi et al., 

2009 (129) 

31 Untrained males 

21 wks; 2d/wk 

Whey vs Pla 

(CHO) vs Con 

15 g 2x/day 
↑* N/A ↑* 
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Willoughby et al., 

2007 (130) 

 

19 Untrained males 

10 wks; 4d/wk 

Whey+Casein 

vs Pla (CHO) 

20 g 2x/day 

N/A ↑* ↑* 

Spillane et al., 

2012 (149) 

19 Untrained males 

8wks; 4d/wk 

BCAA vs Pla 

(CHO) 

9 g 1x/day 
N/A ↔ ↑ 

Volek et al., 2013 

(29) 

63 Untrained males and females 

32wks; 3d/wk 

Whey vs Soy 

vs Pla (CHO) 

22 g 1x/day 
N/A ↑* N/A 

Candow et al., 

2006 (70) 

27 Untrained males and females 

6wks; 4/wk 

Whey vs Soy 

vs Pla 

1.2 g/kg/day 

N/A 

↑* 

No difference 

in pro source 

↑* 

No difference 

in pro source 

Josse et al., 2010 

(3) 

20 Untrained females 

12wks; 5d/wk 

 

Milk vs Pla 

(CHO) 

17.5 g 2x/day 

N/A ↑* ↑* 

Rankin et al., 

2004  

(17) 

13 Untrained males 

10wks; 3d/wk 

Chocolate 

milk vs CHO 

0.21 g/kg/day 

N/A ↑ ↑ 

White et al., 

2009 

(13) 

35 Untrained females 

8 wks; 3d/wk 

Yog vs pro vs 

pla 

5 g 3x/day 

N/A ↑ ↑ 

Vieillevoye et al., 

2010 (76) 

29 Untrained males 

12 wks; 2d/wk 

EAA + CHO vs 

Pla (CHO) 

15 g EEA 

2x/day 
↑* ↑ ↑ 

Bird et al., 2006 

(131) 

32 Untrained males 

12 wks; 2d/wk 

EAA + CHO vs 

Pla (CHO) 

6 g EAA 

1x/day 
N/A ↑* ↑ 

Coburn et al., 

2006 

(132) 

33 Untrained males 

8 wks; 3d/wk 

Knee extension only 

Whey + Leu vs 

Pla (CHO) 

20 g whey + 

6.2 g leu 

x1/day 

↑ ↔ ↑* 

Erskine et al., 

2012 

(77) 

33 Untrained males 

12 wks; 3d/wk 

Elbow flexion only 

Whey vs Pla 

(CHO) 

20 g x2/day 

↑ N/A ↑ 

Weisgarber et 

al., 2012 (74) 

17 Untrained males and females 

8 wks; 4d/wk 

Whey vs Pla 

(CHO) 

0.3 g/kg/day 
↑ ↑ ↑ 

↑ indicates a significant positive improvement over time; * Indicates significant difference from placebo (Pla) group 

(interaction); N/A indicates variable not reported/measured. 
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2.6 Rational for Study Design 

 The current study was designed according to previous research. Regarding protein, we gave 

participants GY which provided 20 g of protein per dose as this amount has been shown to maximally 

stimulate MPS while attenuating excess AA oxidation (96,105,150). Although the literature states a weak 

to moderate effect for consuming protein immediately post-exercise (126), we chose to give participants 

protein during this time to partly control supplement consumption adherence and to mimic the design 

of similar studies using milk for comparison purposes (2,3). Due to the specific digestion and absorption 

kinetics of casein protein (which comprises the majority of protein in GY), we gave participants GY (200 g 

on training days, 150 g on non-training days) prior to sleep as research shows that protein, specifically 

casein, prior to sleep may attenuate MPB and maintain an elevated net protein balance throughout 

sleep (57), and chronically lead to increases in muscle mass, muscle size and strength compared to a 

placebo (125). In addition to protein timing, we also wanted to ensure that our supplementation of GY 

allowed participants to meet the overall protein intake of 1.6 g/kg/day in efforts to maximize training 

adaptations (71–73,108). 

 Regarding our training protocol, we opted to have participants complete two full body RT 

sessions per week as research indicates this is a superior frequency as opposed to once per week for 

increasing muscle hypertrophy and strength (134,151). Within each RT session, each major muscle 

group was targeted through two exercises, each with 3-4 sets (152) of 8-10 repetitions at ~70% 1-RM. 

Most of these sets were taken to voluntary failure as research indicates that taking sets to voluntary 

failure induces greater hypertrophic responses than the completion of a predetermined number of reps 

at higher loads (153–156). The training was periodized and training variables were manipulated 

throughout the intervention to ensure continuous progressions were made (157–159). We included PLY 

training in addition to RT primarily because of its effects on bone health (which was a separate outcome 
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measure of this study and not related to this thesis) (160). The combination of RT + PLY may also be 

indicative of typical physical activity patterns in our specific population (148). 

 Lastly, regarding duration, we chose 12 weeks for our training intervention as this length allows 

for significant results to manifest (if present) while also considering subject compliance. Studies 

involving protein supplementation of 9 weeks or greater have been shown to be more effective than 

those <8weeks at inducing strength and muscle mass changes following RT with a nutritional 

manipulation (161). 
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CHAPTER 3: OBJECTIVE AND HYPOTHESES 

 

3.1 Objective 

 

To compare the effects of Greek yogurt to an isoenergetic, protein-void placebo pudding in combination 

with 12 weeks of resistance and plyometric training on strength, muscle thickness, and body 

composition in untrained, university-aged males. 

3.2 Hypotheses 

 

Although we anticipated that both groups would experience favourable exercise training adaptations, 

we hypothesized that 12 weeks of GY consumption with resistance and plyometric training would 

facilitate significantly greater increases in strength, muscle thickness, and fat-free mass while reducing 

fat mass compared to the consumption of an isoenergetic, protein-void placebo pudding.  
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CHAPTER 4: Methods 
 

4.1 Participants 

 Healthy, university-aged (18-25y) males (n=30) were recruited for the study. Participants were 

untrained, defined as not being consistently involved in a RT program within the last 6 months where 

they were undergoing training more than twice per week. Participants were <25% fat, and were not 

currently taking any protein, vitamin and/or mineral supplements.  

4.2 Experimental Design 

 

 This study was a parallel randomized controlled trial (clinical trial registration #: NCT03196856). 

Subjects were randomly assigned to one of two groups; Greek yogurt (GY; n=15) or placebo pudding (PP; 

n=15). Participants randomized to the GY group consumed 200 g of Oikos 0% Plain GY (~110 Kcals, 20 g 

protein, 8 g CHO) 3 times per day on training days (immediately and 1 hour post exercise and before 

bed) and 150 g, 2 times per day on non-training days (breakfast and before bed). The non-training day 

dose (300 g yogurt) was decided on to reflect the current dairy recommendation of 2 servings per day 

for the age and sex of the participants (162). In fact, 300 g of yogurt corresponds to just under 2 servings 

of dairy (which would be 350 g). Participants had the option to flavour the GY with calorie-free 

sweeteners/syrups if they preferred. The placebo group consumed a PP, which was an isoenergetic, 

chocolate flavoured, carbohydrate-based semi-solid food (~110 Kcals, 0 g protein, 28 g CHO) on the 

same schedule as the GY group. Nutrition facts for GY and PP can be seen in Figure 4.1 below. The PP 

was comprised of maltodextrin (2 parts), chocolate pudding powder (1 part), and water, and was 

designed to resemble the consistency and texture of GY. The PP was always made by the same person 

(A. Bridge). To ensure anonymity of the placebo, it was termed the ‘study-designed supplement’ and its 

contents were kept discreet to participants and trainers. Both groups had their respective supplements 

divided into individual serving containers and labelled by study personnel. The post-exercise doses were 
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consumed in the laboratory following training with study personnel present, whereas the non-training 

day and before bed doses were consumed away from the laboratory and/or at home. These 

supplements were given to the participants to take home on a weekly basis. During the study, both 

groups were encouraged to maintain their habitual diets, with the exception of the intervention food. 

Participants were provided with the same information/advice to help them compensate for the added 

calories consumed from the supplements.    

 

FIGURE 4.1—Nutrition facts tables for the respective study supplements.  

 

 Both intervention groups underwent 12 weeks of exercise training, 3 times per week, in the 

campus gym (the Zone) or in equipped research laboratories (WH144, WH16) at Brock University. All 

training was facilitated by competent and certified trainers and/or senior kinesiology students guided by 

A. Bridge. Each formal training session (~60 min) consisted of either full-body RT (twice per week) which 

included free-weight and machine-based exercises including leg press, bench press and seated row (at 

~70% 1-RM, 8-10 total exercises), or PLY training (once per week) which included exercises such as box 

jumps and frog jumps which were adjusted based on individual abilities and progressed accordingly 

(150-250 total jumps/impacts per training session). Each session consisted of a warm-up (5 min), 
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exercise (50 min), and a cool down with stretching (5 min). The training followed an undulating 

periodization protocol and utilized the principles of progressive overload, varying intensity and/or 

volume throughout the intervention. RT exercises were taken to voluntary failure (or close). The goal 

was to have participants succumb to failure between 8-12 repetitions in an effort to standardize training 

volume.  

4.3 Measures 

4.3.1 Questionnaires 

 After signing an informed consent document, participants filled out three different 

questionnaires. 1. A participant Screening and Medical History Questionnaire was completed by every 

participant before completing any other measures (Appendix 8.2). This questionnaire allowed us to have 

a better understanding of the participant’s history to assess whether they were able to participate in the 

study and undergo all the required measurements. 2. The Godin Shephard Leisure Time Physical Activity 

Questionnaire which assessed habitual leisure-time physical activity levels (Appendix 8.3). This allowed 

us to gauge the participant’s pre-study physical activity levels.  3. A PAR-Q (physical activity readiness 

questionnaire) which determined readiness to begin an exercise program was completed before the 

intervention (Appendix 8.4). All questionnaires were explained, administered, and analyzed by the same 

researcher. 

4.3.2 Food Diaries 

 

 Participants recorded their baseline habitual food and drink intake for 7 days (consecutively) 

prior to beginning the intervention (Appendix 8.5). Participants completed a 3-day food diary during 

week 12 of the intervention. The 3-day food diary consisted of 2 weekdays and 1 weekend day. 

Instructions on how to fill out a food diary which discussed portion sizes, common measurements and 

strategies for providing a detailed description of foods eaten were provided to each participant in 



Bridge, 30 
 

advance by the same researcher. Dietary intake was inputted and analyzed using a diet analysis program 

(Food Processor, ESHA Inc., Salem, OR) by the same researcher. 

4.3.3 Muscular Strength 

 

  Muscular strength was evaluated via voluntary 1 repetition maximum (1-RM) testing of four 

exercises at baseline and following week 12 of the intervention. 1-RM total was also calculated based on 

summing the 1RMs from the four exercises together. 1-RM testing is a validated assessment of muscular 

strength (163), and knowing an individual’s 1-RM or predicted 1-RM is important when designing 

training protocols and monitoring progression (164). On both occasions, participants were instructed to 

come to the laboratory well hydrated and fed, and to not participate in any structured exercise for a 

minimum of 48 hours prior to testing. 1-RMs were determined for the following exercises: chest press, 

seated row, leg extension, and hamstring curl. Participants were made familiar with the exercises and 

testing protocol by doing light (estimated 40-50% 1-RM), practice repetitions before the actual pre- and 

post-intervention assessments began. During the assessment, weight was progressively added to each 

exercise until 1-RM was determined. Rests of 2-3 minutes were given between each attempt. Failure 

was determined when participants were unable to complete the full range of a repetition without 

compensation. If 1-RM was not determined after 4 consecutive attempts, it was estimated using the 

O’Connor calculation (1-RM = weight x (1+ (0.025 x reps))) (165,166) from the set with the lowest 

number of completed reps. The use of a predictive equation for estimating 1-RM has been previously 

validated in a young, untrained male population (166,167). When predicting the 1-RM, no more than 10 

repetitions should be used, as research shows the predictive accuracy decreases after 10 repetitions 

(168). Weight was adjusted so that most participants experienced voluntary failure between 1 and 4 

repetitions. All 1-RM assessments were completed by the same researcher. 

4.3.4 Muscle Thickness 
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 Muscle thickness was measured via ultrasonography (General Electric Medical Systems, 

Ultrasound Vivid I portable, Milwaukee, WI, USA) as the direct diameter through the centre of the target 

muscle at a specific anatomical location. Muscle thickness was measured at 2 locations: the rectus 

femoris + vastus intermedius (quadriceps) and the biceps brachii.  Muscle thickness for the quadriceps 

was measured at 50% between the greater trochanter and lateral epicondyle of the femur. For the 

biceps, muscle thickness was measured at 40% from the proximal end between the greater tubercle and 

the lateral epicondyle of the humerus. These sites correspond to where the muscle belly is the thickest. 

These landmarks were marked on the participant, so the ultrasound probe could be placed directly on 

the marked site. A thin layer of gel was applied to each muscle site. The ultrasound probe was placed 

perpendicular to the skin on the site. The measurement was obtained by pressing the probe gently on 

skin and moving it over the muscle. Muscle thickness was measured from the bone to the 

outer/superficial sarcolemma. Subjects laid in a supine position, relaxed, with palms facing into their 

body. Biceps measurements were taken first, followed by quadriceps. To ensure accuracy of 

measurements, 3 images were obtained for each site and then averaged to obtain a final value. 

Ultrasound tests were completed 48-72 hours following exercise and were taken in the morning with 

the participant fasted for a minimum of 10 hours to ensure exercise and/or variable food intake did not 

affect results. All muscle thickness measurements were taken by the same researcher.  

4.3.5 Body Composition 

 

  Body composition was measured using air-displacement plethysmography via the Bod pod. 

(COSMED USA Inc., BODPOD, Chicago, Il.) The bod pod is an “egg” shaped unit that the participant sits 

in. The testing procedure begins with calibration of the empty chamber with a known volume. The 

participant, dressed in compression shorts and swim cap (the same outfit for each participant was used 

for the pre- and post-intervention measures), sits inside the unit for 45 seconds where their raw body 
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volume is determined as the volume of air displaced (the difference between the volume of the empty 

vessel and the volume of the vessel with the participant inside). All Bod Pod measurements were  

completed 48-72 hours following exercise and were taken in the morning with the participant fasted for 

a minimum of 10 hours to ensure exercise and/or variable food intake did not affect results. Determined 

body volume is entered into a pre-set algorithm accounting for body weight (participants are weighed 

on a scale before they enter the bod pod), height (measured on a stadiometer before they enter the bod 

pod), age, and ethnicity. The participant’s body composition (fat mass, percent body fat and fat-free 

body mass) is then estimated. Research suggests that air displacement plethysmography is a reliable and 

valid assessment tool to evaluate body composition quickly and safely (169–171). All body composition 

measures were taken by the same researcher. 

4.4 Statistics 

To ensure our study was adequately powered, the following power calculation was used: 

Table 4.1: Power calculation results. Sample sizes needed to achieve adequate power for specific 
variables of interest.  

Reference Variable Required sample size per 

group (n) 

Hartman et al., 2007 (2) FBLM (fat/bone free lean mass) 25 

Leg extension strength 3 

Hamstring curl strength 5 

Snijders et al., 2015 (125) Quadricep muscle CSA 7 

Chest press strength 23 

Leg extension strength 16 

 

𝑛 = 2 ×
𝜎2 (𝑍𝛽 +

𝑍𝛼
2 )

2

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒2
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Power calculations were carried out for all 3 primary outcomes (Table 4.1) using data from 

previous, similar studies (2,125). Results were averaged to yield a sample size of 13 participants per 

group. Data were analysed using SPSS (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, 

Version 22.0. Armonk, NY: IBM Corp.). Data were checked, and normality was confirmed by assessing 

measures of central tendency and homogeneity of variances, and sphericity. Data points that were more 

than +/-2 SD from the mean were categorized as outliers and removed. Missing data points (1 GY 

participant for all post-strength measures, 1 GY and 1 PP participant for post-ultrasound measures) were 

replaced with the series mean for that time point. Repeated measures ANOVA (RMANOVA) was used to 

analyze time (pre and post), intervention (GY versus PP), and interaction effects (intervention x time). 

Independent t-tests were used to analyze baseline data and percent change data between the groups, 

and an ANCOVA design was used to assess changes over time while controlling for baseline percent 

body fat differences. 
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Chapter 5: Results 

5.1 Baseline Characteristics 

 Thirty participants were recruited for this study via signs posted at various locations at Brock 

University campus and via social media. Twenty-seven participants completed the 12-week intervention. 

One GY participant stopped exercise after 6 weeks due to injury (unrelated to the study). Two 

participants (1 PP and 1 GY) ended the study early (after 6 weeks of training) because they moved away 

from the university area. Post-testing was completed on all three of these subjects and their data were 

included in the analysis, with the exception of the injured participant who did not complete the 1-RM 

post-testing. 
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Table 5.1: Baseline data for the two intervention groups.  

Variable Baseline Value Independent T-Test 

Greek Yogurt 
(GY) 

Placebo Pudding 
(PP) 

p-value 

Height (m) 1.8 ± 0.0 1.8 ± 0.1 0.37 

Structured exercise 
sessions/week 

0.27 ± 0.5 0.17 ± 0.4 0.51 

Physical Activity Level 
(sessions per week >15 minutes) 

1.23 ± 1.2 1.0 ± 1.3 0.61 

Body Mass (kg) 69.9 ± 9.6 69.7 ± 10.4 0.96 

Fat-free Mass (kg) 60.1 ± 7.9 57.5 ± 6.9 0.63 

Fat Mass (kg) 8.6 ± 4.0 12.2 ± 6.0 0.066 

Body Fat (%) 12.3 ± 4.5 16.9 ± 7.2 0.049 

Biceps Muscle Thickness (cm) 2.64± 0.4 2.75± 0.4 0.44 

Quadriceps Muscle Thickness 
(cm) 

3.81 ± 0.8 3.65 ± 0.7 0.55 

Chest Press (kg) 81 ± 23 87 ± 18 0.62 

Seated Row (kg) 84 ± 21 83 ± 17 0.88 

Leg Extension (kg) 111 ± 24 124 ± 22 0.14 

Leg Curl (kg) 79 ± 16 85 ± 15 0.26 

1-RM Total (kg) 357 ± 80 379 ± 67 0.42 

Calories (kcal/d) 2146 ± 407 1989 ± 398 0.27 

Protein (g/d) 90.6 ± 15.2 85.7 ± 14.6 0.45 

Protein (g/kg/d) 1.31 ± 0.32 1.25 ± 0.26 0.56 

Carbohydrates (g/d) 246.1 ± 52.2 225.0 ± 54.9 0.28 

Carbohydrates (g/kg/d) 3.46 ± 0.87 3.3 ± 0.89 0.48 

Fat (g/d) 79.2 ± 18.0 79.9 ± 27.5 0.93 

Fat (g/kg/d) 1.18 ± 0.27 1.15 ± 0.37 0.81 

Calcium (mg/d) 699 ± 267 678 ± 225 0.88 
Baseline values (displayed as mean ± SD). Statistical analysis was by independent t-test between both groups (GY and PP). 

Significance was set at p<0.05. RM = Repetition maximum.  

 

5.2 Adherence to Study Supplements and Exercise 

 Trainers and study personnel ensured that the post-exercise supplement doses (of either GY or 

PP) were consumed in the laboratory, following training. This produced a 100% adherence rate for the 

post-exercise supplements. Bedtime and non-training day supplement doses were packaged by study 

personnel and taken home by participants at the beginning of each week. These supplements were 

consumed without direct supervision. Food diaries completed at week 12 indicated a 97% and 99% 

adherence rate for the intake of the unsupervised supplements for the GY and PP groups, respectively. 
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Exercise attendance was 31.6 and 30.1 out of 36 sessions for GY and PP groups, equating to an 88% and 

84% adherence rate, respectively.  

5.3 Strength 

 One outlier was removed from the dataset for chest press in the GY group, and none in the PP 

group. Voluntary 1-RM strength on chest press, seated row, leg extension, leg curl, and total strength 

were not significantly different between groups at baseline (Table 5.1). There was a significant main 

time effect for all 1-RM strength exercises (p<0.001). Significant interaction effects for the chest press 

(p=0.026), seated row (p<0.001), leg extension (p=0.004), and 1-RM total (p<0.001) indicated that the 

GY group gained more strength over time for these exercises than the PP group. 

 

Table 5.2: 1-RM Strength measurements pre- and post-training. 

 Greek Yogurt (GY) Placebo Pudding (PP) RM-ANOVA 
n Pre Post Change n Pre Post Change Time Group Interaction 

kg kg ∆ kg kg ∆ p-value p-value p-value 

Chest 
Press 

14 81 ± 23 103 ± 20 22 ± 12 15 87 ± 18 100 ± 20 13 ± 7 <0.001 0.82 0.026 
 

Seated 
Row 

15 84 ± 21 105 ± 23 21 ± 10 15 83 ± 17 93 ± 17 10 ± 6 <0.001 0.34 <0.001 
 

Leg 
Extension 

15 111 ± 24 150 ± 21 39 ± 15 15 124 ± 22 148 ± 27 24 ± 10 <0.001 0.51 0.004 
 

Leg Curl 15 79 ± 16 92 ± 15 13 ± 8 15 85 ± 15 94 ± 17 9 ± 9 <0.001 0.42 
 

0.22 

1-RM 
Total 

15 357 ± 80 455 ± 79 98 ± 37 15 379 ± 67 435 ± 76 57 ± 15 <0.001 0.96 <0.001 
 

Strength values (displayed as means ± SD). Statistical analysis was by RM-ANOVA with time (pre and post) as the within factor 

and group (GY and PP) as the between factor. Significance was set at p<0.05. RM = Repetition maximum. 
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FIGURE 5.1—Total 1-RM strength before and 12 wk after RT and PLY in GY (n = 14) and PP (n = 15) groups. Individual pre and 
post responses are represented by the lines over the bars. The inset graph shows the change in total 1-RM strength from 
baseline. † Significantly different from Pre within the same group (p<0.05). *Significantly different from PP in the change from 
baseline in inset (P<0.001). Values are presented as mean ± SE. RM = Repetition maximum. 

 

5.4 Muscle Thickness 

 One outlier was removed from the dataset for biceps muscle thickness in the GY group and none 

in the PP group. Post-intervention measurements of muscle thickness were only performed on 28 

(n=14/group) participants because of technical issues with the ultrasound machine. Baseline muscle 

thickness of the biceps and quadriceps were not significantly different between groups (Table 5.1). Main 

time effects were present for muscle thickness of the biceps and the quadriceps (p<0.001). A significant 

interaction effect for muscle thickness of the biceps indicated that the GY group increased their average 

muscle thickness to a greater extent compared to the PP group (p=0.004). 

Table 5.3: Muscle thickness measurements analysed using ultrasonography of the biceps and quadriceps 
muscles pre- and post-training. 
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 Greek Yogurt (GY) Placebo Pudding (PP) RM-ANOVA 

n Pre Post Change n Pre Post Change Time Group Interaction 

cm cm ∆ cm cm ∆ p-value p-value p-value 

Biceps 13 2.64± 0.4 3.1 ± 0.4 0.46 ± 0.3 14 2.75± 0.4 2.87 ± 0.5 0.12 ± 0.2 <0.001 0.70 0.004 

Quadriceps 14 3.81 ± 0.8 4.47 ± 0.8 0.66 ± 0.4 14 3.65 ± 0.7 4.06 ± 0.7 0.41 ± 0.4  <0.001 0.27 0.14 

Muscle thickness values (displayed as means ± SD). Statistical analysis was by RM-ANOVA with time (pre and post) as the within 

factor and group (GY and PP) as the between factor. Significance was set at p<0.05.  

 

5.5 Body Composition  

 One outlier was removed from the dataset in the GY group and none in the PP group for each of 

the body composition variables. Body mass and fat-free mass were not significantly different at baseline 

(Table 5.1). A trend existed for baseline fat mass differences between groups (p=0.066). There was a 

significant difference for percent body fat at baseline between groups (p=0.049).  

5.5.1 Fat-Free Mass  

 A significant main effect of time was observed for fat-free mass (p<0.001). A significant 

interaction effect for fat-free mass indicated that the GY group increased fat-free mass more than the 

PP group (p=0.046).  
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FIGURE 5.2— Fat-free mass before and 12 wk after RT and PLY in GY (n = 14) and PP (n = 15). Individual pre and post responses 
are represented by the lines over the bars. The inset graph shows the change in total fat-free mass from baseline. †Significantly 
different from Pre within the same group (p<0.05). *Significantly different from PP in the change from baseline in inset 
(P<0.05). Bars are presented as mean ± SE. 

 

5.5.2 Fat Mass 

 There was a significant main effect of group for fat mass (p=0.035), with GY subjects having a 

lower fat mass than PP subjects regardless of time point. 

5.5.3 Percent Body Fat 

 There was a significant main effect of group for percent body fat (p=0.022), with GY subjects 

having a reduced percent body fat than PP subjects. Because there was a significant difference in 

percent body fat between groups at baseline (Table 5.1), an ANCOVA was used with baseline percent 

body fat as a covariate, to assess the change in percent body fat between groups. The ANCOVA 

indicated that the GY group reduced percent body fat significantly more than the PP group (p=0.048).  
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FIGURE 5.3—Total Fat-Free Mass before and 12 wk after RT and PLY in GY (n = 14) and PP (n = 15). Individual pre and post 
responses are represented by the lines over the bars. The inset graph shows the change in total fat-free mass from baseline.      
αSignificantly different at baseline between groups (p<0.05). *Significantly different from PP in the change from baseline in 
inset as assessed by ANCOVA (P<0.05). Bars are presented as mean ± SE. 
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Table 5.4:  Body composition measurements as assessed by BodPod pre- and post-training. 

 Greek Yogurt (GY) Placebo Pudding (PP) RM-ANOVA 

n Pre Post Change n Pre Post Change Time Group Interaction 

p-value p-value p-value 

Body 
Mass 
(kg) 

14 69.9 ± 9.6 71.8 ± 9.5 1.9 ± 2.4 15 69.7 ± 10.4 71.4 ± 10.4 1.7 ± 2.0 <0.001 0.935 0.776 
 

Fat-
free 
Mass 
(kg) 

14 60.1 ± 7.9 62.5 ± 7.6 2.4 ± 1.5 15 57.5 ± 6.9 58.8 ± 6.5 1.3 ± 1.3 <0.001 0.25 0.046 

Fat 
Mass 
(kg) 

14 8.6 ± 4.0 8.1 ± 4.4 -0.5 ± 1.8 15 12.2 ± 6.0 12.6 ± 5.4 0.4 ± 2.2 0.918 0.035 0.296 
 

Body 
Fat 
(%) 

14 12.3 ± 4.5 11.2 ± 5.1 -1.1 ± 2.2 15 16.9 ± 7.2 17.0 ± 6.1 0.1 ± 2.6 0.35 0.022 0.205 
 

Body composition values (displayed as means ± SD). Statistical analysis was by RM-ANOVA with time (pre and post) as the 

within factor and group (GY and PP) as the between factor. Significance was set at p<0.05.  

 

5.6 Nutrition 

There were no differences in energy, protein, carbohydrate, fat, or calcium intake between 

groups at baseline (Table 5.1). Main time effects were present for energy (p=0.022), protein (absolute 

and relative to body weight; p<0.001), carbohydrate (absolute; p=0.003, and relative; p=0.009), and 

calcium (p=0.007) intake throughout the intervention (Table 5.5). Significant Interactions for protein 

intake (absolute and relative) and calcium intake indicated that the GY group had greater intakes than 

the PP group (<0.001). A significant interaction for carbohydrate intake (absolute and relative) indicated 

that the PP group had greater intakes than the GY group (p=0.002). There were no significant 

differences in fat intake throughout the intervention. 
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Table 5.5: Daily dietary intake from food diaries for each group, at baseline and week 12.  

Nutrient 
intake per day 

Greek Yogurt (GY) Placebo Pudding (PP) RM-ANOVA 

n Baseline Week 12 n Baseline Week 12 Time Group Interactio
n 

Energy (kcal) 14 2146 ± 407 2207 ± 345 15 1989 ± 398 2303 ± 588 0.022 0.83 0.11 

Protein (g) 13 90.6 ± 15.2 124.8 ± 13.4 15 85.7 ± 14.6 85.9 ± 19.9 <0.001 <0.001 <0.001 

Protein (g/Kg) 13 1.31 ± 0.32 1.74 ± 0.31 15 1.25 ± 0.26 1.22 ± 0.27 <0.001 0.007 <0.001 

CHO (g) 15 246.1 ± 52.2 242.2 ± 55.2 14 225.0 ± 54.9 283.3 ± 55.2 0.006 0.57 0.002 

CHO (g/Kg) 13 3.46 ± 0.87 3.38 ± 0.71 14 3.3 ± 0.89 4.04 ± 0.9 0.013 0.416 0.002 

Fat (g) 15 79.2 ± 18.0 78.4 ± 18.6 15 79.9 ± 27.5 84.9 ± 35.7 0.57 0.68 0.43 

Fat (g/Kg) 15 1.18 ± 0.27 1.11 ± 0.26 15 1.15 ± 0.37 1.19 ± 0.46 0.81 0.84 0.32 

Calcium (mg) 14 699 ± 267 1069 ± 243 14 678 ± 225 585 ± 211 0.007 0.003 <0.001 

Nutrient intake values (displayed as mean ± SD). Statistical analysis was by RM-ANOVA with time (pre and post) as the within 

factor and group (GY and PP) as the between factor. Significance was set at p<0.05. 

 

5.7 Percent Change 

 Percent change was calculated for each variable using the equation: ((post-pre)/pre)x100. 

Independent T-Tests (Table 5.6) revealed a greater percent change decrease in fat mass and percent 

body fat in the GY group compared to the PP group (p=0.042 and p=0.038, respectively).  Similar to the 

RM-ANOVA results, percent change for the biceps muscle thickness and 1-RM strength measures 

(except the leg curl) were greater for the GY group compared to the PP group (Table 5.6).  
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Table 5.6: Subjects percent (%) change for both groups, from pre to post intervention. 

Variable Greek Yogurt (GY) Placebo Pudding (PP) Independent T-test 

n % n % p-value 

Body Mass (Kg) 15 2.4 14 2.0 0.77 

Fat-free Mass (Kg) 15 3.9 15 2.3 0.11 

Fat Mass (Kg) 14 -11.1 14 5.8 0.042 

Body Fat (%) 14 -13.2 13 -1.1 0.038 

Biceps Muscle Thickness (cm) 14 16.4 13 7.1 0.026 

Quadriceps Muscle Thickness 
(cm) 

14 15.0 14 13.0 0.67 

Chest Press (Kg) 13 28.3 15 15.4 0.030 

Seated Row (Kg) 13 23.7 14 11.7 0.002 

Leg Extension (Kg) 14 11.7 14 20.9 0.006 

Leg Curl (Kg) 13 14.6 14 12.8 0.62 

1-RM Total (Kg) 13 26.8 15 15.1 0.003 
% change values (displayed as means). Statistical analysis was by independent t-test between groups (GY and PP). Significance 

was set at p<0.05. 
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Chapter 6: Discussion 

6.1 General Discussion 

 Our data demonstrate that the consumption of plain, 0% fat Greek yogurt following resistance 

and plyometric exercise (600 g on training days, 300 g on non-training days) increased most measures of 

strength, biceps muscle thickness and fat free mass and reduced fat mass more than an isoenergetic, 

carbohydrate-based placebo pudding consumed at the same time points. This study is the first to use 

Greek yogurt in this context to demonstrate such an effect with resistance exercise. We believe it is 

important to investigate the combined effect of GY and exercise as this is a practical representation of a 

healthy lifestyle change.  

 Our research supports previous findings where milk supplemented post-RT was shown to 

increase strength and lean mass greater than carbohydrate (2,3). We chose voluntary 1-RM strength as 

one of our primary outcome measures. Strength is an important functional measure and can be used as 

a surrogate for muscle size and lean mass as these variables are highly correlated (172). Also, there is a 

strong positive relationship between strength and muscle size (173), and our data demonstrated this 

(R=0.61, P=0.001). There was a time by group interaction effect for the chest press, seated row, and leg 

extension exercises as well as the 1-RM total indicating that the GY group increased strength more than 

the PP group. Due to the relatively fast adaptations incurred within novice exercisers (48,50), protein 

intake of approximately 1.6 g/kg/day may be necessary for individuals new to RT to augment 

morphological adaptations which are necessary to facilitate optimal strength gains (71–73). The 

justification for the increased protein recommendation of 1.6 g/kg/d is due to a higher rate of muscle 

protein synthesis in novices (48) and a reduced efficiency of protein utilization compared to trained 

individuals (174). GY supplementation yielded an increase in subject’s protein intake to 1.74 g/kg/d 

versus PP subjects who were consuming protein below the recommended level (for individuals new to 
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RT) at 1.22 g/kg/d (71). These data suggest GY supplementation enabled subjects to increase chronic 

protein intake in excess of the recommended 1.6 g/kg/d for individuals involved in frequent RT and 

therefore likely facilitated greater strength adaptations than the PP group (71,72,108). Initially, during a 

RT program strength gains are typically the result of neurological adaptations such as enhanced inter-

muscular coordination (175). However, to continue to develop muscular strength, morphological 

adaptations are necessary. These adaptations include increasing muscle cross sectional area by 

increasing contractile proteins, altering tendon and connective tissue, changes in fibre type and 

hyperplasia, all of which require additional dietary protein (175).  

 Research indicates that novice exercisers can experience 7.9% strength and 8.8% muscle-CSA 

increases after just 1 month of training (48). The present study showed that total 1-RM strength 

increased by 27% in the GY group compared to 15% in the PP group after 12 weeks (3 months) of 

training. These results suggest that chronically elevated daily protein intakes (from GY) combined with 

RT can promote significantly greater gains in muscular strength compared to the consumption of daily 

protein at lower levels (1.22 g/kg) but still 53% above the current RDA of 0.8 g/kg/d. Our research did 

demonstrate a main effect of time for all voluntary 1-RM exercises plus the 1-RM total (Table 5.2, Figure 

5.1). This was expected because a training stimulus alone is likely sufficient to increase strength 

following 12 weeks of exercise (175). Our research is consistent with other chronic (minimum 10 weeks) 

training studies in young, untrained males which demonstrate that increased protein intakes optimize 

strength adaptations during a RT program (2,121,125,130,175). 

 Muscle thickness was another of our main outcome measures. The data from the present study 

revealed a significant main effect of time for biceps and quadriceps muscle thickness following the 

intervention. This can likely be attributed to the effectiveness of the exercise program in stimulating 

muscle hypertrophy. The data also indicated that habitual consumption of GY while undergoing regular 

RT (and PLY) training yielded greater increases in biceps brachii muscle thickness compared to the 
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consumption of the PP. These findings support similar research in milk (2,16) and isolated dairy protein 

(whey and casein) supplementation (121,125,129) where greater increases in muscle size occurred 

compared to a placebo following RT in previously untrained, young, male subjects. RT causes metabolic 

and mechanical stress to the muscle which signals MPS to occur (176,177). Once this stimulus has 

occurred, hyperaminoacidemia is required to facilitate the incorporation of AAs into the muscle to make 

new myofibrillar proteins (178). If this process is consistently repeated, like our study design intended,  

total muscle cross-sectional area (CSA) can be increased (179). We measured muscle thickness, a 

surrogate for muscle CSA, via ultrasonography (180). Currently, the gold standard for measuring muscle 

size is a CSA determination via magnetic resonance imaging (MRI) (181). However, MRI technology is 

expensive and was inaccessible for this study. Ultrasonography is another method for measuring muscle 

size and has been shown to be reliable and valid when compared to MRI (181,182). Research indicates 

that as long as the tester and body position remains consistent, results are reliable (183). Our imaging 

measures indicated a significantly greater increase in biceps muscle thickness after consumption of GY 

versus PP.  

 A main effect of time was present for total body mass following the intervention in both groups. 

This may be explained, in part, by the increase in fat-free mass (FFM), but also the increase in energy 

intake experienced by both groups. Importantly, and the last of our main outcome measures, the GY 

group had a more favourable (increase in FFM and decrease in %BF) body composition change than the 

PP group (Figure 5.4). All the body mass they gained was FFM and they lost fat mass (100% and -26%, 

respectively), whereas the PP group gained both FFM and fat mass (76% and 24%, respectively). A 

significant main effect of time existed for FFM indicating that both groups increased FFM, but an 

interaction effect was also present, indicating that the GY group gained significantly more FFM than the 

PP group. Since the training program was consistent for both groups, this likely reflects the increased 

protein intake and any other specific features inherent in GY that could contribute to this effect. Of 
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note, our measure of FFM includes organ, bone, water, connective and muscle tissue, therefore it does 

not measure muscle mass alone. However, it is likely that the majority of measurable gains in FFM 

would be muscle mass since other major components, like bone, can take up to 6 months to detect 

significant mass changes (184). Nonetheless, research shows that RT in young adult males is associated 

with increasing bone and connective tissue mass (126), but the magnitude of change in these 

compartments is smaller. In terms of our data, the FFM changes corroborate the robust strength 

increases and increases in muscle thickness (and differences between groups), all of which reflect the 

assertion that our intervention likely increased the accretion of muscle tissue.  
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FIGURE 6.1 – Fat mass and Fat-free mass expressed as a percent of total mass gained (and lost) during the intervention for the 
GY and PP groups (GY= 14, PP= 15). 

 

 The results of the current study are comparable to the results of two other studies investigating 

milk supplementation with RT in previously untrained males (2,17). The results from our study and the 

Hartman et al., (2007) (2) study showed positive effects of dairy on strength compared to a CHO 

placebo, whereas Rankin et al., (2004) (17) did not show any difference between chocolate milk and a 
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CHO placebo. Our results also showed that GY facilitated an additional increase (over the PP group) of 

1.1kg of FFM which is in-between the 1.5kg of fat and bone free lean mass (FBLM) previously observed 

with a milk intervention (2), and the 0.8 kg FBLM observed with chocolate milk (17). However, the FBLM 

results from Rankin et al., (2004) were not significantly greater than the CHO control, as it was in the 

present research and in Hartman et al., (2007). There may be several reasons that there was no 

significant difference in the Rankin study. For instance, the addition of chocolate milk (Protein: 17 

g/serving, 1 serving/d, x3d/wk) only increased habitual protein intake to 1.3 g/kg/d, whereas their 

control group was consuming 1.2 g/kg/d, the study design was only 10 weeks in duration (RT 3 d/wk), it 

may have been underpowered (total subjects; n=19) and their training protocol progressively reduced 

volume (and increased %1-RM) which limits variables that favour lean mass accretion, such as time 

under tension (17). Our study was of longer duration, which may have offered more time for greater 

adaptations. It had a larger sample which may have reduced the SD and increased our power to detect 

between-group differences. Finally, our training prescription promoted FFM accretion. All of which may 

have led to our significant findings. Perhaps an explanation for greater increases in FFM mass in the 

Hartman study can be attributed to the increased frequency and volume of the training protocol, as 

subjects underwent RT 5d/wk, compared to only 2d/wk (plus PLY 1d/wk) in our study. Research 

indicates that increasing frequency (134,151,185) and total volume (186–188) is associated with greater 

training-related adaptations. 

 A major difference between the two intervention groups was the amount of protein provided by 

our supplements and hence the amount of protein consumed during the intervention. GY provided 20 g 

of protein/200 g serving, whereas PP provided 0 g protein. The results from the food diaries at week 12 

were consistent with our supplementation protocol as there was an increase in absolute (g/d) and 

relative (g/kg/d) protein intake from baseline in those consuming GY, while those consuming PP 

experienced similar increases in carbohydrate and not protein (Table 5.5). Therefore, the GY group was 
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chronically consuming a higher level of protein during the intervention, which likely contributed to the 

observed divergent results in our outcome variables favouring the GY group. Beneficial characteristics of 

GY such as its satiating effect (92,189,190), probiotic cultures (19,21) and micronutrients (e.g. calcium) 

(18,68) may have offered additional benefits to digestive (23,30,31) and bone (191–193) health, 

although these were not directly measured in this thesis.  

 In our study, we provided subjects with 2x20 g (i.e. 40 g) of dairy protein (from Greek yogurt) 

over 1 hour post-exercise. Research indicates that this would provide a sufficient amount of protein to 

facilitate an anabolic environment and maximally stimulate MPS (72,73,108).  In young persons, 20 g 

doses of protein are just as effective at stimulating MPS as 40 g doses at rest (96,105), and 0.24 

g/kg/meal (also at rest) is sufficient to stimulate myofibrillar protein synthesis (150). A recent review 

proposed that this dose should be greater, especially when the protein source is part of a whole food, is 

slower digesting and when consumed in the presence of other macronutrients which may further delay 

absorption and enhance AA utilization (73). A review by Schoenfeld & Aragon in 2018 suggests 0.4 

g/kg/meal may be the optimal dose for exercising individuals to maximize anabolism (73). For this 

reason, we formulated our doses accordingly following training (2x20g doses within 1 hour post-

exercise) to help optimize MPS by providing the recommended dose in a whole-food supplement for 

most subjects. Based on the different 0.24 g/kg/dose and 0.4 g/kg/dose recommendations, for a 70 kg 

individual, this corresponds to 16.8 g and 28 g of protein per dose/bolus respectively. Our dose (20 g) 

falls between these two. We also used this post-exercise dosing regimen to mimic the successful designs 

of the Hartman (2), and Josse (3) studies with milk. Our participants also consumed GY prior to sleep 

(200 g on training days, 150 g on non-training days) in efforts to minimize MPB and maintain a positive 

net protein balance during sleep, since sleep tends to be a fasted period in which protein balance 

naturally favors breakdown (124,194). An acute study by Res et al., (2012) gave participants 40 g of 

intrinsically labelled casein protein prior to sleep 3 hours following a RT bout (57). Blood samples 



Bridge, 50 
 

collected throughout sleep revealed that casein was effectively digested and absorbed, resulting in 

increased circulating AA levels throughout sleep (7.5 hours). This was accompanied by significantly 

greater whole body protein synthesis rates and an improved net protein balance versus the placebo 

(57). The study by Res et al. (2012) preceded a chronic training study by Snijders et al., (2015) which 

showed that daily consumption of 27.5 g of casein protein prior to sleep was able to augment muscle 

mass and strength gains following 12 weeks of RT (125). This may be, in part, due to the ability of casein 

to attenuate MPB which facilitates greater lean mass gains due to the preservation of muscle tissue 

(125). However, it is important to note that in this study, subjects consuming casein before sleep were 

also habitually consuming more overall protein (1.9 g/kg/d) than the placebo (1.3 g/kg/d) group 

throughout the intervention which may be the reason for the greater adaptations. GY primarily consists 

of casein protein, and our study protocol also had GY subjects consuming GY prior to sleep, therefore a 

similar mechanism yielding subsequent FFM gains may have occurred in our study.  

 Limited research exists on the postprandial absorption rate and plasma AA response of GY. 

However research with intrinsically labelled casein protein indicates that absorption is even slower 

when consumed in a whole food (i.e. milk) matrix versus isolated micellar casein (195,196). This 

research also discovered that a higher proportion of casein consumed from milk was incorporated into 

skeletal muscle than when consumed as isolated casein, suggesting that the presence of other nutrients 

may influence and further delay absorption, which ultimately increases AA utilization by muscle tissue 

(196). Additionally, this research analyzed the absorption properties of whey and casein when 

consumed together in milk using stable-isotope tracer methodology and indicated that at 220-260 

minutes, blood concentration of AAs from casein was significantly greater than from whey (196). 

Considering that GY likely has a greater ratio of casein to whey than milk (based on the manufacturing 

process of removing the liquid-whey from GY (10,24)), is more acidic (197), and exists in a semi-solid 

food matrix (25), all of these factors could attenuate digestion and subsequent absorption rates such 
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that GY would elevate blood-AA concentrations for a longer duration than milk. For this reason, GY may 

be more beneficial at attenuating MPB than milk or micellar casein alone, but we cannot confirm this 

with our research. Nonetheless, as detailed above, we provide subjects with a pre-sleep protein dose in 

efforts to minimize MPB and provide a sustained influx of AA to maintain a positive (or less negative) 

protein balance overnight. 

 Recent research on skim milk suggests that increasing its acidity may increase the absorption 

rate of AAs due to anti-coagulation effects (198). Skim milk with increased acidity (pH= 4.1) was 

absorbed quicker than regular skim milk (pH=6.9) and subsequently increased plasma essential AA, 

plasma leucine levels and MPS significantly greater at 30 minutes post-ingestion (198). The acidity of fat-

free plain GY (pH= 4.35-4.65 (199)) closely resembles that of the acidic skim milk condition mentioned 

above. However, milk and GY have distinct differences such as their viscosity and differing dairy protein 

ratios which may affect gastric emptying and nutrient absorption. More research is needed regarding 

the absorption and appearance rates of plasma AAs from GY to better establish how all of its unique 

properties effect digestion, absorption and incorporation into muscle tissue.  

 The GY group had significantly less percent body fat at baseline compared to the PP group (GY: 

12.3%, PP: 16.9%). The rate at which body fat is lost and the amount of initial body fat are inversely 

related (185). This means that body fat becomes increasingly more difficult to lose as an individual 

becomes leaner. For our analysis, we opted to control for the statistical baseline difference in body fat 

percent. Using an ANCOVA model, with baseline-percent body fat as a covariate, the analysis showed a 

significantly greater reduction in percent body fat in GY subjects compared to PP subjects. Without 

accounting for baseline differences, our data demonstrated that the GY group still lost more fat mass 

(Table 5.6) and % body fat (Table 5.4) than the PP group. The superior effect of dairy, as seen in our 

study and others (2,3), on fat mass may be due to the increased calcium consumed by participants 

within these dairy groups. Research indicates that high dairy and calcium diets may attenuate adipocyte 
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growth and thus body weight gain during periods of increased energy intake (68). A meta-analysis 

concluded that high calcium diets are believed to inhibit lipogenesis and promote lipolysis, lipid 

oxidation and thermogenesis thus having a meaningful effect on weight control (99). Research also 

indicates that dairy sources of calcium are able to achieve these results more effectively than 

supplemental sources of calcium due to the combination of other bioactive compounds, such as 

angiotensin-converting enzyme which has purported anti-obesity effects (68). Three or more servings of 

dairy products/day has been associated with significant reductions in fat mass with (100) and without 

(68) energy restriction. Food diaries from our study indicated that GY supplementation increased 

calcium intake to 1069 mg at week 12, compared to 585 mg for PP subjects (Table 5.5). Research by 

Boon et al., suggests that a threshold for calcium intake improving body composition exists at 

800mg/day (200). GY was able to habitually increase calcium intake beyond this level and may have 

contributed to the observed reduction in percent body fat seen within the GY group. It was also 

suggested that individuals with habitually low calcium intake benefit more in terms of fat loss from 

increasing calcium levels than those with habitually high levels (99). This may have conferred additional 

benefit in our study as the GY group was only consuming 699 mg of calcium/day prior to the 

intervention. Habitual yogurt consumption has also been associated with better long-term body weight 

control (94,201). These findings are partly attributed to the satiating characteristics of yogurt which 

relate to the effects of dairy protein and calcium on appetite control (189,202,203). Despite a significant 

time effect for energy intake in the current study indicating an increase in energy, the GY group was able 

to attenuate an increase in % body fat more than the PP group (Figure 5.3, Table 5.4). In fact, the GY 

group lost significantly more fat mass and % body fat than the PP group expressed as the percent 

change from baseline. This could perhaps be partly explained by the positive effect of calcium on 

lipolysis and fat oxidation (68,98,101,102,204–206).  
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  To our knowledge, the only other study involving yogurt consumption and RT showed no 

greater fat mass or body composition changes between groups (regular yogurt, versus 

isoenergetic/isonitrogenous supplement [Accel Gel], versus isoenergetic supplement without protein 

[Clif Shot]) (13). However, this study used female participants, the length of the intervention was only 8 

weeks, and the yogurt (regular, not Greek) contained 5 g of protein per serving (3 servings/day) (13). 

The length of the intervention may have been too short, and the amount of protein (15 g/daily) may 

have been insufficient to see a difference between groups. The yogurt supplementation only increased 

habitual protein intake to 1.1 g/kg/d compared to 1.0 and 0.9 g/kg/d in the other two groups. The 

yogurt group in this study was also consuming more energy than the other groups which may have 

negated a potential effect of yogurt on fat loss. Although there was a significant effect of time in the 

present study for energy intake, the energy intake of the GY group did increase less than the PP group. 

 High protein GY has demonstrated the ability to reduce appetite and energy intake in 

subsequent meals compared to lower protein snacks and snack-skipping (18). Although appetite was not 

measured in our study, the GY group did consume less daily energy (2207kcal compared to 2303kcal at 

week 12) than the PP group, although the difference between the groups was not significant. The 

rationale for choosing plain (unflavoured) GY as opposed to flavoured GY was due to its higher protein 

content and reduced sugar content. The GY used in the present study contains 20 g of protein and 5 g of 

sugar per 200 g serving compared to (e.g.) cherry-flavoured GY, which contains 16 g of protein and 24 g 

of sugar and an additional ~70kcal per equal serving. Yogurt with higher protein to CHO (plain) ratios 

have been shown to improve post-meal glucose control and satiety compared to yogurt with honey, 

milk, and orange juice (95). Yogurts with higher protein content (24 g per serving) have been shown to 

reduce hunger and delay subsequent eating greater than lower protein (5 g and 14 g per serving) 

yogurts (94). 
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 The supplementation in our study provided each group with 330 calories per training day (3 

doses of supplement) and 165 calories per non-training day (1.5 doses of supplement). Our data show 

that both groups did not completely compensate their habitual diets for the added supplementation 

(albeit the GY group did consume less additional energy than the PP group) which caused them to 

significantly increase their energy intake from baseline. The GY group only increased their habitual 

energy intake by 61 calories at week 12, compared to 314 calories in the PP group. Although this 

increase in energy was not statistically significant (between the groups), the consumption of 300+ 

kcals/d over time is arguably more physiologically significant than an increase of 61 kcals/d  (207). For 

example, a 6 month study that replaced caloric beverages with noncaloric beverages, a straight-forward 

strategy to reduce energy intake, resulted in 2.5% weight loss (207). In our study, subjects were also 

exercising vigorously 3x per week thus expending energy which may have helped to better facilitate 

energy balance by decreasing the impact of the added energy. Despite this, there were still significant 

differences in body composition between groups such that all the increase in body weight in the GY 

group was FFM (100% FFM and -26% FM), whereas this was not the case in the PP group (76% FFM and 

24% FM) (Figure 5.4). This difference depicts a more favourable overall body compositional change in 

the GY group versus the PP group and may relate to the fact that the added energy in the GY group was 

predominately protein compared to CHO in the PP group. 

 Research has shown that the consumption of 100 g of CHO following exercise has the ability to 

increase net protein balance compared to a non-caloric placebo (128). For this reason, when assessing 

the effect of protein (as yogurt) post-exercise, it is important to compare it to an energy-matched CHO 

placebo. This has been done in several related studies (2,3,121,130–132,179,13,17,29,70,74–77). An 

interesting and novel aspect of our study was the use of a semi-solid CHO placebo which closely 

resembled the viscosity of GY. Much of protein supplementation research focuses on liquid, isolated 

protein supplements and thus liquid, CHO-based placebos (2,3,130–132,208,17,29,74–77,121,129). This 
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may be to accelerate gastric emptying and promote the quick appearance of AA in the blood to facilitate 

MPS. However, there are other important elements to consider when improving body composition. For 

example, research indicates that solid CHO is more satiating than liquid CHO and is able to attenuate 

over-eating behaviours (209). This may have further implications for fat mass loss with GY. In this study, 

we designed an energy-matched, protein-void, CHO placebo which closely resembled the consistency 

and texture of GY to help control for the satiating effects of semi-solid foods that require mastication as 

opposed to fluid drinks (210). The CHO naturally present in GY (9 g of CHO per 200 g serving) may also 

have a beneficial role in lean mass accretion and the promotion of a positive protein balance (128). First, 

the probiotics within yogurt assist in breaking down lactose into its constituent monosaccharides 

galactose and glucose (60), which are absorbed rapidly (211). Second, CHO absorption increases 

circulating insulin levels which further promotes an anabolic environment for MPS (128) while 

subsequently inhibiting MPB (212). However, research has shown that CHO may only be necessary when 

protein intake is inadequate because protein is also insulinogenic. A study providing 25 g of whey 

protein plus 50 g of maltodextrin did not further effect MPS or MPB more than 25 g of whey alone (213). 

Importantly, GY is predominately casein protein (not whey), which is absorbed more slowly and 

therefore the effect/impact of CHO on protein balance following RT may be more important when the 

delivery of AA to the muscle is delayed due to the delayed insulin secretion (based on the absorption 

kinetics of the ingested protein). However further research is required to investigate this theory.    

6.2 Strengths 

 Our study had several strengths. The use of only one tester for all subject pre- and post-testing 

was a strength as this minimized inter-tester variation. All supplementation was prepared by the same 

individual as well to ensure consistency. Deciding to keep the contents of the PP discreet was also a 

strength of the study, as this may have facilitated our high supplement adherence rates (because the 

participants may have thought the PP contained different beneficial bioactives). Trainers involved in the 
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study were also unaware of the contents of the PP to prevent bias. Exercise training was kept consistent 

between participants and groups as all trainers in the study went through the same orientation sessions 

and many of the trainers trained several participants from both groups. Another strength was that we 

compared GY to an isoenergetic supplement of the same consistency devoid of protein. Evidence 

suggests that just the provision of calories post resistance exercise can facilitate an anabolic effect 

(127,128).  The goal of our study was to assess GY in its entirety but also as a vehicle for the delivery of 

protein and nutrients that support positive body composition change. Thus, if we did not at least 

provide energy at the same intervals, our study would be flawed and biased (in our favour). A final 

global strength of our study is that it is the first to report a positive effect of GY with exercise on a 

comprehensive set of outcome variables relating to physical (musculoskeletal) health (including 

strength, body composition and muscle thickness) which allows us to definitively and robustly assert 

GY’s beneficial role within this context.   

6.3 Limitations  

 Our study also had limitations. Subjects were not blinded to which supplement group they were 

in. Blinding is notoriously difficult to achieve in nutrition studies (214–216). However, we did conceal the 

contents of the PP from our subjects (and trainers). Furthermore, we called the PP the “study-designed 

supplement” which kept its contents and purpose within the study discreet. Although it was a strength 

to have one person perform all the subject testing, this person was aware of the randomization which 

could be a weakness (due to the potential for unintentional bias). A weakness in our study may be that 

we did not use state-of-the-art measurement tools, such as DXA, for body composition determination 

(217–219). We used the Bod Pod which is only able to measure fat and FFM (using a 2-compartment 

model), and therefore is unable to give a specific measure of muscle mass. However, the Bod Pod is 

considered a reliable method for measuring body fat in normal weight populations compared to DXA 

(170,171). Although still accurate, ultrasonography to measure muscle thickness (which is not a direct 
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measure of muscle CSA) and the Bod Pod to measure body composition (which is not a direct measure 

of muscle mass) are not the gold standards in their respective areas and may have lacked sensitivity to 

detect small changes. Another limitation may be that since subjects were initially untrained, they may 

have experienced a learning effect on the 1-RM exercises which may partly explain the increased 

strength during the post-testing. However, this would have been consistent for all participants 

regardless of group and cannot explain the divergent results in favour of GY. 

6.4 Implications 

 The current research is congruent with existing literature indicating that protein 

supplementation that increases an individual’s daily protein intake to 1.4-1.6 g/kg/d is optimal to 

support increased strength, muscle size, and improved body composition while in a RT program (71–73). 

This study is the first to investigate this phenomenon using GY; a solid, whole food, protein-rich, 

product, as opposed to isolated AA, protein supplements or liquid milk. Hartman et al., and Josse et al. 

have previously demonstrated positive effects of RT with milk in young men and women, respectively 

(2,16). Our results indicate that individuals novice to RT can make significant physical adaptations by 

consuming GY. In addition, GY is nutrient dense and its consumption can improve overall diet quality 

and offer other health benefits such as improved digestive (23) and bone health (192,193,220). GY is 

versatile and may serve as a vehicle for the consumption of other healthful foods which would also 

improve diet quality. Yogurt consumption may increase consumption of fruits and cereals which provide 

antioxidants, polyphenols and prebiotic fibers. Together these properties of yogurt may provide multiple 

effects that benefit musculoskeletal, digestive, cardiovascular and metabolic health (26). 

 Our study provides further evidence that GY could serve as a practical and functional food to 

increase dietary protein and calcium as well as other important nutrients, and thus may be useful in this 

population. Obese and overweight individuals may also benefit from consuming GY as part of a healthy 
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diet program due to the effects of protein on satiety and lean mass preservation (especially important 

during an energy-deficit (90,221–223)) and calcium’s role in reducing fat mass (11,98). Our data show 

that 1.74 g/kg/d was more effective at increasing strength, muscle thickness and fat-free mass than 1.22 

g/kg/d. This supports current position stands on protein recommendations for novice resistance 

exercisers indicating that 1.6 g/kg/d may be a more optimal level of protein to facilitate positive training 

adaptations (71,72,108).  In terms of the current RDA for protein (0.8 g/kg/d), our data indirectly 

demonstrate that young healthy males not only habitually consume well above the RDA (~50% above) 

but that this level of intake is insufficient for individuals involved in RT. Lastly, our data also provide 

support for a mixed-modality approach to training as combining RT and PLY significantly improved 

strength, muscle thickness, and fat free mass in both groups. This combination may more closely 

resemble the type of physical activity of the general population (part RT, part PLY/sport/high intensity 

exercise). Coaches and dietitians can use these results to recommend GY to athletes or any individuals 

beginning a mixed exercise program with the goals of increasing strength and improving body 

composition. 

6.5 Future Directions 

 The properties of and nutrients in GY may also be beneficial for bone health. Increasing bone 

strength and density in early adulthood can reduce the risk of fractures and osteoporosis later in life 

(224). GY could also be beneficial for the older adult who, as a population, are characterized as under-

consuming protein (225,226). Older adults are also less sensitive to the anabolic effects of protein and 

therefore require more to maintain their muscle and bone health with age (227,228). Additionally, GY 

should be further investigated in overweight populations for its effects on body composition and satiety 

(11). Future research could investigate GY consumption in the context of digestive health. A healthy 

digestive system and microbiome have been associated with general health and healthy aging due to 

their impacts on immunology and metabolism (62). Future research should focus on strategies to 
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incorporate GY into the diets of older persons, especially breakfast meals as this is often a CHO-

dominated meal low in protein and research suggests adding 20-30g of high quality protein to each meal 

should be strived for in efforts to achieve healthy aging (229). Research could also directly compare GY 

against other popular protein sources such as milk or whey in a similar intervention study with the same 

outcomes. Lastly, future research should also characterize the postprandial AA profile and absorption 

kinetics of GY, specifically noting the leucine and BCAA content, as these factors are important for MPS 

and overall protein balance (135,230). 

6.6 Conclusion 

 Habitual GY consumption compared to a CHO-based pudding during a 12-week RT/PLY program 

increased strength and muscle thickness while improving body composition in young healthy men who 

are new to resistance exercise. Based on our results, GY should be consumed, especially by individuals 

beginning a RT program, to increase protein intake and to facilitate favourable training adaptations. GY 

may be able to increase overall health in several ways that extend beyond muscular benefit while 

attenuating disease risk.  

 

 

  



Bridge, 60 
 

7. References  
1.  Devries M., Phillips S. Supplemental Protein in Support of Muscle Mass and Health: Advantage 

Whey. J Food Sci. 2015;1:8–15.  
2.  Hartman JW, Tang JE, Wilkinson SB, Tarnopolsky MA, Lawrence RL, Fullerton A V., Phillips SM. 

Consumption of fat-free fluid milk after resistance exercise promotes greater lean mass accretion 
than does consumption of soy or carbohydrate in young, novice, male weightlifters. Am J Clin 
Nutr. 2007;86:373–81.  

3.  Josse AR, Tang JE, Tarnopolsky MA, Phillips SM. Body composition and strength changes in 
women with milk and resistance exercise. Med Sci Sports Exerc. 2010;42:1122–30.  

4.  Anthony JC, Anthony TG, Kimball SR, Jefferson LS. Signaling pathways involved in translational 
control of protein synthesis in skeletal muscle by leucine. J Nutr. 2001;131:856–60.  

5.  Layman DK, Anthony TG, Rasmussen BB, Adams SH, Lynch CJ, Brinkworth GD, Davis TA. Defining 
meal requirements for protein to optimize metabolic roles of amino acids. Am J Clin Nutr. 
2015;101:1330S–1338S.  

6.  Norton LE, Layman DK. Leucine regulates translation initiation of protein synthesis in skeletal 
muscle after exercise. J Nutr. 2006;136:533S–537S.  

7.  Miller PE, Alexander DD, Perez V. Effects of Whey Protein and Resistance Exercise on Body 
Composition: A Meta-Analysis of Randomized Controlled Trials. J Am Coll Nutr. 2014;33:163–75.  

8.  Boirie Y, Dangin M, Gachon P, Vasson M-P, Maubois J-L, Beaufrere B. Slow and fast dietary 
proteins differently modulate postprandial protein accretion. Proc Natl Acad Sci U S A. 
1997;94:14930–5.  

9.  Reitelseder S, Agergaard J, Doessing S, Helmark IC, Lund P, Kristensen NB, Frystyk J, Flyvbjerg A, 
Schjerling P, van Hall G, et al. Whey and casein labeled with L-[1-13C]leucine and muscle protein 
synthesis: effect of resistance exercise and protein ingestion. Am J Physiol Endocrinol Metab. 
2011;300:E231–42.  

10.  Jacques PF, Wang H. Yogurt and weight management. Am J Clin Nutr. 2014;99.  
11.  Zemel MB, Richards J, Mathis S, Milstead  a, Gebhardt L, Silva E. Dairy augmentation of total and 

central fat loss in obese subjects. Int J Obes (Lond). 2005;29:391–7.  
12.  Thomas DT, Wideman L, Lovelady CA. Effects of a dairy supplement and resistance training on 

lean mass and insulin-like growth factor in women. Int J Sport Nutr Exerc Metab. 2011;21:181–8.  
13.  White KM, Bauer SJ, Hartz KK, Baldridge M. Changes in body composition with yogurt 

consumption during resistance training in women. Int J Sport Nutr Exerc Metab. 2009;19:18–33.  
14.  Naclerio F, Larumbe-Zabala E. Effects of Whey Protein Alone or as Part of a Multi-ingredient 

Formulation on Strength, Fat-Free Mass, or Lean Body Mass in Resistance-Trained Individuals: A 
Meta-analysis. Sports Medicine. 2016. p. 125–37.  

15.  Thorning TK, Bertram HC, Bonjour JP, De Groot L, Dupont D, Feeney E, Ipsen R, Lecerf JM, Mackie 
A, McKinley MC, et al. Whole dairy matrix or single nutrients in assessment of health effects: 
Current evidence and knowledge gaps. American Journal of Clinical Nutrition. 2017.  

16.  Josse AR, Phillips SM. Impact of milk consumption and resistance training on body composition of 
female athletes. Med Sport Sci. 2013;59:94–103.  

17.  Rankin JW, Goldman LP, Puglisi MJ, Nickols-Richardson SM, Earthman CP, Gwazdauskas FC. Effect 
of post-exercise supplement consumption on adaptations to resistance training. J Am Coll Nutr. 
2004;23:322–30.  

18.  Panahi S, Tremblay A. The Potential Role of Yogurt in Weight Management and Prevention of 
Type 2 Diabetes. J Am Coll Nutr. 2016;35:717–31.  

19.  Beena Divya J, Kulangara Varsha K, Madhavan Nampoothiri K, Ismail B, Pandey A. Probiotic 
fermented foods for health benefits. Eng Life Sci. 2012;12:377–90.  



Bridge, 61 
 

20.  Ismail MM, Ibrahim MM, Youssef EF, El Shorbagy KM. Plyometric Training Versus Resistive 
Exercises After Acute Lateral Ankle Sprain. Foot Ankle Int. 2010;31:523–30.  

21.  Marco ML, Heeney D, Binda S, Cifelli CJ, Cotter PD, Foligne B, Ganzle M, Kort R, Pasin G, Pihlanto 
A, et al. Health benefits of fermented foods: microbiota and beyond. Curr Opin Biotechnol. 
2017;44:94–102.  

22.  Tamang JP, Shin DH, Jung SJ, Chae SW. Functional properties of microorganisms in fermented 
foods. Front Microbiol. 2016;7.  

23.  Morelli L. Yogurt, living cultures, and gut health. Am J Clin Nutr. 2014;99.  
24.  Bong DD, Moraru CI. Use of micellar casein concentrate for Greek-style yogurt manufacturing: 

Effects on processing and product properties. J Dairy Sci. 2014;97:1259–69.  
25.  Zhu Y, Hsu WH, Hollis JH. The Impact of Food Viscosity on Eating Rate, Subjective Appetite, 

Glycemic Response and Gastric Emptying Rate. PLoS One. 2013;8:e67482.  
26.  Fernandez MA, Marette A. Potential Health Benefits of Combining Yogurt and Fruits Based on 

Their Probiotic and Prebiotic Properties. Adv Nutr An Int Rev J. 2017;8:155–64.  
27.  Weerathilake WADV, Rasika DMD, Ruwanmali JKU, Munasinghe  and MADD. The evolution, 

processing, varieties and health benefits of yogurt. Int J Sci Res Publ. 2014;4.  
28.  Aune D, Norat T, Romundstad P, Vatten LJ. Dairy products and the risk of type 2 diabetes: a 

systematic review and dose-response meta-analysis of cohort studies. Am J Clin Nutr. 
2013;98:1066–83.  

29.  Volek JS, Volk BM, Gomez AL, Kunces LJ, Kupchak BR, Freidenreich DJ, Aristizabal JC, Saenz C, 
Dunn-Lewis C, Ballard KD, et al. Whey protein supplementation during resistance training 
augments lean body mass. J Am Coll Nutr. 2013;32:122–35. doi: 
10.1080/07315724.2013.793580.  

30.  Pei R, Martin DA, DiMarco DM, Bolling BW. Evidence for the effects of yogurt on gut health and 
obesity. Crit Rev Food Sci Nutr. 2017;57:1569–83.  

31.  Adolfsson O, Meydani SN, Russell RM. Yogurt and gut function. Am J Clin Nutr. 2004;80:245–56.  
32.  Metter EJ, Talbot LA, Schrager M, Conwit R. Skeletal Muscle Strength as a Predictor of All-Cause 

Mortality in Healthy Men. Journals Gerontol Ser A Biol Sci Med Sci. 2002;57:B359–65.  
33.  Ruiz JR, Sui X, Lobelo F, Morrow JR, Jackson AW, Sjöström M, Blair SN. Association between 

muscular strength and mortality in men: Prospective cohort study. BMJ. 2008;  
34.  Borst SE. Interventions for sarcopenia and muscle weakness in older people. Age Ageing. 

2004;33:548–55.  
35.  Rizzoli R, Bruyere O, Cannata-Andia JB, Devogelaer J-P, Lyritis G, Ringe JD, Vellas B, Reginster J-Y. 

Management of osteoporosis in the elderly. Curr Med Res Opin. 2009;25:2373–87.  
36.  Giampaoli S, Ferrucci L, Cecchi F, Noce C Lo, Poce A, Dima F, Santaquilani A, Vescio MF, Menotti 

A. Hand-grip strength predicts incident disability in non-disabled older men. Age Ageing. 
1999;28:283–8.  

37.  Brill P a, Macera C a, Davis DR, Blair SN, Gordon N. Muscular strength and physical function. Med 
Sci Sports Exerc. 2000;32:412–6.  

38.  Szulc P, Beck TJ, Marchand F, Delmas PD. Low skeletal muscle mass is associated with poor 
structural parameters of bone and impaired balance in elderly men--the MINOS study. J Bone 
Miner Res. 2005;20:721–9.  

39.  Foldvari M, Clark M, Laviolette LC, Bernstein MA, Kaliton D, Castaneda C, Pu CT, Hausdorff JM, 
Fielding RA, Fiatarone Singh MA. Association of muscle power with functional status in 
community-dwelling elderly women. Journals Gerontol - Ser A Biol Sci Med Sci. 2000;55:192–9.  

40.  Karlsson MK, Vonschewelov T, Karlsson C, CÃster M, Rosengen BE. Prevention of falls in the 
elderly: A review. Scand J Public Health. 2013;24:747–62.  

41.  Wolfe RR. The underappreciated role of muscle in health and disease. American Journal of 



Bridge, 62 
 

Clinical Nutrition. 2006. p. 475–82.  
42.  Zisman A, Peroni OD, Abel ED, Michael MD, Mauvais-Jarvis F, Lowell BB, Wojtaszewski JF, 

Hirshman MF, Virkamaki A, Goodyear LJ, et al. Targeted disruption of the glucose transporter 4 
selectively in muscle causes insulin resistance and glucose intolerance. Nat Med. 2000;6:924–8.  

43.  Lee SY, Gallagher D. Assessment methods in human body composition. Curr Opin Clin Nutr Metab 
Care. 2008;11:566–72.  

44.  Kohrt WM, Malley MT, Dalsky GP, Holloszy JO. Body composition of healthy sedentary and 
trained, young and older men and women. Med Sci Sports Exerc. 1992;24:832–7.  

45.  Kyle UG, Schutz Y, Dupertuis YM, Pichard C. Body composition interpretation: Contributions of 
the fat-free mass index and the body fat mass index. Nutrition. 2003;19:597–604.  

46.  Bigaard J, Frederiksen K, Tjønneland A, Thomsen BL, Overvad K, Heitmann BL, Sørensen TIA. Body 
fat and fat-free mass and all-cause mortality. Obes Res. 2004;12:1042–9.  

47.  Deschenes MR, Kraemer WJ. Performance and physiologic adaptations to resistance training. Am 
J Phys Med Rehabil. 2002;81:S3-16.  

48.  Hakkinen K, Pakarinen A, Alen M, Kauhanen H, Komi P V. Neuromuscular and hormonal 
adaptations in athletes to strength training in two years. J Appl Physiol. 1988;65:2406–12.  

49.  Ahtiainen JP, Pakarinen A, Alen M, Kraemer WJ, Häkkinen K. Muscle hypertrophy, hormonal 
adaptations and strength development during strength training in strength-trained and untrained 
men. Eur J Appl Physiol. 2003;89:555–63.  

50.  Peterson MD, Rhea MR, Alvar BA. Applications of the dose-response for muscular strength 
development: a review of meta-analytic efficacy and reliability for designing training prescription. 
J strength Cond Res. 2005;19:950–8.  

51.  Staron RS, Karapondo DL, Kraemer WJ, Fry AC, Gordon SE, Falkel JE, Hagerman FC, Hikida RS. 
Skeletal muscle adaptations during early phase of heavy-resistance training in men and women. J 
Appl Physiol. 1994;76:1247–55.  

52.  Martel GF, Roth SM, Ivey FM, Lemmer JT, Tracy BL, Hurlbut DE, Metter EJ, Hurley BF, Rogers MA. 
Age and sex affect human muscle fibre adaptations to heavy-resistance strength training. Exp 
Physiol. 2006;91:457–64.  

53.  Weltman A, Weltman JY, Hartman ML, Abbott RD, Rogol AD, Evans WS, Veldhuis JD. Relationship 
between age, percentage body fat, fitness, and 24-hour growth hormone release in healthy 
young adults: Effects of gender. J Clin Endocrinol Metab. 1994;78:543–8.  

54.  Kraemer WJ, Gordon SE, Fleck SJ, Marchitelli LJ, Mello R, Dziados JE, Friedl K, Harman E, Maresh 
C, Fry AC. Endogenous anabolic hormonal and growth factor responses to heavy resistance 
exercise in males and females. Int J Sports Med. 1991;12:228–35.  

55.  Billaut F, Bishop D. Muscle fatigue in males and females during multiple-sprint exercise. Sport 
Med. 2009;39:257–78.  

56.  Caroli A, Poli A, Ricotta D, Banfi G, Cocchi D. Invited review: Dairy intake and bone health: A 
viewpoint from the state of the art. J Dairy Sci. 2011;94:5249–62.  

57.  Res PT, Groen B, Pennings B, Beelen M, Wallis GA, Gijsen AP, Senden JMG, Van Loon LJC. Protein 
ingestion before sleep improves postexercise overnight recovery. Med Sci Sports Exerc. 
2012;44:1560–9.  

58.  Haug A, Høstmark AT, Harstad OM. Bovine Milk in Human Nutrition – a Review. Lipids Health Dis. 
2007;6:25.  

59.  Bronner F, Pansu D. Nutritional Aspects of Calcium Absorption. J Nutr. 1999;129 No 1:9–12.  
60.  Kolars JC, Levitt MD, Aouji M, Savaiano DA. Yogurt--an autodigesting source of lactose. N Engl J 

Med. 1984;310:1–3.  
61.  Chen M, Sun Q, Giovannucci E, Mozaffarian D, Manson JAE, Willett WC, Hu FB. Dairy 

consumption and risk of type 2 diabetes: 3 cohorts of US adults and an updated meta-analysis. 



Bridge, 63 
 

BMC Med. 2014;12.  
62.  Biagi E, Franceschi C, Rampelli S, Severgnini M, Ostan R, Turroni S, Consolandi C, Quercia S, Scurti 

M, Monti D, et al. Gut Microbiota and Extreme Longevity. Curr Biol. 2016;26:1480–5.  
63.  Van Niel CW, Feudtner C, Garrison MM, Christakis DA. Lactobacillus therapy for acute infectious 

diarrhea in children: a meta-analysis. Pediatrics. 2002;109:678–84.  
64.  Peters RK, Pike MC, Garabrant D, Mack TM. Diet and colon cancer in Los Angeles County, 

California. Cancer Causes Control. 1992;3:457–73.  
65.  Sartor RB. Pathogenesis and immune mechanisms of chronic inflammatory bowel diseases. Am J 

Gastroenterol. 1997;92:5S–11S.  
66.  Isolauri E, Salminen S. Probiotics: use in allergic disorders: a Nutrition, Allergy, Mucosal 

Immunology, and Intestinal Microbiota (NAMI) Research Group Report. J Clin Gastroenterol. 
2008;42 Suppl 2:S91-6.  

67.  Beshkova DM, Simova ED, Frengova GI, Simov ZI, Adilov EF. Production of amino acids by yogurt 
bacteria. Biotechnol Prog. 1998;14:963–5.  

68.  Zemel MB. Role of calcium and dairy products in energy partitioning and weight management. 
Am J Clin Nutr. 2004;79:907–12.  

69.  Wilkinson SB, Tarnopolsky MA, MacDonald MJ, MacDonald JR, Armstrong D, Phillips SM. 
Consumption of fluid skim milk promotes greater muscle protein accretion after resistance 
exercise than does consumption of an isonitrogenous and isoenergetic soy-protein beverage. Am 
J Clin Nutr. 2007;85:1031–40.  

70.  Candow DG, Burke NC, Smith-Palmer T, Burke DG. Effect of whey and soy protein 
supplementation combined with resistance training in young adults. Int J Sport Nutr Exerc Metab. 
2006;16:233–44.  

71.  Lemon PW. Beyond the zone: protein needs of active individuals. J Am Coll Nutr. 2000;19:513S–
521S.  

72.  Morton RW, Murphy KT, McKellar SR, Schoenfeld BJ, Henselmans M, Helms E, Aragon AA, Devries 
MC, Banfield L, Krieger JW, et al. A systematic review, meta-analysis and meta-regression of the 
effect of protein supplementation on resistance training-induced gains in muscle mass and 
strength in healthy adults. Br J Sports Med. 2017;52:376–84.  

73.  Schoenfeld BJ, Aragon AA. How much protein can the body use in a single meal for muscle-
building? Implications for daily protein distribution. J Int Soc Sports Nutr. 2018;15.  

74.  Weisgarber KD, Candow DG, Vogt E SM. Whey protein before and during resistance exercise has 
no effect on muscle mass and strength in untrained young adults. Int J Sport Nutr Exerc Metab. 
2012;22:463–9.  

75.  Mielke M, Housh T, Malek M, Beck T, Schmidt R, Johnson G, Housh D. The effects of whey protein 
and leucine supplementation on strength, muscular endurance, and body composition during 
resistance training. J Exerc Physiol Online. 2009;12:39–50.  

76.  Vieillevoye S, Poortmans JR, Duchateau J, Carpentier A. Effects of a combined essential amino 
acids/carbohydrate supplementation on muscle mass, architecture and maximal strength 
following heavy-load training. Eur J Appl Physiol. 2010;110:479–88.  

77.  Erskine RM, Fletcher G, Hanson B, Folland JP. Whey protein does not enhance the adaptations to 
elbow flexor resistance training. Med Sci Sports Exerc. 2012;44:1791–800.  

78.  Lee WT, Weisell R, Albert J, Tomé D, Kurpad A V, Uauy R. Research Approaches and Methods for 
Evaluating the Protein Quality of Human Foods Proposed by an FAO Expert Working Group in 
2014. J Nutr. 2016;146:929–32.  

79.  Schaafsma G. Advantages and limitations of the protein digestibility-corrected amino acid score 
(PDCAAS) as a method for evaluating protein quality in human diets. Br J Nutr. 2012;108:S333–6.  

80.  Hoffman JR, Falvo MJ. Protein - Which is best? Journal of Sports Science and Medicine. 2004. p. 



Bridge, 64 
 

118–30.  
81.  Wolfe RR, Rutherfurd SM, Kim IY, Moughan PJ. Protein quality as determined by the Digestible 

Indispensable Amino Acid Score: Evaluation of factors underlying the calculation. Nutr Rev. 
2016;74:584–99.  

82.  Rutherfurd SM, Fanning AC, Miller BJ, Moughan PJ. Protein digestibility-corrected amino acid 
scores and digestible indispensable amino acid scores differentially describe protein quality in 
growing male rats. J Nutr. 2015;145:372–9.  

83.  Mathai JK, Liu Y, Stein HH. Values for digestible indispensable amino acid scores (DIAAS) for some 
dairy and plant proteins may better describe protein quality than values calculated using the 
concept for protein digestibility-corrected amino acid scores (PDCAAS). Br J Nutr. 2017;117:490–
9.  

84.  Mandalari G, Mackie AM, Rigby NM, Wickham MSJ, Mills ENC. Physiological phosphatidylcholine 
protects bovine β-lactoglobulin from simulated gastrointestinal proteolysis. Mol Nutr Food Res. 
2009;  

85.  Mandalari G, Rigby NM, Bisignano C, Lo Curto RB, Mulholland F, Su M, Venkatachalam M, 
Robotham JM, Willison LN, Lapsley K, et al. Effect of food matrix and processing on release of 
almond protein during simulated digestion. LWT - Food Sci Technol. 2014;  

86.  Tang JE, Moore DR, Kujbida GW, Tarnopolsky M a, Phillips SM. Ingestion of whey hydrolysate, 
casein, or soy protein isolate: effects on mixed muscle protein synthesis at rest and following 
resistance exercise in young men. J Appl Physiol. 2009;107:987–92.  

87.  Dangin M, Boirie Y, Garcia-Rodenas C, Gachon P, Fauquant J, Callier P, Ballèvre O, Beaufrère B. 
The digestion rate of protein is an independent regulating factor of postprandial protein 
retention. Am J Physiol Endocrinol Metab. 2001;280:E340–8.  

88.  Abargouei A, Janghorbani M, Salehi-Marzijarani M, Esmaillzadeh A. Effect of dairy consumption 
on weight and body composition in adults: a systematic review and meta-analysis of randomized 
controlled clinical trials. Int J Obes. 2012;36:1485–93.  

89.  Stonehouse W, Wycherley T, Luscombe-Marsh N, Taylor P, Brinkworth G, Riley M. Dairy Intake 
Enhances Body Weight and Composition Changes during Energy Restriction in 18–50-Year-Old 
Adults—A Meta-Analysis of Randomized Controlled Trials. Nutrients. 2016;8:394.  

90.  Leidy HJ, Clifton PM, Astrup A, Wycherley TP, Westerterp-Plantenga MS, Luscombe-Marsh ND, 
Woods SC, Mattes RD. The role of protein in weight loss and maintenance. Am J Clin Nutr. 
2015;101:1320–9.  

91.  Mettler S, Mitchell N, Tipton KD. Increased protein intake reduces lean body mass loss during 
weight loss in athletes. Med Sci Sports Exerc. 2010;42:326–37.  

92.  Westerterp-Plantenga MS. The significance of protein in food intake and body weight regulation. 
Curr Opin Clin Nutr Metab Care. 2003;6:635–8.  

93.  Westerterp-Plantenga MS, Rolland V, Wilson SAJ, Westerterp KR. Satiety related to 24 h diet-
induced thermogenesis during high protein/carbohydrate vs high fat diets measured in a 
respiration chamber. Eur J Clin Nutr. 1999;53:495–502.  

94.  Douglas SM, Ortinau LC, Hoertel HA, Leidy HJ. Low, moderate, or high protein yogurt snacks on 
appetite control and subsequent eating in healthy women. Appetite. 2013;60:117–22.  

95.  El Khoury D, Brown P, Smith G, Berengut S, Panahi S, Kubant R, Anderson GH. Increasing the 
protein to carbohydrate ratio in yogurts consumed as a snack reduces post-consumption 
glycemia independent of insulin. Clin Nutr. 2014;33:29–38.  

96.  Moore DR, Robinson MJ, Fry JL, Tang JE, Glover EI, Wilkinson SB, Prior T, Tarnopolsky MA, Phillips 
SM. Ingested protein dose response of muscle and albumin protein synthesis after resistance 
exercise in young men. Am J Clin Nutr. 2009;89:161–8.  

97.  Bray GA, Redman LM, De Jonge L, Covington J, Rood J, Brock C, Mancuso S, Martin CK, Smith SR. 



Bridge, 65 
 

Effect of protein overfeeding on energy expenditure measured in a metabolic chamber. Am J Clin 
Nutr. 2015;101:496–505.  

98.  Zemel MB. The Role of Dairy Foods in Weight Management. J Am Coll Nutr. 2005;24:537–46.  
99.  Christensen R, Lorenzen JK, Svith CR, Bartels EM, Melanson EL, Saris WH, Tremblay A, Astrup A. 

Effect of calcium from dairy and dietary supplements on faecal fat excretion: A meta-analysis of 
randomized controlled trials. Obes Rev. 2009;10:475–86.  

100.  Zemel MB, Thompson W, Milstead A, Morris K, Campbell P. Calcium and dairy acceleration of 
weight and fat loss during energy restriction in obese adults. Obes Res. 2004;12:582–90.  

101.  Melanson EL, Donahoo WT, Dong F, Ida T, Zemel MB. Effect of low- and high-calcium dairy-based 
diets on macronutrient oxidation in humans. Obes Res. 2005;13:2102–12.  

102.  Jacobsen R, Lorenzen JK, Toubro S, Krog-Mikkelsen I, Astrup A. Effect of short-term high dietary 
calcium intake on 24-h energy expenditure, fat oxidation, and fecal fat excretion. Int J Obes. 
2005;29:292–301.  

103.  Churchward-Venne TA, Holwerda AM, Phillips SM, van Loon LJC. What is the Optimal Amount of 
Protein to Support Post-Exercise Skeletal Muscle Reconditioning in the Older Adult? Sports 
Medicine. 2016. p. 1205–12.  

104.  Symons TB, Sheffield-Moore M, Wolfe RR, Paddon-Jones D. A Moderate Serving of High-Quality 
Protein Maximally Stimulates Skeletal Muscle Protein Synthesis in Young and Elderly Subjects. J 
Am Diet Assoc. 2009;109:1582–6.  

105.  Witard OC, Jackman SR, Breen L, Smith K, Selby A, Tipton KD. Myofibrillar muscle protein 
synthesis rates subsequent to a meal in response to increasing doses of whey protein at rest and 
after resistance exercise. Am J Clin Nutr. 2014;99:86–95.  

106.  Kakigi R, Yoshihara T, Ozaki H, Ogura Y, Ichinoseki-Sekine N, Kobayashi H, Naito H. Whey protein 
intake after resistance exercise activates mTOR signaling in a dose-dependent manner in human 
skeletal muscle. Eur J Appl Physiol. 2014;114:735–42.  

107.  Moore DR, Areta J, Coffey VG, Stellingwerff T, Phillips SM, Burke LM, Cléroux M, Godin J-P, 
Hawley J a. Daytime pattern of post-exercise protein intake affects whole-body protein turnover 
in resistance-trained males. Nutr Metab (Lond). 2012;9:91.  

108.  Cermak NM, Res PT, De Groot LCPGM, Saris WHM, Van Loon LJC. Protein supplementation 
augments the adaptive response of skeletal muscle to resistance-type exercise training: A meta-
analysis. Am J Clin Nutr. 2012;96:1454–64.  

109.  Mazzulla M, Volterman KA, Packer JE, Wooding DJ, Brooks JC, Kato H, Moore DR. Whole-body net 
protein balance plateaus in response to increasing protein intakes during post-exercise recovery 
in adults and adolescents. Nutr Metab. 2018;15.  

110.  Phillips SM. The impact of protein quality on the promotion of resistance exercise-induced 
changes in muscle mass. Nutr Metab (Lond). 2016;13:64.  

111.  Dreyer HC, Drummond MJ, Pennings B, Fujita S, Glynn EL, Chinkes DL, Dhanani S, Volpi E, 
Rasmussen BB, Hc D, et al. Leucine-enriched essential amino acid and carbohydrate ingestion 
following resistance exercise enhances mTOR signaling and protein synthesis in human muscle. 
Am J Physiol Endocrinol Metab. 2008;1144:392–400.  

112.  Tipton KD, Ferrando AA, Phillips SM, Doyle Jr. D, Wolfe RR, Doyle D, Wolfe RR. Postexercise net 
protein synthesis in human muscle from orally administered amino acids. Am J Physiol. 
1999;276:E628-34.  

113.  Stark M, Lukaszuk J, Prawitz A, Salacinski A. Protein timing and its effects on muscular 
hypertrophy and strength in individuals engaged in weight-training. J Int Soc Sports Nutr. 
2012;9:54.  

114.  No Title [Internet]. whey Protein Institute. 2013. Available from: 
http://www.wheyproteininstitute.org/sites/default/files/Leucine-Content-in-Common-Foods.pdf 



Bridge, 66 
 

115.  Ispoglou T, King RFGJ, Polman RCJ, Zanker C. Daily L-leucine supplementation in novice trainees 
during a 12-week weight training program. Int J Sports Physiol Perform. 2011;6:38–50.  

116.  Aguiar AF, Grala AP, da Silva RA, Soares-Caldeira LF, Pacagnelli FL, Ribeiro AS, da Silva DK, de 
Andrade WB, Balvedi MCW. Free leucine supplementation during an 8-week resistance training 
program does not increase muscle mass and strength in untrained young adult subjects. Amino 
Acids. 2017;49:1255–62.  

117.  West DWD, Burd NA, Staples AW, Phillips SM. Human exercise-mediated skeletal muscle 
hypertrophy is an intrinsic process. International Journal of Biochemistry and Cell Biology. 2010. 
p. 1371–5.  

118.  Morton RW, McGlory C, Phillips SM. Nutritional interventions to augment resistance training-
induced skeletal muscle hypertrophy. Frontiers in Physiology. 2015.  

119.  Biolo G, Tipton KD, Klein S, Wolfe RR. An abundant supply of amino acids enhances the metabolic 
effect of exercise on muscle protein. Am J Physiol. 1997;273:E122–9.  

120.  Hulmi JJ, Kovanen V, Selänne H, Kraemer WJ, Häkkinen K, Mero AA. Acute and long-term effects 
of resistance exercise with or without protein ingestion on muscle hypertrophy and gene 
expression. Amino Acids. 2009;37:297–308.  

121.  Andersen LL, Tufekovic G, Zebis MK, Crameri RM, Verlaan G, Kjær M, Suetta C, Magnusson P, 
Aagaard P. The effect of resistance training combined with timed ingestion of protein on muscle 
fiber size and muscle strength. Metabolism. 2005;54:151–6.  

122.  Hoffman JR, Ratamess NA, Tranchina CP, Rashti SL, Kang J, Faigenbaum AD. Effect of protein-
supplement timing on strength, power, and body-composition Changes in resistance-trained 
men. Int J Sport Nutr Exerc Metab. 2009;19:172–85.  

123.  Joy JM, Vogel RM, Shane Broughton K, Kudla U, Kerr NY, Davison JM, Wildman REC, DiMarco NM. 
Daytime and nighttime casein supplements similarly increase muscle size and strength in 
response to resistance training earlier in the day: A preliminary investigation. J Int Soc Sports 
Nutr. 2018;15.  

124.  Trommelen J, Loon L van. Pre-Sleep Protein Ingestion to Improve the Skeletal Muscle Adaptive 
Response to Exercise Training. Nutr 2016, Vol 8, Page 763. 2016;8:763.  

125.  Snijders T, Res PT, Smeets JSJ, Vliet S Van, Kranenburg J Van, Maase K, Kies AK, Verdijk LB, Loon 
LJC Van, van Vliet S, et al. Protein Ingestion before Sleep Increases Muscle Mass and Strength 
Gains during Prolonged Resistance-Type Exercise Training in Healthy Young Men. J Nutr. 
2015;145:1178–84.  

126.  Schoenfeld BJ, Aragon AA, Krieger JW. The effect of protein timing on muscle strength and 
hypertrophy: a meta-analysis. J Int Soc Sports Nutr. 2013;10:53.  

127.  Mark A. Tarnopolsky. Building muscle: nutrition to maximize bulk and strength adaptations to 
resistance exercise training. Eur J Sport Sci. 2008;8:67–76.  

128.  Børsheim E, Cree MG, Tipton KD, Elliott T a, Aarsland A, Wolfe RR, Borsheim E. Effect of 
carbohydrate intake on net muscle protein synthesis during recovery from resistance exercise. J 
Appl Physiol. 2004;96:674–8.  

129.  Hulmi JJ, Tannerstedt J, Selänne H, Kainulainen H, Kovanen V, Mero AA. Resistance exercise with 
whey protein ingestion affects mTOR signaling pathway and myostatin in men. J Appl Physiol. 
2009;106:1720–9.  

130.  Willoughby DS, Stout JR, Wilborn CD. Effects of resistance training and protein plus amino acid 
supplementation on muscle anabolism, mass, and strength. Amino Acids. 2007;32:467–77.  

131.  Bird SP, Tarpenning KM, Marino FE. Independent and combined effects of liquid 
carbohydrate/essential amino acid ingestion on hormonal and muscular adaptations following 
resistance training in untrained men. Eur J Appl Physiol. 2006;97:225–38.  

132.  Coburn JW, Housh DJ, Housh TJ, Malek MH, Beck TW, Cramer JT, Johnson GO, Donlin PE. Effects 



Bridge, 67 
 

of leucine and whey protein supplementation during eight weeks of unilateral resistance training. 
J Strength Cond Res. 2006;20:284–91.  

133.  Roy BD, Tarnopolsky M a, MacDougall JD, Fowles J, Yarasheski KE. Effect of glucose supplement 
timing on protein metabolism after resistance training. J Appl Physiol. 1997;82:1882–8.  

134.  Grgic J, Schoenfeld BJ, Davies TB, Lazinica B, Krieger JW, Pedisic Z. Effect of Resistance Training 
Frequency on Gains in Muscular Strength: A Systematic Review and Meta-Analysis. Sport Med. 
2018;48:1207–20.  

135.  Norton LE, Layman DK, Bunpo P, Anthony TG, Brana D V, Garlick PJ. The leucine content of a 
complete meal directs peak activation but not duration of skeletal muscle protein synthesis and 
mammalian target of rapamycin signaling in rats. J Nutr. 2009;139:1103–9.  

136.  Schoenfeld BJ. The mechanisms of muscle hypertrophy and their application to resistance 
training. J Strength Cond Res. 2010;24:2857–72.  

137.  Toigo M, Boutellier U. New fundamental resistance exercise determinants of molecular and 
cellular muscle adaptations. European Journal of Applied Physiology. 2006. p. 643–63.  

138.  Vierck J, O’Reilly B, Hossner K, Antonio J, Byrne K, Bucci L, Dodson M. Satellite cell regulation 
following myotrauma caused by resistance exercise. Cell Biol Int. 2000;24:263–72.  

139.  Kirk EP, Donnelly JE, Smith BK, Honas J, Lecheminant JD, Bailey BW, Jacobsen DJ, Washburn RA. 
Minimal resistance training improves daily energy expenditure and fat oxidation. Med Sci Sports 
Exerc. 2009;  

140.  Smith MM, Sommer AJ, Starkoff BE, Devor ST. Crossfit-based high-intensity power training 
improves maximal aerobic fitness and body composition. J Strength Cond Res. 2013;27:3159–72.  

141.  Alvehus M, Boman N, Soderlund K, Svensson MB, Buren J. Metabolic adaptations in skeletal 
muscle, adipose tissue, and whole-body oxidative capacity in response to resistance training. Eur 
J Appl Physiol. 2014;114:1463–71.  

142.  Zamani M, Peeri M. Comparing the effect of 8-weeks resistance training with different patterns 
of movement on the levels of adiponectin, leptin, testosterone and cortisol in sedentary men. 
Iran J Endocrinol Metab. 2016;17.  

143.  Ucan Y. Effects of Circuit Resistance Training on Body Composition and Bone Status in Young 
Males. Sport Journal. 2014. p. 1–11.  

144.  Lo MS, Lin LLC, Yao W-J, Ma M-C. Training and detraining effects of the resistance vs. endurance 
program on body composition, body size, and physical performance in young men. J strength 
Cond Res / Natl Strength Cond  Assoc. 2011;25:2246–54.  

145.  Sáez-Sáez de Villarreal E, Requena B, Newton RU. Does plyometric training improve strength 
performance? A meta-analysis. J Sci Med Sport. 2010;13:513–22.  

146.  Vissing K, Brink M, Lønbro S, Sørensen H, Overgaard K, Danborg K, Mortensen J, Elstrøm O, 
Rosenhøj N, Ringgaard S, et al. Muscle adaptations to plyometric vs. resistance training in 
untrained young men. J Strength Cond Res. 2008;22:1799–810.  

147.  Fatouros IG, Jamurtas AZ, LEONTSINI D, Taxildaris K, Aggelousis N, KOSTOPOULOS N, 
BUCKENMEYER P. Evaluation of Plyometric Exercise Training, Weight Training, and Their 
Combination on Vertical Jumping Performance and Leg Strength. J Strength Cond Res. 
2000;14:470.  

148.  Barnekow-Bergkvist M, Hedberg G, Janlert U, Jansson E. Physical activity pattern in men and 
women at the ages of 16 and 34 and development of physical activity from adolescence to 
adulthood. Scand J Med Sci Sports. 1996;6:359–70.  

149.  Spillane M, Emerson C, Willoughby DS. The effects of 8 weeks of heavy resistance training and 
branched-chain amino acid supplementation on body composition and muscle performance. 
Nutr Health. 2012;21:263–73.  

150.  Moore DR, Churchward-Venne TA, Witard O, Breen L, Burd NA, Tipton KD, Phillips SM. Protein 



Bridge, 68 
 

ingestion to stimulate myofibrillar protein synthesis requires greater relative protein intakes in 
healthy older versus younger men. Journals Gerontol - Ser A Biol Sci Med Sci. 2015;70:57–62.  

151.  Schoenfeld BJ, Ogborn D, Krieger JW. Effects of Resistance Training Frequency on Measures of 
Muscle Hypertrophy: A Systematic Review and Meta-Analysis. Sport Med. 2016;46:1689–97.  

152.  Krieger JW. Single vs. multiple sets of resistance exercise for muscle hypertrophy: a meta-
analysis. J Strength Cond Res. 2010;24:1150–9.  

153.  Burd NA, West DWD, Staples AW, Atherton PJ, Baker JM, Moore DR, Holwerda AM, Parise G, 
Rennie MJ, Baker SK, et al. Low-load high volume resistance exercise stimulates muscle protein 
synthesis more than high-load low volume resistance exercise in young men. PLoS One. 
2010;5:e12033.  

154.  Fisher J, Steele J, Smith D. High- and Low-Load Resistance Training: Interpretation and Practical 
Application of Current Research Findings. Sport Med. 2017;47:393–400.  

155.  Ogasawara R. Low-Load Bench Press Training to Fatigue Results in Muscle Hypertrophy Similar to 
High-Load Bench Press Training. International Journal of Clinical Medicine. 2013. p. 114–21.  

156.  Schoenfeld BJ, Grgic J, Ogborn D, Krieger JW. Strength and hypertrophy adaptations between 
low- vs. High-load resistance training: A systematic review and meta-analysis. J Strength Cond 
Res. 2017;31:3508–23.  

157.  Rhea MR, Alderman BL. A meta-analysis of periodized versus nonperiodized strength and power 
training programs. Res Q Exerc Sport. 2004;75:413–22.  

158.  Harries SK, Lubans DR, Callister R. Systematic review and meta-analysis of linear and undulating 
periodized resistance training programs on muscular strength. J strength Cond Res. 
2015;29:1113–25.  

159.  Williams TD, Tolusso D V., Fedewa M V., Esco MR. Comparison of Periodized and Non-Periodized 
Resistance Training on Maximal Strength: A Meta-Analysis. Sports Medicine. 2017;1–18.  

160.  Gregov C, Salaj S. The effects of different training modalities on bone mass: A review. Kinesiology. 
2014;46:10–29.  

161.  Pasiakos SM, McLellan TM, Lieberman HR. The Effects of Protein Supplements on Muscle Mass, 
Strength, and Aerobic and Anaerobic Power in Healthy Adults: A Systematic Review. Sport Med. 
2015;45:111–31.  

162.  Canada M of H. Eating Well with Canada’s Food Guide. 2011.  
163.  Verdijk LB, van Loon L, Meijer K, Savelberg HHCM. One-repetition maximum strength test 

represents a valid means to assess leg strength in vivo in humans. J Sports Sci. 2009;27:59–68.  
164.  Carpinelli RN. Assessment of One Repetition Maximum (1RM) and 1RM Prediction Equations: Are 

they Really Necessary? Med Sport. 2011;15:91–102.  
165.  Mayhew JL, Johnson BD, Lamonte MJ, Lauber D, Kemmler W. Accuracy of prediction equations 

for determining one repetition maximum bench press in women before and after resistance 
training. J Strength Cond Res. 2008;22:1570–7.  

166.  LeSuer DA, McCormick JH, Mayhew JL, Wasserstein RL, Arnold MD. The Accuracy of Prediction 
Equations for Estimating 1-RM Performance in the Bench Press, Squat, and Deadlift. J Strength 
Cond Res. 1997;11:211.  

167.  Dohoney P, Chromiak JA, Lemire D, Abadie BR, Kovacs C. Prediction of one repetition maximum 
(1-RM) strength from a 4-6 RM and a7-10 RM submaximal strength test in healthy young adult 
males. J Exerc Physiol Online. 2002;5:54–9.  

168.  Reynolds JM, Gordon TJ, Robergs RA. Prediction of one repetition maximum strength from 
multiple repetition maximum testing and anthropometry. J Strength Cond Res. 2006;20:584–92.  

169.  Biaggi RR, Vollman MW, Nies MA, Brener CE, Flakoll PJ, Levenhagen DK, Sun M, Karabulut Z, Chen 
KY. Comparison of air-displacement plethysmography with hydrostatic weighing and bioelectrical 
impedance analysis for the assessment of body composition in healthy adults. Am J Clin Nutr. 



Bridge, 69 
 

1999;69:898–903.  
170.  Fields DA, Goran MI, McCrory MA. Body-composition assessment via air-displacement 

plethysmography in adults and children: A review. Am J Clin Nutr. 2002;75:453–67.  
171.  Lowry DW, Tomiyama AJ. Air displacement plethysmography versus dual-energy X-ray 

absorptiometry in underweight, normal-weight, and overweight/obese individuals. PLoS One. 
2015;10.  

172.  Bamman MM, Newcomer BR, Larson-Meyer DE, Weinsier RL, Hunter GR. Evaluation of the 
strength-size relationship in vivo using various muscle size indices. Med Sci Sports Exerc. 
2000;32:1307–13.  

173.  Castro MJ, McCann DJ, Shaffrath JD, Adams WC. Peak torque per unit cross-sectional area differs 
between strength-trained and untrained young adults. Med Sci Sports Exerc. 1995;27:397–403.  

174.  Phillips SM. Protein requirements and supplementation in strength sports. Nutrition. 
2004;20:689–95.  

175.  Folland JP, Williams AG. The adaptations to strength training: Morphological and neurological 
contributions to increased strength. Sport Med. 2007;37:145–68.  

176.  Schoenfeld BJ. The mechanisms of muscle hypertrophy and their application to resistance 
training. J Strength Cond Res. 2010;24:2857–72.  

177.  Schoenfeld BJ. Potential mechanisms for a role of metabolic stress in hypertrophic adaptations to 
resistance training. Sport Med. 2013;43:179–94.  

178.  Phillips SM, Hartman JW, Wilkinson SB. Dietary protein to support anabolism with resistance 
exercise in young men. J Am Coll Nutr. 2005;24:134S–139S.  

179.  Hulmi JJ, Lockwood CM, Stout JR. Effect of protein/essential amino acids and resistance training 
on skeletal muscle hypertrophy: A case for whey protein. Nutr Metab. 2010;7:51.  

180.  Ahtiainen JP, Hoffren M, Hulmi JJ, Pietikäinen M, Mero AA, Avela J, Häkkinen K. Panoramic 
ultrasonography is a valid method to measure changes in skeletal muscle cross-sectional area. 
Eur J Appl Physiol. 2010;108:273–9.  

181.  Reeves ND, Maganaris CN, Narici M V. Ultrasonographic assessment of human skeletal muscle 
size. Eur J Appl Physiol. 2004;91:116–8.  

182.  Ishida Y, Carroll JF, Pollock ML, Graves JE, Leggett SH. Reliability of B‐mode ultrasound for the 
measurement of body fat and muscle thickness. Am J Hum Biol. 1992;4:511–20.  

183.  Thoirs K, English C. Ultrasound measures of muscle thickness: Intra-examiner reliability and 
influence of body position. Clin Physiol Funct Imaging. 2009;29:440–6.  

184.  Nikander R, Sievänen H, Heinonen A, Daly RM, Uusi-Rasi K, Kannus P. Targeted exercise against 
osteoporosis: A systematic review and meta-analysis for optimising bone strength throughout 
life. BMC Med. 2010;8:47.  

185.  Ballor DL, Keesey RE. A meta-analysis of the factors affecting exercise-induced changes in body 
mass, fat mass and fat-free mass in males and females. Int J Obes. 1991;15:717–26.  

186.  Schoenfeld BJ, Ogborn D, Krieger JW. The dose–response relationship between resistance 
training volume and muscle hypertrophy: are there really still any doubts? J Sports Sci. 
2017;35:1985–7.  

187.  Figueiredo VC, de Salles BF, Trajano GS. Volume for Muscle Hypertrophy and Health Outcomes: 
The Most Effective Variable in Resistance Training. Sport Med. 2018;48:499–505.  

188.  Rhea MR, Alvar BA, Burkett LN, Ball SD. A meta-analysis to determine the dose response for 
strength development. Med Sci Sports Exerc. 2003;35:456–64.  

189.  Tremblay A, Doyon C, Sanchez M. Impact of yogurt on appetite control, energy balance, and body 
composition. Nutr Rev. 2015;73:23–7.  

190.  Aragon AA, Schoenfeld BJ, Wildman R, Kleiner S, VanDusseldorp T, Taylor L, Earnest CP, Arciero 
PJ, Wilborn C, Kalman DS, et al. International society of sports nutrition position stand: Diets and 



Bridge, 70 
 

body composition. J Int Soc Sports Nutr. 2017;14.  
191.  Rizzoli R. Dairy products, yogurts, and bone health. Am J Clin Nutr. 2014;99.  
192.  Rizzoli R, Biver E. Effects of Fermented Milk Products on Bone. Calcif Tissue Int. 2018;102:489–

500.  
193.  Sahni S, Tucker KL, Kiel DP, Quach L, Casey VA, Hannan MT. Milk and yogurt consumption are 

linked with higher bone mineral density but not with hip fracture: The Framingham Offspring 
Study. Arch Osteoporos. 2013;8.  

194.  Trommelen J, Holwerda AM, Kouw IWK, Langer H, Halson SL, Rollo I, Verdijk LB, Van Loon LJC. 
Resistance Exercise Augments Postprandial Overnight Muscle Protein Synthesis Rates. Med Sci 
Sports Exerc. 2016;48.  

195.  Churchward-Venne TA, Snijders T, Linkens AM, Hamer HM, van Kranenburg J, van Loon LJ. 
Ingestion of Casein in a Milk Matrix Modulates Dietary Protein Digestion and Absorption Kinetics 
but Does Not Modulate Postprandial Muscle Protein Synthesis in Older Men. J Nutr. 
2015;145:1438–45.  

196.  Soop M, Nehra V, Henderson GC, Boirie Y, Ford GC, Nair KS. Coingestion of whey protein and 
casein in a mixed meal: demonstration of a more sustained anabolic effect of casein. AJP 
Endocrinol Metab. 2012;1:152–62.  

197.  Liljeberg H, Björck I. Delayed gastric emptying rate may explain improved glycaemia in healthy 
subjects to a starchy meal with added vinegar. Eur J Clin Nutr. 1998;52:368–71.  

198.  Nakayama K, Kanda A, Tagawa R, Sanbongi C, Ikegami S, Itoh H. Post-exercise muscle protein 
synthesis in rats after ingestion of acidified bovine milk compared with skim milk. Nutrients. 
2017;9.  

199.  Hervert CJ, Martin NH, Boor KJ, Wiedmann M. Survival and detection of coliforms, 
Enterobacteriaceae , and gram-negative bacteria in Greek yogurt. J Dairy Sci. 2017;100:950–60.  

200.  Boon N, Koppes LLJ, Saris WHM, Van Mechelen W. The relation between calcium intake and body 
composition in a Dutch population: The Amsterdam Growth and Health Longitudinal Study. Am J 
Epidemiol. 2005;162:27–32.  

201.  Ortinau LC, Hoertel HA, Douglas SM, Leidy HJ. Effects of high-protein vs. high- fat snacks on 
appetite control, satiety, and eating initiation in healthy women. Nutr J. 2014;13.  

202.  Tsuchiya A, Almiron-Roig E, Lluch A, Guyonnet D, Drewnowski A. Higher satiety ratings following 
yogurt consumption relative to fruit drink or dairy fruit drink. J Am Diet Assoc. 2006;106:550–7.  

203.  Almiron-Roig E, Grathwohl D, Green H, Erkner A. Impact of some isoenergetic snacks on satiety 
and next meal intake in healthy adults. J Hum Nutr Diet. 2009;22:469–74.  

204.  Zemel MB. Regulation of Adiposity and Obesity Risk By Dietary Calcium: Mechanisms and 
Implications. J Am Coll Nutr. 2002;21:146–51.  

205.  Parikh SJ, Yanovski JA. Calcium intake and adiposity. Am J Clin Nutr. 2003;77:281–7.  
206.  Melanson EL, Sharp TA, Schneider J, Donahoo WT, Grunwald GK, Hill JO. Relation between 

calcium intake and fat oxidation in adult humans. Int J Obes. 2003;27:196–203.  
207.  Tate DF, Turner-McGrievy G, Lyons E, Stevens J, Erickson K, Polzien K, Diamond M, Wang X, 

Popkin B. Replacing caloric beverages with water or diet beverages for weight loss in adults: Main 
results of the Choose Healthy Options Consciously Everyday (CHOICE) randomized clinical trial. 
Am J Clin Nutr. 2012;95:555–63.  

208.  Candow DG, Burke DG. Effect of short-term equal-volume resistance training with different 
workout frequency on muscle mass and strength in untrained men and women. J Strength Cond 
Res. 2007;21:204–7.  

209.  Pan A, Hu FB. Effects of carbohydrates on satiety: Differences between liquid and solid food. Curr 
Opin Clin Nutr Metab Care. 2011;14:385–90.  

210.  Rothacker DQ, Watemberg S. Short-term hunger intensity changes following ingestion of a meal 



Bridge, 71 
 

replacement bar for weight control. Int J Food Sci Nutr. 2004;55:223–6.  
211.  Drozdowski L, Thomson ABR. Intestinal sugar transport. World J Gastroenterol. 2006;12:1657–70.  
212.  Greenhaff PL, Karagounis LG, Peirce N, Simpson EJ, Hazell M, Layfield R, Wackerhage H, Smith K, 

Atherton P, Selby A, et al. Disassociation between the effects of amino acids and insulin on 
signaling, ubiquitin ligases, and protein turnover in human muscle. Am J Physiol Endocrinol 
Metab. 2008;295:595–604.  

213.  Staples AW, Burd NA, West DWD, Currie KD, Atherton PJ, Moore DR, Rennie MJ, MacDonald MJ, 
Baker SK, Phillips SM. Carbohydrate does not augment exercise-induced protein accretion versus 
protein alone. Med Sci Sports Exerc. 2011;43:1154–61.  

214.  Weaver CM, Miller JW. Challenges in conducting clinical nutrition research. Nutr Rev. 
2017;75:491–9.  

215.  Staudacher HM, Irving PM, Lomer MCE, Whelan K. The challenges of control groups, placebos 
and blinding in clinical trials of dietary interventions. Proc Nutr Soc. 2017;76:628.  

216.  Hébert JR, Frongillo EA, Adams SA, Turner-McGrievy GM, Hurley TG, Miller DR, Ockene IS. 
Perspective: Randomized Controlled Trials Are Not a Panacea for Diet-Related Research. Adv 
Nutr. 2016;7:423–32.  

217.  Thibault R, Pichard C. The evaluation of body composition: A useful tool for clinical practice. Ann 
Nutr Metab. 2012;60:6–16.  

218.  Hangartner TN, Warner S, Braillon P, Jankowski L, Shepherd J. The Official Positions of the 
International Society for Clinical Densitometry: Acquisition of Dual-Energy X-Ray Absorptiometry 
Body Composition and Considerations Regarding Analysis and Repeatability of Measures. J Clin 
Densitom. 2013;16:520–36.  

219.  Salamat MR, Shanei A, Khoshhali M, Salamat AH, Siavash M, Asgari M. Use of conventional 
regional DXA scans for estimating whole body composition. Arch Iran Med. 2014;17:674–8.  

220.  Laird E, Molloy AM, McNulty H, Ward M, McCarroll K, Hoey L, Hughes CF, Cunningham C, Strain 
JJ, Casey MC. Greater yogurt consumption is associated with increased bone mineral density and 
physical function in older adults. Osteoporosis International. 2017;1–11.  

221.  Westerterp-Plantenga MS, Lemmens SG, Westerterp KR. Dietary protein - Its role in satiety, 
energetics, weight loss and health. Br J Nutr. 2012;108:105–12.  

222.  Churchward-Venne TA, Murphy CH, Longland TM, Phillips SM. Role of protein and amino acids in 
promoting lean mass accretion with resistance exercise and attenuating lean mass loss during 
energy deficit in humans. Amino Acids. 2013. p. 231–40.  

223.  Stokes T, Hector AJ, Morton RW, McGlory C, Phillips SM. Recent perspectives regarding the role 
of dietary protein for the promotion of muscle hypertrophy with resistance exercise training. 
Nutrients. 2018;10:180.  

224.  Dontas IA, Yiannakopoulos CK. Risk factors and prevention of osteoporosis-related fractures. J 
Musculoskelet Neuronal Interact. 2007;7:268–72.  

225.  Milne AC, Avenell A, Potter J. Meta-analysis: Protein and energy supplementation in older 
people. Ann Intern Med. 2006;144:538.  

226.  Wolfe RR, Miller SL, Miller KB. Optimal protein intake in the elderly. Clin Nutr. 2008;27:675–84.  
227.  Baum JI, Kim IY, Wolfe RR. Protein consumption and the elderly: What is the optimal level of 

intake? Nutrients. 2016;8:359.  
228.  Dangin M, Boirie Y, Guillet C, Beaufrere B. Influence of the Protein Digestion Rate on Protein 

Turnover in Young and elderly subjects. J Nutr. 2002;132:3228–33.  
229.  Paddon-Jones D, Campbell WW, Jacques PF, Kritchevsky SB, Moore LL, Rodriguez NR, Van Loon 

LJC. Protein and healthy aging. Am J Clin Nutr. 2015;101:1339–45.  
230.  Norton LE, Wilson GJ. Optimal protein intake to maximize muscle protein synthesis examinations 

of optimal meal protein intake and frequency for athletes. Agro Food Ind Hi Tech. 2009;20:54–7.  



Bridge, 72 
 

231.  Tesch PA. Skeletal muscle adaptations consequent to long-term heavy resistance exercise. Med 
Sci Sport Exerc. 1988;20:S132-4.  

232.  DeFreitas JM, Beck TW, Stock MS, Dillon MA, Kasishke PR. An examination of the time course of 
training-induced skeletal muscle hypertrophy. Eur J Appl Physiol. 2011;111:2785–90.  

233.  Seynnes OR, de Boer M, Narici M V. Early skeletal muscle hypertrophy and architectural changes 
in response to high-intensity resistance training. J Appl Physiol. 2007;102:368–73.  

234.  Blazevich AJ, Gill ND, Deans N, Zhou S. Lack of human muscle architectural adaptation after 
short-term strength training. Muscle and Nerve. 2007;35:78–86.  

235.  Fry AC. The role of resistance exercise intensity on muscle fibre adaptations. Sports Medicine. 
2004. p. 663–79.  

236.  Schoenfeld BJ. Is there a minimum intensity threshold for resistance training-induced 
hypertrophic adaptations? Sports Medicine. 2013. p. 1279–88.  

237.  Kraemer WJ, Adams K, Cafarelli E, Dudley GA, Dooly C, Feigenbaum MS, Fleck SJ, Franklin B, Fry 
AC, Hoffman JR, et al. American College of Sports Medicine position stand. Progression models in 
resistance training for healthy adults. Med Sci Sports Exerc. 2002;34:364–80.  

238.  Schoenfeld BJ, Peterson MD, Ogborn D, Contreras B, Sonmez GT. Effects of low- vs. High-load 
resistance training on muscle strength and hypertrophy in well-trained men. J Strength Cond Res. 
2015;29:2954–63.  

239.  Schoenfeld B. The Use of Specialized Training Techniques to Maximize Muscle Hypertrophy. 
Strength Cond J. 2011;33:60–5.  

240.  Burd NA, West DWD, Moore DR, Atherton PJ, Staples AW, Prior T, Tang JE, Rennie MJ, Baker SK, 
Phillips SM. Enhanced amino acid sensitivity of myofibrillar protein synthesis persists for up to 24 
h after resistance exercise in young men. J Nutr. 2011;141:568–73.  

241.  Schoenfeld BJ, Wilson JM, Lowery RP, Krieger JW. Muscular adaptations in low- versus high-load 
resistance training: A meta-analysis. Eur J Sport Sci. 2014;1391:1–10.  

242.  Schoenfeld BJ, Contreras B, Vigotsky AD, Peterson M. Differential effects of heavy versus 
moderate loads on measures of strength and hypertrophy in resistance-trained men. J Sport Sci 
Med. 2016;15:715–22.  

243.  Schoenfeld BJ, Ogborn D, Krieger JW. Dose-response relationship between weekly resistance 
training volume and increases in muscle mass: A systematic review and meta-analysis. J Sports 
Sci. 2017;35:1073–82.  

244.  Mookerjee S, Welikonich MJ, Ratamess NA. Comparison of energy expenditure during single-Set 
vs. multiple-set resistance exercise. J Strength Cond Res. 2016;30:1447–52.  

245.  Heden T, Lox C, Rose P, Reid S, Kirk EP. One-set resistance training elevates energy expenditure 
for 72 h similar to three sets. Eur J Appl Physiol. 2011;111:477–84.  

246.  Gentil P, Soares S, Bottaro M. Single vs. Multi-Joint Resistance Exercises: Effects on Muscle 
Strength and Hypertrophy. Asian J Sports Med. 2015;6:e24057.  

247.  Goto K, Ishii N, Kizuka T, Takamatsu K. The impact of metabolic stress on hormonal responses 
and muscular adaptations. Med Sci Sports Exerc. 2005;37:955–63.  

248.  Ratamess NA, Falvo MJ, Mangine GT, Hoffman JR, Faigenbaum AD, Kang J. The effect of rest 
interval length on metabolic responses to the bench press exercise. Eur J Appl Physiol. 
2007;100:1–17.  

249.  De Salles BF, Sim??o R, Miranda F, Da Silva Novaes J, Lemos A, Willardson JM. Rest interval 
between sets in strength training. Sports Medicine. 2009. p. 766–77.  

250.  Kraemer WJ, Marchitelli L, Gordon SE, Harman E, Dziados JE, Mello R, Frykman P, McCurry D, 
Fleck SJ. Hormonal and growth factor responses to heavy resistance exercise protocols. J Appl 
Physiol. 1990;69:1442–50.  

251.  Rahimi R, Boroujerdi SS, Chaeeni S, Noori SR. The effect of different rest intervals between sets 



Bridge, 73 
 

on the training volume of male athletes. Physcial Educ Sport. 2007;5:37–46.  

 

  



Bridge, 74 
 

8. Appendix 

8.1 Exercise Training Program – variables to consider  

8.1.1 Duration of Exercise  

 Chronic RT has been shown to promote increases in strength and muscle hypertrophy in 

untrained subjects (231). A study was designed to measure the process of skeletal muscle growth in 

untrained, young adult males who participated in an 8 week (2 RT sessions, 1 test session/week) RT 

protocol (232). Participants underwent weekly pQCT (peripheral quantitative computed tomography) 

measures to assess muscle cross-sectional area (CSA). The study found a significant mean increase in the 

thigh of 5 cm2 (3.46%) after only 1 week of training (3 sessions). However, researchers hypothesized 

these results may be due to muscular edema, as a limitation of pQCT is the inability to distinguish 

between muscle tissue and intramuscular fluid. To account for this potential edema, researchers used 

week 1 as the new baseline and still found significant increases in muscle CSA after 3 weeks. Overall, the 

study showed that 8 weeks of RT (3 sets/exercise to failure) significantly increased muscle CSA from 

baseline by 13.9 cm2 (9.6%). Researchers concluded that significant muscle hypertrophy can occur in 3-4 

weeks following RT (232). Another study indicated that muscular hypertrophy can occur after 20 days of 

RT (3x/week) (233). This study only used bilateral leg extension training 3 times a week and assessed 

quadriceps muscle CSA. Another study saw no hypertrophic effects after 5 weeks of training (3x/week), 

however, this study assessed both males and females together, and the training was primarily strength-

focused (5 sets of 6 repetitions of unilateral knee extensions) which could potentially be the reason no 

muscular size adaptations occurred during the relatively short training period (234). Additionally, no 

dietary information was reported in any of these studies, which could have cofounded the results 

pending protein intakes. A review by Pasiakos et al., (2015) indicated that studies involving protein 

supplementation (versus placebo) and RT which are 8 weeks and shorter have a tendency to show no 
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group by time effects, however studies which are 9 weeks and longer tend to display significant 

differences (161).  

8.1.2 Intensity of Exercise 

Intensity may be the most influential variable in regards to inducing muscular hypertrophy 

(235). Intensity can be further divided into load/weight and repetitions, each with their own optimal 

range for producing hypertrophic responses. Loads should be at least 65% of 1 repetition maximum (1 

RM; which is a strength measure of the weight that can be moved over the full range of motion for one 

complete repetition) in order to sufficiently stimulate muscular hypertrophy (236). Moderate rep ranges 

between 6-12 appears to be the optimal range to promote hypertrophy (237). A moderate rep range 

provides an optimal balance between sufficient mechanical tension and metabolic damage necessary to 

trigger muscle hypertrophy (136). The current literature on training intensity necessary to elicit the 

optimal hypertrophic response is unclear, as more recent research has indicated that sets taken to 

volitional failure may be more important than reps or load (153,154,156,238). Burd et al. (2010) directly 

tested this phenomenon and showed that a low load (30% 1-RM; leg extension) taken to volitional 

failure was able to elicit a similar acute MPS response 4 hours post-RT as a high load (90% 1-RM) and 

work matched loads (30% 1-RM work matched to 90% 1-RM). However at 24 hours post-RT, the low 

load (30% 1-RM to failure) group experienced a greater MPS response than the other two groups (153). 

Similar research supported these findings with the bench press (155). It is thought that the increased 

time-under-tension, even with lighter loads (i.e. 30% of 1-RM), along with increased metabolic stress 

(from completing more total work than 90% 1-RM) is responsible for the enhanced hypertrophic effects 

(239). Burd et al., (2011) conducted further research indicating that unilateral leg training to failure 

(either 90% or 30% 1-RM) was superior at elevating MPS 24 hours post-RT compared to 30% 1-RM work-

matched to the 90% 1-RM leg (240). A 2017 review of light versus heavy loads corroborates these 

findings and suggests that load may not be as important a variable for increasing hypertrophy, as long as 
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the set is lifted to voluntary failure (154). The review also notes that lighter loads are typically safer for 

untrained populations, but moderate loads and rep ranges may be more suitable for focus and time 

efficiency. 

In terms of muscular strength, research has found that training with loads >65% provide a 

greater stimulus for increasing 1-RM than loads <60% (241). Additionally, the use of heavy loads (90-

95% 1-RM) elicited greater strength increases following 8 weeks of training (3x/week) than moderate 

loads (70-80% 1-RM) (242). However, this study also found that moderate loads were able to increase 

muscle size greater than heavy loads. A systematic review and meta-analysis compared light versus 

heavy-load RT (all sets were taken to voluntary muscle failure as part of the analysis inclusion criteria) 

and the effects on hypertrophy and strength gains (156). The analysis supported previous findings 

indicating that heavy-load training produced significantly greater strength adaptations, whereas 

hypertrophy adaptations occurred across a spectrum of loading ranges as long as the sets were taken to 

voluntary muscle failure (156).  

8.1.3 Volume of Exercise 

Training volume refers to the total amount of work within a given training session. Volume 

accounts for total repetitions, sets and load. Higher volume, multi-set (more than 1 set per exercise) 

protocols are superior in terms of eliciting muscular hypertrophy than single-set protocols (one set per 

exercise) (152). A meta-analysis by Schoenfeld et al., found that training major muscle groups twice per 

week yielded greater hypertrophic gains than once per week (151). Another meta-analysis of 55 studies 

on single versus multiple set training protocols determined multiple sets evoked 40% greater muscular 

hypertrophy in both trained and untrained subjects (most studies were in young males) than single set 

programs (152). Moreover, research in untrained males has demonstrated that total volume is more 

important than frequency of exercise bouts for increasing muscle mass and strength (208). Although the 

exact mechanism by which multiple-set/higher volume protocols increase positive muscle adaptations is 
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unknown, it is thought to relate to optimizing total muscle time-under-tension, accumulating greater 

muscle damage, increasing metabolic stress or a combination of the three (152). A meta-analysis 

involving 34 treatment groups indicated that a dose-response curve exists for RT volume and muscle 

hypertrophy (243). The analysis showed that each additional set completed (per muscle group/per 

week) corresponded to a 0.37% increase in muscle size. The study also indicated that 10+ sets/muscle 

group/week displayed a greater response in muscle size compared to <5 and 5-9 sets (243).  

In regards to strength adaptations, a meta-analysis involving 140 studies revealed that untrained 

participants can maximize strength gains by training at a minimum 60% of 1-RM, 3 days per week, and 4 

sets per muscle group (50). The meta-analysis notes that strength adaptations for novice exercisers 

occur more rapidly and with less effort (less volume and intensity) than trained individuals as neural 

adaptations and enhanced motor unit activation typically develop to the greatest extent early on in RT 

(50).  

Increasing volume may also be an effective strategy to increase total energy expenditure within 

training promoting favourable body composition changes. An acute study found that 3 sets induced 

greater energy expenditure than only 1 set (244), and that men participating in the multi-set RT session 

were expending over 200 kcals more during the exercise session compared to the single-set training 

group (244). Similar research using indirect calorimetry indicated that resting energy expenditure 

remained elevated above baseline for 72 hours post-RT, which may have implications regarding fat loss 

(245).  

8.1.4 Type of Exercise 

 Research suggests that multi-joint and single-joint RT exercises both can contribute to muscle 

hypertrophy and strength gains in untrained men (246). Multi-joint movements are able to invoke 

greater mechanical tension due to larger loads being moved, as opposed to performing single-joint 

exercises which are unable to sustain heavy loads (246). However, single-joint exercises allow for 
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isolation of smaller muscle groups that may not be stimulated entirely during multi-joint movements. 

Single-joint exercises can specifically target underdeveloped muscles and assist in improving muscular 

asymmetries (246). Single-joint exercises are more easily learned by untrained subjects, and individual 

muscle recruitment is enhanced, thus promoting a hypertrophic response (246).  

Periodization is another factor that can improve outcomes of a training program. The use of a 

periodized training program, which introduces variability in the program (i.e. volume, intensity, 

frequency) has been shown to elicit greater strength and hypertrophic improvements than non-

periodized training programs (157–159). The premise behind periodization is that constantly altering the 

training stimulus will ensure training adaptations continue.   

8.1.5 Rest within Exercise  

Rest intervals refer to the time spent at rest in between sets. This is another training variable 

that can be manipulated to maximize the anabolic response of training (247). Short rest intervals of 30 

seconds or less generate significant metabolic stress over the course of an exercise session, which can 

enhance metabolite accumulation and the anabolic response. However, it limits sufficient recovery 

between sets which reduces performance on subsequent sets (248). Conversely, long rest intervals of 3-

5 minutes have been shown to optimize recovery during training and increase performance in 

subsequent sets (249). However, long rest periods allow for local metabolite removal and a decrease in 

metabolic stress which can result in reduced muscular hypertrophy (250). Therefore, moderate rest 

intervals between 1 and 2 minutes may provide an optimal compromise to maintain metabolic stress 

while allowing for sufficient recovery to maintain performance during subsequent sets (251).   
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8.2 Screening Questionnaire 

Telephone/Verbal FULL Screening Questionnaire 
 

Potential ID number: _____________________________________ 
 
How did you hear about the study?  __________________________________ 
 
Please explain the following about the study to the potential participant: 
- “This is an 8 week exercise and nutrition study with a focus on increasing muscle and bone 
health. We are looking to investigate the effects of two separate supplements (Greek yogurt and 
a study designed supplement) and exercise (resistance and plyometric training) on muscle size, 
body composition and bone health in untrained, university-aged males. 
 
- If you are eligible to participate, there is a possibility that you may be asked to consume 
Greek yogurt or a study designed supplement several times a day for the course of the 8 week 
study period. You will also be asked to participate in a structured exercise program 3 times per 
week, during the study. The supplement you are asked to consume will depend on what group 
you are randomized into. Randomization is like flipping a coin – this is how we decide what 
group you will be in for the rest of the study.   
 
- The study requires a certain time commitment. You will be asked to exercise 3 times per 
week with us. The exercise sessions will take place at Brock University, and will last about 1 
hour, followed by a 1 hour supplement consumption and rest period following exercise (you may 
bring something to do during this time). The exercise sessions will be created just for you and 
you will work with a personal trainer. The exercise session will consist of two resistance training 
(lifting weights) sessions and one plyometric training (jump-based training) sessions. We have 
all the necessary equipment at Brock to facilitate the exercise portion of the study. At the 
beginning, middle and end of the study you will record a food diary so we can analyze your diet 
and nutrient intakes. 
 
- As part of this study, you will be asked to perform several measures at the beginning and end 
of the study. These measures include having your body composition, weight, height, waist 
circumference and muscle size analyzed. It also includes 2 tests to assess your strength and 
power at the beginning and end of the study. Finally, you will be asked to perform 3 blood draws 
(at beginning, after 1 week and at the end) to analyze markers of bone health. The results of all 
these tests can be made available to you upon your request. There are also 2 short 
questionnaires to complete prior to beginning the study. 
 
- We would just like to reiterate that for this study to work to your benefit, we do require a 
commitment from you. It is very important that you do not miss appointments for the study 
and that you try your best to be on time. This is to ensure that we are able to give you the 
individualized attention and guidance that you deserve from a nutrition and exercise standpoint. 
We will tell you, the key to success in a study like this is compliance and adherence to the 
protocol. We have a lot of experience in running studies like these.”    
 
“Do you have any questions?” 
 
“Are you interested in being formally screened for the study right now?  I would require you to 
answer a few questions which will take about 5 minutes. Or would you rather think about the 
information I just gave you and call us back when/if you would like to be screened?”  
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Interviewer: ______________________                Date of Contact/Call: 
______________________ 
 
Screening Questions: 
 
Potential ID #: ________________________________     Date: ________________ 
 
D.O.B: ________________  Telephone #:____________________   
 
e-mail address: _____________________     Best way to contact you? 
_____________________ 
 
Interviewer (if different from above): ___________________ 
 
Age:______  (must be 18 – 25 years) 
 
Height: _______ cm     
  
Weight:_______ kg  
 
Calculate BMI (kg/m2):____________ 
 
BMI (must be Normal): _________ 

Underweight  16    18.5 

Normal (healthy weight)  18.5     25 

Overweight  25     30 

Obese  30     + 

 
Exercise frequency: 
How many times per week do you perform structured exercise/weight training? 
_____________________________ 
(must be an infrequent exerciser [~ < twice/week] to be eligible) 
 
Protein supplements consumption: 
Do you consume protein supplement products?  YES/NO 
 
If YES, please specify the types, amount and frequency (servings per day or average per week): 
_________________________________________________________________________  
 
Do you consume Calcium and/or Vitamin D supplements and/or multivitamins?  YES/NO 
 
If YES, amount and frequency: _________________________________________________ 
(They would have to go off the supplements for the study.  If they do take them, they 
must have a wash-out period being off them of at least 2 weeks). 
 
As a participant in this study you may be required to consume several servings of Greek 
yogurt or a study designed supplement every day for 8 wks. Are you willing to incorporate either 
of these into your diet?”  YES/NO 
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Does the potential subject meet inclusion criteria?  YES/NO.   
 
If YES → It looks like you meet the initial inclusion criteria for the study. Would you mind if I ask 
you a few more questions about your health history to further confirm your eligibility?  This 
portion will take approximately 5 minutes. (Proceed to Additional Questions for Eligibility) 
 
If NO → Unfortunately, you do not meet the inclusion criteria for the study based on your 
answer about “X”. At this time, we cannot include you in the study*. Thank you for your interest.  
 
*if the reason is because they consume too much supplementary protein (within reason) 
or a multivitamin/vitamin D/calcium supplement, ask them if they would be willing to not 
consume these things.  If yes, then they can be eligible, BUT they need at least a 2-week 
washout before we start any pre-measurements.   
____________________________________________________________________________ 

Additional Screening Questions: 
 
Date (if different from above): ________________ 
 
Interviewer (if different from above): ___________________ 
 
Are you a non-smoker?  YES/NO 
 
Do you consume alcohol on a regular basis (at least every couple of days)?    YES/NO 
 
Are you lactose intolerant (diagnosed by doctor)?  YES/NO 
 
Do you believe that you may be lactose-intolerant or lactose-sensitive?    YES/NO 
 
Do you have an allergy to dairy/milk protein?  YES/NO 
 
Do you have Celiac Disease?  YES/NO 
 
Do you have any other gastrointestinal diseases or condition?  YES/NO 
 
How often do you currently consume Greek yogurt? 
 
Never  Once/week       Two-three/ week        Four-or-more/week 
 
Have you ever had any bone, joint or muscle injury (ACL or knee/hip/lower back injuries, 
fractures)?  YES/NO 
 If YES, when/how did this occur? _____________________________________ 
 If YES, how was this treated (i.e. surgery?) ________________________________ 

If YES, does this currently effect your physical ability (i.e. any limitations)? 
_______________________________ 

 
Have you ever had any major joint instability or ongoing chronic pain (such as) in the knee, back 
or elbow?   YES/NO 
 If YES, when/how did this occur? _____________________________________ 
 If YES, how was this treated (i.e. surgery?) ________________________________ 

If YES, does this currently effect your physical ability (i.e. any limitations)? 
_______________________________ 



Bridge, 82 
 

 
Do you have arthritis or any spinal conditions?     YES/NO 

If YES, when/how did this occur? _____________________________________ 
 If YES, how was this treated (i.e. surgery?) ________________________________ 

If YES, does this currently effect your physical ability (i.e. any limitations)? 
_______________________________ 

 
Other Medical Conditions: 
Heart disease/condition   YES/NO 
Kidney disease/condition   YES/NO 
Liver disease/condition   YES/NO 
Pancreatic disease/condition   YES/NO 
Hepatitis B    YES/NO 
Hepatitis C    YES/NO 
HIV/AIDS    YES/NO 
 
Do you take any prescription medication?  YES/NO  
 
Name and reason: ______________________________________________ 
(Anything prescribed by a doctor, i.e. antidepressants or micronutrients are ok) 
 
Do you take any medication that may affect Bone or Muscle? YES/NO 
___________________________________________ 
Such as: cortisone, prednisone, Prozac. 
 
Do you take any over-the-counter medications/supplements/vitamins? YES/NO 
Name and reason: _____________________________________________ 
 
Do you have any food allergies?    YES/NO 
 
Do you fear confined spaces or have claustrophobia?    YES/NO 
 
It looks like you have met all of our inclusion criteria.  The next step is to schedule an 
appointment with you to come into the Study Office to discuss the consent form. At this time we 
can answer any more questions you may have. This appointment should take no more than 30 
min. If you would like, we can email you some additional information about the study. 
 
If this potential subject may be ineligible, please consult with a study coordinator before 
determining final eligibility and before booking an in-person screening visit. 
 
Eligible:  YES/NO/consult with coordinator 
 
If NO, give reason: ________________________________________________ 
 
If YES, date of in-person screening/consent visit: ________________________ 
 
Maybe advise all the potential participants to follow washout period (if possible no Greek 
yogurt consumption and exercise) for two weeks before the intervention. 
 
Additional Comments Below: 
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8.3 Godin-Shephard Leisure-Time Exercise Questionnaire 

 

ID :_____________                                    

 

GODIN-SHEPHARD LEISURE-TIME EXERCISE QUESTIONNAIRE 
 

 

1. Considering a 7-day period (a week), how many times on average do you do the following 

kinds of exercise for more than 15 minutes during your free-time (write on each line the 

appropriate number)? 

  

           Times Per 

                   Week 

 

(a) STRENUOUS EXERCISE 

(HEART BEATS RAPIDLY)                              _________ 

(i.e. running, jogging, hockey, football, soccer, squash, basketball,  

cross country skiing, judo, roller skating, vigorous swimming,  

vigorous long distance bicycling) 

 

(b) MODERATE EXERCISE       

 (NOT EXHAUSTING)       _________ 

(i.e. fast walking, baseball, tennis, easy bicycling, volleyball,  

badminton, easy swimming, alpine skiing, popular and folk dancing) 

 

(c) MILD EXERCISE 

 (MINIMAL EFFORT)       _________ 

 (i.e. yoga, archery, fishing from river bank, bowling, horseshoes,  

golf, snow-mobiling, easy walking) 

 

2. Considering a 7-day period (a week), during your leisure-time, how often do you engage in 

any regular activity long enough to work up a sweat (heart beats rapidly)?  

 

1. OFTEN     2. SOMETIMES  3. NEVER/RARELY 

            
 
 

3. Considering a 7-day period (a week), during your leisure-time, how often do you engage in 

any weight-lifting or other types of training with the goal to build muscle or increase physical 

performance (1.e. plyometric training) activity long enough to work up a sweat (heart beats 

rapidly)?  

 

1. OFTEN     2. SOMETIMES  3. NEVER/RARELY 
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8.4 Physical Activity Readiness Questionnaire 
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8.5 Food Diary 

 

 

Actual food diary was full page and consisted of 3 or 7 identical pages corresponding to number of days the food diary. 
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8.6 Brock University Research Ethics Board Clearance 

 

 


