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Abstract 

The Role of Protein Following Intense Exercise in Competitive Youth Athletes 
 

Brandon J. McKinlay 

Doctor of Philosophy, Health Biosciences 

Brock University, 2021 

The overall purpose of this thesis was to examine the role of post-exercise dairy 

protein consumption (isolated and whole-food) on recovery indices (performance and 

muscle damage) and inflammation following intense exercise within the context of 

different ecologically valid sporting environments, i.e., acute competition and a short-term 

period of intensified training, in competitive youth athletes. For this, two studies were 

conducted. Study 1 (Chapter 3) investigated the effect of whey protein consumption 

following a high-intensity interval swim session (HIIS) among adolescent swimmers on 

subsequent performance, muscle soreness, plasma creatine kinase and inflammatory 

cytokines, compared with isoenergetic carbohydrate and flavoured water in the acute (0–8 

h) and short-term (8–24 h) recovery periods. Study 2 (Chapter 4) examined the effects of 

increased protein consumption, via plain Greek yogurt, compared with an isoenergetic 

carbohydrate control on performance recovery, inflammation, and muscle damage, during 

a 5-day simulated soccer training camp in competitive adolescent female soccer players. 

The collective findings indicate that during both acute and short-term periods of intensified 

exercise, the provision of dairy protein regardless of form (isolated or whole food), 

provided no added benefit at enhancing performance recovery or ameliorating muscle 

damage above that of energy matched carbohydrates. However, it does appear that the 

consumption of calories, regardless of type (e.g., carbohydrates or dairy protein), when 

rapid recovery is required, offers greater performance retainment than water. Therefore, 
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during periods of intensified exercise that may be accompanied by inadequate recovery, 

the replenishment of energy should be the primary focus. Further, in both studies the 

consumption of dairy protein following exercise leads to an augmented anti-inflammatory 

response (i.e., increased IL10), not observed in the control conditions (i.e., water or energy-

matched carbohydrates). Thus, it is possible that dairy protein consumption post-exercise 

may benefit the acute immune response. This possibility requires further study. 
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Chapter 1: General Introduction 

1.1 Rationale 

The physical training and competition environment places a high physical demand 

on the competitive youth athlete (1). For example, in early adolescence  (i.e., 12-13 y), 

many youth athletes begin participating in intensive training programs (i.e., 15-20 h·week-

1) and competing at regional, provincial and national levels (1). This volume of intensive 

training and competition can result in performance decrements, due to muscle tissue 

damage and/or fuel depletion (2). If adequate rest and recovery is permitted, muscle 

function is restored (i.e., repair of damaged muscle tissue and replenishment of depleted 

fuel) and adaptation occurs, which in turn, improves overall training quality, load tolerance 

and subsequent performance (2–4). However, if the competitive environment does not 

permit adequate recovery (i.e., repeated bout competition or multi-day training camp), poor 

performance may ensue, due to cumulative fatigue (e.g., unresolved muscle damage and/or 

incomplete fuel repletion) (2,4).   

An integral component in the recovery of skeletal muscle function is the local 

inflammatory response (5). Following intense exercise, local inflammatory responses are 

initiated due to skeletal muscle tissue damage.  Damaged tissue, along with resident and 

infiltrating immune cells release chemical mediators called cytokines. These cytokines then 

regulate inflammatory and immune responses (i.e. pro- or anti-inflammatory), guiding the 

repair and regeneration of skeletal muscle tissue (6). A prolonged elevation in pro-

inflammatory cytokines [e.g., tumor necrosis factor alpha (TNF-α)], as is the case with 

excessive exercise or inadequate rest, can impair recovery by preventing the myogenic 

differentiation of satellite cells (7), suppressing muscle protein synthesis (MPS), promoting 
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tissue catabolism (8), and ultimately prolonging the decrements in performance. This 

catabolic cascade is especially problematic for competitive youth athletes, as competitions 

or training camps often offer unique opportunities to be identified for future collegiate 

scholarships or professional careers (9). Therefore, any intervention that may assist in the 

modulation of the inflammatory environment to potentially expedite performance recovery 

or attenuate its decline can be beneficial to the youth athlete.  

 The consumption of dairy protein following acute exercise has previously been 

shown to enhance recovery in adult athletes (10–13). Enhanced recovery is characterized 

by lower indirect markers of muscle damage (i.e., creatine kinase and soreness) and faster 

recovery of functional measures (i.e., strength and power) (12–17). However, most of this 

research has focused on eccentric tasks (i.e., unilateral dynamometry or resistance 

exercise), that are not representative of competition or on-field training settings, making 

transferability of these results difficult to ascertain. Competition or intensified training 

periods are characterised by increased volume and intensity of physical training, often with 

periods of inadequate recovery. Studies with ecologically valid sporting environments, 

such as repeated-bout exercise (e.g., swimming competition) or team sport training camps 

(e.g., soccer) and the effectiveness of dairy protein to expedite performance recovery are 

both limited and have resulted in equivocal findings (10,18–21). Furthermore, all previous 

studies were examined in adults, with no information on youth athletes’ recovery response 

to protein ingestion post-exercise. 

The beneficial effects of dairy protein consumption following exercise has 

primarily been attributed to MPS stimulation, a key phase in the repair and regeneration 

process of damaged skeletal muscle tissue (22). Additionally,  protein consumption may 
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also assist with the repletion of glycogen stores when inadequate amounts of carbohydrate 

are ingested or during periods of repeated exercise (23). While the role dairy protein and 

mechanisms involved in recovery have yet to be fully elucidated, it has been suggested that 

protein consumption may attenuate the pro-inflammatory response (24), accelerating the 

overall recovery process (25), possibly restoring performance. However, these suggestions 

are limited and based on animal studies (24) or studies involving adult athletes (25,26), 

with no information on youth athletes.  

Previous studies examining dairy protein consumption following exercise in youth 

(27,28) have focused on the optimal quantity or pattern of ingestion, to maximise the post-

exercise anabolic environment. These studies did not examine athletes, nor did they 

examine the potential use of dairy protein as a recovery aid to restore performance. While 

protein requirements in athletes are greater due to training and competition energy 

demands, as well as body composition differences (i.e., greater fat free mass) (29), youth 

athletes may require an even greater amount of protein, compared with their adult 

counterparts (30). In youth athletes, in addition to supporting the demands involved with 

training and competition (i.e., repair, regenerate and replenish), growth and development 

must also be optimally sustained. Therefore, consumption of protein following exercise 

may have a different response in youth athletes, than that observed in adults.  

1.2 Objectives and hypotheses  

This dissertation had two overall objectives: 1) to examine the role of dairy-based 

protein supplements on recovery following intense exercise within the context of different 

sporting environments (i.e., acute competition and short-term periods of intensified 

training), and 2) to investigate its potential effect on the inflammatory response in youth 
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athletes. Based on the previously described benefits of protein consumption post-exercise, 

Figure 1.1 is a hypothetical illustration of the effect of provision of a dietary protein in 

assisting with recovery during a period of intensified exercise (acute or short-term) and 

subsequent performance response.  To achieve these objectives, two studies were pursued. 

 

 

Figure 1.1 – illustration of a period of intensified exercise with inadequate recovery and 

the provision of dietary protein (blue) vs. no protein (red) between consecutive exercise 

sessions. 

 

1.2.1 Objective 1 (Study 1) 

Study 1 was designed to examine the effect of whey protein consumption following 

high-intensity interval swimming on subsequent performance, muscle damage and 

inflammatory cytokines in competitive youth swimmers during the acute (0-8 h) and short-

term (8-24 h) recovery periods. Specifically, to determine the efficacy of whey protein as 

a recovery aid, participants were stratified by age, body mass and sex to one of three 

experimental conditions: i) whey protein ii) isoenergetic carbohydrate (beverage control) 

iii) flavoured water (placebo control). Using a double-blind parallel design, serial testing 

of swim performance, indirect indicators of muscle damage (creatine kinase and subjective 

muscle soreness) and inflammatory cytokines, were measured and compared following a 

high-intensity interval swim, to determine the acute and short-term recovery effects.  
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It was hypothesized that whey protein consumption would result in better 

subsequent performance (i.e., less decrement), lower perception of muscle soreness, lower 

plasma creatine kinase (CK) activity and an attenuated cytokine response, compared with 

both an isoenergetic carbohydrate control beverage and flavoured water. 

1.2.2 Objective 2 (Study 2) 

Study 2 was designed to examine the short-term effect of a predominately casein 

protein- based whole food (Greek yogurt) consumed during a 5-day intensified training 

period in competitive female adolescent soccer players on performance, muscle damage 

and inflammatory cytokines. Using a randomized double-blind, cross-over design, 

participants completed two training camps consuming either Greek yogurt or an 

isoenergetic, lab-designed carbohydrate pudding. Indirect indicators of muscle damage 

(creatine kinase), inflammatory cytokines, and a comprehensive battery of performance 

tasks were measured before and after 5-days of intense soccer training, to determine the 

short-term recovery effects. 

It was hypothesized that regular consumption of Greek yogurt would result in better 

retainment of performance measures (i.e., less decrement), lower plasma CK levels and an 

attenuated inflammatory response (i.e., lower concentration of cytokines) following the 5-

day intensified soccer training compared to consumption of an isoenergetic carbohydrate 

control pudding. 

1.3 Anticipated significance  

There is a paucity of evidence-based information surrounding the use of protein-

based supplements as recovery aids in youth athletes following intense exercise. Therefore, 

results from the present thesis may directly impact current training and sports nutrition 



6 

 

recovery practices. Specifically, by understanding the demands surrounding practical youth 

sporting environments (i.e., competition and training) and how dairy protein-based 

supplements could potentially assist with or enhance recovery, practical recommendations 

could be provided to athletes and coaches that could be immediately implemented into 

competition or training settings. A secondary aim of the present research program was to 

determine the potential effect of protein consumption on the inflammatory response. While 

the mechanisms involving protein’s ability to enhance recovery are yet to be completely 

elucidated, some ergogenic benefits in protein consumption following exercise may lye 

within the positive modulation of the inflammatory environment. A better understanding 

of how this system is impacted (i.e., attenuated, or expedited response), could lead to 

further understanding of the recovery processes which occur following intense exercise, as 

well as the role that protein consumption may play in these processes. 
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Chapter 2: Review of Literature 

 Participation in training and competition can strain the body, resulting in impaired 

performance in both youth and adult athletes. A subsequent recovery period is then required 

to restore physical capacity and physiological homeostasis. However, some training or 

competition conditions may not permit adequate recovery due to scheduling demands, 

compounding those factors which effect optimal performance. Maintaining performance is 

the athletes’ primary goal in such conditions, where nutrition may provide an ergogenic 

benefit. This literature review focuses on factors that lead to impaired performance in youth 

and adult athletes, how these factors may be exacerbated by insufficient recovery, and the 

role that nutrition, with a specific focus on dairy-protein, may play in reducing performance 

decrements.   

2.1 Post-exercise Fatigue 

 Optimal physical capacity can become perturbed by intense, prolonged, or novel 

exertion. When repeated, such exertions can exacerbate fatigue which affects optimal 

performance. For the purposes of this review, fatigue is defined as a decline in muscle 

function or performance capacity. The following section reviews the mechanisms that 

result in impaired performance and the methods used to assess those impairments in both 

youth and adult athletes. 

2.1.1 Substrate depletion  

 Exercise requires the continual resynthesis of energy in the form of adenosine 

triphosphate (ATP) to maintain optimal performance. While our bodies are equipped with 

multiple fuel reserves to regenerate ATP (phosphocreatine, glycogen and adipose tissue), 

low levels of muscle glycogen are associated with a lower rate of ATP regeneration (slower 
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resynthesis), resulting in reduced performance capacity, despite the availability of other 

fuel sources (e.g., fat and protein) (31,32). For example, during competition or frequent 

training, there is a pronounced increase in exercise volume and/or intensity that increases 

the rate of glycogen utilisation. This increased demand rapidly reduces its availability 

reaching a critical threshold below which impairments in performance occur (4). While the 

exact mechanisms of glycogen depletion and its relation to impaired performance have yet 

to be fully elucidated, it does appear to be both central and peripheral. For example, 

peripherally, the depletion of intramuscular glycogen may decrease the release of 

sarcoplasmic Ca2+, reducing excitation-contraction coupling and subsequent force 

production (33). In support of this notion, Gejl et al. (34) observed that muscle glycogen 

and sarcoplasmic reticulum (SR) Ca2+ release rate was significantly reduced following an 

intense cycling session in elite adult triathletes. Interestingly, muscle glycogen and SR Ca2+ 

release rate recovered to pre-exercise levels within 4h post exercise, with the immediate 

provision of carbohydrates. Additionally, during intense or sustained strenuous exercise, 

reductions in muscle and liver glycogen levels reduces glycogenolysis, resulting in a fall 

in blood glucose levels. As glucose is a key source of fuel for the brain, low blood sugar 

can result in central fatigue. That is, in an attempt to conserve resources, central fatigue 

results in a reduction in performance capacity (35). Thus, glycogen depletion is a key factor 

that underpins optimal performance in athletes, and its maintenance is imperative. 

 Compared to adults, youth substrate utilisation appears to be characteristically 

different, which may influence the role of endogenous glycogen in optimal exercise 

performance. Previous research has observed that compared to adults, children are 

characterized by a lower respiratory exchange ratio (RER) at rest and during submaximal 
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exercise, and that this difference decreases with increasing age (36–38). That is, children 

rely more on fat oxidation during rest and exercise compared with adults. Interestingly, 

Timmons and colleagues (36) observed that even when exogenous carbohydrates were 

provided, a similar preferred reliance on fat rather than carbohydrate utilisation (lower 

RER), was observed in boys compared to men. Furthermore, youth’s lower production of 

lactic acid during high-intensity exercise compared to adults has been suggested to reflect 

a lower glycolytic capacity (39). However, training does appear to increase the glycolytic 

capacity in youth. For example, Eriksson et al. (40) studied boys (10-13 y) following 4 

months of training and observed a higher activity of glycolytic enzymes (e.g. 

phosphofructokinase) and a greater depletion of muscle glycogen (i.e., greater amount of 

work after training) following exhaustive exercise compared to values prior to training. 

Thus, it is suggested that trained youth (athletes) display a physiological response to intense 

exercise similar to that observed in adults and that during adolescence, child-adult 

differences in substrate utilisation become less apparent.  

The accurate assessment of muscle glycogen utilization is problematic, especially 

in youth athletes, as the current methods are either too invasive (e.g., needle biopsies) or 

impractical for a sport setting (e.g., metabolic testing – respiratory exchange ratio), making 

serial monitoring particularly difficult (38).  

2.1.2 Exercise-induced muscle damage 

The mechanical and/or metabolic stress (free radical production, energy depletion) 

associated with exercise can result in temporary damage to muscle tissue (41–43). 

Specifically, exercise that involves eccentric movements (e.g., acceleration/deceleration, 

change of direction, plyometrics) results in substantial damage, as a result of accumulated 
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external forces exceeding the force being generated by the muscle (41).  This causes 

disruption of structural (i.e., extracellular matrix), membrane and contractile elements 

directly affecting force production (44–46). Exhaustive exercise (e.g., cycling, swimming), 

even in the absence eccentric movements, can also result in damage to muscle tissue, albeit 

to a lesser degree (43,47–49) . During strenuous, high intensity exercise, a transient 

ischemic response can occur through the delayed clearance of metabolic waste products 

(e.g., lactic acid) (48). This is thought to temporarily impair cellular respiration, resulting 

in adenosine triphosphate (ATP) concentrations falling below resting levels (43). Changes 

in ATP concentrations near the sarcolemma or sarcoplasmic reticulum can then impair the 

efficiency of Ca2+ - ATPase pumps located at these sites, resulting in an increase in 

intracellular concentrations of Ca2+  (41,42). The failure in Ca2+ reuptake and the rising 

concentration of cytosolic Ca2+ increases protease activity (i.e. calpain) and subsequent 

protein degradation, damaging intracellular components (5). Strenuous exercise can also 

result in the production of free radicals, which have also been observed to be associated 

with damage to myocellular components (i.e., membrane, contractile proteins) (50). 

Importantly, although the mechanisms underlying mechanical and metabolic muscle 

damage differ, the resulting damage to key structural elements that produce (contractile 

elements), transmit (extracellular matrix) or regulate (sarcoplasmic reticulum, 

sarcolemma) force appear to be similar (41,50). 

Muscle damage may be amplified following initial insult as a result of the 

subsequent inflammatory response (51). Upon damage, skeletal muscle tissue begins 

releasing intracellular debris into the extracellular environment (e.g., interstitial space) (5). 

Immune cells detect these damaged associated molecular patterns (DAMP) which results 
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in the initiation of an inflammatory response (5,52). This event is characterised by the 

recruitment and infiltration of various immune cells (e.g., neutrophils, macrophages) into 

the injured tissue, with the purpose of clearing damaged cellular components and preparing 

the injury site for repair (5). During the clearance of debris and damaged tissue,  immune 

cells produce and release cytotoxic agents (i.e., reactive oxygen and/or nitrogen species) 

for degradation purposes, into the intracellular environment (53,54). While these chemicals 

break down damaged or necrotic tissues, they can also damage healthy viable tissue (5). 

Depending on the extent of the immune response, this process transiently exacerbates 

muscle damage, potentially delaying muscle regeneration and recovery (5). 

2.1.3 Assessing exercise-induced muscle damage 

Given the different mechanisms and results stemming from muscle damage, it 

should be clear that different strategies can be employed to assess it. One challenge though 

is the validity of comparing across different measures. Another challenge is the logistics of 

testing, especially in children and adolescents. For example, direct assessment of muscle 

damage can be done from muscle biopsies. Muscle biopsies involve harvesting a small 

piece of muscle tissue from the suspected injured site, then microscopically analyzing it to 

determine damage severity (i.e. sarcomere disruption, presence of infiltrated immune cells) 

(41). However, the invasive nature of the procedure renders it unethical for use in children 

and adolescents.  Alternatively, indirect assessment of exercise-induced muscle damage 

has commonly been assessed using various biomarkers in blood and perceptual or 

performance changes, which are detailed below. 
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2.1.3a Circulating biochemical markers 

 Muscle damage can be assessed indirectly, by examining biomarkers in the blood. 

Specifically, muscle damage is reflected by intracellular proteins that are released from 

damaged muscle fibres into circulation (e.g., creatine kinase [CK]). Additionally, muscle 

damage may also be reflected in the severity of the ensuing immune response, i.e., 

circulating cytokines.  

Creatine Kinase 

Following intense exercise, muscle fibre membrane integrity can become 

compromised. This allows intracellular components (e.g., muscle proteins) to flow down 

their respective concentration gradient into peripheral circulation where they can be 

measured (55).  Previous investigations have assessed various muscle proteins in blood 

following intense exercise. However, the most widely used biomarker is creatine kinase 

(CK), as its appearance in circulation appears to be directly proportional to the magnitude 

skeletal muscle injury (41).  This is most evident following activities involving eccentric 

movements (e.g. plyometrics, resistance exercise or eccentric dynamometry) which induce 

the greatest muscle injury and are accompanied by high changes CK concentrations (e.g., 

~600-7000 u·L-1, 24-48h post-exercise) compared to resting levels (e.g., ~55-150 u·L-1) 

(56,57). Conversely, tasks that do not involve eccentric movements, such as cycling or 

swimming, typically show a much lower change in CK response (i.e. 100-300 u·L-1), with 

peak concentrations occurring soon after exercise (i.e. min-hours) (49,58).  

The use of CK as an indicator of muscle tissue damage is challenging because there 

is a large inter-individual variability in its response. For example, on two separate 

occasions following eccentric exercise of the arm flexors, Nosaka and colleagues observed 
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peak changes in CK concentration ranging from 442 – 16,696 u·L-1 and 236 – 25,244 u·L-

1 amongst trained adult females and males, respectively (56,59). Additionally, compared 

to adults, children and adolescents are characterized by lower CK concentrations at rest 

and following muscle damaging exercise (60). This high inter-individual variability in the 

CK response to exercise may be due to differences in muscle mass (61), which explains 

the lower concentrations in individuals with lower muscle mass, i.e., females and children.  

Inflammatory Cytokines 

 Shortly following intense exercise, immune cells are mobilised and begin to 

infiltrate the damaged muscle tissue. The main initial driving force behind this immune 

mobilisation is the need to clear the muscle of damaged proteins and debris. To facilitate 

the removal of cellular debris, neutrophils are amongst the first immune cells to arrive. 

They begin phagocytosis and release cytotoxic agents that degrade damaged or necrotic 

proteins (e.g., enzymes, reactive oxygen or nitrogen species), as well as produce pro-

inflammatory cytokines [e.g., interleukin 6 (IL6), tumor necrosis factor α (TNFα)] to 

potentiate the immune response by recruiting more immune cells (e.g., macrophages and 

lymphocytes) to the injury site (5,62). Depending on the inflammatory status of the local 

micro-environment, the presence of pro- or anti-inflammatory cytokines polarizes arriving 

monocytes (5). For example, the presence of pro-inflammatory cytokines often observed 

early in the recovery process. This results in monocytes giving rise to pro-inflammatory 

macrophages (i.e., M1 macrophage) that assist neutrophils in the removal of debris while 

also secreting large amounts of additional pro-inflammatory cytokines (e.g., TNFα) into 

the local microenvironment. These large fluctuations in pro-inflammatory cytokines 

encourage the activation, proliferation and migration of dormant muscle satellite cells (63). 
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Following the removal of debris and damaged muscle tissue, the pro-inflammatory 

microenvironment becomes anti-inflammatory, characterized by the shift from M1 to M2 

macrophages (anti-inflammatory), as well as by increased production of anti-inflammatory 

cytokines [e.g., interleukin 10 (IL10)] that suppress the local inflammatory response (5). 

During this process, the presence of anti-inflammatory cytokines encourages the 

differentiation of proliferated myoblasts and results in their fusion with damaged 

myotubules, completing the repair and regeneration of damaged muscle tissue, restoring 

function. Figure 2.1 schematically illustrates the factors which influence the polarization 

of monocytes to M1 or M2 macrophages.  

 

Figure 2.1 – Processes that influence the polarization of monocytes to M1 or M2 

macrophages IL6=Interleukin 6, IL10 = Interleukin 10, TNFα = Tumor necrosis factor-α, 

ROS = Reactive oxygen species, RNS = Reactive nitrogen species. 

The local fluctuations in the inflammatory microenvironment following initial 

insult through to recovery, can also affect the systemic immune and cytokine response (64). 
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Specifically, exercise induced muscle damage has been observed to transiently elevate 

systemic concentrations of immune cells (e.g. increased leukocytes), as well as pro- and 

anti-inflammatory cytokines (e.g. IL6, TNFα and IL10, respectively) (62). These 

fluctuations can then be monitored in the blood to assess the extent of muscle injury and 

subsequent recovery (64). Indeed, previous investigations reported attenuated post-

exercise cytokine response in youth compared to adults (65).  The smaller increases in pro-

inflammatory cytokines post-exercise in children have been suggested to reflect a possible 

protective effect that allows for continued youth growth and development. That is, 

increases in pro-inflammatory cytokines IL6 and TNFα have been suggested to inhibit 

anabolic signaling pathways and muscle protein synthesis (65,66). Increases in these pro-

inflammatory proteins negatively correlate with growth mediators such as insulin-like 

growth factor-1 (IGF-1), a potent stimulator of growth (67,68).  

2.1.3b Perceptual – Delayed onset of muscle soreness 

 The temporary muscle soreness felt in the days following exercise is often referred 

to as delayed onset of muscle soreness (DOMS). This soreness typically increases in 

intensity over the first 24 h until it reaches its peak (24-72 h), before the pain or discomfort 

begins to subside (69). DOMS is typically assessed according to perceived symptom 

severity (i.e., pain) using a self-reported Likert scale. The perception of muscle soreness 

appears to be related to the severity of muscle damage. For example, tasks that have been 

shown to result in a high disruption of muscle fibres (e.g., eccentric activities) are 

associated with more severe pain scores, compared with lower-impact tasks, such as 

cycling or swimming (41). Compared to adults, children and adolescents report lower 

perceived muscle soreness following similar muscle damaging tasks. For example, Chen 
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and colleagues (60) observed lower perceived muscle soreness scores in boys compared to 

men following eccentric contractions of elbow flexors. Similarly, Deli et al. (70) observed 

significantly lower muscle soreness measures following maximal eccentric contractions of 

the knee extensors in children compared to adults. Together, this information suggests that 

compared to adults, youth have an attenuated perceived muscle soreness following similar 

relative work. It should be noted that muscle soreness is a subjective measure and should 

therefore be used in concert with other indirect assessments of muscle damage. 

2.1.3c Performance changes 

 Muscle disfunction has been shown to be directly associated with the increased 

perception of pain and sarcomeric disruption to elements that produce (contractile) or 

transmit (structural) force, as reflected by direct assessment (i.e., muscle biopsy) (64,69). 

For example, when comparing concentric and eccentric exercise, Gibala and colleagues 

(71) observed that following an acute bout of eccentric exercise, maximal isometric 

strength declined significantly more (-32%) and took longer to recover (~96 h) compared 

to concentric exercise (-20% and 24h). Biopsies revealed that a greater severity and 

proportion of muscle was disrupted following eccentric movements compared to 

concentric, which significantly correlated with decrements in maximal isometric strength 

(71). Clearly, muscle function is impacted by muscle injury. Therefore, monitoring 

performance changes may provide indirect information about muscle damage severity and 

subsequent recovery, although the sensitivity of this measure is unclear. Furthermore, 

unlike other biochemical measures, muscle function can be tested more frequently as it 

does not involve invasive techniques (e.g., venipuncture), making it a viable approach to 

test vulnerable populations (i.e., children and adolescents). 
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Compared with adults, it has been previously reported that following intense 

exercise (e.g., plyometric exercise, eccentric training) youth experience less strength and 

power decrements (70,72–74). This discrepancy may be attributed to maturational 

differences in microarchitecture and function, including muscle tendon compliance, a 

lower absolute and relative muscle mass in youth, and children’s proposed inability to 

maximally recruit their higher-threshold motor units (i.e., type II) during high-intensity 

contractions (75). The latter are suggested to be more vulnerable to damage, especially 

during rapid muscle contractions, when they are preferentially recruited (76).  

2.2 Recovery 

 With respect to this literature review, recovery is defined as the return of 

homeostasis and restoration of physical capacity/performance to pre- or above pre-exercise 

levels. Recovery is affected by the characteristics of the preceding exercise (i.e., relative 

intensity, duration, type of contraction), and may be expedited by nutritional strategies. 

Therefore, this section briefly discusses those factors that affect fatigue and subsequent 

recovery. 

2.2.1 Exercise intensity and duration  

High-intensity (e.g., repeated maximal effort) or prolonged duration (e.g., 

marathon) exercise can deplete muscle glycogen stores and significantly damage skeletal 

muscle tissue, resulting in greater muscle soreness compared to short-duration or low-

intensity exercise. Thus, high-intensity or long-duration exercise require longer periods of 

recovery before performance and homeostasis is restored (11,43,51,71,77). For example, a 

series of studies demonstrated lower strength decrements following short-term (e.g., 40-

45min) submaximal downhill treadmill running (8-10° decline), compared to with maximal 
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eccentric contractions (~10-22% vs. 30-50%). The latter also required substantially longer 

recovery ( 5-14 days vs. 24-48 h) (78–81). Similarly, Peterson and colleagues (82) observed 

that male runners maximal knee extensor strength following a marathon significantly 

decreased by ~23% and took ~ 5 days to completely restore strength and performance.  

Compared to those activities that involve mainly concentric muscle actions, 

eccentric exercise has been shown to result in a greater muscle damage (41,51,71). As a 

result, those activities (e.g. running, jumping, acceleration/deceleration) may require a 

greater recovery duration (e.g., 48-120 h vs 12-24 h) before the return of optimal physical 

capacity compared to concentric exercise tasks (41,51,64,83). Importantly, damage to 

skeletal muscle tissue sustained during exercise reduces the rate of muscle glycogen 

resynthesis (84), further delaying its restoration and recovery. Therefore, as exercise 

intensity and duration increases, a greater metabolic (77,85) and mechanical strain 

(41,43,62) directly affects the duration required for the return of optimal physical capacity.  

2.2.2 Inadequate recovery 

 The purpose of training and exercise in athletes is to improve overall performance. 

This is done through the manipulation of exercise volumes and intensities with the goal of 

supercompensation and better subsequent load tolerance. Much of the supercompensation 

and adaptations to training occurs during the recovery period (between training sessions) 

(86). Therefore, it is crucial to allow for an optimal recovery window between consecutive 

training sessions to allow for both the return of physical capacity and to facilitate training 

adaptations. Although youth’s recovery from intense exercise is different than that of 

adults’ (e.g., less decrement, more rapid recovery)  (87), the overall response is similar. 
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Figure 2.2 schematically illustrates the difference in time-course of exercise (loading) and 

subsequent recovery between youth and adult athletes.  

 

Figure 2.2 – Schematic illustration of exercise (loading) followed by an adequate recovery 

period in youth (green) and adult (red) athletes. 

 

Under certain environmental scenarios (e.g., competition or training/identification 

camps) where the time between consecutive bouts or sessions of exercise is reduced, an 

adequate period of recovery may not be feasible. As a result, recovery is incomplete in 

terms of glycogen repletion or repair of damaged muscle tissue. Subsequent workouts are 

therefore undertaken in a less than optimal physiological condition, further straining tissues 

or remaining fuel stores, and is accompanied by performance decrements (86). This state 

of under-recovery can be characterised by a sustained elevation in pro-inflammatory 

cytokines, including TNFα and IL6 (88,89), which inhibit the myogenic differentiation of 

satellite cells (7), impair growth signalling pathways (GH – IGF-1 axis) (67,68), suppress 

muscle protein synthesis (MPS) and increase proteasome activity and tissue catabolism (8). 

Furthermore, the presence of both, damaged muscle tissue and pro-inflammatory mediators 

has also been observed to impair glycogen resynthesis (84). Together, inadequate recovery 

results in an inability to effectively return to homeostasis that may result in poorer 
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performance, further delaying the return of optimal physical capacity. Figure 2.3 is a 

schematic illustration of how training and inadequate recovery affects performance in 

athletes during a period of intensified exercise. 

 

 

Figure 2.3 – Schematic illustration of a period of intensified training accompanied by an 

inadequate recovery between subsequent bouts of exercise. 

 

2.2.3 Nutrition and recovery 

Although the scenarios described above of inadequate recovery may sometimes be 

unavoidable, athletes strive to reduce the physiological disturbances or potentially increase 

the rate of recovery. While there are approaches aimed at expediting the recovery process 

and the return of optimal physical capacity (4,86), this literature review focuses specifically 

on post-exercise nutrition and its use to facilitate the re-establishment of homeostasis and 

optimal physical capacity/performance. In the past, this has typically been accomplished 

through the provision of carbohydrates and/or protein, which are crucial macronutrients for 

the maintenance of optimal physical capacity and/or enhancement of training adaptations 

(23,90). While the overall provision of carbohydrates during a period of intensified exercise 

and its effects on subsequent exercise performance in athletes has been well researched 
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(23), the effectiveness of protein consumption during post-exercise recovery is limited 

(91), with no literature available in youth athletes.  

2.2.3a Carbohydrates  

As previously mentioned, the consumption of carbohydrates post-exercise has been 

shown to expedite performance recovery in athletes primarily through the repletion of 

glycogen stores (23). However, if depletion is accompanied by damaged muscle tissue 

and/or a sustained pro-inflammatory response, this repletion will progress more slowly 

until the tissue damage and/or inflammation is resolved (92). While previous investigations 

report that carbohydrate supplementation following exercise effectively reduces markers 

of pro-inflammatory cytokines (e.g., IL6), this effect is apparent only during glycogen 

replenishment (93). For example, IL6 is released by contracting skeletal muscles as a 

signalling protein to increase hepatic glycogenolysis when there are diminishing muscle 

glycogen and circulating glucose concentrations (94). The provision of carbohydrates 

during exercise has been observed to attenuate this rise when participants are in a fasted 

state (94). However, when a standardised breakfast is provided prior to exercise, no 

attenuation in IL6 was observed compared to non-caloric placebo (95,96). Furthermore, 

intense muscle damaging exercise accompanied by the consumption of carbohydrate does 

not appear to attenuate the rise in IL6 (97),  nor does it have any effect on attenuating the 

signs and symptoms associated with muscle damage (e.g., increased CK and soreness) 

(92,97). It is important to note that all the above studies were performed in adults, with no 

comparative information in youth.  
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2.2.3b Protein 

Within the body, muscle protein is undergoing continuous remodelling that 

increases with exercise intensity and duration (22,98). Damaged proteins are broken down 

into individual amino acid constituents and repurposed as substrates for energy metabolism 

or used to resynthesize new proteins (3). This constant balance between muscle protein 

breakdown (MPB) and muscle protein synthesis (MPS) has been coined muscle protein 

turnover. While MPS and MPB occur simultaneously, when MPS exceeds MPB there is a 

net positive protein balance, facilitating repair, regeneration, and remodelling processes. 

On the other hand, when MPB exceeds MPS, protein balance is negative and more 

indicative of a catabolic state. Therefore, maintaining a positive protein balance (anabolic 

environment) during periods of increased protein turnover (e.g., competition or training 

camp) may be crucial for optimizing the recovery response and maintenance of physical 

capacity.  

 The maintenance of a net positive protein balance can be achieved by either 

potentiating the muscle protein synthetic response to a greater extent compared to 

breakdown, or by attenuating protein breakdown. Traditionally, research in sports nutrition 

has focused on the former, where the synergistic actions of both exercise and protein 

ingestion have been observed to promote greater increases in MPS than either individually 

(99,100). However, the attenuation of MPB still holds importance especially when 

examining the possible mechanisms underpinning the reduction, which may be particularly 

important during transient periods, where MPB exceeds MPS (e.g., competition or 

intensified training) (98). Increased exercise intensity and frequency combined with under-

recovery result in transient periods of pro-inflammation. The pro-inflammatory micro-
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environment can impair important processes that facilitate repair, regeneration and 

refueling (e.g., MPS and glycogen repletion), while simultaneously exacerbating tissue 

damage (e.g., secondary injury via immune cells) and increasing tissue catabolism (Figure 

2.4) resulting in a prolonged period of sub-optimal physical capacity.  

 

Figure 2.4 – Processes that may occur at the muscle level during a period of under-

recovery. IL6=Interleukin 6, IL10 = Interleukin 10, TNFα = Tumor necrosis factor-α, NF-

кβ = Nuclear factor kappa-β, ROS = Reactive oxygen species, RNS = Reactive nitrogen 

species. 

 

Dietary protein, including whole dairy foods (i.e., milk, yogurt and cheese) and/or 

isolated dairy proteins (i.e., whey and casein), are composed of amino acids that are 

suggested to play an important role during recovery, that extend beyond the stimulation of 

MPS. That is, dairy protein may also play a role in glycogen repletion and inflammatory 

modulation, thereby attenuating muscle damage hastening recovery (23,52). Specifically, 
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during periods of inadequate carbohydrate consumption, the co-ingestion of protein, 

especially during limited recovery windows, appears to enhance glycogen replenishment 

(23). Although the exact mechanisms have yet to be fully elucidated, benefits of dairy 

protein consumption may relate to enhanced insulinogenic effects exerted by the proteins 

amino acid constituents, its versatility in being used as a substrate to spare glycogen or 

perhaps its anti-inflammatory effects exerted by the amino acids themselves or other 

bioactive components (23,52,94,101). Although limited, previous research examining 

dairy protein consumption (e.g., whey) following acute intense exercise, appears to result 

in an attenuation of pro-inflammatory markers and possibly downregulating the signalling 

pathways that regulate their release (25,26). For example, Kerasioti and colleagues (26), 

using a randomized cross-over design, observed that, compared to an isocaloric 

carbohydrate cake, consumption of whey protein following a bout of intense cycling 

resulted in significant reductions in pro-inflammatory cytokine IL6 and C-reactive protein 

(CRP) and a greater rise in anti-inflammatory cytokine IL10, in recreationally active men. 

Similarly,  Rowlands et al. (25), using a single blind cross-over design, observed that the 

consumption of a whey protein supplement following a bout of intense cycling (100 min 

of high intensity intervals  ~70-90 %Wmax) resulted in reduced expression of IL6 and an 

inhibition of IL6, TNFα and nuclear factor kappa-β (NF-кβ) transcriptome networks 

(mRNA) compared to an isoenergetic carbohydrate condition. Additionally, the authors 

noted that this response was coupled with the increase in certain pro-myogenic 

differentiation factors. Note that following intense exercise, pro-inflammatory immune 

cells (e.g., neutrophils and M1 macrophages) infiltrate muscle and begin the removal of 

damaged tissue and debris while also secreting reactive oxygen/nitrogen species (ROS and 
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RNS, respectively) and additional pro-inflammatory cytokines (e.g., IL6, TNFα) (5). The 

presence of anti-inflammatory cytokines (i.e., IL10) accompanied by lower levels of pro-

inflammatory cytokines (e.g., IL6, TNFα) and a downregulation in the pathways that 

regulate them (e.g., NF-кβ) observed in the previously described studies, may suggest an 

earlier polarization of M2 macrophages, which generally appear only in the later stages of 

muscle repair and regeneration. This earlier polarization of M2 macrophages suggests 

expedited recovery, as their arrival is also accompanied by greater differentiation of 

satellite cells to myotubes (5). Although performance was not reassessed in either study to 

examine whether this inflammatory modulation translated into meaningful performance 

retainment, an attenuation of pro-inflammation and associated signalling pathways that 

impair important cellular process that facilitate recovery (e.g., MPS and glycogen 

repletion), may be of particular importance during periods of under-recovery, during which 

transient increases of pro-inflammatory markers have been observed (102). It is currently 

unknown whether a similar response occurs in adolescent athletes. However, protein 

supplementation following exercise may be better suited for adolescent athletes, as they 

are characterized by a greater anabolic sensitivity to its provision (103) and therefore, may 

respond more favorably. 

The consumption of dairy protein following exercise and its potential ability to 

modulate inflammatory status, thereby expediting recovery, or limiting performance 

decrements is illustrated in Figure 2.5. 
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Figure 2.5 – Hypothetical modulation of inflammatory status and its subsequent effect on 

muscle repair/regeneration and glycogen resynthesis with the consumption of dairy protein 

post exercise. IL6=Interleukin 6, IL10 = Interleukin 10, TNFα = Tumor necrosis factor-α, 

NF-кβ = Nuclear factor kappa-β, ROS = Reactive oxygen species, RNS = Reactive nitrogen 

species. 

 

The consumption of dairy protein following exercise has previously been shown to 

enhance recovery in adult athletes (10–13). This has been characterised by lower indirect 

markers of muscle damage (i.e., CK and soreness) and more rapid recovery of functional 

measures (i.e., strength and power) following intense exercise (12–17). However, most of 

this research uses well controlled laboratory eccentric tasks (e.g., unilateral dynamometry 

or resistance exercise), which hold poor ecological validity and are therefore not 

representative of the physiological or mechanical stressors experienced during competition 

or on-field training that athletes typically endure. Competition or intensified training 

periods are characterised by increased volume and intensities that are often accompanied 
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by periods of inadequate recovery. In the aforementioned studies, although exercise was 

intense it was also acute in nature (e.g., 1 bout), followed by a period of complete exercise 

cessation, making the efficacy of these studies less applicable to a true athletic 

environment. Indeed, studies with ecologically valid sporting environments, such as 

repeated-bouts of exercise (e.g., swimming competition, sprinting) or team sport training 

camps (e.g., soccer), and the effectiveness of dairy protein consumption following exercise 

in expediting performance recovery are both limited and equivocal (10,18–21). 

Furthermore, all previous studies were examined adults, with no information on the 

effectiveness of dairy protein in youth athletes.  

2.3 Dietary protein and recovery 

 Dietary protein, and more specifically dairy protein consumption post-exercise is a 

key component in possibly expediting recovery in athletes. Specifically, being able to 

maximally stimulate MPS is a key factor in muscle recovery, and appears to underpin the 

repair, regeneration and adaptive process (99,100). Therefore, this section focuses on 

recommendations thought to maximise MPS and how these recommendations relate to 

youth athletes.  

2.3.1 Quantity 

  The adequate amount of dietary protein required to maximally stimulate MPS 

following exercise has been well characterised. Specifically, Moore et al. (104) observed a 

graded stimulation of MPS when 0 – 20 g of isolated egg protein was provided following 

an acute bout of resistance exercise in recreationally resistance trained adult males. 

Interestingly, despite doubling the protein dosage (i.e., to 40 g), no significant potentiation 

of MPS was detected above that observed with the consumption of 20 g. Similarly, Witard 
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et al. (105) observed that the consumption of 20 g of whey protein was sufficient for the 

maximal stimulation of MPS in young resistance-trained men and that the addition of 

further protein beyond 20 g resulted in no further increase in MPS and in fact, was 

accompanied by increased amino-acid oxidation. However, these findings may have been 

influenced by the relatively low amount of muscle tissue recruited during exercise (i.e., 

quad dominant lower body exercise) in the aforementioned studies. Indeed, following a 

bout of whole-body resistance exercise,  Macnaughton et al. (106) observed in trained adult 

males that 40 g of whey protein resulted in superior stimulation of MPS compared to 20g. 

Relative to body mass, these absolute quantities translate into ~0.20-0.40 g·kg-1 of protein 

required to maximally stimulate post-prandial MPS (107).  Unlike adults, in addition to the 

requirements of training, competition and recovery, youth require additional protein to 

facilitate growth and development (108). Although limited, research in recreationally 

active youth report that the consumption of a similar relative mass-specific quantity of 

protein results in a similar response to that observed in adult athletes. Specifically, Moore 

et al. (27) observed in recreationally active youth, a similar graded response as observed in 

adults with the provision of milk proteins (whey and casein), and recommended that ~0.32 

g·kg-1 was adequate to sustain a positive whole body protein balance during the post-

absorptive state. To our knowledge, there are no studies in youth athletes which examined 

post-exercise protein requirements. However, it is assumed that, like in adults, youth 

athletes would require similar protein doses to their recreational counterparts.  

2.3.1 Timing and distribution 

 Following intense exercise there is a rise in MPS that appears to be most 

pronounced immediately following exercise (0-3 h), and is sustained, albeit to a lesser 
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extent, for ~24-48 h  (109,110). This acute period following exercise has been coined the 

“critical-window”, as the muscle becomes sensitized to receive nutrients and is the most 

responsive to the provision of protein, thereby eliciting the greatest muscle protein 

synthetic response, compared to later in the recovery period, as illustrated in Figure 2.6 

(100). While previous research has indicated that timing may be irrelevant if an adequate 

amount of dietary protein is ingested daily (i.e.,~ >1.3 g·kg·-1·d-1), these conclusions are 

based on protocols aimed to maximize muscle strength and hypertrophy and not rapid 

recovery (111). Furthermore, it has been recently proposed that the initial increases in MPS 

following intense exercise may be directed predominately towards the repair and 

remodelling of damaged skeletal muscle tissue (22). Therefore, during periods that require 

a rapid return of physical capacity, when the duration of recovery may be limited, 

immediate provision of protein following exercise (0-2 h) may be imperative to repair 

damaged muscle tissue to hasten the restoration of optimal physical capacity.  
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Figure 2.6 – Effect of protein, exercise or the combination of protein and exercise on MPS 

response (100). Copyright permission granted, 2020-03-15.  

 

The provision of protein following exercise and the subsequent stimulation of MPS 

is transient, only lasting a few hours before returning to basal levels (104,112). Therefore, 

additional consumption of protein is required to maintain a net positive protein balance to 

maximise the recovery response. The distribution of protein consumption in the post-

exercise period that adequately maintains the optimum net balance in favour of synthesis 

has been previously investigated in adults (113,114). Specifically, Areta et al. (113) 

observed that the serial consumption of 20 g of whey protein every 3 h over a 12 h recovery 

period following a bout of resistance exercise resulted in better stimulation of MPS 

compared to the same amount of protein provided in larger (2 x 40 g every 6 h) or smaller 

pulsed boluses (8 x 10 g every 1.5 h) in young resistance trained adult males. Similarly, 

Volterman et al. (28) observed that a dosing strategy of multiple smaller amounts was more 
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beneficial in the maintenance of whole body protein balance, compared to a single large 

serving in recreationally active youth (9-13 y). While certain sporting scenarios may not 

allow for the evenly spaced consumption of protein following exercise (e.g., ~ every 3 h) 

due to competition or training scheduling, it would appear that any opportunity for multiple 

protein servings would be more beneficial than a single serving. 

Overnight sleep is the longest post-absorptive period of the day, where MPB 

exceeds the rates of MPS. This represents the greatest period of net loss of muscle protein 

over a 24h period (115). Therefore, in addition to the strategic consumption of protein 

immediately post-exercise and throughout the day, evening or pre-sleep consumption 

represents another opportunity to augment muscle protein balance in favour of synthesis. 

Previous research examining pre-sleep protein consumption following an acute bout of 

resistance exercise observed that the consumption of 40 g of casein protein resulted in a 

sustained rise in MPS, as well as improved the overnight (~7.5 h) whole body net protein 

balance in favour of synthesis compared to placebo (116). This finding suggests that the 

overnight period serves as a unique opportunity to maximise the recovery response through 

the provision of dietary protein prior to sleep. While no data currently exists in youth 

regarding the efficacy of pre-sleep protein consumption, the practice may be advantageous, 

especially when the recovery window is limited (e.g., ≤ 24 h). 

2.3.1 Protein source and form 

 Many dietary sources of protein (e.g. isolated and whole-food) have previously 

been shown to effectively potentiate the rates of post-exercise MPS, including whey, 

casein, soy, milk, beef, egg and pea (104,117–122). However, the extent of MPS 

stimulation following their consumption post-exercise can vary greatly among these 
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sources (117–119). For example, although equivalent (i.e., isonitrogenous) quantities of 

whey, casein or soy protein were provided to participants following an acute bout of 

resistance exercise, whey protein resulted in a larger and more rapid increases of essential 

amino-acid levels in blood and greater subsequent stimulation of MPS in the acute recovery 

period (0-3 h), compared to both casein and soy protein in young resistance trained adult 

males (119). Similar findings have also been observed following acute bouts of resistance 

exercise in older adults (117,118). This differential response appears to relate to the rate at 

which the protein is digested/absorbed and/or the specific amino-acid profile of each 

protein (99,100,107). Specifically, whey protein, an acid-soluble milk protein subfraction, 

is characterized by fast digestion and absorption kinetics, resulting in a transient, large and 

rapid increase of amino-acids levels in circulation (117,118). Additionally, whey protein 

also possesses a higher content of the amino-acid leucine, considered an important and 

potent stimulator of MPS (120).  Conversely, casein protein, also a milk protein 

subfraction, curdles in the stomach, creating a bolus that delays gastric emptying, slowing 

digestion and absorption resulting in a more moderate, but sustained rise in blood amino-

acids (100,118). The slowing of digestion and absorption results in a prolonged release of 

amino acids into circulation, better sustaining a net positive protein balance for a longer 

duration leading to greater net anabolism in the extended recovery periods (>3h) (123). 

Together, the different digestion and absorption rates of protein, along with unique amino 

acid profiles of the proteins themselves result in differential stimulation of MPS and 

attenuation of MPB post-exercise. These factors are important to consider when developing 

an individualized post-exercise recovery plan, especially when the recovery window may 

be limited (e.g., hours vs. days).  
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 Food form (e.g., liquid vs. solid) is also an important factor relating to amino acid 

availability and the subsequent stimulation of MPS post-exercise. For example, Burke et 

al. (124), using a cross-over design, observed that when isonitrogenous amounts (20 g) of 

different proteins types (skim milk, soy milk, liquid meal, beef steak and eggs) were 

provided, liquid protein forms resulted in peak amino acid concentrations twice as fast 

compared to the solids (e.g., ~50 vs. ~100 min, respectively), despite a similar total amino 

acid availability across all conditions. Additionally, isolated protein sources (e.g., whey), 

often consumed with water, display even faster digestion and absorption kinetics 

(117,118), providing more protein in a relatively small serving (e.g., 200 ml = ~20 g of 

isolated dietary protein) compared to whole food protein sources that require larger 

servings to achieve equivalent quantities (e.g., ~500 ml of milk = 20 g) (125). However, 

increasing the volume of food consumed may not be feasible under certain scenarios, 

especially if the athlete is competing in multiple events in a given day, that is common in 

sports such as swimming. Given the duration between events is relatively short (<1-2 h), 

the rapid delivery of nutrients is pivotal to retain performance capacity. Therefore, 

providing whole food sources that require longer to digest may result in delaying the 

delivery of nutrients to the tissues. Furthermore, large volumes of food may also result in 

gastro-intestinal distress (abdominal cramping) during exercise, subsequently impairing 

performance capacity.  

Protein consumed in a whole food form, while slower in both the rate of digestion 

and absorption, does offer some additional benefits compared to their isolated counterparts. 

Specifically, whole foods possess more complex and nutrient dense food matrices that may 

result in the interaction of various nutrients (e.g., food synergy) to improve recovery (125). 
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For example, Greek yogurt, a readily available whole-food dairy-protein source, in addition 

to possessing approximately double the protein content (126) compared to other liquid 

recovery options (127), also contains carbohydrates that enhance glycogen replenishment 

(23), important nutrients that are considered beneficial for healthy bone development (e.g., 

calcium, phosphorus and vitamin D) (128), and active cultured bacteria thought to enhance 

immunity and improve the bioavailability of nutrients (129). Therefore, food matrices that 

possess high dietary protein and other important nutrients (e.g., dairy food products) may 

provide multiple recovery benefits that extend beyond the stimulation of MPS.  

Together, both isolated and whole food protein consumption post-exercise is 

beneficial in providing key nutrients (e.g., amino acids) that stimulate MPS to support 

repair, remodelling and replenishment mechanisms. However, it is important to take into 

consideration the recovery window available, as this should dictate the form and source of 

protein used. For example, when the recovery window is extended (e.g., 24 h), whole foods 

are recommended, as nutrient synergies may provide additional benefits that extend beyond 

the stimulation of MPS to facilitate recovery. Conversely, when the recovery window is 

limited, provision of isolated protein sources may be more beneficial, as small volumes can 

provide rapid delivery of amounts amino acids to the tissues.  

2.4 Gaps in the literature 

 It has been well established that the provision of dairy protein post-exercise is 

beneficial in the stimulation of MPS, enhancement of glycogen repletion, and more 

recently, the possible ability to modulate the inflammatory response in adult athletes and 

non-athletes. It is through these mechanisms that a faster return to optimal physical capacity 

can be achieved. However, most of the supporting research focuses solely on well-
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controlled laboratory experiments (e.g., unilateral dynamometry or resistance exercise) that 

are not representative of the physiological or mechanical stressors experienced during 

competition or during periods of intensified training in a sporting environment. 

Furthermore, a paucity of research currently surrounds the efficacy of dairy protein 

consumption, in both isolated and whole-food forms, as a potential recovery aid in youth 

athletes. Notably, youth athletic competitions or training camps often offer unique 

opportunities to be identified for future collegiate scholarships or professional careers (9). 

Therefore, it is crucial to determine, using ecologically valid sporting scenarios, the 

effectiveness of dairy protein consumption in expediting the return of physical capacity, 

ameliorating muscle damage and augmenting the subsequent inflammatory response. The 

goal of this research program was to begin to identify effective strategies in these areas 

specifically for competitive youth athletes.  
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3.1 Abstract  

Purpose: This study examined the effect of whey protein consumption following high-

intensity interval swimming (HIIS) on muscle damage, inflammatory cytokines and 

performance in adolescent swimmers. Methods: Fifty-four swimmers (11–17 years-old) 

were stratified by age, sex and body mass to a whey protein (PRO), isoenergetic 

carbohydrate (CHO) or a water/placebo (H2O) group. Following baseline blood samples 

(06:00 h) and a standardized breakfast, participants performed a maximal 200 m swim, 

followed by HIIS. A total of two post-exercise boluses were consumed immediately post-

HIIS and ~5 h post-baseline. Blood and 200 m performance measurements were repeated 

at 5 h, 8 h and 24 h from baseline. Muscle soreness was assessed at 24 h. Creatine kinase 

(CK), interleukin-6 (IL6), interleukin-10 (IL10) and tumor necrosis factor-alpha (TNFα) 

were measured in plasma. Results: No difference in 200 m swim performance was 

observed between groups. CK activity was elevated at 5 h compared to baseline and 24 h 
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and at 8 h compared to all other timepoints, with no differences between groups. Muscle 

soreness was lower in PRO compared to H2O (p = 0.04). Anti-inflammatory IL10 increased 

at 8 h in PRO, while it decreased in CHO and H2O. Conclusions: Post-exercise 

consumption of whey protein appears to have no additional benefit on recovery indices 

following HIIS compared to isoenergetic amounts of carbohydrate in adolescent 

swimmers. However, it may assist with the acute-inflammatory response. 

3.2 Introduction 

Youth (i.e.,10–17 years-old) swimming competitions often require athletes to 

participate in several events over multiple days, performing one or more of the four swim-

strokes at varying distances (50–1500 m), across multiple heats, semi-finals and finals 

(130). The high number of maximal effort swims, coupled with short recovery times 

between events and multiple warm-ups and cool-downs may challenge fuel stores (130) 

and may result in some damage to muscle tissue as reflected by small increases in creatine 

kinase (49), possibly affecting force generating capacity. As a result, the competitive swim 

environment can produce performance decrements, which can potentially be magnified the 

deeper an athlete progresses in competition (e.g., semi-finals and finals) [1,3]. Therefore, 

determining interventions that can reduce the magnitude of performance decrement could 

be beneficial for the youth athlete.  

Nutritional interventions such as the consumption of protein following intense 

exercise is important in the restoration of functional capacity. For example, in adults the 

consumption of protein following intense exercise has been used to reduce the extent of 

muscle damage (10,11,13) and as a temporary source of energy (132). Additionally, post-

exercise consumption of protein may improve anti-inflammatory signaling through the 
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downregulation of nuclear factor kappa-β (NFKβ) signaling pathway, reducing the 

magnitude of pro-inflammatory cytokines (e.g., interleukin 6, interleukin 1 and tumor 

necrosis factor’s), potentially expediting the process of tissue repair and regeneration [8,9]. 

However, previous studies which reported an attenuated pro-inflammatory response post 

exercise with the consumption of protein did not reassess performance to confirm its 

meaningfulness with respect to performance recovery [10,11]. Furthermore, previous 

studies of post-exercise protein consumption and its effects on acute recovery are restricted 

to adult athletes, with little to no available literature in youth athletes. 

Whey protein, a milk protein subfraction, contains all essential amino-acids and is 

characterized by its quick digestion and absorption (118). This unique attribute allows for 

a rapid delivery of amino acids to skeletal muscle to be used in the stimulation of muscle 

protein synthesis and reduction of protein breakdown, presumably optimizing the tissue 

repair and regeneration process (134), or used to assist in the resynthesis of glycogen stores 

when adequate amounts of carbohydrate are not readily available (23). Based on these 

characteristics, whey protein may prove to be a viable option to hasten recovery between 

events, potentially attenuating performance decrements in swimming. Although literature 

related to the use of whey protein as a recovery aid is currently limited in swimmers, Cade 

and colleagues (18) observed that the consumption of a milk protein or a carbohydrate 

supplement before and following an intense pool training session resulted in a quicker 

return to pre-exercise levels of creatine kinase and lactate dehydrogenase (muscle damage 

markers) compared to water, possibly reflecting a faster repair. However, it was not clear 

whether the two supplementation protocols were isoenergetic. Therefore, it is difficult to 

discern whether the recovery observed was related to energy provision. There are several 
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studies which have examined the acute effects of post-exercise isolated protein 

consumption on recovery. However, these focus largely on resistance training or on weight-

bearing activities, with little focus on non-weight-bearing aerobic activities, such as 

swimming (90). Furthermore, the effects of protein consumption following intense exercise 

in adolescent athletes has not been examined. As adolescent athletes have higher protein 

requirements due to growth and development demands (30), it cannot be assumed that post-

exercise protein consumption will have similar effects in youth athletes as observed in adult 

athletes.  

The purpose of the present study was to examine the effect of whey protein 

consumption following a high-intensity interval swim session (HIIS) on subsequent 

performance, muscle soreness, plasma creatine kinase (CK) levels and inflammatory 

cytokines, compared with isoenergetic carbohydrate and flavoured water in the acute (0–8 

h) and short-term (8–24 h) recovery periods. It is hypothesized that whey protein 

consumption will result in better performance-related recovery, lower muscle soreness, and 

lower plasma CK activity and cytokines, compared with both carbohydrates and placebo. 

3.3 Materials and Methods 

3.3.1 Participants 

A total of 60 male and female competitive adolescent (11–17 years-old) swimmers 

were recruited to participate in this study, designed to examine the effect of post-exercise 

whey protein consumption on subsequent exercise performance, muscle damage and 

inflammation. Of this original cohort, 54 male (n = 26) and female (n = 28) had complete 

performance, muscle damage and inflammation data and were included in the final 

analysis. All participants and their parents/guardians received a thorough explanation of 
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the study’s purpose, procedures, benefits, and potential risks, and consent was obtained 

from both the participant and their parents/guardians prior to study commencement. In 

addition, all participants completed a medical screening questionnaire to report injuries, 

allergies and/or health related conditions, as well as a training and sport history 

questionnaire. This training and sports history questionnaire required participants to 

describe the level of competition, the number of years participating, training volume per 

week and perceived intensity of the given sport or training modality. To participate in the 

study, all swimmers were required to train ≥ 5 sessions/week and to have competed for a 

minimum four years. Additionally, participants were required to be free of any 

musculoskeletal injuries and medical conditions that would have prevented them from 

participating in maximal exercise and were not currently taking any medications or 

nutritional supplements. The study was cleared by the Research Ethics Board of Brock 

University (REB# 16-279), Canadian Sports Institute of Ontario (REB# 2017-01) and 

Health Canada’s - Natural and Non-prescription Health Products Directorate (NOA-

229774). The protocol and some of the measurements were previously described in 

Theocharidis et al. (135), which presented a parallel analysis of the effect of whey protein 

consumption on bone markers. 

3.3.2 Design and Procedures 

The study was carried out using a parallel, double-blind, placebo-controlled design. 

Participants were invited to the testing location for one information session and two testing 

sessions. In the information session, seated and standing height (cm) (SECA-217, CAN), 

as well as body mass (kg) and body fat percentage (InBody520, Biospace Co. Ltd., Seoul, 

South Korea) were recorded. Next, participants were stratified according to age, sex and 
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body mass to one of the three experimental groups: whey protein (PRO), an isoenergetic 

nutritive control treatment of carbohydrate (CHO) or a non-nutritive control treatment of 

water (H2O), as described below.  

In addition, many of the female swimmers in each group were postmenarcheal 

(66% in PRO, 89% in CHO and 60% in H2O group). Since we could not schedule the 

testing in accordance with the phase of the individual (female) participants’ menstrual 

cycle, circulating estradiol concentrations were measured prior to the swimming trial to 

control for potential differences between the females in each group. All participants were 

instructed to refrain from exercise a minimum of 48 h prior to testing visit 1. An overview 

of the studies testing procedures (visits 1 and 2) can be found in Figure 3.1. 

Testing visit 1 was scheduled one-week following the information session and was 

structured to mimic a competitive swim competition, with increased frequency of maximal 

effort swims at the beginning of the day, with fewer, more spread out swims as the day 

progressed to simulate quarterfinals, semi-finals and finals. Participants reported to the 

testing location at 05:30 h, where they then provided a fasted venous blood sample at 06:00 

h (baseline, 0 h), followed by a standardized breakfast (described below). At ~1.5 h post-

baseline (~1 h postprandial), participants began a warm-up of 1000 m in the testing pool 

(25 m). Subsequently, participants performed a maximal 200 m front-crawl swim, which 

served as their respective performance baseline. The 200 m front-crawl was chosen as it 

was an event most swimmers were familiar with and had best personal times to use as 

reference. Approximately 5 min after the performance test, participants performed a HIIS, 

which consisted of 5 × 100 m, 5 × 50 m and 5 × 25 m at >90% of each swimmer’s personal 

best time using a 1:1 work-to-rest ratio. Following the HIIS (~3 h post baseline), the first 
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beverage was consumed. At ~5 h post baseline (~2 h post beverage consumption) 

participants provided another venous blood sample, then performed another maximal 200 

m front-crawl swim and consumed the second beverage. Next, participants were provided 

with a low-protein standardized lunch (described below). At ~8 h post baseline (~3 h post 

beverage consumption), another venous blood sample was drawn followed by their final 

200 m front-crawl swim test of the day. Prior to completing both the 5 and 8 h maximal 

200 m front-crawl swims, participants performed a short warm-up of 500 m swim. During 

visit 2, 24 h following baseline measurements (06:00 h the following day), participants 

returned to the testing location where they provided a fasted venous blood sample, followed 

by the consumption of the same breakfast they received during visit 1. Following breakfast, 

participants were asked to rate their muscle soreness using an adapted Likert scale 

questionnaire (136). At ~1 h postprandial participants began their 1000 m warm-up 

followed by the final maximal 200 m front-crawl swim. 

  

 

Figure 3.1 - Study design and procedures. HIIS = high intensity interval swimming. 
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3.3.3. Nutrition 

The standardized meals provided during visits 1 and 2 attempted to closely mimic 

typical race day nutrition patterns, avoiding heavy slow-digesting protein meals that may 

result in gastro-intestinal distress, followed by a larger dinner. Specifically, breakfast 

(visits 1 and 2) included one granola bar, one muffin, one fruit (banana or apple) and a 

juice box or water (carbohydrates = 80 g or 1.42–1.56 g/kg, protein = 5 g or 0.08–0.09 g/kg 

and fat = 20 g or 0.35–0.39 g/kg, ~400–500 kcal); lunch (visit 1) included one 12-inch 

veggie sandwich on a white bun, containing 1-slice of plain white cheese and any requested 

vegetables (carbohydrates = 88 g or 1.56–1.72 g/kg, protein = 8 g or ~0.14–0.15 g/kg and 

fat = 5 g or ~0.08–0.09 g/kg, ~400–500 kcal). The dinner between visits 1 and 2 was not 

standardized, alternatively participants were instructed to consume foods in similar 

quantities they normally would during a competitive swim meet to maintain ecological 

validity. Food consumption was monitored over the entire 24 h testing period (visits 1 and 

2) using a self-reported diet record. To improve the precision of the diet record, participants 

and their parents were required to complete this record together to ensure accurate reporting 

(e.g., portion size) of food consumed. The food record was then analyzed using a diet 

analysis program (Food Processor, ESHA Inc., Salem, OR, USA), by the same examiner 

for consistency. Participants’ relative energy and macronutrient information is presented 

in Table 3.1.  
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Table 3.1 - Participants’ physical and training characteristics and 24h energy and 

macronutrient consumption. 

 PROTEIN CARBOHYDRATE PLACEBO 

 

(n=18) 

Boys = 9, Girls = 9 

(n=18) 

Boys = 9, Girls = 9 

(n=18) 

Boys = 8, Girls = 10 

Age (y) 13.4 ± 0.3 14.3 ± 0.4 14.0 ± 0.3 

Years from age of PHV (y)    

        Boys -0.3 ± 0.5 0.5 ± 0.6 0.1 ± 0.5 

        Girls -0.5 ± 0.3 0.2 ± 0.4 0.1 ± 0.4 

Estradiol (pg/ml) Females only 10.7 ± 3.5 11.9 ± 2.2 8.6 ± 0.3 

Height (cm) 160.4 ± 3.0 164.8 ± 2.3 165.2 ± 2.2 

Body mass (kg) 51.0 ± 3.1 56.3 ± 2.6 55.1 ± 3.5 

Body fat (%) 15.7 ± 1.4 16.1 ± 1.5 15.8 ± 1.8 

Training History    

         Years 4.6 ± 0.4 5.0 ± 0.4 4.7 ± 0.5 

         Sessions·wk-1  5.7 ± 0.3 6.3 ± 0.8 5.5 ± 0.3 

24h Energy Intake (kcal·kg-1) 55.1 ± 5.4 55.4 ± 4.2 49.3 ± 4.6  

24h Protein (g·kg-1) 1.9 ± 0.1* 1.4 ± 0.2 1.3 ± 0.1  

24h Carbohydrate (g·kg-1) 8.5 ± 0.8 8.9 ± 0.6 8.1 ± 0.8 

Values are mean ± standard error; PHV = Peak Height Velocity; 24 h energy and macronutrient consumption including 

supplements. *Indicates significant difference (p < 0.016) between protein and carbohydrate and protein and placebo. 

Total supplement contribution was included for protein (+0.6 g/kg) and carbohydrate (+0.6 g/kg). 

 

3.3.4 Nutritional Supplement Protocol 

Participants received two boluses of PRO, CHO or H2O with added non-energetic 

chocolate flavouring, served in black opaque shaker cups by an independent research 

assistant, to conceal the identity of the beverage’s contents to both the participants and the 

investigators (double blind). Participants consumed two servings of 0.3 g/kg of 

commercially available whey protein isolate (biPro, Eden Prairie, Eden Prairie, MN, USA), 

isoenergetic nutritive control beverage of carbohydrate (maltodextrin), or a non-nutritive 
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beverage of flavoured water. Each beverage’s contents were dissolved in water (e.g., 1 g 

of whey protein isolate to 10 mL of water, as recommended by the manufacturer). The 

relative protein dose used in the present study (i.e., 0.3 g/kg/beverage) is based on previous 

findings by Moore and colleagues (27) who investigated the post-exercise response in 

whole body net protein balance in healthy children. Carbohydrates are generally more 

important for the maintenance of competition-level performance. However, the purpose of 

the present study was to investigate the effects of whey protein on recovery indices. 

Therefore, it is important to note that the carbohydrate beverage provided in the present 

study was meant as an isoenergetic placebo, and thus, the amount was below the 

recommended guidelines for repeated event sports (e.g., <0.8 g/kg/h) (137). 

3.3.5 Blood Collection and Analysis 

A total of 10 mL of blood was collected from an antecubital vein by a certified 

phlebotomist using a standard venipuncture technique at four time points: baseline, 5 h, 8 

h and 24 h post baseline (Figure 1). All blood samples were centrifuged at 1405× g at 4 °C 

using a benchtop centrifuge for 10 min. Serum and plasma were then aliquoted into pre-

labeled Eppendorf tubes and stored at -80 °C until analysis.  

Plasma concentrations of interleukins 6 and 10 (IL6, IL10), tumor necrosis factor 

alpha (TNFα), creatine kinase (CK), as well as serum estradiol (in females) were measured 

in duplicate. Inflammatory cytokines were analyzed using Multiplex magnetic bead kits 

(Cat. #HSTCMAG-28SK, Milliplex EMD Millipore Corporation, USA ). Creatine kinase 

was analyzed using a commercially available reagent kit (Cat. #C7522, Pointe Scientific 

Inc., Canton, MI, USA) fitted onto a 96-well plate and normalized with purified creatine 

kinase (Sigma, CAN, Cat. 10127566001). Estradiol was analyzed using a competitive 
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ELISA kit (Human Estradiol E2 kit, Cat. ab108640, Abcam, city, prov abbrev, Canada). 

The average inter- and intra-assay coefficients of variation for IL6, IL10 and TNFα were 

9.2% and 5.8%, 5.7% and 5.4%, 6.4% and 6.4%, respectively. The average inter- and intra- 

assay coefficients of variation for CK were 4.5% and 3.6%, respectively. The average inter- 

and intra-assay coefficients of variation for estradiol were 5.2% and 8%, respectively. 

Hematocrit was measured following all blood draws in triplicate by the same 

investigator using microhematocrit capillary tubes treated with heparin (VWR 

International, Radnor, PA, USA). Percent plasma volume changes (%PV) were calculated 

using the following formula by Van Beaumont (138). 

%∆𝑃𝑉 = [
100

(100 − 𝐻𝑒𝑚𝑎𝑡𝑜𝑐𝑟𝑖𝑡𝑃𝑟𝑒−𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒 )
]

× [
100(𝐻𝑒𝑚𝑎𝑡𝑜𝑐𝑟𝑖𝑡𝑃𝑟𝑒−𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒 − 𝐻𝑒𝑚𝑎𝑡𝑜𝑐𝑟𝑖𝑡𝑃𝑜𝑠𝑡−𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒 )

𝐻𝑒𝑚𝑎𝑡𝑜𝑐𝑟𝑖𝑡𝑃𝑜𝑠𝑡−𝑒𝑥𝑒𝑟𝑐𝑖𝑠𝑒 

] 

 

This formula was used to calculate %PV changes from pre-exercise across all time-points 

for each participant. The %PV changes were then used to adjust all post-exercise values 

for inflammatory mediators (IL6, IL10 and TNFα) and CK. 

3.3.6 Statistical Analysis 

All statistical analyses were performed using IBM SPSS version 25 for windows 

(SPSS Inc., city, state abbrev USA). The data are presented as means ± 1 SE. There were 

no observed statistical differences across all variables between boys and girls. Therefore, 

data are expressed collectively. As previously mentioned, 60 participants were recruited 

for the study however, not all were included in the final analysis due to missing blood-

draws (≥2 timepoints, n = 4) and outlying values (i.e., >3 SD, n = 2) leaving a total of 54 

participants. Of the remaining 216 blood samples (54 participants × 4 sampling time 
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points), two samples were missing due to unsuccessful venipuncture attempts at 5 h (in 

CHO) and 8 h (in H2O). As a result, these two participants were removed from the blood 

analysis. All data were assessed for normality by visual inspection of histograms, and by 

assessing the skewness and kurtosis ± 3 prior to parametric assessment. All variables met 

the assumptions of normality.  

A one-way analysis of variance (ANOVA) was used to examine differences 

between groups in physical characteristics, estradiol concentrations (females only) and 

training history, as well as all other measures at baseline. Differences between groups with 

respect to muscle soreness was assessed using the Kruskal-Wallis test for non-parametric 

analysis. The changes in performance and in each of the biomarkers from baseline were 

examined using a two-way repeated measures ANOVA (RM-ANOVA), with one within-

subject main-effect (time) and one between-subject main-effect (group). In the case of a 

significant main effect or interaction, pairwise comparisons were performed with 

Bonferroni adjustment for multiple comparisons. Cohen’s d effect sizes (ES) were 

calculated on absolute performance changes, where effects were considered small (0.2), 

medium (0.5), and large (>0.8) (139). ESs are presented with the corresponding 95% 

confidence interval. The acceptable level of significance was set at p < 0.05 and p < 0.016 

(0.05/3) for the Bonferroni adjustment. 

3.4 Results 

There were no significant differences between groups in age, physical 

characteristics, training history or among female’s estradiol concentration (Table 1). There 

were also no differences between groups in the relative macronutrient and energy 

consumption during the 24 h testing period (Table 1).  
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There was a significant main effect of time (p = 0.001) observed in the 200 m swim 

performance, with no significant group effect (p = 0.15) or group-by-time interaction (p= 

0.56), reflecting a reduction in performance (longer time to complete 200 m) following the 

HIIS in all groups (Figure 3.2). Pairwise comparisons revealed that 200 m swim 

performance was slower at 5 h, 8 h and 24 h post-HIIS compared to baseline. The ES and 

their corresponding 95% CI for the decrement in performance from baseline to 5, 8 and 24 

h were lower, ranging from small to medium, in the PRO [0.7 (−0.1 to 3.5), 0.5 (−0.7 to 4) 

and 0.3 (−1 to 2.7), respectively] and CHO [0.7 (0.03 to 3.1), 0.5 (−0.9 to 4.4) and 0.6 (−0.3 

to 3.2), respectively] groups, compared with the large ES observed in the H2O group [1.2 

(1.2 to 4.8), 1.3 (2 to 6.6) and 1.1 (0.9 to 4.1), respectively].  

 

 

Figure 3.2 - Changes in 200 m front crawl following a high intensity interval swimming 

protocol in adolescent swimmers. a—indicates a significant decrement (p < 0.016) in 

performance (e.g., longer performance times) compared to baseline in all groups. 
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The concentration of CK increased significantly over time (p = 0.001), with no 

significant group effect (p = 0.17) or group-by-time interaction (p = 0.25) (Figure 3.3). 

Pairwise comparisons revealed that CK at 5 h was significantly elevated compared to 

baseline and 24 h, and CK at 8 h was significantly elevated when compared to all other 

time points. Muscle soreness at 24 h was significantly different between groups (p = 0.04), 

with PRO significantly lower compared to H2O, but not CHO (Figure 3.4). No differences 

were observed between H2O and CHO.  

 

 

Figure 3.3 - Changes in the plasma concentrations of creatine kinase (CK) following 

intense swimming in adolescent swimmers. a—indicates a significant increase (p < 0.016) 

at 5 h compared to baseline and 24 h in all groups. b—indicates a significant increase (p < 

0.016) at 8 h compared with all other timepoints in all groups. 
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Figure 3.4 - Perception of muscle soreness following intense swimming in adolescent 

swimmers. *—indicates a significant difference (p < 0.05) between PRO and H20 at 24h. 

 

Table 3.2 - Baseline cytokine concentrations. 

 

Protein (n = 

18) 

Carbohydrate (n = 17) Placebo (n = 17) 

IL6 (pg/mL) 0.9 ± 0.1 1.2 ± 0.1 1.5 ± 0.3* 

IL10 (pg/mL) 4.2 ± 0.5 6.0 ± 0.5 5.6 ± 0.7 

TNFα (pg/mL) 1.9 ± 0.1 1.9 ± 0.1  2.1 ± 0.1 

Values are mean ± standard error; IL6 = interleukin 6, IL10 = interleukin 10, TNFα = tumor necrosis factor alpha.  

*Indicates significant difference (p < 0.05) between the placebo and protein groups.  

 

Baseline inflammatory cytokine levels are reported in Table 3.2. There was no 

significant main effect of time (p = 0.97) or group (p = 0.09), and no significant group-by-

time interaction (p = 0.07) for the absolute change in IL6 (Figure 3.5a). A significant group-

by-time interaction (p = 0.005) was observed for IL10, reflecting a significant increase in 

PRO at 8 h post-exercise, which was significantly different when compared with H2O (p = 
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0.02), but not when compared with CHO (p = 0.16) (Figure 3.5b). No significant main 

effect for time (p = 0.35) or group (p = 0.51) was observed. Lastly, absolute change in 

TNFα from baseline following exercise indicated a significant main effect of time (p = 

0.01). Pairwise comparisons indicated that TNFα concentrations at 8 h were significantly 

lower compared to baseline and 24 h. No significant main effect for group (p = 0.45) or 

group-by-time interaction (p = 0.11) were observed (Figure 3.5c). 

 

 

 

Figure 3.5 - Changes in the plasma concentrations of (a) interleukin 6 (IL6), (b) interleukin 

10 (IL10) and (c) tumor necrosis factor alpha (TNFα) following intense swimming in 

adolescent swimmers. *—indicates a significant difference (p < 0.016) in IL10 at 8 h post-

exercise in PRO compared to H2O; a—indicates a significant decrease (p < 0.016) in TNFα 

at 8 h compared to baseline and 24 h in all groups. 

 

3.5 Discussion 

The present study investigated the effect of whey protein consumption (2 × 0.3 

g/kg) during the acute (0–8 h) and short-term (8–24 h) recovery periods in competitive 

adolescent swimmers. Overall, performance was not statistically different between groups. 

While the consumption of whey protein resulted in significant increases in anti-
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inflammatory IL10 during the acute (0–8 h) recovery period, and a lower perception of 

muscle soreness at 24 h compared to the non-nutritive control group (H2O), no differences 

were observed when compared with the isoenergetic nutritive control treatment (CHO).  

Macronutrient consumption is an essential component in optimizing/hastening 

recovery and performance (e.g., refueling, rehydrating and repair/remodel) [7,16]. In the 

present study, we did not observe a statistically significant benefit to performance with the 

addition of either nutritive treatment protocols (e.g., whey protein or carbohydrate), 

compared to the non-nutritive consumption of water during the acute (0–8 h) nor the short-

term (8–24 h) recovery periods. A possible explanation may relate to supplementation 

dosage. For example, participants in the present study consumed a similar or even greater 

relative protein dose (e.g., 0.3 g/kg) than that used in previous studies with adult athletes 

[4,24,25]. However, due to the increased demands of growth and development, 

accompanied by increased macronutrient needs associated with chronic training and 

competition, the protein dosages provided in the present study might not have been 

sufficient to significantly affect performance. Another explanation may relate to the 

athletes’ dietary intakes over the 24 h testing period. Specifically, protein (≥ 1.3 g/kg BM), 

carbohydrate (≥8 g/kg BM) and energy intakes (≥ ~50 Kcal/kg BM) over the 24 h testing 

period were either at or above the sports nutrition guidelines for youth athletes (3,141,142), 

which may have dampened any benefit of additional whey protein supplementation on 

performance. Evidence of this phenomenon has been observed in a meta-analysis where 

Schoenfeld et al. (111) observed that adults who consumed greater amounts of protein 

throughout the day, did not receive any added benefit (strength or hypertrophic response) 

from protein supplementation following intense exercise. However, most of the studies 
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included within this meta-analysis were performed in untrained adults undergoing long-

term resistance exercise programs focused on maximizing strength and muscle 

hypertrophy, which are not outcomes necessarily related to acute recovery. Future research 

in youth athletes is needed to determine the effects of higher doses of post-exercise protein 

supplementation, following high intensity exercise. 

Subjective rating of muscle soreness and objective measures of skeletal muscle 

enzymes in blood (i.e., CK) were used in this study to indirectly reflect muscle damage and 

recovery. In the present study, small but significant elevations in plasma CK concentration 

were observed in all groups during both the acute and short-term recovery period, 

accompanied by increases in muscle soreness at 24 h. Together, these changes, along with 

the observed performance decrements suggest that HIIS resulted in some exercise-induced 

skeletal muscle damage. Whether whey protein was effective at attenuating muscle damage 

is difficult to ascertain. While the response in plasma CK concentration was similar in the 

three groups, perceived muscle soreness at 24 h post-HIIS was significantly lower in PRO 

compared with the non-nutritive control group H2O. Relative to adults, youth are 

characterized by lower peak concentration of CK (60). Furthermore, the rise in CK 

concentration following intense swimming in both youth [31,32] as well as adults (18), 

appears to be lower (e.g., 60–300IU vs. 600–7000IU), peak sooner (e.g., 0–6 h vs. 24–48 

h post-exercise) and returns to resting levels faster (e.g., 8 h vs. 48–72 h) than following 

eccentrically-based activities (e.g., resistance or plyometric exercise) [30,33,34]. Indeed, 

compared to eccentric activities, muscle damage (reflected in perceived soreness and CK 

response) observed in the present study appears to be considerably lower, suggesting that 

athletes would have less damage to recover from. Therefore, potential benefits of 
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supplementation may have been too small to detect. Lastly, in the present study, we 

simulated a 1-day ecologically valid swim competition. However, it should be noted that 

among talented swimmers, these competitions can endure up to 8 days (130). Multiple days 

of competition could potentially increase exercise-induced tissue damage, in which case 

protein supplementation may prove beneficial.  

Acute inflammation plays a critical role in the repair and regeneration of muscle 

(5). Following exercise-induced muscle damage, the microenvironment is dominated by 

pro-inflammatory immune cells (e.g., neutrophils and M1 macrophages) to remove 

damaged tissue and debris (5). These cells release pro-inflammatory mediators (e.g., TNFα, 

IL6) which facilitate the migration and proliferation of dormant satellite cells (63). As M1 

macrophages transition to M2, they release anti-inflammatory mediators (e.g., IL10), 

which reduce inflammation and promote stem cell differentiation and fusion with injured 

muscle (5). In the present study, we found no significant changes in IL6 following HIIS, 

consistently across groups and irrespective of the higher baseline concentration in the H2O 

group. TNFα concentrations at 8 h were significantly lower compared to baseline and 24 h 

in all groups, which may suggest an overall blunted inflammatory response in these 

adolescent swimmers. Importantly, we observed an increase in IL10 at 8 h in PRO, which 

decreased in both CHO and H2O. The increase in IL10 in the PRO group may reflect a 

protein-facilitated acceleration of the muscle regeneration process (e.g., anti-inflammatory 

mediators released earlier by immune cells). While previous studies with respect to protein 

consumption and its ability to modulate the inflammatory response are limited (52), our 

findings suggest that adolescent athletes respond similarly to post-exercise protein 

ingestion as previously described in adult athletes [10,11]. For example, Rowlands and 
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colleagues (25) reported that in trained adults, a protein-leucine beverage consumed 

following intense cycling resulted in an attenuation of pro-inflammatory cytokines (IL6, 

TNFα) and the pathways that regulate them (nuclear factor kappa-β), which was not 

observed following consumption of an isoenergetic carbohydrate supplement. Similarly, 

using a cross-over design, Kerasioti et al. (26) observed in adults, that when a protein-

carbohydrate cake was consumed following an intense cycling session, a ~50% reduction 

in pro-inflammatory cytokines (IL6 and C-reactive protein) and a +110% higher response 

in IL10 was observed compared to when participants consumed isoenergetic amounts of 

carbohydrate. Together, findings in the present and previous studies suggest a possible 

protein-facilitated inflammatory modulation. However, more research is needed to 

elucidate the meaningfulness of this mechanism with respect to performance recovery. 

A limitation of the present study is that participants were not restricted in their 

dietary intake during dinner and were specifically instructed to consume the foods they 

normally would during a competition. As a result, potential differences in macronutrient 

consumption at dinner could affect both performance and biochemical results at 24 h, 

although there were no significant differences in macronutrient intake between groups at 

24 h when supplementation was removed from both PRO and CHO. Additionally, the HIIS 

was designed in consultation with highly experienced swim coaches. However, it is 

possible that the prescribed HIIS was not sufficiently intense for all swimmers, especially 

the older, more experienced swimmers. 

Despite the lack of statistical difference between groups with respect to 

performance, the present results may hold practical benefits to both coaches and swimmers. 

Specifically, during the acute recovery period (i.e., 0–8 h), where the time between events 
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is more congested, the consumption of energy in the form of either whey protein or 

carbohydrate appears to offer some benefit. For example, the consumption of isoenergetic 

amounts of whey protein or carbohydrate showed better performance retainment (e.g., 

lowest time decrements) at 8 h (+1.62 s and +1.74 s respectively) compared with the non-

nutritive control treatment of water (+4.26 s). In later stages of competition (e.g., ≥24 h) 

whey protein may offer additional benefits, reflected in lower perception of muscle 

soreness, which may translate into better performance retainment. 

3.6 Conclusion 

In conclusion, the consumption of two boluses of whey protein following a HIIS 

session did not result in significant performance recovery during both the acute (0–8 h) and 

short-term (8–24 h) recovery periods. While the consumption of whey protein resulted in 

significant increases in anti-inflammatory IL10 during the acute recovery period (0–8 h), 

and a lower perception of muscle soreness at 24 h compared to the non-nutritive control 

group, no benefit was observed when compared with the isoenergetic nutritive control 

treatment of carbohydrate. Future research is required to further elucidate whey protein’s 

role in mediating inflammatory processes and how this may affect performance recovery 

in youth athletes. 
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4.1 Abstract 

Background: During a period of intensified exercise (e.g., training/identification camps), 

often undertaken by competitive youth athletes, the maintenance of muscle function and 

peak performance can become challenging due to an accumulation of fatigue. The 

provision of post-exercise dairy protein in adults has been previously shown to accelerate 

recovery however, its efficacy in youth athletes is currently unknown. Therefore, the 

purpose of this study was to examine the effects of increased dairy protein consumption 

with plain Greek yogurt (GY) on performance and recovery indices during an intensified 

soccer training camp in adolescent female soccer players. Methods: Thirteen players (14.3 

± 1.3 yr) participated in a randomized, double blinded, cross-over design study where they 

received 3 serv/d of either GY (~115 kcal, 17 g protein, ~11.5 g carbohydrates) or an 

isoenergetic carbohydrate control (CHO, ~115 kcal, 0.04 g protein, ~28.6 g carbohydrates) 

during two 5-d soccer-specific training camps. Performance was assessed before and after 

each training camp. Fasted, morning, creatine kinase (CK), insulin like growth factor-1 

(IGF-1), C-reactive protein (CRP), interleukin 6 (IL6), interleukin 10 (IL10) and tumor 
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necrosis factor-α (TNFα) were measured in plasma pre- and post-training. Results: 

Training led to decrements in counter-movement jump (p=0.01), broad jump (p=0.04) and 

aerobic capacity (p=0.006), with no effect of GY. A significant increase in anti-

inflammatory cytokine IL10 was observed from pre- to post-training in GY (+26% 

[p=0.008]) but not in CHO (p=0.89). CRP and CK increased (+65% [p=0.005] and +119% 

[p ≤ 0.001], respectively), while IGF-1 decreased (-34% [p≤0.001]) from pre- to post-

training with no difference between conditions. Conclusions: These results demonstrate 

that consumption of GY did not offer any added recovery benefit with respect to measures 

of performance and in the attenuation of exercise-induced muscle damage above that 

achieved with energy-matched carbohydrate in this group of young female soccer players. 

However, regular consumption of GY may assist with the acute-inflammatory response 

during periods of intensified training in adolescent athletes.  

4.2 Introduction 

Soccer is a team-sport characterized by aerobic and anaerobic components, 

encompassing both intermittent eccentric high-intensity (e.g., repeated sprints, 

acceleration/deceleration, jumping) and continuous aerobic activity. It has been estimated 

that during a match, a player can cover ~9-12 km of which ~2-3 km is at high-intensity 

(145–147). Consequently, training programs for soccer players focus on developing 

aerobic and anaerobic components in an effort to improve players’ ability to perform and 

rapidly recover from high-intensity exercise (145). These training programs are periodized 

throughout the competitive on-and-off season and are marked by short-term periods of 

intensified training (i.e., increased volume and intensity) in the form of training or talent 

identification camps (148). The combination of intensified training and competition can 
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lead to suboptimal-recovery and decrements in performance over time in adult (149), as 

well as in youth athletes (150). In addition, periods of intensified exercise combined with 

eccentric movements inherent to soccer training and match play can lead to cumulative 

fatigue, which can delay recovery and the return of physical capacity (83). This observation 

has been characterized by increased and sustained plasma concentrations of creatine kinase 

(CK), worsening muscle soreness, as well as chronic elevation of various markers of 

inflammation (i.e., cytokines and acute-phase proteins) and immune cells (19,20,64,149). 

This state is problematic for athletes during periods of increased daily energy expenditure 

(151), particularly if energy consumption does not match the energy demands 

(consumption < expenditure). Such a negative energy balance places additional strain on 

endogenous fuel stores potentiating fatigue further and delaying the return of physical 

capacity (151). In addition to restoring physical capacity and maintaining homeostasis, 

energy and macronutrients must support healthy growth and development in youth athletes 

(30). Therefore, nutritional interventions providing whole foods may provide substrates to 

attenuate the negative effects of intensified exercise in adolescent athletes. 

The use of whole dairy foods (i.e., milk, yogurt and cheese) and/or isolated dairy 

proteins (i.e., whey and casein) may optimize recovery during a period of intensified 

training (152). Specifically, milk contains essential amino acids, carbohydrates, fats and 

other nutrients that may expedite recovery through facilitating the repair, regeneration and 

replenishment processes (152). Milk proteins have previously been observed to both 

stimulate muscle protein synthesis (118,119) and reduce the magnitude of protein 

breakdown (100) following acute resistance exercise. Additionally, consumption of whey 

protein following intense endurance exercise appears to attenuate the pro-inflammatory 
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response  (e.g. interleukin 6 [IL6] and tumor necrosis factor alpha [TNFα]) (25). Likewise, 

consumption of whey protein following intense exhaustive exercise has been observed to 

increase anti-inflammatory cytokine concentrations (e.g., interleukin 10 [IL10]), possibly 

facilitating an earlier recovery response in both youth and adult athletes (26,153). However, 

whether these beneficial physiological effects extend to prevent subsequent performance 

decrements during periods of intensified training is not clear.  

Milk contains whey protein, which is rapidly digested and absorbed resulting in a 

large, but acute rise in amino acids, and casein protein, which curdles in the stomach, 

slowing digestion and absorption resulting in a more moderate, but sustained rise in amino 

acids (100,118). This attribute of casein protein may make it the ideal supplement during 

periods of intensified exercise, as a prolonged positive protein balance could potentially 

attenuate muscle protein breakdown, thereby better preserving functional capacity. Greek 

yogurt (GY), a readily available casein-based, whole-food dairy-protein source, may be a 

viable recovery supplement during intensified training. Compared to milk, 1 serving of GY 

contains approximately double the protein content (126) and its solid form results in slower 

digestion compared with liquid recovery options (127). Furthermore, while GY contains 

nutrients that are considered more beneficial for healthy bone development (e.g., calcium 

and phosphorus) (128), it also contains active cultured bacteria thought to enhance 

immunity (129). While previous studies have investigated the effectiveness of GY to 

enhance resistance training-related adaptations (e.g., strength, muscle mass) in young men 

(154), to our knowledge its effectiveness as a recovery aid during a short-term period of 

intensified exercise has not been examined.  
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The purpose of this study was to examine the effects of increased protein 

consumption by plain GY compared with an isoenergetic carbohydrate control on 

performance recovery, inflammation, and muscle damage, during a simulated soccer 

training camp in competitive adolescent female soccer players. It was hypothesized that 

regular provision of GY would result in better retainment of performance measures, an 

attenuated inflammatory response (i.e., lower concentration of pro-inflammatory or higher 

concentration of anti-inflammatory markers) and lower plasma CK levels compared with 

an isoenergetic carbohydrate control. 

4.3 Materials and Methods 

4.3.1 Participants 

The study was cleared by the Research Ethics Board of Brock University (REB# 

18-289) and was registered at Clinicaltrials.gov (NCT03947801). Thirty competitive 

female soccer players were recruited to participate in this study. Of this original cohort, ten 

players declined to participate and seven did not complete the cross-over due to scheduling 

conflicts (n = 5) or sustained an injury (n = 2) unrelated to the study. In the end, 13 

participants (14.3 ± 1.3 yr of chronological age; 0.81 ± 0.83 yr from age of peak height 

velocity [indicator of maturational status]) successfully completed the study protocol. 

Figure 4.1 shows the CONSORT diagram for the present study.  

All participants and their parents/guardians received a thorough explanation of the 

study’s purpose, procedures, benefits, and potential risks, and written consent/assent was 

obtained from the participants and their respective parents/guardians prior to study 

commencement. To be eligible to participate in the study, all participants needed to be 

training at least 3 sessions per week and to have competed in travel soccer for a minimum 
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of 5 years. Specifically, the included participants played competitively for 6.5 ± 2.2 yr, 

trained on average 6.4 ± 0.8 h·wk-1, competed in one match per week (1.5 h) and were 

outfield players. Additionally, participants were required to be free of any musculoskeletal 

injuries and medical conditions that would have prevented them from undergoing maximal 

exercise and were not currently taking any medications or nutritional supplements.  

 

 

Figure 4.1 – CONSORT flow Diagram. 

 

Assessed for eligibility (n=30) 

Excluded (n=0) 

   Not meeting inclusion criteria (n=0) 

   Declined to participate (n=10) 

   Other reasons (n=0) 

Analysed (n=13) 

 Excluded from c-reactive protein analysis (>3 

z-scores) (n=2) 

Lost to follow-up (scheduling) (n= 5) 

Discontinued intervention (injury) (n=2) 

First Trial: 

Allocated to Greek yogurt or isoenergetic 

carbohydrates condition (n=20) 

 Received allocated intervention (n=20) 

 Did not receive allocated intervention (n=0) 

Lost to follow-up (scheduling) (n=0) 

Discontinued intervention (injury) (n=0) 

Second Trial: 

Allocated to Greek yogurt or isoenergetic 

Carbohydrates condition (n=13) 

 Received allocated intervention (n=13) 

 Did not receive allocated intervention (n=0) 

Allocation 

Analysis 

Follow-Up 

Randomized (n=20) 

Enrollment 
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4.3.2 Study Design 

This study was a randomized, double-blinded, cross-over trial. The protocol 

consisted of an information session, two identical training camps consisting of 5 

consecutive days of intensified soccer training, differing only by nutritional intervention, 

and identical pre-and post-training session testing (see procedures and measurements 

below). Specifically, the intensified soccer training program increased the frequency (from 

3 to 5 d), intensity (e.g., decreased rest duration, increased number of drills), and overall 

regular weekly training volume (from 6 h to 10 h). All participants were post-menarcheal 

with regular menses but were not all tested in the same phase of their menstrual cycle. To 

control for potential menstrual effects, testing blocks were separated by 28 days, so that 

each participant was in the same phase of their menstrual cycle during the two training 

periods, which also allowed for an adequate wash-out and recovery period, during which 

participants resumed regular soccer activities. 

4.3.3 Experimental Procedures  

Information session 

The information session occurred ~3 weeks prior to the study’s commencement. 

During this session, participants and their parents/guardians signed the consent and assent 

forms and completed a medical screening questionnaire to report any injuries, allergies, 

and/or health related conditions, along with information regarding menstruation (i.e., onset 

and regularity of cycle). Participants also completed a training and sport history 

questionnaire in which the level of competition, the number of years participating, training 

volume per week and perceived intensity of the given sport or training modality was 

described.  
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Pre- and Post-training testing  

During the training camps, participants were tested twice: on the day before (pre) 

and day following (post) the 5-d soccer specific training. Participants arrived at the 

University for pre- and post-training testing at 0800 h. Standing and seated height were 

measured using a portable stadiometer (SECA - 217, Canada), and recorded to the nearest 

0.1 cm. Body-fat percentage, recorded to the nearest 0.1%, was estimated using 

bioelectrical impedance analysis (InBody520, Biospace Co. Ltd., Seoul, S. Korea), while 

simultaneously measuring body mass, recorded to the nearest 0.1 kg. A fasted venous blood 

sample was then taken from an antecubital vein. Participants then consumed a standardized 

breakfast which included one granola bar, one muffin, one fruit (banana or apple) and a 

juice box or water (carbohydrates = 80 g or ~1.35 g·kg-1, protein = 5 g or ~0.08 g·kg-1 and 

fat = 20 g or ~0.34 g·kg-1, ~400–500 kcal). Participants were instructed to eat the same 

breakfast during the pre- and post-training testing sessions. At ~1045 h (~1.5 h 

postprandial), participants began a standardized dynamic warm-up (~15-20 min).  Next, 

participants completed a battery of performance tests (see details below), following which 

they were provided a food frequency questionnaire (FFQ) to be completed with the 

assistance of a parent prior to the first training session, to determine habitual dietary 

patterns. During the period between the first pre-testing and the first training session, 

participants were randomly allocated to one of two experimental conditions, i.e., GY or the 

isoenergetic carbohydrate control (CHO), by an independent research assistant (described 

below), then crossed over to the alternative treatment following the washout period. Post-

training testing was identical to pre-training testing sessions and occurred following the 

final day of the 5-d training protocol.  
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Simulated Soccer Training Camp  

The simulated 5-d soccer-specific training was structured to mimic a heavy-

volume, high-intensity training camp. Training sessions occurred at the same time each day 

(1800-2000 h), were matched for intensity, duration, and specific drills/exercises, and were 

administered by a certified technical soccer coach and knowledgeable training staff. Each 

session began with a 15 min dynamic warm-up followed by 90 min of soccer-specific 

training, ending with a 15 min cool-down. The 90 min of soccer-specific drills were 

performed at maximal effort and consisted of agility, sprinting and plyometric exercises as 

well as ball-handling, small-sided games (rondo) and shooting. Specifically, the work-to-

rest ratios for drills for days 1, 3 and 5 were 1:1 or 1:2. On days 2 and 4 a longer rest 

interval was provided (1:3 and 1:4) for power-based drills (e.g., plyometrics). Following 

the completion of each training session, participants were asked to individually rate how 

hard the practice was using a standard rating of perceived exertion scale (1-10). A mean 

rating was recorded for each 5-d period. The coach-to-participant ratio during all training 

sessions was 1:3. 

4.3.4 Nutrition Records 

Participants were asked to self-report all food consumed in a 24 h period for all 5-

d of the training camp. The food record was provided to each participant in a folder with a 

portion size sheet stapled to the inner flap. Each participant was individually educated with 

detailed instructions on how to complete the food records. Each day participants would 

complete and return the food record and be provided with a blank one for the subsequent 

24 h period. To ensure similar diets between each training week, photocopies of the food 

records over the course of the first training week were provided to participants prior to the 
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second week of training. All food records were analyzed using a diet analysis program 

(Food Processor, ESHA Inc., Salem, OR), by the same examiner for consistency. In 

addition, habitual dietary intake was assessed using a FFQ (NutritionQuest, Berkley, CA., 

USA), designed to assess dietary habits through a recall of foods eaten in the last 6 months.  

4.3.5 Nutritional Intervention  

Participants consumed three servings of 160 g of plain GY (~115 kcals, 17 g 

protein, ~11.5 g carbs, 0 fat) (Skotidakis Inc., St. Eugene, ON, Canada), or 30 g of 

isoenergetic CHO (~115 kcal, 0.04 g protein, ~28.6 g carbs, 0 fat) immediately following 

the training session, 1 h prior to bedtime, as well as one serving between breakfast and 

lunch on the subsequent day. The isoenergetic CHO serving was prepared daily, using a 

combination of 6 g fat-free vanilla Jell-O instant pudding (Kraft Heinz Canada, Toronto, 

ON, Canada), and 24 g maltodextrin (GLOBE Plus 15DE Maltodextrin 100300, Ingredion, 

London, ON, Canada) mixed in water to match the color and consistency of GY. Both 

supplements were prepared by an independent research assistant to be served in clear 

containers and flavored with calorie-free vanilla syrup. The contents of the supplement 

were not divulged to the participants or the training staff. Participants were instructed to 

consume the supplements in addition to their habitual dietary intake. Participants were 

asked to report daily whether they consumed all intervention servings. Based on these 

reports, there was 100% compliance in supplement consumption over the duration of the 

study for both conditions. The true contents of both supplements were concealed until the 

completion of the study, where a post-experimental interview revealed 10 of the 13 

participants could not differentiate between the GY and CHO supplements. 
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4.3.6 Performance Test Battery 

To measure progressive changes in physical performance following intensified 

training, participants performed a performance test battery before (pre-) and after (post-) 

the 5-d intensified training periods. Participants were instructed to refrain from exercise at 

least 48 h prior to the pre-training data collection for both visits. Performance tests related 

to important skills involved in soccer including, speed, agility, change of direction, 

jumping, and power. Participants were familiarized with all performance testing protocols 

and procedures prior to assessment. Specifically, participants performed 5 maximal 

practice 20m sprints, 5 maximal practice modified 5-0-5 (bi-directional), 3 maximal 

countermovement jumps and 3 maximal broad jumps prior to assessment. However, 

participants were not familiarized with the beep-test as they regularly perform this 

assessment as part of their fitness testing with their respective clubs.   

Speed was assessed using a 20 m sprint test using the Brower timing TCi-system 

(Brower timing systems, Draper, UT, USA). The TCi smart-start system block was placed 

at the starting line (0 m) and the Brower timing photocells were placed at 10 and 20 m. 

Participants were instructed to place their preferred foot on the starting line near the TCi 

smart-start block. Participants were instructed, “when ready, run as fast as you can through 

both gates, and do not slow down until you are past the last gate”, and were verbally 

encouraged throughout the duration of the sprint. Three maximal sprints, with ~3 min of 

rest between trials were performed, and the average of these sprints was taken for further 

analysis.   

Agility was assessed using a modified 5-0-5 test with the Brower timing TCi 

system. The modified 5-0-5 agility test measured the ability of the participant to change 
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direction. A starting line and a turnaround line were set up 5 m apart. Brower timing 

photocells were set up at the starting line. Participants were instructed to place their 

preferred toe on the starting line. When ready, participants were instructed to “run as fast 

as you can to the turn-around line, use one foot to break the plane of the turn-around line, 

plant, and sprint back through the starting line”. Two maximal trials were performed, one 

facing each direction, with ~3 min of rest between trials. The average of both trials was 

used for further analysis.   

Vertical jump was assessed using the counter-movement jump (CMJ) measured by 

force plates (Hawkin Dynamics, Westbrook, ME, USA). Participants were instructed to 

step onto the force plates and to stand as still as possible (quiet phase). Upon a visual cue, 

with hands on hips the participant bent at the hip and knees into a squat position and 

immediately performed a vertical jump. The athlete was instructed not to bend their knees 

during flight time and to “stick” the landing as best they could upon decent. Participants 

performed the CMJ three times, with approximately 3 min rest between trials. The average 

of all 3 trials was used for further analysis. 

Horizontal lower body power was assessed using the standing broad jump (BJ), 

recorded as the farthest distance a participant could jump from a standing position. A 

starting line was taped along the floor, and a non-flexible open reel measuring tape was 

used to measure distance jumped. Participants were instructed to line the tips of their toes 

up with the beginning of the strip of tape. When instructed, participants propelled 

themselves forward as far as they could. Measurements were taken from the starting line 

to the heel of the foot that was closest to the starting line. Participants performed the BJ 
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three times, with approximately 3 min rest between trials. The average of all 3 trials was 

used for further analysis. 

Endurance was assessed using the 20 m shuttle run (beep-test), which required each 

participant to repeatedly run progressively faster 20 m intervals, until volitional fatigue. 

Each participant was required (on an auditory tone) to perform a 2x20 m run (down and 

back) in a pre-determined time frame (second auditory tone). If the participant was unable 

to sustain the interval pace, i.e., if unsuccessful in reaching the starting line or turnaround 

line before the second auditory tone, they received a ‘warning’. Two consecutive 

‘warnings’ resulted in test termination. The stage at which the test was terminated was then 

converted to distance in meters and used for further analysis. 

4.3.7 Blood Collection and Analysis 

A total of 10 mL of blood was collected from an antecubital vein by a certified 

phlebotomist using a standard venipuncture technique during each pre- and post-testing 

session (total of 4 timepoints). Serum and plasma were collected using BD vacutainers. All 

the serum tubes were allowed to clot for 20 min at room temperature (23°C) before 

centrifugation at 4°C for 10 min at 1,405g. All Ethylenediaminetetraacetic acid (EDTA) 

plasma tubes were centrifuged immediately at room temperature (23°C) for 10 min at 

1,405g. Following centrifugation, serum and plasma were immediately aliquoted into pre-

labeled Eppendorf tubes, snap frozen in liquid nitrogen and subsequently stored at -80°C 

for future analysis.  

Inflammatory cytokines were measured in plasma and analyzed using Multiplex 

magnetic bead kits (Milliplex EMD Millipore Corporation, US - Cat. #HSTCMAG-28SK). 

Creatine kinase was measured in plasma and analyzed using a commercially available 
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reagent kit (Pointe Scientific INC, USA - Cat. #C7522) fitted onto a 96-well plate and 

normalized with purified creatine kinase (Sigma, CAN, Cat. 10127566001). Serum 

estradiol, plasma C-reactive protein, and plasma human insulin like growth factor-1 (IGF-

1) were analyzed using ELISA kits (Human Estradiol E2 kit, Abcam, CAN Cat. # 

ab108640; Human C-Reactive Protein/CRP Immunoassay, R&D systems, US, Cat. # 

DCRP00; Human IGF-1/IGF-1 Immunoassay, R&D systems, US, Cat. # DG100B).  All 

analytes were measured in duplicate using multiple plates, with the average coefficients of 

variations (CV) estimated in-house. Specifically, the average inter-and intra-assay CVs for 

IL6, IL10 and TNFα were 5.3% and 2.2%, 6.6% and 3.9%, 7.6% and 3.0%, respectively. 

The average inter-and intra-assay CVs for CK were 5.0% and 8.2%, respectively. The 

average inter-and intra-assay CVs for estradiol were 5.2% and 8%, respectively. The 

average inter-and intra-assay CVs for CRP were 7.6 % and 8.2%. Lastly, the average inter-

and intra-assay CVs for IGF-1 were 7.5% and 6.4%. 

4.3.8 Statistical Analysis 

All statistical analyses were performed using IBM SPSS version 25 for windows 

(SPSS Inc., USA). All continuous data are presented as means ± 1 SE. Prior to analysis, all 

variables were tested for normality by visual inspection of histograms, z-scores (± 3) and 

by assessing the skewness and kurtosis (± 3). All variables, except CRP, met the 

assumptions of normality. For CRP, we identified two outliers with much higher levels (> 

3 z-score) during the pre-training visit of week 1 compared to pre-training visit of week 2. 

These values were removed from the analysis. The remaining sample for CRP (n = 11), 

was then normally distributed.  
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A one-way ANOVA was used to examine differences in dietary intake between 

habitual and the two nutritional interventions at pre-training. Additionally, paired-samples 

t-tests were used to examine differences between the two nutritional interventions at pre-

training in terms of physical characteristics, performance, and resting biochemical markers 

between training weeks. Differences in the ratings of perceived exertion between the two 

training periods were assessed using a Wilcoxon signed ranked test and are presented as 

median and quartiles 1 and 3. A series of two-way repeated measures analysis of variances 

(RM-ANOVA) were then used to examine changes from baseline with main effects and 

interactions for the nutritional intervention (GY vs CHO) and time (pre- vs post-training) 

on performance and biochemical markers. In the event of a significant interaction, post-

hoc comparisons were performed using a Bonferroni pairwise comparison. If the 

assumption of sphericity was violated, the Greenhouse Geisser correction factor was used. 

The results of the RM-ANOVA are reported as F, p, and partial η2 (pη
2). Cohen’s d effect 

sizes were calculated on absolute changes, where effects were considered small (0.2), 

medium (0.5), and large (>0.8) (139). The significance level was set at p < 0.05.  

4.4 Results 

No differences were observed in height (p = 0.75), body mass (p= 0.47) and body 

fat % (p = 0.88) at pre-training between the two nutritional interventions (Table 4.1). 

Similarly, basal estradiol concentrations were not different (p = 0.91) between 

interventions (GY =13.1 ± 3.1 pg·ml-1, CHO = 13.4 ± 3.4 pg·ml-1). Additionally, 

participants’ perceived level of exertion (p = 0.16) was similar between the two 

interventions (GY: 8 [8 – 9], CHO: 8 [8 – 9]). 
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Table 4.1 - Participants’ physical characteristics, pre- and post-training during each 

nutritional intervention. 

 

As presented in Table 4.2, our nutritional intervention was successful in creating 

two distinct conditions. Specifically, no differences in energy intake or fat were observed 

between GY and CHO, but protein intake was higher (p ≤ 0.001, d = 2.5) in the GY 

condition and carbohydrate intake was higher (p ≤ 0.001, d = 1.1) in the CHO condition 

(Table 4.2). When training diet (via food record) was compared to participants’ habitual 

diets (via FFQ), no differences were observed with respect to the energy intake and relative 

fat consumption. However, relative habitual protein and carbohydrate consumption were 

observed to be lower when compared to the training weeks, when GY (p ≤ 0.001, d = 2.2) 

and CHO (p = 0.003, d = 0.90) were consumed, respectively (Table 4.2). 

 Table 4.2 - Habitual Nutritional intake and intake during each nutritional intervention. 

 

 

 Greek Yogurt Carbohydrate 

 Pre Post Pre Post 

     

Height (cm) 165.9 ± 1.4 165.9 ± 1.4 166.0 ± 1.5 166.0 ± 1.5 

Body mass (kg) 59.1 ± 2.1 59.5 ± 2.1 59.3 ± 2.0 59.7 ± 2.1 

Body fat (%) 22.2 ± 1.8 22.2 ± 1.5 22.2 ± 1.5 22.4 ± 1.5 

     

Values are mean ± SE. 

Condition 
Energy intake 

(kcal) 

Carbohydrate intake 

(g·kg-1·d-1) 

Protein intake 

(g·kg-1·d-1) 

Fat intake 

(g·kg-1·d-1) 

     

Habitual 1622.4 ± 139.2 3.3 ± 0.8 1.1 ± 0.1 1.1 ± 0.1 

Greek Yogurt 1892.2 ± 79.7 4.0 ± 0.3 1.9 ± 0.1* 1.0 ± 0.1 

Carbohydrate   1959.4 ± 122.2 5.2 ± 0.3† 1.0 ± 0.1 1.0 ± 0.1 
          

Values are mean ± SE; Habitual diet assessed by food frequency questionnaire; During Greek Yogurt and isocaloric 

carbohydrate treatments energy and macronutrient consumption including whole food supplements assessed using 

diet record. * indicates GY is significantly greater (p < 0.05) than CHO and habitual. † indicates carbohydrate is 

significantly greater (p < 0.05) than GY and habitual. 
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Table 4.3 - Participant performance data from pre to post-training during each treatment 

condition. 

Variable  PRE  POST  ∆ Change and 95% CI 
Cohen's 

d 

Broad Jump Distance (cm) * 

GY 175.6 ± 5.4  171.8 ± 5.3   - 3.8 ± 2.1 (-8.40 to 0.69) 0.2 

CHO 177.7 ± 4.5  174.1 ± 4.0  - 3.6 ± 2.0 (-7.98 to 0.71) 0.23 

Counter Movement Jump (cm) * 

GY 22.6 ± 1.0  22.0 ± 1.0  - 0.6 ± 0.2 (-1.28 to 0.009) 0.18 

CHO 22.8 ± 1.0  21.9 ± 1.1  - 0.84 ± 0.3 (-1.86 to 0.14) 0.24 

10m split (s) 

GY 1.85 ± 0.03  1.89 ± 0.04  0.04 ± 0.04 (-0.04 to 0.14)  0.32 

CHO 1.88 ± 0.05  1.87 ± 0.03  - 0.01 ± 0.05 (-0.12 to 0.10) 0.07 

20m split (s) 

GY 3.36 ± 0.05   3.46 ± 0.05  0.10 ± 0.04 (-0.005 to 0.20)  0.56 

CHO 3.42 ± 0.06   3.44 ± 0.05  0.02 ± 0.05 (-0.10 to 0.13) 0.10 

505 Right Foot split (s) 

GY 3.06 ± 0.06  3.09 ± 0.04  0.03 ± 0.04  (-0.06 to 0.12) 0.17 

CHO 3.04 ± 0.05  3.09 ± 0.04  0.05 ± 0.02 (-0.001 to 0.10) 0.28 

505 Left Foot split (s) 

GY 3.02 ± 0.06  3.07 ± 0.04  0.05 ± 0.04 (-0.04 to 0.14) 0.28 

CHO 3.03 ± 0.04  3.07 ± 0.04  0.04 ± 0.02 (-0.02 to 0.09) 0.29 

Beep-test distance (m) * 

GY 1270.7 ± 70.5 1136.9 ± 50.1  - 133.8 ± 34.4 (17.0 to 117.32) 0.61 

CHO 1303.1 ± 72.0  1170.7 ± 47.8  - 132.3 ± 36.6 (12.8 to 120.12) 0.60 

Performance data (presented as mean ± SE) from PRE and POST simulated soccer training camp with GY 

and CHO treatments. * indicates a significant time effect from PRE to POST simulated soccer training 

camp (p < 0.05).   

 

In order to determine differences in performance variables at the start of the training 

weeks due to a learning effect of multiple exposures to the performance battery, pre-

training values were analyzed irrespective of supplement using a paired-sampled t-test.  No 

differences at pre-training were noted (irrespective of supplement) for all performance 

variables, indicating no learning or order effect. The 5-d simulated soccer training camp 

was successful at inducing cumulative fatigue, leading to decrements in performance 

(Table 4.3). There were main effects of time observed for beep-test distance (F = 9.11, p = 
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0.006, pη
2 = 0.27), CMJ height (F = 14.8 p = 0.01, pη

2 = 0.57), and BJ distance (F = 5.10, 

p = 0.04, pη
2 = 0.31), in that the values from pre-to-post intervention decreased, with no 

effect of intervention or intervention-by-time interactions (Table 4.3). All other 

performance variables, including 10 m and 20 m sprint, modified 5-0-5 Right, and Left did 

not change over time, nor was there an effect of intervention or intervention-by-time 

interaction.  

Table 4.4 – Resting levels of biomarkers pre-training 

Biomarker Condition Mean ± SE Significance  

IL6 (pg·ml-1) GY 2.6 ± 0.25 
p = 0.86 

  CHO 2.6 ± 0.34 

TNFα (pg·ml-1) GY 4.6 ± 0.47 
p = 0.92 

  CHO 4.6 ± 0.45 

IL10 (pg·ml-1) GY 16.7 ± 2.0 
p = 0.58 

  CHO 17.7 ± 2.3 

CRP (pg·ml-1) GY 367.3 ± 116.9 
p = 0.91 

  CHO 355.3 ± 73.5 

IGF1 (ng·ml-1) GY 346.6 ± 29.4 
p = 0.29 

  CHO 310.1 ± 35.7 

CK (u·L-1) GY 66.9 ± 8.46 
p = 0.58 

  CHO 71.9 ± 7.96 

Values are mean ± SE; IL6=Interleukin 6; IL10=Interleukin 10; TNFα=Tumor necrosis factor alpha; 

CRP=C-reactive protein; IGF-1=Insulin like growth factor-1; CK=creatine kinase 

 

Biochemical blood markers at pre-training were analyzed irrespective of nutritional 

intervention, using a paired-sampled t-test to determine if there were differences in 

physiological state at rest. No differences were detected at pre- across all analytes (Table 

4.4). There were no main effects for time or intervention, and no interactions observed for 

IL6, and TNFα (Figure 4.2) between the 5-d simulated training camps. IL10 showed a main 

effect for time (F = 8.32, p = 0.014, pη
2 = 0.41) and a time-by-intervention interaction (F = 

5.28 p = 0.04, pη
2 = 0.31) (Figure 4.2a), reflecting an increase in IL10 from pre- to post-
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training with the consumption of GY (+26%, p = 0.008), but not with CHO. A main effect 

for time was observed for CRP time (F = 16.6, p = 0.005, pη
2 = 0.70), reflecting an overall 

increase from pre- to post-exercise (+65%, p = 0.005), with no intervention effect or 

interaction (Figure 4.2b). 

 

Figure 4.2 – Changes in plasma concentrations from baseline (mean ± SE) of a) 

interleukin 6 (IL6), tumor necrosis factor alpha (TNFα), and interleukin 10 (IL10) and b) 

C-reactive protein (CRP), PRE to POST simulated soccer training camp with 

consumption of Greek Yogurt (GY) or isoenergetic carbohydrates (CHO), in adolescent 

female soccer players (cytokines, n = 13, CRP n = 11). * indicates a significant main 

effect of time (p < 0.05). † indicates a time-by-intervention interaction (p = 0.04) where 

GY showed a greater increase from PRE to POST than CHO. 

A main effect for time (F = 25.3, p = 0.001, pη
2 = 0.68) was found for CK, which 

increased over time (+119%, p ≤ 0.001), with no intervention effect or interaction (Figure 

4.3a). Lastly, there was a main effect of time for IGF-1 (F = 20.1, p = 001, pη
2 = 0.65), 

which was lower post-training compared to pre-training (-34%, p ≤ 0.001), with no 

significant intervention effect or interaction (Figure 4.3b). 
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Figure 4.3 - Changes in plasma concentrations from baseline (mean ± SE) of a) creatine 

kinase (CK) and b) insulin-like growth factor 1 (IGF-1), PRE to POST simulated soccer 

training camp with consumption of Greek Yogurt (GY) or isoenergetic carbohydrates 

(CHO), in adolescent female soccer players (CK n = 13, IGF-1 n = 13). * indicates a 

significant main effect of time (p < 0.001) from PRE to POST. 

4.5 Discussion 

Under certain circumstances, when the duration of recovery is inadequate due to a 

period of intensified exercise (e.g., training/identification camps), maintaining peak 

performance can become challenging due to an accumulation of fatigue. In the present 

study, we tested whether the regular provision of protein via GY, compared with an 

isoenergetic CHO control, would counter the declines in performance and enhance 

physiological recovery following a 5-day simulated intensified training camp in female 
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adolescent soccer players. Despite the increased protein intake with GY, intense training 

resulted in similar decrements in performance, irrespective of nutritional intervention (i.e., 

GY and CHO). Similarly, we observed no differences in the pro-inflammatory response 

(IL6, TNFα and CRP) to training between nutritional interventions. However, GY led to 

significantly higher post-training concentrations of the anti-inflammatory cytokine IL10, 

compared to isoenergetic CHO. Despite an augmented anti-inflammatory response, no 

differences between groups were observed in CRP nor CK concentrations in response to 

training. Together, these results suggest that GY offered no added benefit above that 

observed with isoenergetic CHO for recovery following the 5-d intensified training in 

female adolescent soccer players but may assist with the acute inflammatory response.  

The 5-d intensified soccer-specific training camp led to impaired performance with 

reductions in jump performance (i.e., CMJ, BJ) and intermittent aerobic endurance (i.e., 

beep-test), but not in sprinting or agility measures (i.e., 10 m sprint, modified 5-0-5) (Table 

3). Despite employing a pattern of ingestion thought to maximize muscle protein synthesis 

(i.e., ingestion immediately post-exercise), while also limiting muscle protein breakdown 

(i.e., consumption prior to bed and between breakfast and lunch the following day), the 

regular provision of GY did not provide any ergogenic benefit beyond that observed with 

the consumption of isoenergetic CHO. This occurred despite receiving a significant 

increase to their relative daily protein intake (from 1.1 to 1.9 g·kg-1·d-1), which is greater 

than that recommended for youth athletes (e.g., 1.35 – 1.6 g·kg-1·d-1) (155). Although there 

is a paucity of research in female adolescent athletes with respect to exercise and nutrition, 

the present results are consistent with previous studies in both adult male (19,20) and 

female athletes (156), where the consumption of dairy-based protein resulted in trivial to 
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no ergogenic benefit in performance recovery over 24-96 h following intensified training 

or competition, when compared to isoenergetic CHO. Although consumption of dairy-

based protein has previously been shown to facilitate protein synthesis and reduce protein 

breakdown, specifically in adults (100), these mechanisms did not counter acute 

performance decrements any better than isoenergetic CHO following a period of intensified 

exercise in our youth athletes.  

Similar to our previous work in adolescent swimmers (153), we demonstrated a 

significant increase in the anti-inflammatory cytokine IL10 with the consumption of dairy-

based protein.  While no significant changes were observed in pro-inflammatory cytokines 

IL6 and TNFα, CRP increased significantly with no difference between nutritional 

interventions following the soccer-specific intensified training camp. Although limited, a 

previous study in adults also reported increases in IL10 following acute intense exercise 

with the consumption of whey protein (26). Together, these results suggest that post-

exercise dairy-based protein consumption as a whole food or from isolated sources, may 

elicit a transient anti-inflammatory response following acute and chronic exercise, which 

could be indicative of an anti-inflammatory function exerted by bioactive components of 

dairy-based proteins (52,101). For example, dairy products contain essential nutrients, 

amino-acids and other substances that can offer added antioxidant protection in response 

to increased oxidative stress (e.g., intense exercise) (101). These effects can reduce 

activation of pro-inflammatory signaling pathways (e.g., nuclear factor kappa-B-

signaling), reducing secondary injury from the subsequent immune response, expediting 

recovery (157). Alternatively, it has been suggested that some amino-acids may exert direct 

effects on the immune cells altering cytokine expression (52). Furthermore, while further 
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research is required to tease out the exact mechanisms responsible for the augmented anti-

inflammatory response, the observed increases in IL10 suggest an earlier polarization of 

immune cells to an anti-inflammatory phenotype (i.e., M1 to M2 macrophage), potentially 

reflecting earlier repair and regeneration processes. However, the augmented anti-

inflammatory response observed in the present study did not translate into significant 

performance recovery. Future research should examine the effects of dairy-based protein 

consumption during a longer-duration training program. 

High-intensity efforts combined with activities that incorporate eccentric 

movements (i.e. acceleration/deceleration and jumping) during competition and training 

elicit some degree of muscle damage (83). This damage is characterized by the release of 

intramuscular proteins such as CK, which appears to be directly related to the extent of 

sarcomere disruption or skeletal muscle injury, and generally peaks ~24-48 h following 

exercise (41,83). It has been previously suggested that estrogen may provide a protective 

effect against exercise-induced muscle damage (158) and as a result, females may have an 

attenuated CK response. In the present study, we controlled for circulating levels of 

estrogen by separating testing and training periods by 28-d to match the phase of the 

menstrual cycle. Indeed, there were no differences in pre-training estradiol concentrations 

between the two training weeks. Our simulated soccer-specific intensified training camp 

led to a significant increase in CK concentrations ~12 h following the final training session 

that was similar in magnitude to previously observed increases 48 h following an eccentric 

muscle damaging protocol in adolescent boys (60). However, no difference in responses 

was detected between nutritional interventions. This CK response, along with the response 

to other dairy-based protein supplementations, is similar to that seen in both, adult male 



80 

 

and female athletes 24-48 h following chronic team-sport exercise and competition 

(19,156). However, following acute eccentric exercise, Cockburn et al. (16) did observe an 

attenuation of CK 48 h post exercise with the consumption of milk-based protein. It is 

possible that dairy-based protein consumption reduces muscle damage via reduction of 

secondary injury, mediated by immune cells that may require a period of long passive 

recovery. However, complete rest or exercise cessation during a period of intensified 

training or competition may not be feasible due to the presence of performance assessments 

or scheduled match fixtures.  

One limitation to our study is the lack of a direct measure of energy balance. The 

dietary information from the self-reported food records on training days, indicated that our 

participants’ energy intake (Table 2) was lower than dietary recommendations for youth 

athletes (e.g., ~2200 kcal·d-1), suggesting participants may have been in an energy deficit 

during both training weeks. However, these tools have previously been shown to result in 

an underestimation of energy intake in athletes (159,160). Therefore, an energy deficit 

cannot be determined by self-reported scales alone. Other indicators of an energy deficient 

state include weight loss, impairment of anabolic hormones (e.g. insulin, growth hormone 

and IGF-1) and underperformance (161,162). There was no change in body mass pre-to-

post training, irrespective of nutritional intervention, which suggests that our participants 

were in energy balance. In fact, our participants body mass increased (non-significantly) 

during treatment with both interventions. However, IGF-1 concentrations declined pre-to-

post training in our participants during both interventions, which could indicate an energy 

deficiency (161). A transient decrease in IGF-1 in an energy balanced state has been 

associated with a transient increase in energy expenditure and an increase in pro-
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inflammatory markers, as observed in our athletes with the CRP post-training (67). Future 

studies are needed with direct measures of energy expenditure to confirm the energy status 

of participants and how this might impact the effectiveness of the provision of dairy protein 

post exercise. 

4.6 Conclusion 

In summary, these results demonstrate that the provision of GY did not offer any 

added recovery benefit with respect to performance or in the attenuation of exercise-

induced muscle damage above that achieved with an energy-matched carbohydrate 

supplement following 5-d of intensified soccer specific training in female adolescent soccer 

players. However, regular consumption of GY may benefit the acute inflammatory 

response during longer training periods through an augmented anti-inflammatory response. 

Future research is required to further elucidate the role of GY as a potential training aid 

during a longer period of training, in mediating inflammatory processes and potential 

performance adaptations in youth athletes.  
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Chapter 5: General discussion 

This research program was the first to examine the effectiveness of post-exercise 

dairy protein consumption to determine its efficacy as a recovery aid in competitive youth 

athletes. Specifically, this dissertation focused on the provision of dairy protein in isolated 

(i.e., whey) or whole food (i.e., Greek yogurt) form, on its ability to limit muscle damage 

and control the subsequent inflammatory response, expediting the return to optimal 

physical capacity during periods of intensified exercise or training. To examine this, two 

separate research studies simulating ecologically valid sporting scenarios were conducted. 

The first study (Chapter 3) explored a simulated swim-competition wherein whey protein 

was provided to determine its effect on facilitating the rapid return (acute) to optimal 

physical capacity between successive swim bouts (2-3h) following a high-intensity swim 

session. Results were compared between three groups consuming whey protein, energy-

matched carbohydrates, or water, respectively. The second study (Chapter 4) investigated 

whether the regular provision of Greek yogurt was better able to retain physical capacity 

following a one-week period of intensified training (simulated soccer-specific training 

camp) in adolescent female soccer players. Results were compared in a cross-over design 

between Greek yogurt and energy-matched carbohydrates consumption.  

 Contrary to our hypothesis, post-exercise provision of dairy protein in isolated (i.e. 

whey) or whole food (Greek yogurt) form, did not result in faster recovery of physical 

capacity compared to energy-matched carbohydrates, during acute or short-term periods of 

intensified exercise in competitive youth athletes.  This result occurred despite increasing 

overall daily protein load from 1.3 to 1.9 g·kg-1·d-1 during the simulated swim competition 

and from 1.1 to 1.9 g·kg-1·d-1 during the simulated soccer specific training camp. While it 
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is tempting to postulate that participants may have required a greater quantity of protein, 

previous research in adult male professional soccer players under similar conditions 

reported that large increases in protein load (from 1.3 to 2.35 g·kg-1·d-1) did not result in 

any meaningful return of optimal physical capacity compared to energy matched 

carbohydrates (19). Alternatively, as reported in Chapter 3, it does appear that the 

consumption of calories, regardless of type (i.e., carbohydrates or dairy protein), when 

rapid recovery is required, offers greater performance retainment compared to water. 

Therefore, during periods of intensified exercise that encompass inadequate recovery 

periods, focus should be placed on meeting energy demands and replacing expended 

energy.   

 The provision of dairy protein during the acute or short-term periods of intensified 

exercise appears to offer no better protection against exercise-induced muscle damage 

compared to energy matched carbohydrates. This was evident in both studies, where the 

rise in CK was similar, regardless of post-exercise nutrition. Furthermore, perceived 

muscle soreness observed in study 1 (Chapter 3) was significantly lower with the 

consumption of whey protein compared to water, but not when compared to energy 

matched carbohydrates.  Indeed, the release of CK and perception of muscle soreness 

generally peak ~48 h following exercise cessation in both youth and adults (41,60,69,83). 

Considering CK and DOMS in the present study was assessed <24h following exercise, 

their later expected peak might explain why we did not see differences in their pattern in 

either study between the consumption of dairy-protein or CHO. The other challenge with 

children and adolescents is their lower concentrations of CK following muscle damaging 

exercise (60), which is probably due to their lower muscle mass (59). This lower CK 
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response observed in children may minimize the potential impact, or need for intervention, 

or that changes may fall within the sensitivity error of measurement. However, even 

research in adults within this time frame (e.g., 24-48 h) is equivocal, where protein 

consumption elicits either a benefit or no effect (90,91,163).  The mechanism that is 

assumed to underpin the rapid resolution of muscle damage stems from the adequate 

stimulation of MPS and maintenance of a positive protein balance. However, current 

guidelines are based on research which focuses on the optimal quantity and pattern of 

protein consumption required to maximize training adaptations (e.g. strength and 

hypertrophy) (99,107,111). This aspect may not be relevant when the focus is on rapid 

return to optimal physical capacity. In both studies, we found that the provision of dairy 

protein can improve the early inflammatory environment, possibly attenuating the 

magnitude of secondary injury and subsequent tissue catabolism.  However, the adequate 

quantity and pattern of protein provision to optimize this response, and whether it coincides 

with the optimal dose to stimulate MPS is unknown. Therefore, future research is required 

to determine the appropriate dosage and pattern of ingestion of dairy protein to optimize 

the acute and short-term recovery response to high intensity exercise in both youth and 

adult athletes, with a specific focus on the inflammatory response.  

We provided consistent evidence that post-exercise consumption of dairy protein, 

irrespective of type (whey or casein) or form (isolated or whole food), led to an increase in 

IL10, not observed with the consumption of energy-matched carbohydrates or water in our 

competitive youth athletes. The presence of the anti-inflammatory cytokine IL10 earlier in 

the recovery period may represent an earlier polarization of  M2 macrophages, a process 

which typically occurs in the later stages of muscle repair and regeneration, suggesting an 
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expedited recovery response (5). However, these observations did not translate into 

enhanced performance recovery or better amelioration of muscle damage compared to 

energy-matched carbohydrates under the given timeframe and environmental scenarios in 

which they were assessed. It is possible that the higher IL10 response is related primarily 

to the enhancement of training adaptations, which requires a longer recovery period to elicit 

a beneficial response (e.g., months) however, further research is required to determine this.  

 A limitation of the current research program is the lack of dietary control prior to 

and during the testing periods. The goal of the research program was to provide an 

ecologically valid sporting environment, where we specifically instructed athletes to 

approach, prepare, and maintain familiar dietary practices during the simulated competition 

or training camp. This provided us with a more practical lens to determine how the addition 

of protein may assist their recovery.  The present research program is also limited by not 

having an objective measure of energy expenditure to confirm the energy status of its 

participants. As a result, if participants were in an energy deficient state prior to or during 

their participation in either study, any additional ergogenic benefit of the dairy protein 

provided to expedite the return in performance may have been dampened, as it would have 

been redirected to support energy needs. While the dietary information from self-reported 

food records on training days in study 2 (Chapter 4) may have indicated that our 

participants’ energy intake was lower than dietary recommendations for youth athletes 

(e.g.,~1900 kcal·d-1  vs ~2200 kcal·d-1), participants in study 1 (Chapter 3) were not  (e.g., 

~2800-3100 kcal·d-1) and may, in fact, have been in an energy surplus (142). Nevertheless, 

regardless of possible differences in energy status, the consumption of dairy protein or 

energy-matched carbohydrates resulted in a similar recovery response with respect to 
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performance in both studies. Specifically, the provision of dairy protein provided no added 

ergogenic benefit. 
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Chapter 6: Overall Conclusion and Future directions  

6.1 Overall Conclusion 

In summary, the collective findings from the present research program are that the 

provision of dairy protein post-exercise, regardless of form (isolated as whey or whole food 

as Greek yogurt), provided no added benefit at enhancing performance recovery or 

ameliorating muscle damage relative to energy-matched carbohydrates during both acute 

or short-terms periods of intensified exercise in competitive adolescent athletes. However, 

it does appear that the consumption of calories, regardless of type (e.g. carbohydrates or 

dairy protein), when rapid recovery is required, offers greater performance retainment 

compared with water (assessed only in study 1). Therefore, during periods of intensified 

exercise that may be accompanied by inadequate recovery, the replenishment of energy 

should be the primary focus to better retain performance.  

The augmented anti-inflammatory response observed in both studies with the 

consumption dairy-protein is a novel finding in youth and warrants further investigation. 

That is, while increases in IL10 with the consumption of dairy protein were not 

accompanied by enhanced recovery indices (performance and muscle damage) in the short-

term, it is possible that this anti-inflammatory response may be beneficial in long-term 

training programs (i.e., adaptations). 
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6.2 Future Directions and Recommendations 

The current research program raises the following questions that require further 

investigation: 

1. Following the completion of studies 1 and 2, provision of dairy protein post-

exercise regardless of form, augmented the anti-inflammatory response (e.g., 

increased IL10) during both acute and short-term periods of intensified exercise. 

However, this did not translate into an enhanced acute recovery response compared 

to energy-matched carbohydrates. Therefore, it is difficult to ascertain the 

meaningfulness of this response with respect to performance recovery. It is possible 

that the augmented anti-inflammatory response is more related to the enhancement 

of training adaptations over a greater period of time (e.g., months). Thus, further 

research is required to examine the effect of post-exercise protein consumption 

during an extended intense training period. Furthermore, it is also important to 

explore whether this response is unique to dairy-protein or whether it also occurs 

with the consumption of other protein sources (e.g., plant-based). 

2. In the present research program, it was unclear whether energy status (e.g., surplus 

or deficit) influenced the efficacy of dairy proteins utility as a potential recovery 

aid with respect to performance recovery. Therefore, future research is needed to 

better understand the role that energy availability plays during acute and short-term 

periods of increased energy expenditure.  

3. Our research included mainly post-pubertal adolescent athletes. Future research 

should examine the role of protein consumption in younger athletes (e.g., pre-

pubescent and pubescent) to determine whether the role of protein consumption in 
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this demographic is characteristically different from that observed in post-pubertal 

adolescents. 
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Appendix 2: Chapter 3 informed consent and assent 

INFORMATION AND CONSENT TO PARTICIPATE IN RESEARCH - Parent 

Protein supplementation and exercise performance 

You and your child are invited to participate in a research study being conducted by the 

investigators listed below. Prior to participating in this study please read this form to find out 

about the purpose and the tests of this study. This study is part of the Faculty of Applied Health 

Sciences of Brock University as well as the Canadian Sport Institute Ontario.  

 

INVESTIGATORS:  DEPARTMENT:       CONTACT: 

Dr. Bareket Falk   FAHS, Brock University  bfalk@brocku.ca 

Dr. Nota Klentrou  FAHS, Brock University  nklentrou@brocku.ca 

Dr. Heather Sprenger  Canadian Sports Institute hsprenger@csiontario.ca 

Brandon McKinlay  FAHS, Brock University  brandon.mckinlay@brocku.ca 

Tony Adebero   FAHS, Brock University  tony.adebero@brocku.ca 

Alexandro Theocharidis  FAHS, Brock University 

 Alexandros.theocharidis@brocku.ca 

 

PURPOSE: 

The purpose of the study is to investigate the effects of protein supplementation on recovery 

and performance in young athletes. Specifically, we are interested in the effect of supplemental 

whey protein following an intensive exercise session, to determine if protein improves recovery 

as indicated by performance as well as indicators of hormonal changes or inflammation. 

 

DESCRIPTION OF TESTING PROCEDURES: 

If your child agrees to volunteer for this study, he/she will visit the pool at which he/she trains, 

over three testing sessions, for a total time commitment of up to 9-hours (day 1 – 30-45 min, 

day 2 – 7 hrs, day 3  30-45min). At the end of the study, he/she will be given a summary of the 

findings, upon request. Your child should come prepared to exercise in athletic shoes, shorts/a 

short sleeved shirt, as well as swim suit apparel.  
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Please note that participation in this study will not affect the status of your child within the swim 

team/academy.  

Your child will undergo the measurements and procedures listed below; please note that in all 

questionnaires, your child may choose not to answer any question, EXCEPT in the medical 

history questionnaire, where all questions MUST be answered to ensure participant eligibility 

and safety. Your child may also choose not to participate in any procedure listed below.  

A. Assessments: 

1. Your child will complete several questionnaires, outlining his/her training history and 

current/on-going nutritional status. In all questionnaires, your child may choose not to 

answer any question without penalty.  

2. Your child MUST complete a medical history questionnaire to assess your child’s safety 

and eligibility for this study 

3. Body Composition: we will measure your child’s height, weight and body fat percentage. 

Body fat percentage will be estimated using skinfold thicknesses.  

4. Heart rate monitors will be used during exercise. Your child will be connected to a radio-

transmitter monitor (chest strap). The procedure involves no discomfort. 

5. The measurement of your child’s muscular power will be tested using several maximal 

pulls on a swim bench. It will also involve sport specific performance testing in the form 

of a 200m free-swim sprint. Performance testing will be repeated before, immediately 

following, 2, 6 and 24hrs after the fatigue protocol. 

6. A saliva and a venous blood sample will be collected to determine hormonal and 

inflammatory changes, as well genomic and epigenetic response. A total of five samples 

will be collected to assess hormonal and inflammation response: pre-exercise, 5 min 

post exercise, 2, 6 and 24 hours post-exercise. The saliva samples will be collected using 

specifically designed swabs, these swabs will be chewed and deposited into a collection 

tube. Venous blood will be drawn using a standard venipuncture technique by a 

certified Life Lab technician. Up to 20 ml of blood will be withdrawn at each time. It 

should be noted that the venous blood drawing procedure is a routine procedure 

performed by a certified technician and offers minimal risk to participants.  In rare 

instances, participants may experience slight pain and/or tingling in the area and/or a 

minor bruise from the needle. However, with the use of anaesthetic creams (e.g., 

EMLA), which we use in the laboratory, any sensation of pain is minimal. Additionally, 
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blood draws will be performed by a trained phlebotomist, using standardized operative 

procedures to ensure sanitary cleanliness during all blood collections, thereby 

minimizing the likelihood of any adverse infections.   

 

B. Exercise Protocol: 

Your child will undergo a swim-specific exercise session. This session will be administered and 

supervised by the principal student investigator (a registered kinesiologist) and other members 

of the research team. Each child will perform a series of high-intensity swimming intervals (5 x 

100m, 5 x 50m, 5 x 25m). This procedure may result in some muscle soreness within 24 hours of 

the test.  If this occurs, it will only be temporary 

 

C. Beverage Supplementation: 

Your child will be assigned to a group which will be required to consume either a protein 

supplement or placebo immediately following the exercise protocol (33% chance of being in 

either protein, carbohydrate or water group). The protein is NSF certified and the quantities 

administered fall within safe guidelines for protein ingestion in children. The protein supplement 

or placebo will be mixed with water before consumption. The current study will be performed 

utilizing double blind procedures meaning both the administering investigator and participant 

will be unaware of their drinks contents (protein or placebo).  

 

List of Ingredients: 

Protein – Whey protein isolate (milk), Cocoa processed with alkali, Natural flavors, 

Sunflower lecithin, Stevia extract. 

Carbohydrate –  Maltodextrin, Chocolate flavoring  

Water – Water, Chocolate flavoring 

 

Visit Summary: 

Visits Events 

1- Familiarization Session (60 – 90 mins) -Informed consent form 
-Medical history and screening questionnaire 
-Emergency contact information form 
-Training questionnaire 
-Anthropometry 
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-Familiarization with tests and procedures 
-PERFORMED AT SWIM TEAMS FACILITY 

2- Exercise protocol and protein 
supplementation (8-hrs) 

-Saliva/blood collection (baseline) 
- Breakfast 
-Performance tests: maximal strength and 
200m free (before, after, 2hr and 6hr 
following the fatiguing protocol) and Swim-
bench 
-Fatiguing protocol (5x100m, 5x50m, 5x 25m / 
1:1 work to rest ratio) 
- Protein, Carbohydrate or water ingestion 
(immediately following and 2hrs min post 
fatigue protocol) 
- Food frequency questionnaire (FFQ) 
- Lunch  
- Tour and presentations at Brock university 
- Saliva/blood collection (pre, post, 2hr, 6hr 
following fatigue protocol)  
 

3- 24 hrs post fatiguing protocol and protein 
supplementation (30-45mins) 

-Saliva/blood sampling 
-Muscle soreness questionnaire 
-Performance Testing- 200m free and swim 
bench 

 

 

CONFIDENTIALITY: 

All data collected during this study will remain confidential and will be stored in offices and on 

secured computers to which the principal and co-investigators have access. Furthermore, 

auditor(s), regulatory ethics board (REB), Health Canada and other regulatory authority(ies) will 

be granted direct access to the study participant’s original screening questionnaire for 

verification of clinical trial procedures and/or data. You should also be aware that the results of 

this study will be made available to scientists, through publication in a scientific journal but your 

child’s name and any personal data will not appear in compiling or publishing these results. The 

name of the swimming organization may appear in the report. Data will be kept for 25 years 

after the date of publication, at which time all information will be destroyed. Additionally, you 

will have access to your child’s data, as well as group data when it becomes available and if you 

are interested. This can be provided to you by simply contacting the principal investigator. The 

records identifying the study participants will be kept confidential for 25 years. If the results of 

the study are published, study participant’s identity will not be revealed. Study participants will 
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not be provided with any legal rights by participating in the trial and they do not release the 

investigators from liability for negligence. 

 

 

PARTICIPATION AND WITHDRAWAL/DISCONTINUATION: 

You and your child can choose whether to participate in this study or not and may withdraw or 

remove your child’s data from the study, by simply telling one of the investigators. In case you 

or your child chooses to withdraw from the study by telling the investigator, you will be asked 

whether his/her data can still be used for analysis. In case your child withdraws by not showing 

up, partial data will be used. Your child may also refuse to answer any questions posed to him 

during the study and remain as a participant in the study. The investigators reserve the right to 

withdraw your child from the study if they believe that it is necessary.  

You child should not feel obligated to participate in the study and his/her decision to participate 

or not participate or withdraw from participation will in no way impact the standing of your 

child within the swimming team/academy. 

 

REASONS FOR PARTICIPANT WITHDRAWL: 

- Clinical reasons – A participant becomes ill during study duration inhibiting their ability 

to perform tasks maximally. 

- Protocol violation – A participant violates clearly outlined guidelines by obtaining any 

supplements/medication and non-pharmacological therapies (physiotherapy, 

acupuncture, massage) that may affect performance prior to or during the study. 

- Poor compliance – Failure of participant to attend all protocol required sessions.  

- Serious or adverse events – Circumstances beyond control of participants resulting in 

poor compliance.  

- Voluntary withdrawal – Participant or parent guardian no longer wishes to participate 

within study. 
 

COMPENSATION: 

You and your child will be compensated $20 total (gift card to a local store, pro-rated in case 

participants do not complete the study) for travel expenses, parking and time specific to the 

testing sessions. High school students will also be receiving 20 volunteer hours for their time 

spend in the study. 
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RISKS AND BENEFITS: 

Participation will allow you and your child to become exposed to a research protocol, potentially 

improve your child’s physical performance, contribute to the advancement of science, and gain 

personal and general knowledge about your child’s fitness and nutrition.  

The only foreseeable risks involved in participation include: 

a) Possible muscle soreness within 24 hours of training or testing. If this occurs, it will only 

be temporary. 

b) With any participation in physical activity there is a risk of injury. Therefore, at each 

testing session there will be one or more team members who have certified first aid 

training, as well as a registered kinesiologist. 

c) In rare instances, participants may experience slight pain and/or tingling in the area 

and/or a minor bruise from the venous blood draw. Children and youth are also at a risk 

of fainting at the sight of or introduction of a needle. However, for the younger 

participants a butterfly needle will be used that does not look like a typical needle. Both 

the nurse and researcher will show the younger participants the butterfly needle and 

explain the procedure. Participants who are not allergic to medications may choose to 

use an aesthetic cream that usually has no side effects. However, there is a small risk for 

minor effects such as burning, swelling, itching, or skin rash at application site. 

d) Like all clinical trials, there may be unknown risk with taking the investigational natural 

health product (whey protein). 

 

NOTE: In the unlikely event that participants should experience an adverse event because of the 

procedures outlined above, they should IMMEDIATELY contact one of the members of the 

research team to report adverse event(s). If the adverse event is life- threatening, participant 

should attend the closet emergency room. 

 

FEEDBACK and STUDY RESULTS: 

Your child’s and group results will be provided to you upon request. If any results outside the 

norm appear during data collection, you and your child will be informed within one month. 

 

FUTURE RESEARCH 
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At the completion of this study, we may wish to use the data for a future study that might or 

might not be directly related to the current research. All records identifying your child will 

remain confidential and information about your child will not be released. If the results of such a 

study are published, your child’s identity will remain confidential. An appropriate research ethics 

board would clear any future research with the current data 

Check this box if you consent for us to retain your data for use in future work     

RIGHTS OF RESEARCH PARTICIPANTS: 

Study participants will receive a signed copy of this consent form. The study has been reviewed 

and received ethics clearance though the REB (file #2017-01).  If you have any pertinent 

questions about your rights as a research participant, please contact the CSIO Research Ethics 

Board or the Brock University Research Ethics Officer REB (file #16-279) (905 688-5550 ext 3035, 

reb@brocku.ca). Study participants will not be giving any legal rights by participating in the trial, 

and they do not release the investigators from liability or negligence. 

 

INFORMATION: 

Please contact Dr. Bareket Falk at 905 688-5550 (ext. 4979), bfalk@brocku.ca, Dr. Nota Klentrou 

at 905 688-5550 (ext. 4538),nklentrou@brocku.ca or Brandon McKinlay at 905 688-5550 (ext. 

5623), brandon.mckinlay@brocku.ca if you have any questions about the study.  

I HAVE READ AND UNDERSTAND THE ABOVE EXPLANATION OF THE PURPOSE AND 

PROCEDURES OF THE PROJECT.  I HAVE ALSO RECEIVED A SIGNED COPY OF THE INFORMATION 

AND CONSENT FORM. MY QUESTIONS HAVE BEEN ANSWERED TO MY SATISFACTION AND I 

AGREE TO PARTICIPATE IN THIS STUDY. 

 

 

SIGNATURE OF PARENT/GUARDIAN    DATE 

 

 

 

PRINTED NAME OF PARTICIPANT 

 

mailto:reb@brocku.ca
mailto:bfalk@brocku.ca
mailto:brandon.mckinlay@brocku.ca
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In my judgment the participant is voluntarily and knowingly giving informed consent and 

possesses the legal capacity to give informed consent and participate in this research study. 

 

  

SIGNATURE OF INVESTIGATOR     DATE  
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INFORMATION AND ASSENT TO PARTICIPATE IN RESEARCH - Child 

Protein supplementation and exercise performance 
 

 

Hello, 

You are being invited to take part in a research study by Brock University, in partnership with 

the Canadian Sports Institute Ontario (CSIO). Before deciding if you want to take part please 

read this form to find out about the study.  

 

Why are we doing this study? 

We are doing this study to investigate how protein supplementation affects recovery after a 

tiring session of exercise in young athletes. Specifically, we are interested in how protein 

immediately following the exercise session, will affect performance and inflammation. 

 

What will happen to you if you are in the study? 

If you agree to volunteer for this study, you will:  

1. Visit the pool in which you train, where we will do some tests and take some measurements 

which are described below. The tests will require a total of four visits to the pool.  

2. You will be asked complete several questionnaires, outlining your medical and training 

history, as well as what you eat on a regular basis. In all questionnaires, you may choose not 

to answer any question without penalty. 

3. We will measure your height, weight and body fat percentage. Body fat percentage will be 

estimated using skinfold thicknesses.  

4. We will measure how powerful your muscles are by asking you to perform maximal (all out) 

arm pulls on a swim bench, and ask you to show us how fast you are during a timed 200m 

free-swim race.  

5. You will be asked to provide us with some saliva (spit) and a blood sample taken from your 

arm. We will use this information to determine exactly how hard you worked during the 

exercise session. The saliva (spit) sample will be collected using specifically designed swabs 

(cotton-balls), you will be asked to chew these swabs and then deposit them back into a 

collection tube. The blood will be collected using specially designed needles. Once the arm 

has been ‘pricked’, a small amount of blood (20 ml) will be collected and placed into the 

special tubes. You may experience some discomfort during the blood sample but not for 

long. If you want, you may ask for the special cream (e.g. EMLA) that takes the pain away. 

 

What kind of exercise will you do? 

The exercise session will be approximately 45-60 min in length. Within this session you will 

perform swimming intervals. You may (or may not) experience some muscle soreness in the 

days following the exercise, but this is nothing to worry about and is only temporary (24-72hrs). 
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Do you have to participate? 

No. It will help our study if you volunteer but you don’t have to participate. Whether you 

participate in this study or not, your decision will not affect your position or how people treat 

you within your swim team/academy. 

If you decide to participate now and then later change your mind, you can tell the researchers 

that you don’t want to be in the study anymore. Again, this decision will not affect your position 

or how people treat you within your swim team/academy. 

If there are any tests that you do not want to do or questions that you do not want to answer, 

you can tell the researcher and you won’t have to do them.    

We want you to feel comfortable so remember that you can ask the researchers questions at 

any time.  

 

Who will know that you are in the study? 

We will write papers about what we find and share the information with other researchers but 

when we talk about your measurements and how you did, we will not use your name.  

 

Will you get paid for participating? 

You and your parents will be given a $20 gift card to a local store (or less if you do not finish the 

entire study). If you are a high school student, you will also be receiving 20 volunteer hours for 

their time spend in the study. 

 

Are there good things and bad things about being in the study? 

By taking part in this study, you will get to see how we do research and contribute to science. 

You may learn new exercises to use and learn about your current fitness and nutrition status. 

There are some possible risks that we want you to know about: 

a) Possible muscle soreness within 24-72 hours of training or testing. If this occurs, it will 

only be temporary. 

b) With any participation in physical activity there is a risk of injury. Therefore, at each 

testing session there will be one or more team members who have certified first aid 

training, as well as a registered kinesiologist. 

c) Some point tenderness in the blood draw site, if this occurs, it will only be temporary. 

 

What if you have questions about the study? 

Please contact Dr. Bareket Falk at 905 688-5550 (ext. 4979), bfalk@brocku.ca, Dr. Nota Klentrou 

at 905 688-5550 (ext. 4538),nklentrou@brocku.ca or Brandon McKinlay at 905 688-5550 (ext. 

5623), brandon.mckinlay@brocku.ca if you have any questions about the study.  

 

FUTURE RESEARCH 

After this study is completed, we may wish to use the data for a future study that might or might 

not be directly related to this study. Personal information about you will not be released.  

 

Check this box if you consent for us to keep your results for use in future work     

mailto:bfalk@brocku.ca
mailto:brandon.mckinlay@brocku.ca
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If you want to part of the study, please print your name below. 

 

  

 

SIGNATURE OF PARTICIPANT        DATE 

 

 

 

PRINTED NAME OF PARTICIPANT 

 

In my judgment the participant is voluntarily and knowingly giving informed consent to 

participate in this research study. 

 

 

 

SIGNATURE OF INVESTIGATOR          DATE 
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Appendix 3: Chapter 3 medical history questionnaire 

 

Participant screening and medical history questionnaire 

APPLIED PHYSIOLOGY RESEARCH GROUP 

DEPARTMENT OF KINESIOLOGY, BROCK UNIVERSITY 

 

Your responses to this questionnaire are confidential and you are asked to complete it for your 

own health and safety.  If you answer “YES” to any of the following questions, please give 

additional details in the space provided and discuss the matter with one of the investigators.  You 

may refuse to answer any of the following questions. 

 

Name: –––––––––––––––––––––––––––– Date: –––––––––––––––––––––––––––––– 

 

1. Have you ever been told that you have a heart problem? 

  YES  NO 

 

2. Have you ever been told that you have a breathing problem such as asthma? 

  YES  NO 

 

3. Have you ever been told that you sometimes experience seizures? 

  YES  NO 

 

4. Have you ever had any major joint instability or ongoing chronic pain such as in the knee, 

back or elbow? 

  YES  NO 
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5. Have you ever been told that you have kidney problems? 

  YES  NO 

 

6. Have you had any allergies to medication? 

  YES  NO 

 

7. Have you had any allergies to food or environmental factors? 

  YES  NO 

  

If so, please provide details: ____________________________________________________ 

 

8. Have you had any stomach problems such as ulcers? 

  YES  NO 

 

9. When you experience a cut do you take a long time to stop bleeding? 

  YES  NO 

 

10. When you receive a blow to a muscle do you develop bruises easily? 

  YES  NO 

 

11. Are you currently taking any medication (including aspirin) or have you taken any 

medication in the last two days? 

  YES  NO 
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12. Is there any medical condition with which you have been diagnosed and are under the 

care of a physician (e.g. diabetes, high blood pressure)? 

  YES  NO 

 

13. If you are a female, have you received your period? 

YES  NO 

If yes please indicate how old you were when you received your period: ___________ 
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Appendix 4: Certificate of ethical clearance for Chapter 4 
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Appendix 5: Chapter 4 informed consent and assent 

 

INFORMATION AND CONSENT TO PARTICIPATE IN RESEARCH 

 

Dairy consumption during a high-intensity, high-volume training week in young athletes 

 

You and your child are invited to participate in a research study being conducted by the 

investigators listed below. Prior to participating in this study please read this form to find out 

about the purpose and the tests involved within this study. This study is part of the Faculty of 

Applied Health Sciences of Brock University.  

 

INVESTIGATORS: DEPARTMENT: CONTACT: 

Dr. Nota Klentrou FAHS, Brock University nklentrou@brocku.ca 

Dr. Bareket Falk FAHS, Brock University bfalk@brocku.ca 

Brandon McKinlay 

Dr. Andrea Josse 

Dr. Brian Roy 

Nigel Kurgan 

Shai Olansky 

Matt Nasato 

Phil Wallace 

Nicola Taccone 

Elizabeth Vaiakis 

 

FAHS, Brock University 

York University 

FAHS, Brock University 

FAHS, Brock University 

FAHS, Brock University 

FAHS, Brock University 

FAHS, Brock University 

FAHS, Brock University 

FAHS, Brock University 

 

brandon.mckinlay@brocku.ca 

ajosse@yorku.ca 

broy@brocku.ca 

nigel.kurgan@brocku.ca 

shai.olansky@brocku.ca  

mn14qf@brocku.ca 

phil.wallace@brocku.ca 

nt11fr@brocku.ca 

ev18xa@brocku.ca 

PURPOSE: 

The purpose of the study is to investigate the effects of dairy consumption, compared to 

carbohydrate supplement, on recovery and performance in young elite soccer players during 

one-week of high-load training. Specifically, we are interested in the effect of Greek yogurt 

compared to a study-designed supplement during an intensive week of soccer-specific training, 

to determine if protein rich food improves recovery, as indicated by performance as well as 

indicators of hormonal changes, bone metabolism and inflammation. 

 

DESCRIPTION OF TESTING PROCEDURES: 

If your child agrees to volunteer for this study, he/she will visit Brock University located in St. 

Catharine’s ON, for a total of five testing sessions for a time commitment of 14-hours (day 1 – 

60-90 min, day 2 – 3h, day 3  – 3h, day 4 – 3h, day 5 – 3h). In addition, your son/daughter will 

participate in two-non consecutive weeks of five high load soccer-specific training sessions (each 

session ~120min). At the end of the study, your child will be given a summary of the findings, 

upon request. Your child should come prepared to exercise in soccer attire i.e. soccer cleats, 

shin-guards, shorts and t-shirt. All training will be performed at the Elite Soccer Development 

training facility. 

mailto:nigel.kurgan@brocku.ca
mailto:mn14qf@brocku.ca
mailto:phil.wallace@brocku.ca
mailto:nt11fr@brocku.ca
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Please note that participation (or non-participation) in this study WILL NOT affect the status of 

your child within the soccer academy.Your child will undergo the measurements and procedures 

listed below; please note that in all questionnaires, your child may choose not to answer any 

question, EXCEPT in the medical history questionnaire, where all questions MUST be answered 

to ensure participant eligibility and safety. Your child may also choose not to participate in any 

procedure listed below. 

  

D. Assessments: 

7. Your child will complete several questionnaires, outlining his/her training history and 

current/on-going nutritional status. In all questionnaires, your child may choose not to 

answer any question without penalty.  

8. Your child MUST complete a medical history questionnaire to assess current health to 

ensure their safety and eligibility for this study 

9. Body Composition - We will measure your child’s height, weight and body fat 

percentage. Body fat percentage will be estimated using bioelectrical impedance 

analysis, where a painless, non-invasive electrical current is passed through your child’s 

body.  

10. The measurement of your child’s performance will involve several different sport-

specific performance tests measuring aerobic/endurance capacity, power, speed, agility 

and quickness. Performance testing will be conducted 24h before and 24h following the 

one-week training intervention. 

11. Saliva and a venous blood samples will be collected to determine hormonal, bone and 

inflammatory changes. A total of four blood samples will be collected to assess 

hormonal and inflammatory response conducted 24h before and 24h following the one-

week training interventions. Blood will be drawn using a standard venipuncture 

technique by a certified LifeLabs technician. Up to 10 ml of blood will be withdrawn 

each time. It should be noted that the venous blood drawing procedure is a routine 

procedure for the certified technician and offers minimal risk to participants. In rare 

instances, participants may experience slight pain and/or tingling in the area and/or a 

minor bruise from the needle. However, with the use of anesthetic creams (e.g., EMLA), 

which we use in the laboratory, any sensation of pain is minimal. Additionally, the blood 

draws will be performed using standardized operative procedures to ensure sanitary 

cleanliness during all blood collections, thereby minimizing the likelihood of any adverse 

infections. The saliva samples will be collected using specifically designed swabs, these 

swabs will be chewed and deposited into a collection tube. 

12. In visit 1, an additional blood sample will be collected and will be sent to The Hospital 

For Sick Children for RNA sequencing, which will be used to create a reference 

transcriptional profile from healthy children. This is part of the SANGRE Reference 

Collection, an internationally recognized pediatric blood gene expression resource that 

encompasses profiles from healthy and sick children. RNA sequencing of blood is a new 

technology that provides an unbiased snapshot of all the genes that are active in a 
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participant’s blood cells. Your child’s RNA sequencing will be added de-identified in the 

SANGRE Reference Collection.   

 

 

 

E. Exercise Protocol: 

Your child will undergo two, one-week high-load soccer-specific training. These sessions will be 

administered by a member of the coaching team and supervised by the principal student 

investigator (a registered kinesiologist and licensed soccer coach). Each training session will 

contain a dynamic warm up (~10-15 min) followed by high-load soccer-specific training (~100 

min) and a cool down (10-15 min) for a total session length of ~120 min. Following each training 

session, sessional rating of perceived exertion (RPE) will be taken. There will be a total of five 

high-load training sessions performed within one week, in accordance with the team’s 

structured periodized training plan each training block will be separated by 5-6 weeks. During 

the training periods, your child will also be asked to track their daily food consumption using a 

diet record tracking sheet. You and your child will receive detailed instructions on how to 

complete the food record, along with handouts, as instructional tools and will be asked to return 

food record information during your final testing session. 

 

F. Supplement Consumption: 

Your child will be provided with either Greek yogurt or the study-designed carbohydrate 

pudding supplement to be consumed at breakfast, immediately following each training session 

and before bed during the first one-week intervention. During the second one-week 

intervention, your child will be provided with the supplement he did not receive in the first 

week. The quantities administered fall within safe guidelines for protein ingestion in children. 

The current study will be performed utilizing blind procedures meaning that participant will be 

unaware of their supplement’s contents.  

 

Visit Summary: 

Visits Events 

Visit 1 - Familiarization Session (120 mins) - Informed consent form 
- Medical history and screening 
questionnaire 
- Training questionnaire 
- Anthropometry 
- Familiarization with tests and procedures 
- Diet record-instruction 
 

Visit 2- Pre-week1 sport-specific performance 
testing and specimen collection (3h) 
 

- Saliva/blood collection (baseline) 
- Breakfast – provided by research team 
- Performance testing  
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Note – This session will occur 24h prior to the 
commencement of the high load training 
week 

High-load soccer specific training - Five days of high-load soccer training. Each 
session will be approximately 120 min in 
length. 

Visit 3- Post-week1 sport-specific 
performance testing and specimen collection 
(3h) 
 
Note – This session will occur 24h following 
the final training session during the high load 
training week 

- Saliva/blood collection (baseline) 
- Breakfast – provided by research team 
- Performance testing 

Visit 4- Pre-week2 sport-specific performance 
testing and specimen collection (3h) 
 
Note – This session will occur 5-6 weeks 
following visit 3 

- Training questionnaire 
- Anthropometry 
- Familiarization with tests and procedures 
- Diet record-distribution 
- Saliva/blood collection (baseline) 
- Breakfast – provided by research team 
- Performance testing  

High-load soccer specific training - Five days of high-load soccer training. Each 
session will be approximately 120 min in 
length 
 

Visit 5- Post-week2 sport-specific 
performance testing and specimen collection 
(3h) 
 
Note – This session will occur 24h following 
the final training session during the high load 
training week 

- Saliva/blood collection (baseline) 
- Breakfast – provided by research team 
- Performance testing 

 

CONFIDENTIALITY: 

All data collected during this study will remain confidential and will be stored in offices and on 

secured computers to which the principal and co-investigators have access. Furthermore, 

auditor(s), regulatory ethics board (REB), Health Canada and other regulatory authority(ies) will 

be granted direct access to the study participant’s original screening questionnaire for 

verification of clinical trial procedures and/or data. You should also be aware that the results of 

this study will be made available to scientists, through publication in a scientific journal but your 

child’s name and any personal data will not appear in compiling or publishing these results or in 

SANGRE Reference Collection. The name of the sport organization may appear in the 

acknowledgement section of the publications. Data will be kept for 5 years after the date of 

publication, at which time all information will be destroyed. Additionally, you will have access to 

your child’s data, as well as group data when it becomes available and if you are interested. This 

can be provided to you by simply contacting the principal investigator. If the results of the study 
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are published, study participant’s identity will not be revealed. Study participants will not be 

provided with any legal rights by participating in the trial and they do not release the 

investigators from liability for negligence. 

 

PARTICIPATION AND WITHDRAWAL/DISCONTINUATION: 

You and your child can choose whether to participate in this study or not and may withdraw by 

simply telling one of the investigators. At this time, you may choose to remove your child’s data 

from the study; all data then pertaining to your son or daughter will be immediately destroyed 

(shredded) and any electronic data will be immediately removed from the analysis. If blood 

and/or saliva samples have been collected, this will also be disposed of according to proper 

biohazard disposal guidelines. In case you or your child chooses to withdraw from the study by 

telling the investigator, you will be asked whether his/her data can still be used for analysis. In 

event your child is non-compliant with the study guidelines, your son or daughter will be 

removed from the study and all data pertaining to them will be immediately destroyed 

(shredded) and any electronic data will be immediately removed from the analysis. If blood 

and/or saliva samples have been collected, this will also be disposed according to proper 

biohazard disposal guidelines. Your child may also refuse to answer any questions posed to 

him/her during the study and remain as a participant in the study. The investigators reserve the 

right to withdraw your child from the study if they believe that it is necessary.  
 

Your child should not feel obligated to participate in the study and his/her decision to 

participate or not participate or withdraw from participation will in no way impact the standing 

of your child within the soccer academy. 

 

REASONS FOR PARTICIPANT WITHDRAWAL: 

- Clinical reasons – A participant becomes ill during study duration inhibiting their ability 

to perform tasks maximally. 

- Protocol violation – A participant obtains any supplements/medication and non-

pharmacological therapies (physiotherapy, acupuncture, massage) that may affect 

performance prior to or during the study. 

- Poor compliance – Failure of participant to attend all protocol required sessions.  

- Serious or adverse events – Circumstances beyond control of participants resulting in 

poor compliance.  

- Voluntary withdrawal – Participant or parent guardian no longer wishes to participate in 

the study. 

 

RISKS AND BENEFITS: 

Participation will allow you and your child to become exposed to a research protocol, potentially 

improve your child’s physical performance, contribute to the advancement of science, and gain 

personal and general knowledge about your child’s fitness and nutrition.  

The only foreseeable risks involved in participation include: 
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e) Possible muscle soreness within 24 hours of training or testing. If this occurs, it will only 

be temporary. 

f) With any participation in physical activity there is a risk of injury. Therefore, at each 

testing session there will be one or more team members who have certified first aid 

training, as well as a registered kinesiologist. 

g) In rare instances, participants may experience slight pain and/or tingling in the area 

and/or a minor bruise (hematoma) from the venous blood draw. The blood may also be 

arterial (bright red) rather than venous. Children and youth are also at a risk of fainting 

at the sight of or introduction of a needle. However, for the younger participants a 

butterfly needle will be used that does not look like a typical needle. Both the nurse and 

researcher will show the younger participants the butterfly needle and explain the 

procedure. Participants who are not allergic to medications may choose to use an 

aesthetic cream that usually has no side effects. However, there is a small risk for minor 

effects such as burning, swelling, itching, or skin rash at application site. In the event a 

blood sample was unattainable on the first attempt a second procedure will be 

performed. Prior to performing the second attempt, the phlebotomist will obtain and 

document written consent (e.g., initials on data collection form). If second attempt is 

unsuccessful – no further attempts will be performed.  

h) The assessment of body composition (e.g. BIA) may carry some degree of emotional risk 

or social risk, as participants may compare each other’s results. This risk will be mitigated 

by ensuring that all body composition measurements (height, weight, body fat %) will be 

performed in a private room, and that all data associated with these measurements will 

be recorded on documents with no identifiable markings, participants will also be 

encouraged to keep their results to themselves. 

 

NOTE: In the unlikely event that participants should experience an adverse event because of the 

procedures outlined above, they should IMMEDIATELY contact one of the members of the 

research team to report adverse event(s). If the adverse event is life-threatening, participant 

should attend the closest emergency room. 

 

FEEDBACK and STUDY RESULTS: 

Your child’s and group results will be provided to you upon request at the completion of the 

study. If any results outside the norm appear during data collection, you and your child will be 

informed within one month. 

 

RIGHTS OF RESEARCH PARTICIPANTS: 

Study participants will receive a signed copy of this consent form. The study has been reviewed 

and received ethics clearance though the REB (file #18-289).  If you have any pertinent questions 

about your rights as a research participant the Brock University Research Ethics Officer REB (file 

#18-289) (905 688-5550 ext 3035, reb@brocku.ca). Study participants will not be giving any legal 

rights by participating in the trial, and they do not release the investigators from liability or 

negligence. 

mailto:reb@brocku.ca
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INFORMATION: 

Please contact Dr. Nota Klentrou at 905 688-5550 (ext.), nklentrou@brocku.ca or Brandon 

McKinlay at 905 688-5550 (ext. 5826), brandon.mckinlay@brocku.ca if you have any questions 

about the study.  

I HAVE READ AND UNDERSTAND THE ABOVE EXPLANATION OF THE PURPOSE AND 

PROCEDURES OF THE PROJECT.  I HAVE ALSO RECEIVED A SIGNED COPY OF THE INFORMATION 

AND CONSENT FORM. MY QUESTIONS HAVE BEEN ANSWERED TO MY SATISFACTION AND I 

AGREE TO PARTICIPATE IN THIS STUDY. 

 

 

 

 

 

SIGNATURE OF PARENT/GUARDIAN             DATE 

 

 

 

PRINTED NAME OF PARTICIPANT  

mailto:brandon.mckinlay@brocku.ca
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FUTURE RESEARCH 
 

At the completion of this study, we may wish to use the data for a future study that might or might 

not be directly related to the current research. All records identifying your child will remain 

confidential and information about your child will not be released. If the results of such a study are 

published, your child’s identity will remain confidential. An appropriate research ethics board 

would clear any future research with the current data. 

 

Check this box if you consent for us to retain your data for use in future work     

 

In my judgment the participant is voluntarily and knowingly giving informed consent and 

possesses the legal capacity to give informed consent and participate in this research study. 

 

 

 

SIGNATURE OF INVESTIGATOR               DATE  
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INFORMATION AND ASSENT TO PARTICIPATE IN RESEARCH 

Dairy consumption during a high-intensity, high-volume training week in young athletes 

 

Hello, 

 

You are being invited to take part in a research study by Brock University. Before deciding if you 

want to take part please read this form to find out about the study. 

  

Why are we doing this study? 

We are doing this study to investigate how Greek yogurt, or a specially designed pudding 

supplement affects your body’s recovery during a week of intense soccer training in young elite 

level soccer players. Specifically, we are interested in how the protein content in foods consumed 

immediately following each exercise session, will affect performance, hormones, bones and 

inflammation. 

 

What will happen to you if you are in the study? 

 

1. You will complete several questionnaires, outlining your training history and current/on-going 

nutritional status. In all questionnaires, you may choose not to answer any question without 

penalty.  

2. You MUST complete a medical history questionnaire to assess current health to ensure your 

safety and eligibility for this study 

3. Body Composition - We will measure your height, weight and body fat percentage. Body fat 

percentage will be estimated using bioelectrical impedance analysis, where a painless, non-

invasive electrical current is passed through your body.  

4. We will assess your performance, which will involve several different sport specific 

performance tests measuring your aerobic/endurance capacity, power, speed, agility and 

quickness Performance testing will be conducted 24h before and 24h following the one-week 

training interventions. 

5. You will be asked to consume either a Greek yogurt or a pudding supplement 3 times per 

day (at breakfast, immediately following each training session and before bed) for 5 days 

during each of the one-week interventions. If you receive the Greek yogurt during the first 

intervention week, you will then receive the pudding supplement in the second intervention 

week. If you receive the pudding supplement during the first intervention week, you will then 

receive the Greek yogurt in the second intervention week.  

6. A total of four blood samples will be collected to assess hormonal and inflammatory 

response conducted 24h before and 24h following the one-week training interventions. Blood 

will be drawn using a standard venipuncture technique by a certified LifeLabs technician. Up 
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to 10 ml of blood will be withdrawn each time. It should be noted that the venous blood 

drawing procedure is a routine procedure for the certified technician and offers minimal risk 

to participants. In rare instances, participants may experience slight pain and/or tingling in 

the area and/or a minor bruise from the needle. However, with the use of anesthetic creams 

(e.g., EMLA), which we use in the laboratory, any sensation of pain is minimal. Additionally, 

the blood draws will be performed using standardized operative procedures to ensure 

sanitary cleanliness during all blood collections, thereby minimizing the likelihood of any 

adverse infections. 

7. In the very first visit, we will also collect a blood sample that will be sent to The Hospital For 

Sick Children for RNA sequencing, which will be used to create a reference profile from 

healthy children. RNA sequencing of blood is a new technology that provides an unbiased 

snapshot of all the genes that are active in your blood cells. Your RNA sequencing will be 

added de-identified in the SANGRE Reference Collection.   

8. Four saliva samples will also be collected using specifically designed swabs, these swabs 

will be chewed and deposited into a collection tube. 

 

What kind of exercise will you do? 

 

You will undergo two, one-week high-load soccer-specific training. These sessions will be 

administered by a member of the coaching team and supervised by the principal student 

investigator (a registered kinesiologist and licensed soccer coach). Each training session will 

contain a dynamic warm up (~10-15 min) followed by high-load soccer specific training (~100 

min) and a cool down (10-15 min) for a total session length of ~120 min. Following each training 

session, sessional rating of perceived exertion (RPE) will be taken. There will be a total of five 

consecutive high-load training sessions performed in accordance with the teams structured 

training plan. During the one-week interventions, you will also be asked to track your daily food 

consumption using a diet record tracking sheet. You will receive detailed instructions on how to 

complete the food record, along with handouts, as instructional tools and will be asked to return 

this food record information during your final testing session. 

 

Do you have to participate? 

 

No. It will help our study if you volunteer but you don’t have to participate. Whether you 

participate in this study or not, your decision will not affect your position or how people treat you 

within the soccer academy 

If you decide to participate now and then later change your mind, you can tell the researchers that 

you don’t want to be in the study anymore. Again, this decision will not affect your position or how 

people treat you within your soccer academy. If there are any tests that you do not want to do or 
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questions that you do not want to answer, you can tell the researcher and you won’t have to do 

them.  We want you to feel comfortable so remember that you can ask the researchers questions 

at any time.  

 

Who will know that you are in the study? 

 

We will write papers about what we find and share the information with other researchers but 

when we talk about your measurements and how you did, we will not use your name.  

Are there good things and bad things about being in the study? 

 

By taking part in this study, you will get to see how we do research and contribute to science. You 

may learn new exercises to use and learn about your current fitness and nutrition status. 

There are some possible risks that we want you to know about: 

d) Possible muscle soreness within 24 hours of training or testing. If this occurs, it will only 

be temporary. 

e) With any participation in physical activity there is a risk of injury. Therefore, at each 

testing session there will be one or more team members who have certified first aid 

training, as well as a registered kinesiologist. 

f) Some point tenderness in the blood draw site, if this occurs, it will only be temporary. The 

blood may also be arterial (bright red) rather than venous. You may also be at risk of 

fainting at the sight of or introduction of a needle. However, a butterfly needle will be used 

that does not look like a typical needle. Both the nurse and researcher will show you the 

butterfly needle and explain the procedure. If you are not allergic to medications, you may 

choose to use an aesthetic cream that usually has no side effects. However, there is a 

small risk for minor effects such as burning, swelling, itching, or skin rash at application 

site. In the event a blood sample was unattainable on the first attempt a second 

procedure will be performed. Prior to performing the second attempt the phlebotomist will 

obtain and document written consent (e.g., initials on data collection form). If second 

attempt is unsuccessful – no further attempts will be performed. 

g) The assessment of body composition (e.g. BIA) may carry some degree of emotional risk 

or social risk, as you may want to compare your results with others. This risk will be 

mitigated by ensuring that all body composition measurements (height, weight, body fat 

%) will be performed in a private room, and that all data associated with these 

measurements will be recorded on documents with no identifiable markings. 

 

What if you have questions about the study? 
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Please contact Dr. Nota Klentrou at 905 688-5550 (ext. 4538),nklentrou@brocku.ca or Brandon 

McKinlay at 905 688-5550 (ext. 5623), brandon.mckinlay@brocku.ca if you have any questions 

about the study.  

 

FUTURE RESEARCH 

After this study is completed, we may wish to use the data for a future study that might 

or might not be directly related to this study. Personal information about you will not be 

released.  

 

Check this box if you consent for us to keep your results for use in future work     

 

 

 

If you want to part of the study, please print your name below. 

 

 

 

 

     

SIGNATURE OF PARTICIPANT             DATE 

 

 

 

 

PRINTED NAME OF PARTICIPANT 

 

 

In my judgment the participant is voluntarily and knowingly giving informed consent to participate 

in this research study. 

 

 

 

SIGNATURE OF INVESTIGATOR                     DATE  

mailto:brandon.mckinlay@brocku.ca
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Appendix 6: Chapter 4 medical history questionnaire 

 

Participant screening and medical history questionnaire 

APPLIED PHYSIOLOGY RESEARCH GROUP 

DEPARTMENT OF KINESIOLOGY, BROCK UNIVERSITY 

 

Your responses to this questionnaire are confidential and you are asked to complete it for your 

own health and safety.  If you answer “YES” to any of the following questions, please give 

additional details in the space provided and discuss the matter with one of the investigators.  

You may refuse to answer any of the following questions. 

 

Name: –––––––––––––––––––––––––––– Date: –––––––––––––––––––––––––––––– 

 

1. Have you ever been told that you have a heart problem? 

  YES  NO 

 

2. Have you ever been told that you have a breathing problem such as asthma? 

  YES  NO 

 

3. Have you ever been told that you sometimes experience seizures? 

  YES  NO 

 

4. Have you ever had any major joint instability or ongoing chronic pain such as in the 

knee, back or elbow? 

  YES  NO 
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5. Have you ever been told that you have kidney problems? 

  YES  NO 

 

6. Have you had any allergies to medication? 

  YES  NO 

 

7. Have you had any allergies to food or environmental factors? 

  YES  NO 

 

  If so, please provide details: 

____________________________________________________ 

 

8. Have you had any stomach problems such as ulcers? 

  YES  NO 

 

9. When you experience a cut do you take a long time to stop bleeding? 

  YES  NO 

 

10. When you receive a blow to a muscle do you develop bruises easily? 

  YES  NO 

 

11. Are you currently taking any medication (including aspirin) or have you taken any 

medication in the last two days? 

  YES  NO 
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12. Is there any medical condition with which you have been diagnosed and are under the 

care of a physician (e.g. diabetes, high blood pressure)? 

  YES  NO 

Girls only: 

Please answer the following questions: 

1. Have you had your period? 

YES   NO 

2. If yes, what date was your last period? ___________________ 

3. How often do you get periods? (e.g. every 28 days) ____________________________ 

4. Approximately how many days does your period last? _______________________________ 
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Appendix 7: Chapter 4 standardised warm-up 

Get – warm (3 minutes) 

- Jog (fwd & bwds) X 3 – 20m  

10 m for all the following drills 

- Skip (fwd & bwds) X 2  

- Lateral Shuffle X 2 

- Carioca with a knee drive X 2 

- Plyo shuffle → Sprint X 2 

 Dynamic Stretching (2 minutes) 

- Knee hug to fwd lunge with reach:  3/side 

- Lateral lunge: 3/side 

- Downward dog to pigeon 3/side 

- Stretch of athlete’s choice 

Habituation to Change of Direction 5-0-5 

- Base position: Feet outside of knees, COM lowered 

- Stationary Shin angles – focus on shifting weight from side to side keeping COM 

low and BOS (feet) on the ground.  

- 2” linear lateral over line – singles X 3/side – explosive, shin angles/lean, 

maintance of base 

- 2” linear lateral over line – doubles X 3/side 

- Run to COD (5m) X 3/side 
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o 50 %, 80% 90% max speed – Reinforce Decel into COD, reaching pivoting 

leg in order to maintain a low COM.  

Jump Warm- up (2 minutes) 

- Ramp Vertical Jumps  

o (60, 80, 100%) X 2 

- Ramp Broad Jumps  

o (60, 80, 100%) X 2 

Sprint Warm-up (In lasers) 

- Ramp up sprints X 3   

o (60, 80, 100 %) 
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Appendix 8: Chapter 4 sample training session 

 

The rondo drill and conditioning exercises both 

with and without ball were performed in a 

15x15m grid as indicated in the figure to the 

left.  

Three rounds of small sided games (SSG) and 

conditioning exercises with and without the ball 

were performed in a 1:1 work-to-rest ratio and 

outlined below. 

Rondo – players performed a 3v1 keep away in a 5x5m grid. Once the defender gains 

possession of the ball, the ball can be played out to players waiting in the big grid. The 

original 3 players are now the defenders and try to regain possession. During the 3v1, 

players on the outside are performing cone exercises (i.e. hops forward and back, side-to-

side, fast feet around the cones) until the ball is played out to them.  

Conditioning drill 1 set up – groups of two, one partner stands on a cone outside of the 

big grid, while another partner stands on the corresponding diagonal cone in the middle 

of the small grid (see figure). Players work in a diagonal fashion during the drill.  

-  Round 1 (without ball) Sprint from middle to partner, high-five, sprint back to 

middle, touch cone and repeat  

- Sprint from middle to partner, high-five, low shuffle back (two to the left, two to 

the right) touch cone and repeat 
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- Sprint from middle to partner, high-five, back-pedal to middle, touch cone and 

repeat 

- Fast-feet slow-hands from middle to partner, high-five,  fast-feet slow hands back 

to middle, touch cone and repeat 

Round 2 (ball on ground) 

- Fast dribble from middle to outside cone, tight turn around cone, fast dribble back 

to middle and repeat 

- Toe-taps as fast as possible forward from the middle to the outside cone, back to 

middle and repeat 

- Sole roles as fast as possible from the middle to the outside cone, back to the 

middle and repeat 

- Fast dribble from middle to outside cone, outside of the foot cut at the cone, fast 

dribble back to middle and repeat 

Round 3 (ball in partners hands on outside cone) 

- Sprint from middle out to partner, partner tosses the ball in the air, 1-touch volley 

inside of foot back, turn sprint back to middle cone, touch and repeat 

- Sprint from middle out to partner, partner tosses the ball in the air, 1-touch volley 

using the laces back, turn sprint back to middle cone, touch and repeat 

- Sprint from middle out to partner, partner tosses the ball in the air, control with 

thigh and volley back, turn sprint back to middle cone, touch and repeat 

- Sprint from middle out to partner, partner tosses the ball in the air, head the ball 

back, turn sprint back to middle cone, touch and repeat 
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Conditioning drill 2 set-up - groups of two, 

one partner stands one side of the two lines of 

cones, while another partner stands on the other 

side (see figure). One player is designated as the 

“mirror/reflection” and must mimic the player 

on the other sides movements. When signaled, 

the objective of the drill is for the player to lose 

their “mirror/reflection”, once they do they can try and pass through one of the gates onto 

the reflection side and a point is awarded. If the reflection tags the player, then no point is 

awarded. This is performed 3 times each. 

Game/Scrimmage – The final drill is a small sided scrimmage. Players are evenly 

divided into two teams. One team attacks the big goal with a goalie while the other team 

attacks a small goal. The objective is to remain attacking the big goal, if the team that is 

defending the big goal scores on the small goal, they retain possession, turn around and 

are now attacking the big goal. 
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Appendix 9: Copywrite permission for figures – literature review 

From: Brandon McKinlay <brandon.mckinlay@brocku.ca> 
Sent: Monday, February 15, 2021 1:10 PM 
To: Phillips, Stuart; info@biomedcentral.com 
Subject: Published figure - Permission request 
  

Dear Sir/Madam,  
 

I am a PhD candidate at Brock University, CA and would like to include figure 
1 from your review article (Churchward-venne TA, Burd NA, Phillips SM (2012) 

Nutritional regulation of muscle protein syntehsis with resistance exercise: strategies to 

enhance anabolism. Nutr Metab 9:1–8) in the literature review of my Ph.D. thesis.  
 

Would it be possible to grant me permission to use this figure in my thesis 
dissertation?  
 

Thank you in advance for all your assistance. 
 

Regards, 
 

Brandon 

 
Brandon McKinlay, M.Sc., R.Kin 
Ph.D. (c) - Health Biosciences 
Centre for Bone and Muscle Health  
Brock University | Faculty of Applied Health Sciences 
Niagara Region | 1812 Sir Isaac Brock Way | St. Catharines, ON L2S 3A1 
brocku.ca | C 289-260-9483 | W 905 688 5550 x5623 

 
Phillips, Stuart <phillis@mcmaster.ca> 
Mon 2/15/2021 2:18 PM 

 

Hi Brandon: 

 

No objections on my part. It’s an open access article to which we own the copyright. I 

am copying my two co-conspirators on my reply in the hopes that one of them will 

have the original figure file they could share with you. 

 

Best of luck with the thesis! 

 

Sincerely, 

Stu 

http://brocku.ca/
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Stuart Phillips, McMaster University, Dept. of Kinesiology 


