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Abstract 

This study compared salivary and serum concentrations of testosterone and cortisol at rest 

and in response to high-intensity exercise, in boys and men. Early morning saliva and venous 

blood samples were obtained pre- and 15 min post-exercise from 31 competitive swimmers (15 

boys, 14.31.8y; 16 men, 21.63.1y). Exercise included an all-out 200 m swim, followed by a 

high-intensity interval swimming protocol (5 x 100m, 5 x 50m, and 5 x 25m). Testosterone (but 

not cortisol) concentration was higher in men than boys in serum and saliva (p<0.05). Cortisol 

concentration was higher in serum compared with saliva (p<0.01). Salivary and serum cortisol 

increased post-exercise, with a greater increase in men compared with boys (group-by-time 

interaction, p<0.001). Serum testosterone declined post-exercise in serum but not in saliva 

(medium-by-time interaction, p<0.01). Serum and salivary cortisol (but not testosterone) were 

strongly correlated in both men and boys, as evidenced by the high intraclass correlation 

coefficients (ICC=0.86 and 0.90, respectively; p<0.001). In summary, early morning high-

intensity exercise results in a decrease in testosterone in serum, but not saliva, and an increase in 

cortisol irrespective of the medium used, in both boys and men. The lack of correlation in 

testosterone between media suggests that saliva may not be an appropriate medium to examine 

changes in testosterone following intense exercise. The high ICC observed between serum and 

saliva cortisol indicates that, in both boys and men, saliva may be used to monitor the cortisol 

response to exercise.  

 

(Testosterone, Cortisol, High-Intensity Exercise, Paediatrics, Serum, Saliva) 
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Chapter 1: Introduction 

Intense exercise has been shown to increase circulating hormonal concentrations (Falk & 

Eliakim, 2014; Kraemer et al., 1992; Kraemer, Ratamess, & Nindl, 2017) in both adults and 

youth athletes (Fry & Lohnes, 2010; Heavens et al., 2014; Koch, Pereira, & Machado, 2014; 

Kraemer et al., 1992; Pal et al., 2017; Tipton & Wolfe, 2001; Zinner et al., 2014). An intense 

exercise session (~75-90% of maximum effort) alters the homeostasis of the endocrine system by 

elevating both catabolic hormones (for example, cortisol, adrenaline, glucagon) and anabolic 

hormones (for example, testosterone, IGF-1, growth hormone) (Bunt, 1986; Crewther et al., 

2006; Engel et al., 2014; Falk & Eliakim, 2014). The endocrine system has been shown to play a 

major role in recovery following exercise in both adults and children (Fry et al., 1993; Hoffman 

et al., 2010; Hoffman et al., 2007). Cortisol, a marker for catabolism, and testosterone as a 

marker for anabolism play a major role in protein synthesis and muscle recovery, and hence were 

the two hormones examined in this thesis. 

Recently, due to the agreement between the salivary and blood hormonal concentrations 

(e.g. cortisol and testosterone) at rest and following different modalities of exercise, saliva 

samples are increasingly used to measure hormonal concentrations in adults (Cadore et al., 2008; 

Gozansky et al., 2005; O’Connor & Corrigan, 1987; Paccotti et al., 2005; Port, 1991). Saliva 

samples collection is non-invasive, inexpensive, safe and simple to obtain. Additionally, samples 

can be obtained frequently without discomfort to patients, athletes, or study participants, due to 

its relative convenience. Salivary levels of various biomarkers can prove useful not only in 

clinical settings but also, and perhaps more so, in field settings. Considering the above 

advantages of saliva sampling, it can be used to monitor cortisol and testosterone concentrations 

during training and prevent overuse injuries or overtraining (Angeli, Minetto, Dovio, & Paccotti, 
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2004). Furthermore, the invasive nature and cost of blood sampling has negatively impacted the 

feasibility of numerous metabolic and training studies, especially in a pediatric population. The 

use of saliva levels can help reduce the burden of the ethical issues faced with obtaining blood 

samples in a pediatric population. 

Children are not miniature adults, and we cannot assume the hormonal response we 

observe in adults is similar in children. Hence, examining and understanding the response of 

these hormones following intense exercise in children is of major relevance that can lead to 

better recovery strategies following a training session or competition. Moreover, there has been a 

lack of research on the agreement between salivary and blood hormonal concentrations at rest 

and following intense exercise in youth. To our knowledge, only one study, by Del Corral and 

colleagues (1994) has examined the effect of exercise on salivary and serum cortisol in children, 

demonstrating a significant correlation between serum and salivary cortisol in 10 pre-pubertal 

boys 15 minutes following a graded exercise test to exhaustion on a cycle ergometer (r=0.84). 

These correlations have not been examined between salivary and serum testosterone (or other 

hormones) following exercise in children. Therefore, the purpose of this thesis was to compare 

salivary and serum concentrations of testosterone and cortisol at rest and in response to high-

intensity exercise, in boys and men. 
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Chapter 2: Literature Review 

2.1 Endocrine System 

 

The endocrine system is made up of anatomically unconnected, ductless glands that 

constitute a functional system. These glands secrete hormones that are transported via the blood 

to target cells (cells that possess specific hormone receptors), where the secreted hormone directs 

and performs regulatory functions (Sherwood, 2015). Hormone signals play a variety of roles in 

anabolism (tissue growth, substrate restoration and recovery) and catabolism (tissue breakdown 

and metabolic regulation). 

Anabolic hormones (e.g. testosterone and insulin-like growth factor-1 [IGF-1]) are 

involved in protein synthesis that is required for recovery following an exercise session 

(Demling, 2005). On the other hand, catabolic hormones (e.g. cortisol) are involved in the 

process of protein breakdown (Demling, 2005).  Acute exercise alters hormone concentrations 

because of energy metabolism and sympathoadrenal secretion of epinephrine and norepinephrine 

that activates mobilisation of free fatty acid and glucose (Bunt, 1986). These responses result in 

the stimulation of other endocrine glands to secrete secondary hormones for fuel mobilisation 

(Bunt, 1986). Exercise (single bout or session) leads to elevated testosterone, IGF-1 (anabolic), 

and cortisol (catabolic) levels in adults, which are of vital importance during the recovery phase 

following a high-intensity exercise session (for review see Kraemer et al., 2017; Wilmore, 

Costill, & Gleim, 1995). In contrast, there are very limited data regarding hormonal changes in 

children or adolescents following high intensity exercise (for review see Falk and Eliakim, 

2014).  

The following sections provide a brief description of an important catabolic hormone, i.e. 

cortisol, and anabolic hormone, i.e. testosterone, studied in relation to intense exercise and 
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recovery. Note that, unless otherwise indicated, the information provided below is based on 

studies in adults. 

 

2.2 Cortisol and Testosterone 

Blood samples (serum or plasma) are mainly used in research and clinical settings to 

determine hormonal concentrations, but in the past decade, the use of saliva samples have 

become more prevalent due to the non-invasive nature of sample collection, especially in 

paediatric populations. The relationship between salivary and serum hormonal concentrations are 

still controversial in adults, with a paucity of studies in children. 

 

2.2.1 Cortisol   

Cortisol is a catabolic hormone secreted by the adrenal cortex and is regulated by the 

hypothalamus and the anterior pituitary gland using a negative feedback system. 

Adenocorticotropic hormone (ACTH), secreted from the pituitary gland, stimulates the adrenal 

cortex to secrete cortisol (Sherwood, 2015). Cortisol helps to control metabolism of 

carbohydrates, fats and proteins, and has an anti-inflammatory effect (Wilmore et al., 1995). 

Cortisol secretion has a circadian rhythm, with levels peaking in the early morning, denoting the 

active period of the day (0700 to 1000), and dropping to its lowest levels at night (0000 to 0400) 

(Dorn et al., 2007). Cortisol concentration levels increase in response to stress, independent of its 

circadian rhythm (Dorn et al., 2007).  

When cortisol is secreted, it is dispersed to all fluids of the body including urine, blood 

and saliva (Gozansky et al., 2005). Steroid hormones, including cortisol, are lipid soluble 

hormones that can diffuse through the plasma membrane to enter the target cell and bind to the 
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receptor protein, whereby the receptor protein then initiates or facilitates a change in cell activity 

(Sherwood, 2015). In serum, only 1-15% of cortisol is in its unbound form. Therefore, studies 

generally measure the total cortisol. In saliva, the unbound fraction of cortisol is measured 

because unbound serum cortisol enters into the saliva and remains unbound (Aardal-Eriksson, 

Karlberg, & Holm, 1998; Riad-Fahmy, Read, Walker, & Griffiths, 1982; Robin, Predine, & 

Milgrom, 1978).  A change in plasma proteins concentration (e.g., albumin or corticosteroid 

binding globulin (CBG)) can alter the  cortisol concentrations in blood (Aardal-Eriksson et al., 

1998; Riad-Fahmy et al., 1982). Albumin is the most abundant protein in human blood plasma 

and constitutes about half of the serum proteins. It contributes to osmotic pressure, thereby 

maintaining plasma volume, while CBG helps in the transport of cortisol in the blood, and 

modulates the tissue availability of cortisol (Gardill et al., 2012).  

In saliva, lipid soluble unconjugated steroid hormones such as cortisol enter saliva 

predominantly through the intracellular route. The unconjugated cortisol enters the saliva by 

diffusing through the cells of the salivary gland (Vining et al., 1983). Thus, the salivary 

concentration of cortisol does not dependent on salivary flow rate, and its salivary concentrations 

reflect its unbound concentration in plasma (Vining et al., 1983). An advantage of measuring 

cortisol concentrations in saliva is that levels represent only the bioactive fraction that is not 

bound to CBG (Fryer et al., 2014; Gozansky et al., 2005; Kahn et al., 1988). 

Various studies in adults have shown strong correlations between resting concentrations 

of blood and salivary cortisol levels, suggesting that salivary cortisol can be used in place of 

serum cortisol in assessing cortisol concentrations (Cook et al., 1986; Harris et al., 1989; Jacks, 

Sowash et al., 2002; Lac, Lac, & Robert, 1993; Calbet et al., 1993). In the case of urinary 

samples, the inability to measure rapid changes in cortisol levels following any modality of 
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physical activity has resulted in this sampling method being less useful for examining the effect 

of exercise on cortisol levels (Gozansky et al., 2005). 

2.2.2 Testosterone  

 

Testosterone is a steroid hormone produced in the gonads (testes and ovaries). In males, 

testosterone is produced in the Leydig cells that are found in the seminiferous tubules of the 

testes, while in females, testosterone is produced in the ovaries (Sherwood, 2015). The 

hypothalamus-pituitary axis is important for controlling the amount of testosterone produced 

(Sherwood, 2015). Testosterone production has a circadian rhythm, with levels peaking in the 

early morning (0600 to 0800), and declining to a nadir in the evening periods (1800 to 2000) 

(Gupta, Lindemulder, & Sathyan, 2000). Similar to cortisol, testosterone levels appear to 

increase in response to stress (Teo, Newton, & McGuigan, 2011), although not always (Raastad 

et al. 2000). 

The mode of entry into other bodily fluids is similar to cortisol (as described above) 

because testosterone is also a steroid hormone. Briefly, total and free testosterone concentrations 

can be measured in blood, where total testosterone concentrations include unbound and protein-

bound (i.e. bound to sex-hormone binding globulin (SHBG) or albumin) testosterone, while free 

testosterone concentration are non-protein bound. Salivary samples measure the unbound 

fraction of testosterone (Aardal-Eriksson, Karlberg, & Holm, 1998; Riad-Fahmy et al., 1982). 

Albumin can affect the free testosterone concentrations in the blood, resulting in less available 

testosterone for the target organs (Aardal-Eriksson et al., 1998; Riad-Fahmy et al., 1982). In 

saliva, lipid soluble unconjugated testosterone enters saliva predominantly by diffusing through 

the salivary glands (Vining et al., 1983).  
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Testosterone’s beneficial effects include both anabolic and anti-catabolic properties, such 

as increased muscle protein synthesis and inhibition of muscle protein breakdown that aid in 

muscle recovery. These beneficial effects could result in muscle hypertrophy, improved muscle 

strength, and power over the long run (Herbst & Bhasin, 2004; Kraemer et al., 2017).  

 

2.3 Hormonal Response to Exercise in Adults 

2.3.1 Cortisol Response to Exercise (Blood vs. Saliva) 

Cortisol’s elevated concentration following exercise in both blood (serum or plasma) and 

saliva has been studied extensively in adults after various modes of exercise (Crewther et al., 

2006; Fryer et al., 2014; Gozansky et al., 2005; Lane & Hackney, 2015; O’Connor & Corrigan, 

1987; Pal et al., 2017; Port, 1991). The relationship of cortisol in saliva and blood has been 

studied in terms of their absolute change, relative (%) change and time at which the peak value 

occurs following their response to different modes of exercise (Cadore et al., 2008; Crewther et 

al., 2006; del Corral et al., 1994; Gozansky et al., 2005; Hough et al., 2011; Paccotti et al., 2005; 

Pal et al., 2017; Port, 1991) as summarized in tables 1, 2 and 3 below.  

Briefly, following an intense exercise session, most studies have observed positive 

correlations between blood and salivary cortisol (see Table 1). Strong correlations were reported 

in numerous studies (r=0.81-0.89; Crewther et al., (2006), Gozansky et al., (2005), Hough et al., 

(2011), Tanner and colleagues (2014)), while other reported moderate correlations (r=0.57-0.62; 

Fryer et al., (2014) and Pacotti et al., (2005)) following very intense exercise. The absolute 

increase of cortisol concentration after intense exercise is generally greater in blood (plasma or 

serum) cortisol concentration than salivary cortisol concentrations (Crewther et al., 2006; 

Gozansky et al., 2005; Paccotti et al., 2005; Tanner et al., 2014). More interestingly, the relative 
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increase between blood and salivary cortisol concentration before and after an intense exercise 

has brought about mixed results in the literature, with both Gozansky et al., (2005) and Crewther 

et al., (2010) showing a greater % change in salivary cortisol, while Fryer et al., (2014) results 

showed that % change in plasma cortisol concentration was greater.  

 

Table 1: Summary of cortisol response in blood (serum or plasma) vs. saliva following very 

intense exercise in adults. 

Reference Sample Exercise 

Protocol 

Blood and 

Saliva Sampling 

Times 

Relationship between Media 

(Saliva vs. Blood) 

Crewther 

et al. 2010 

9 men 

29.8 ± 5.8 

years 

30 sec 

Wingate 

test 

Pre 

-Rest  

-After warm-up 

 

Post Session 

-IM 

-10 min 

-20 min 

-30 min 

-60 min 

Absolute C- plasma>saliva 

-Greater % change in salivary vs. 

plasma C  

 

Strong correlation 

r= 0.81-0.84 p<0.001 (between 

individuals) 

r= 0.83-0.84 p<0.001 (within 

individuals) 

 

 

Pattern/time of peak 

-Increase in both salivary and 

plasma C levels post exercise 

 

-Salivary and plasma C peaks 

20mins post exercise with a return 

to baseline by 60 mins 

 

Fryer et 

al. 2014 

11 men 

 

26.1 ±5.3 

years 

Maximal 

treadmill 

graded 

exercise 

 

 

Pre 

 

Post session: 

-IM 

-5 min 

-10 min 

-15 min 

-20 min 

Saliva:  post recovery (increased 

continuously during recovery 

period) 

-Slower rate of increase compared 

with venous and capillary 

 

Venous: post recovery (Peaked 

at 15 min and subsequent decline 

at 20 min) 
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Capillary:  post recovery 

(Peaked at 15 mins and 

subsequent decline at 20 min) 

 

-Moderate correlation between 

salivary and venous C, 

 r=0.57, 

R2= 0.32 p<0.001 

 

- % Increases in salivary C was 

smaller than venous and capillary 

C 

Gozansky 

et al., 

2005 

12 adults 

 

44 ± 16 

(25-65 

years) 

10-mins 

exercise 

bout at 90% 

of HR max 

Pre  
-0 min 

-5 min 

-10 min 

-15 min 

-30 min 

-45 min 

-60 min 

-70 min 

 

During exercise 
-75mins 

 

Post sessions 

-IM post exercise 

(80 min) 

-85 min 

-90 min 

 

-Every 10 min 

for 40 min 

 

-Every 15 min 

for 60 min 

 

-Relative increase in total C 

following both mode of exercise 

and Corticotrophin-releasing 

hormone (CRH) consumption was 

higher in saliva than serum 

(p=0.04) 

-I.e. 826%  in salivary C and 

150% in Serum C 

 

 

-Absolute serum C values were 

higher than that of salivary C. 

 

-Free C increases more rapidly 

once the binding capacity of 

Cortisol-binding globulin (CBG) 

is exceeded 

 

- r between salivary and total 

serum cortisol = 0.60 

-The strongest linear correlation 

was found when salivary C was 

plotted against the CBG-

calculated serum free C 

(r=0.89, p<0.001) (n=26) 

 

-Salivary C measured using EIA 

correlates well with a standard 

RIA (r=0.98) salivary kit. 

 

Time course – parallel in serum 

and saliva 

-Peak Serum C at 100 min 

-Peak Saliva C at 110 min 
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Hough et 

al. 2011 

10 healthy 

males 

 

24 ± 3 

years 

4 different 

(cycle) 

trials: 

-

Continuous 

to fatigue at 

75% peak 

power 

-30 min at 1 

min 60% 

and 1 min 

90% peak 

power 

(60/90) 

-30 min at 1 

min 55% 

and 4 min 

80% 

(55/80) 

-Squats: 8 

sets of 10 

reps of 

10RM (RE) 

 

Pre 

 

Post Session 

-IM 

-10 min 

-20 min 

-30 min 

-40 min 

-50 min 

-60 min 

-Absolute values weren’t 

published 

 

-Elevated cortisol levels post 

exercise for plasma (Except 60/90 

protocol) 

 

-Elevated cortisol for saliva in 

55/80 and RE  

Positive correlation between 

salivary and plasma C for all 

protocols (p<0.05) 

 

r=0.817 p=0.004 (FAT) 

 

r=0.681 p=0.44 (60/90) 

 

r=0.784 p=0.012 (55/80) 

 

Pattern/time of peak 

Salivary C peaked at ~30mins 

Plasma C peaked at 10-20mins 

 

Pacotti et 

al., 2005 

20 male 

athletes  

 

-13 

Endurance  

(24.9 ± 

7.6 years) 

 

-7 Power 

trained 

(33.0 ± 

6.0 years) 

 

11 non-

athletes- 

25.3 ± 5.4 

years 

High 

intensity 

isokinetic 

exercise: 

4 X 20 

maximal 

contractions 

@ 180/s 

(in each 

leg) 

Pre 

-15 min 

-5 min 

 

Post session 

-IM 

-7 min 

-15 min 

-30 min 

-45 min 

-60 min 

-90 min 

-120 min 

Non-linear relationship 

(Spearman) 

Lower slope when serum C 

concentrations > 500 nmol/l 

 

Slope= 0.019 vs. 0.037 p<0.01 

 

-Absolute increase in serum were 

higher than that of saliva 

Serum peaked at 30 min 

Saliva peaked at 60 min 

 

Logarithmic transformation 

values- Positive correlations 

- r =0.62, p<0.001 

Tanner et 

al. 2014 

10 male 

runners 

 

39.3 ± 6.6 

years 

3 different 

trials + 

control 

(rest) – 30 

min 

Pre-exercise 

 

Post session 

-IM 

-15 min 

Plasma >salivary mean C 

concentration 

 

Elevated levels of C post exercise 
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C=Cortisol, CIR- Body weight-only circuit training, IM- Immediately after exercise, RE- 

Resistance Exercise, CBG- Cortisol-binding globulin, Pre- before exercise, Post- After exercise, 

FAT- Continuous to fatigue at 75% peak power, 55/80-30 min at 1 min 55% and 4 min 80%, 

60/90-30 min at 1 min 60% and 1 min 90% peak power 

 

 There is a 2-5 minute lag time, before salivary cortisol concentration establishes 

equilibrium with free blood cortisol concentration (Gozansky et al., 2005). Nevertheless, blood 

cortisol concentrations have been shown to peak generally at similar times or earlier than 

salivary cortisol concentration levels following an intense exercise session (Crewther et al., 

2006; Fryer et al., 2014; Gozansky et al., 2005; Hough et al., 2011; Tanner et al., 2014). Peak 

cortisol concentration times ranges from 10-20 mins in blood, and 20+ minutes in saliva 

following an intense exercise session (Crewther et al., 2006; Fryer et al., 2014; Gozansky et al., 

2005; Hough et al., 2011; Tanner et al., 2014). Pacotti and colleagues (2005) did not observe a 

peak cortisol concentration until approximately 30 minutes in serum and 60 minutes in saliva, 

following high intensity isokinetic exercise. The discrepancy in timing of peak concentrations 

(separate 

days): 

Body 

weight-only 

circuit 

training 

(CIR) (3 

sets of ten 

exercises) 

-Tempo 

Run (30 

min run at 

lactate 

threshold) 

 

-Interval 

Session (6 

intervals of 

3.5 min at 

90% 

VO2max 

-30 min 

-60 min 

 

 

Plasma and salivary C were 

strongly correlated (p<0.01) 

r= 0.81, 0.73-0.88 (between 

individual) 

r= 0.81, 0.73-0.87 (within 

individuals) 

 

-Peak plasma and salivary C 

occurred simultaneously 
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post-exercise may be related to the extent of muscle mass used. That is, in some studies, only one 

muscle group was used (Paccotti et al., 2005), whereas in others, whole body exercises were 

performed (Crewther et al., 2006; Fryer et al., 2014; Gozansky et al., 2005; Hough et al., 2011; 

Tanner et al., 2014). 

Similar to high-intensity exercise sessions, absolute blood cortisol concentration post-

exercise is higher than that of salivary cortisol concentrations following a prolonged endurance 

exercise session (usually 30+ minutes at a lower intensity <60%) in adults (O’Connor & 

Corrigan, 1987; Port, 1991; Powell et al., 2015; Thomasson et al., 2010) (see Table 2). The % 

change and peak value response times (~15mins) are shown to be similar in both blood and 

salivary cortisol concentrations post endurance exercise. Strong correlations between serum and 

salivary cortisol concentration were observed by Port (1991) (r=0.86, p<0.001), Powell et al., 

(2015) (r=0.667-0.910, p<0.05 in the 2 modes of exercise) and O’Connor and Corrigan (1987) 

(r=0.93, p<0.01). It is interesting to note that Thomasson et al., (2010) showed a weak 

correlation (r=0.35, p<0.02) between saliva and blood concentration samples during a 120-min 

cycling at 50-55% VO2max in 9 females during exercise. This result is to be expected, as cortisol 

concentration levels tend to rise significantly post exercise, as well as peak at 15+ minutes post 

exercise in both blood and salivary samples, following a high to moderate intensity exercise. 

Hence, the point at which correlations would be observed between both media of sampling was 

not reached in the latter study. 

 

 

Table 2: Summary of cortisol response in blood (serum or plasma) vs. saliva following an 

endurance exercise session in adults. 

Reference Sample Exercise 

Protocol 

Blood and Saliva 

Sampling Times 

Relationship between Media 

(Saliva vs. Blood) 
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Port 1991 6 

endurance 

male 

athletes 

 

 

Incremental 

exercise on 

cycle 

ergometer  

(A total of 2 

hours) 

Pre 

 

During exercise 

-At the end of 

every work load 

 

Post sessions 

-IM  

-10 min 

-Elevated levels of C post 

exercise 

 

-Highly correlated responses 

(all sampling times) 

=0.86, p<0.001) 

 

-Saliva levels were lower than 

that of serum 

 

-The highest serum and 

salivary C levels were 

observed at 10 min post 

exercise. 

 

Powell et 

al., 2015 

12 men 

 

22.3 ±2.4 

years  

 

 

Maximal 

treadmill 

graded 

exercise 

 

AND  

 

Submaximal 

cycle 

exercise in 

the heat – 90 

min, 55-

60%VO2max 

Pre 

 

Post session 

-IM 

-15 min 

-30 min 

-45 min 

-60 min 

-Elevated levels of C post 

exercise 

 

-% Change in salivary C was 

greater than % change in serum 

cortisol levels during maximal 

and submaximal exercise  

 

-Peak Serum = 15 min 

-Peak Saliva= End of exercise 

(IM) 

 

 -Serum C levels were 7-10x > 

Salivary C 

 

-Strong correlation between 

Serum C and Saliva C 

r=0.667-0.910 p<0.05 

 

O’Connor 

and 

Corrigan 

1987 

8 men 

 

22.9 ± 2.3 

years 

Bicycle 

ergometer at 

75% VO2 

max for 30 

min 

 

On 3 

different 

days 

5 samples: 

 

Pre 

-15 min  

- 0 min 

 

During Session 

-15 min during 

exercise 

 

Post Session 

-IM  

-Elevated levels of C post 

exercise 

 

-The response of serum and 

saliva in terms of timing and 

pattern were similar following 

exercise 

 

-Strong significant correlations 

were observed between serum 

and saliva 

p<0.01 
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C=Cortisol, IM- Immediately after exercise, Pre- before exercise, Post- After exercise.  

 

A limited number of studies have examined the relationship between blood and salivary 

cortisol concentrations following a resistance exercise session (see Table 3). Results from 

Cadore et al., (2008) showed a moderate correlation (r=0.62, p=0.001) between serum and 

salivary cortisol concentration 10 minutes after a resistance exercise session performed by 28 

men, with a higher relative percent increase observed in salivary cortisol than in serum cortisol. 

Hough et al., (2011) showed a stronger correlation (r=0.992, p=0.0001) in 10 men after an 

intense resistance exercise session in comparison with Cadore et al., (2008) (see table 3). This 

discrepancy might be due to timing effects. As stated previously, cortisol levels begin to peak 

15+ post exercise. Hough et al., (2011) obtained samples up to 60 minutes following exercise, 

while Cadore et al., (2008) obtained samples only at 10 minutes post exercise (see table 3), 

-15 min post 

exercise 

 

 

15 min Pre 

r=0.89 

0 min Pre 

r=0.60 

15 min during 

r=0.72 

30 min during 

r=0.90 

15 min post  

r=0.93 

Thomasson 

et al., 2010 

9 women 

 

20.3 ± 0.4 

years 

120 min 

cycling at 

50-55% 

VO2max  

Pre 

 

During exercise 

-30 min 

-60 min 

-90 min 

-120 min  

-Elevated levels of C post 

exercise 

 

Pre: r=0.72, p<0.001 

 

During exercise: r= 0.35, p< 

0.02.  

 

-Plasma C values > salivary C 

values 
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which might explain the stronger salivary and blood cortisol correlation observed by Hough et 

al., (2011).  

 

Table 3: Summary of cortisol response in blood (serum or plasma) vs. saliva following a 

resistance exercise session in adults. 

Reference Sample Exercise 

Protocol 

Blood and Saliva 

Sampling Times 

Relationship between Media 

(Saliva vs. Blood) 

Cadore et 

al., 2008 

28 men  

 

40 ± 

4.1 

years 

 

 

2 

supersets, 

each 

consisting 

of 2 

exercises 

and each 

superset 

was 

performed 

4x  

 

1st 

superset- 

75% of 1-

RM (8 

reps) for 

both 

exercises: 

Bench 

press and 

supported 

barbell 

row 

 

2nd 

superset- 

75% (8 

reps) and 

65% (12 

reps) of 1-

RM: 

Squats and 

Leg press  

 

Pre 

 

Post session 

-10 min 

-Elevated levels of C post exercise 

 

-Relatively higher % increase in 

salivary C than in Serum C from 

pre-post exercise 

 

-There was a correlation between 

salivary C and serum C 

 

Before-(r=0.52, p=0.05) 

 

After- (r=0.62, p=0.001) 
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C=Cortisol, IM- Immediately after exercise, Pre- before exercise, Post- After exercise, Resist- 

Squats: 8 sets of 10 reps of 10RM, Reps- Repetitions 

 

2.3.2 Testosterone Response to Exercise (Blood vs. Saliva) 

There is limited literature on the relationship between saliva and blood testosterone 

following exercise. All of these studies were done using adult participants with no information 

on children (Cadore et al., 2008; Crewther et al., 2010; Crewther et al., 2018; Hough et al., 2011; 

Lane & Hackney, 2015; Tanner et al., 2014).  

Briefly, studies have mainly examined the relationship between blood and salivary 

testosterone following a very intense exercise. Lane and Hackney (2015) and Tanner et al., 

(2014) both reported higher absolute total blood testosterone concentration levels in comparison 

to salivary testosterone following exercise in endurance-trained athletes. On the other hand, 

Crewther and colleagues (2010; 2018) reported a higher absolute salivary testosterone in 

comparison to free testosterone in plasma following a high intensity exercise in trained athletes. 

The discrepancy in results may be explained by the fact that Lane and Hackney (2015) and 

Tanner et al., (2014) measured total blood testosterone, while Crewther and colleagues (2010; 

2018) measured free testosterone concentrations. Furthermore, the literature on the relative 

increases (% change) in both media of sampling remains contradictory, with Lane and Hackney 

1:3 work 

to rest ratio 

for 25 min 

Hough et 

al. 2011 

10 

healthy 

males 

 

24 ± 3 

years 

-Squats: 8 

sets of 10 

reps of 10 

RM 

 

 

Pre 

 

Post Session 

-IM 

-10 min 

-20 min 

-30 min 

-40 min 

-50 min 

-60 min 

-Absolute values weren’t published 

 

-Elevated levels of C post exercise 

Positive correlation between 

salivary and plasma C (p<0.05) 

 

r=0.922 p=0.0001 (Resist) 

 

Pattern/time of peak 

Salivary C peaked at ~30 min 

Plasma C peaked at 10-20 min 
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(2015) and Crewther et al. (2018), showing a higher relative change in blood testosterone, while 

Crewther et al., (2010) showed a higher relative change in salivary testosterone, from pre- to 

post-exercise in adult male athletes. All studies report peak testosterone to occur within 10 min 

post-exercise in both, saliva and blood (Crewther et al., 2010; Crewther et al., 2018; Hough et 

al., 2011; Lane & Hackney, 2015; Tanner et al., 2014).  

In terms of the correlation between salivary and blood testosterone following an intense 

exercise session, there are inconsistencies in the literature, with some studies reporting moderate 

to strong correlations (r=0.57-0.91; Lane and Hackney (2015), Crewther et al., (2010), Tanner et 

al., (2014)) and others (Hough et al., 2011) reporting no significant correlations, as seen in table 

4. Lane and Hackney (2015) found strong correlation (r=0.912 and 0.898) following moderate 

and intense exercise (60% and 80% VO2max, respectively) but not following low intensity (40% 

VO2max) exercise. On the other hand, Hough et al., (2011), who used an exercise intensity 

similar to the 60% and 80% of VO2max exercise used by Lane and Hackney (2015), observed no 

significant correlation between salivary and blood testosterone. Thus, the reason for the 

discrepancy between studies is not clear. 

 

Table 4: Summary of testosterone response in blood (serum or plasma) vs. saliva following a 

very intense exercise session in adults. 

Reference Sample Exercise 

Protocol 

Blood and Saliva 

Sampling Times 

Relationship between Media 

(Saliva vs. Blood) 

Crewther 

et al. 2010 

9 men 

29.8 ± 5.8 

years 

30 sec 

Wingate 

test 

Pre 

-Rest  

-After warm-up 

 

Post Session 

-IM 

-10 min 

-20 min 

-30 min 

-60 min 

Elevated testosterone levels post 

exercise 

 

Absolute Salivary T>Plasma 

Free T at all time points after 

exercise 

 

Weak to moderate correlation 

r= 0.57-0.61 p<0.001 (between 

individuals) 
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Moderate correlation 

r= 0.71-0.73 p<0.001 (within 

individuals) 

 

Pattern/time of peak 

-Increase in both salivary and 

total T levels post exercise, then 

a gradual decline/return to 

baseline 10 min post 

 

-Salivary T peaks 10mins post 

exercise 

-Plasma T peaks IM post 

exercise 

 

Hough et 

al. 2011 

10 

healthy 

males 

 

24 ± 3 

years 

4 different 

(cycle) 

trials: 

-

Continuous 

to fatigue 

at 75% 

peak 

power 

-30 min at 

1 min 60% 

and 1 min 

90% peak 

power 

-30 min at 

1 min 55% 

and 4 min 

80% 

-Squats: 8 

sets of 10 

reps of 

10RM 

 

Pre 

 

Post Session 

-IM 

-10 min 

-20 min 

-30 min 

-40 min 

-50 min 

-60 min 

- Absolute values weren’t 

published  

 

Peak post exercise values did 

not correlate 

r=-0.342 p=0.333(FAT) 

 

r=-0.540 p=0.134 (60/90) 

 

r=0.556 p=0.120 (55/80) 

 

r=0.044 p=0.904 (Resist) 

 

Pattern/time of peak 

Salivary and plasma T peaked at 

~10 min 

Lane and 

Hackney 

2015 

12 

endurance 

trained 

males 

22 ± 4.6 

years 

30 min 

cycling 

exercise 

-40%  

-60%  

-80% 

VO2max 

Pre 

 

Post sessions 

-IM 

-30 min 

 

Elevated T levels post exercise 

 

Strong positive correlations:  

 

40% VO2max: r was n.s. 

 

60% VO2max: r=0.912, p<0.001 
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+ control 

(rest) 

session 

 

80% VO2max: r=0.898, p<0.001 

 

[T]: serum>saliva 

 

IM serum and saliva T levels 

were significantly higher than 

30mins post-exercise 

Tanner et 

al. 2014 

10 male 

runners 

 

39.3 ± 6.6 

years 

 -CIR (3 

sets of ten 

exercises) 

-Tempo 

Run (30 

min at 

Lactate 

threshold) 

-Interval 

Session (6 

intervals of 

3.5 min at 

90% 

VO2max) 

 

 

Pre 

 

Post 

-IM 

-15 min 

-30 min 

-60 min 

Elevated T levels post exercise 

 

Plasma>salivary mean T 

concentration 

 

Plasma and salivary T were 

correlated (p<0.01) 

r= 0.57, 0.43-0.69 (between 

individual) 

r= 0.60, 0.45-0.72 (within 

individuals) 

 

-Peak plasma and salivary T 

occurred simultaneously 

immediately after exercise 

T- Testosterone, IM- Immediately Post exercise, RE- Resistance exercise, CIR- Body weight-

only circuit training, FAT- Continuous to fatigue at 75% peak power, 55/80-30 min at 1 min 

55% and 4 min 80%, 60/90-30 min at 1 min 60% and 1 min 90% peak power, Resist- Squats: 8 

sets of 10 reps of 10RM, TT- total testosterone 

 

For resistance exercise, only three studies have examined the salivary and blood 

testosterone relationship, as seen in table 5. Cadore et al., (2008) and Hough et al., (2011) both 

showed no significant correlation (r=0.22-0.26, P>0.05 and r=0.044 p=0.904 respectively) 

between salivary and blood testosterone following a resistance exercise protocol in apparently 

healthy male adults. On the other hand, Crewther et al., (2018) showed a strong association 

between blood and salivary testosterone in junior male athletes (r2= 0.84, p<0.05 ). Blood 

testosterone absolute increases were reported to be greater than that of salivary testosterone in 

Cadore et al., (2008), but similar in Crewther et al., (2018). The time of peak testosterone 
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occurred at similar times in blood (immediately after exercise) and saliva; ~10 minutes post 

exercise in Hough et al., (2011). To conclude, it would be premature to draw any conclusions 

from the limited literature available. Hence, it is suggested that this is an area in which more 

research is needed. 

 

Table 5: Summary of testosterone response in blood (serum or plasma) vs. saliva following a 

resistance exercise session in adults. 

Reference Sample Exercise 

Protocol 

Blood and 

Saliva 

Sampling 

Times 

Relationship between Media 

(Saliva vs. Blood) 

Cadore et 

al., 2008 

28 

healthy 

men  

40 ± 4 

years 

 

 

2 supersets, each 

consisting of 2 

exercises and 

each superset 

was performed 

4x  

 

1st superset- 

75% of 1 RM 

2nd superset- 75 

and 65% of 1-

RM 

 

1:3 work to rest 

ratio for 25 min 

Pre 

 

Post session 

-10 min 

-No significant correlation 

between salivary and serum 

testosterone at rest and following 

exercise 

 

r=0.22-0.26, p>0.05 

 

-Similar increases in T levels 

from pre-post 

 

-Serum > Saliva (Absolute 

values) 

Crewther 

et al. 2018 

71 

junior 

athletes 

 

45 

males: 

18.1 ± 

1.2 

years 

 

26 

females: 

17.6 ± 

1.2 

years 

Short-high 

intensity 

exercise 

 

-94% of 

personal best 

lifts (snatch, 

clean and jerk) 

Pre 

 

Post session 

-IM 

Similar absolute increases in 

Salivary T and Serum T from 

pre-to post-session (non-

significant) 

 

% Change in blood TT was 

greater than in Salivary (free) T 

 

-No significant changes in 

salivary T from pre-to post-

session 

p> .144 for males and p> .234 for 

females. 
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-Strong positive association 

between Salivary T and blood TT 

in males (not in females) from 

pre-post 

 

Regression analysis 

r2= 0.84, p<0.05 males 

r2= -0.13, p<0.05 females 

 

 

Hough et 

al. 2011 

10 

healthy 

males 

 

24 ± 3 

years 

-Squats: 8 sets 

of 10 reps of 10 

RM 

 

Pre 

 

Post session 

-IM 

-10 min 

-20 min 

-30 min 

-40 min 

-50 min 

-60 min 

- Absolute values weren’t 

published  

 

Peak post exercise values did not 

correlate 

 

r=0.044 p=0.904 (Resist) 

 

Pattern/time of peak 

Salivary and plasma T peaked at 

~10 min 

T- Testosterone, IM- Immediately post exercise, RE- Resistance exercise, Resist- Squats: 8 sets 

of 10 reps of 10RM, TT- total testosterone 

2.4 Hormonal Differences: Children vs. Adults 

2.4.1 Differences in Hormonal Resting Concentrations 

During childhood and adolescence, there is a period of spontaneous increase in anabolic 

hormones that leads to an evident pubertal growth spurt (Soliman et al., 2014). For example, 

resting testosterone concentration levels significantly increase in males during puberty 

(Khairullah et al., 2014). This section analyzes the differences in hormonal concentration at rest 

between adult and children. 

There is a dramatic increase in resting testosterone concentration levels during puberty 

(Khairullah et al., 2014; Soliman et al., 2014). Khairullah et al., (2014) examined the testosterone 

trajectories and reference ranges in a large longitudinal sample of 513 males (9-17 years). 

Results showed that there was an increase in the average values of testosterone from age 9 years 
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to 17 years in the same individuals, without any exercise interventions (Khairullah et al., 2014). 

This finding suggests that the transition from childhood to adulthood is characterised by a rise in 

resting testosterone concentrations in males. 

 In terms of cortisol, it is assumed that resting cortisol concentrations are not altered 

during growth, although some studies indicate lower cortisol levels in youth (Hackney et al., 

(2011) Engel et al., (2014)). In a 3 years longitudinal study of 11-13 year old girls, Viru et al., 

(1998) demonstrated no significant change in resting cortisol levels with an increase in age and 

sexual maturity (Tanner stage II-V). More studies on the differences in resting cortisol 

concentrations between adults and children are needed; in order to fully understand if resting 

cortisol concentrations are similar or different in both children and adults. 

 

2.4.2 Differences in Hormonal Response to Various Modes of Exercise in Children vs. Adults 

The changes in hormonal levels that occur from childhood to adulthood may affect 

recovery from high-intensity exercise. There are limited data on the acute endocrine response to 

exercise in children. This could be due to the difficulty in studying hormonal responses in 

children. Difficulty such as obtaining blood samples from children have resulted in most exercise 

studies being carried out mainly in adults (Falk & Eliakim, 2014).  

During a resistance exercise session, load and frequency (repetitions) have been 

suggested to be the determining factors in the regulation of plasma testosterone and cortisol 

hormone concentrations (Falk & Eliakim, 2014; Godfrey et al., 2003). An acute exercise-induced 

hormonal response has been demonstrated in resistance-trained athletes following both high- and 

low-volume resistance exercise in youth (Fry et al., 1993; Klentrou et al., 2016; Vanhelder et al., 

1984). Briefly, studies by Fry and colleagues (1993) and Kraemer et al., (1992) showed an 
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increase in cortisol and testosterone following a high intensity resistance exercise session in 28 

adolescent (17 years) male weightlifters. Klentrou et al., (2016) showed a rise in salivary 

testosterone levels following an acute bout of resistance and plyometric exercise in 12-14 year 

old boys, indicating a potential anabolic effect. The increase in testosterone levels is in 

agreement with previous studies in adults (Crewther et al., 2006; Kraemer et al., 1998). Contrary 

to expected responses, based on findings in adults, the study by Klentrou et al., (2016) showed a 

decline in salivary cortisol levels following both resistance and plyometric exercise in peri-

pubescent boys (12-14 years old). This decline in cortisol levels is in agreement with Rich et al., 

(1992) who examined serum cortisol and testosterone levels in prepubescent female gymnasts 

during training. The authors suggested that the decrease in salivary cortisol might have been due 

to the diurnal decrease of cortisol during the evening hours. Alternatively, it is possible that there 

is a maturity-related insensitivity to stress for this age group, thereby resulting in further decrease 

in cortisol levels post-exercise (Klentrou et al., 2016). Generally, however, the hormonal 

responses of cortisol and testosterone following an acute resistance exercise session that are seen 

in adolescents are consistent with the findings in adults (Fry et al., 1993; Kraemer et al., 1992; 

Pullinen et al., 2002).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

In response to high intensity exercise, Engel et al., (2014) recently examined the 

hormonal response of 23 healthy boys (11.5 years) and 25 athletic healthy trained men (29.7 

years) using a high intensity cycle exercise regime (4 bouts of 30-s all out sprint cycle). After 30 

min of recovery, salivary cortisol levels were elevated in both groups from baseline, with no 

comparable differences between adults and children. There are currently very little data on the 

acute hormonal response to a bout of high intensity exercise in children and adolescents. Hence, 

this needs to be further examined. Furthermore, the hormonal response to an acute bout of 
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endurance exercise has been extensively studied in adult males (Mejri et al., 2005; Ronsen et al., 

2001), with no study in children and adolescents. Hence, no comparisons can be made with 

children.  

 

Table 6: Summary of the effects of different modes of exercise on acute hormonal response in 

children and adults. 

Population Resistance HIIT Endurance 

Adults Cortisol and 

Testosterone 

 Cortisol and 

Testosterone 

Cortisol and  

Testosterone 

Adolescents Cortisol and 

Testosterone 

? ? 

Children Cortisol and 

 Testosterone 

Cortisol ? 

2.4.3 Hormonal Response to Exercise (Blood vs. Saliva) in Men and Boys 

There are currently no data on the relationship between the salivary and serum 

concentrations following exercise in youth in comparison to adults. The relationship between 

serum and salivary hormonal response has been mainly studied in adults, with little to no data in 

youth. To my knowledge, there is only one study comparing the serum and salivary cortisol 

relationship in children following an acute endurance exercise session (del Corral et al., 1994). 

There are no such data on testosterone. Del Corral et al., obtained saliva and serum samples from 

10 boys before exercise, 15 min during exercise, immediately after the exercise session, and 15 

min post exercise. Result showed that serum and salivary cortisol were strongly correlated only 

during and after the exercise session, but not at rest (Table 6). Del Corral et al.’s (1994) findings 
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in boys is similar to the response that is observed in adult studies (O’Connor & Corrigan, 1987; 

Port, 1991; Powell et al., 2015; Thomasson et al., 2010).  

 

Table 7: Cortisol response in serum vs. saliva in boys.  

IM- immediately after exercise, Post- after exercise, Pre- before exercise 

 

 

2.5 Purpose and Hypothesis 

2.5.1 Purpose 

The purpose of this study was to compare salivary and serum concentrations of 

testosterone and cortisol at rest and in response to high-intensity exercise, in boys and men.  

 

2.5.2. Hypothesis 

We expected a greater hormonal response to the high-intensity exercise session in men 

than in boys, and that this difference will be observed in both media, serum and saliva. We also 

Reference Sample Exercise 

Protocol 

Blood and Saliva 

Sampling Times 

Relationship between Media 

(Saliva vs. Blood) 

Del Corral 

et al., 

1994 

10 boys 

 

10.6 ± 

0.2 

years 

30 min at 

70% of 

VO2max 

 

-Pre 

15 min during 

 

Post Session 

-IM 

-15 min post exercise 

-Change in salivary cortisol from 

resting levels in serum and saliva 

were significantly correlated at 

 

15 min during: r= 0.77 

30 min (IM) r=0.90 and  

15 min post: r=0.84. 

 

-Serum and saliva were not 

correlated at rest 

 

-Similar effect size for increase in 

serum (0.66) and saliva (0.72) 

cortisol 
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hypothesized a positive relationship between serum and saliva concentrations of testosterone and 

cortisol before and following the high-intensity exercise.  
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Chapter 3: Methods and Procedures 

3.1 Participants 

The participants in the current study took part in a larger study, designed to examine the 

effect of protein/carbohydrate supplementation during recovery from high-intensity exercise on 

subsequent exercise performance and muscle damage. This study was approved by Brock’s 

Research Ethics Board (#16-279).  

Thirty male swimmers of a total of 62 swimmers of both sexes who participated in the 

larger study, were invited to participate in this study. Participants included 15 boys (11-17 years 

of age) and 16 men (18-30 years of age), who were recruited from five swimming clubs in 

Southern Ontario. Prior to completing any questionnaires or tests, participants and their 

parents/legal guardians were provided with oral and written information and a consent form (see 

appendix) to be completed. Participants were competitive swimmers training and competing for 

at least one year before the testing date and were free of injuries, medications and any medical 

condition that prevented them from participating.  

3.2 Study Design 

For the purpose of the present study, all tests and measurements were performed within 2 

visits to Brock University’s pool or the participating Clubs’ home pool. The first session served 

as a familiarization session (in the afternoon), during which some of the questionnaires were 

completed and anthropometric and body composition measurements were performed. 

Participants were asked to refrain from doing any physical activity for at least 24hrs before the 

2nd testing session. Saliva and blood samples were collected pre- and immediately following 

exercise, which included a swim bench task, a maximum-effort 200m swim and a high-intensity 

interval swimming trial, all of which provided a high intensity stimulus. The exercise tasks were 
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relevant to the specific research question of the larger study. Participants were provided with a 

standardized breakfast that included a banana, granola bar and a juice box (fruit punch or apple 

flavored).  

 

 

Figure 1: Study design 

 

3.3 Exercise Tasks 

The exercise tasks were performed by all participants, in the same order described below, 

following the initial blood and saliva sampling (Figure 1). First, participants performed a swim-

bench task (several trials of maximal pulls, see below), followed by a maximal 200m freestyle 

swim (25 m pool). This test was performed in groups to simulate a swim competition. Following 

the maximum swim, all swimmers performed a high-intensity interval swimming trial of 5 x 

100m, 5 x 50m, and 5 x 25m freestyle swims at 90% of their maximal effort, as determined by 

their split times (100m) during the 200m swim performance test. The interval swim protocol 

involved a swim to rest ratio of 1:1. 

The swim bench tasks were performed on land in a prone position on the bench (Pacer 

2A Biokinetic Swim bench Isokinetic INC.), with arms extended forward in the horizontal 
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position and resting on the hand paddles. Following a short warm-up, participants performed 3 

trials of maximal effort freestyle pull and 3 trials of maximal effort butterfly pull. Maximal 

power and force were determined for each style. 

 

3.4 Measurements 

3.4.1 Participants Screening and Medical History Questionnaire (See appendix) 

All participants or parents/legal guardians were required to complete this questionnaire, 

before completing any other measurements or tasks. This questionnaire provided us with the 

medical background of each participant, to ensure that the participant was eligible to perform all 

of the required measurements, with participant safety being the most important priority. 

 

3.4.2 Anthropometrics and Body composition 

Body mass and percent body fat were measured with the bioelectric impedance analysis, 

using the InBody520 body analyzer (BioSpace Inc. Beverly Hills, USA) during the 

familiarization session (afternoon). Participants had self-hydrated prior to the session and were 

asked to void prior to measurement. Participants wiped the bottom of their feet as well as their 

hands on a clean wet towel before stepping onto the scale.  

Height and sitting height were measured with a stadiometer (Seca 217, Canada) to assess 

somatic maturity, expressed as years from age of peak height velocity (Mirwald et al., 2002). 
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3.4.3 Sample collection (Saliva and Blood) 

To control for circadian rhythm, all testing was performed in the early morning hours. 

Specifically, baseline saliva and blood samples were obtained between 6:00 and 8:00 AM and 15 

min following the intense exercise protocol. Salivary sampling took place prior to blood 

sampling at all time points. At each time point, participants were asked to provide a one milliliter 

sample of unstimulated whole saliva, using salivette swabs (Sarstedt Inc., Montreal, Que., 

Canada). Participants provided the sample by lightly chewing on the swab for 60 seconds. After 

sampling, the swabs were placed directly into plastic tubes.   

Venous blood samples (10 ml) were collected from the antecubital fossa of each 

participant using a standard venipuncture technique. Participants were seated, and samples were 

drawn using a winged infusion set and vacutainers. Participants had the choice of topical 

anaesthetic creams (e.g., EMLA) for the blood draws, with 4 participants opting to use the 

cream.   

Blood and saliva samples were stored on ice until the end of each trial for no longer than 

2 hours. Tuck et al. (2009) identified blood samples (serum and plasma) as stable for up to 4 

hours at 4oC prior to centrifugation and freezing (Tuck et al., 2009). Therefore, aliquoting the 

samples within two hours of collection ensured no compromising of samples. Samples were 

centrifuged at 3000g for 10min and 3000g for 2min for blood and saliva, respectively. The serum 

and saliva samples were aliquoted into eppendorf tubes and stored at -80oc until analysis. 

 

3.4.4 Sample Analysis (Serum and Saliva) 

Total serum cortisol and testosterone concentrations were determined by enzyme-linked 

immunosorbent assay (ELISA) kits that are commercially available. The serum cortisol and 
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testosterone ELISA assay kits were obtained from Abcam (Toronto, Canada). The sensitivity of 

the kits are 2.44 ng/mL and 0.10 ng/mL for cortisol and testosterone, respectively at 95% 

confidence limit. The mean inter-assay coefficient of variation in our lab was 7.8% and 9.6% for 

cortisol and testosterone, respectively. The highest cross-reactivity for cortisol in the salivary 

assay kit was with Dexamethasone, at 19.2% (other proteins <1%), while in the serum assay kit, 

the highest cross-reactivity was with Prednisolone, at 46.2% (other proteins <5%). Salivary 

testosterone assay kit has a 36.4% Dihydrotestosterone and 21.02% 19-Nortestosterone cross 

reactivity (other proteins <2%), while the serum testosterone kit has a 2.03% cross-reactivity 

with Dihydrotestosterone 2.03%. All standards, controls, and samples were analyzed in duplicate 

on the same plates. 

Immediately following blood collection, hematocrit was measured using the 

microhematocrit method (Strumia, Sample, & Hart, 1954). Relative change in plasma volume 

(%ΔPV) from pre- to post-exercise was estimated using the Van Beaumont formula below (Van 

Beaumont, 1972): 

 

Where Hct1 is hematocrit before exercise protocol, and Hct2 is hematocrit after exercise protocol. 

Salivary cortisol and testosterone ELISA assay kits were obtained from Salimetrics 

(Carlsbad, Canada). The salivary ELISA kits measure unbound cortisol and testosterone 

concentrations. The sensitivity of the kits is <0.007 ug/dL and 1 pg/mL for cortisol and 

testosterone, respectively. The mean inter-assay coefficient of variation in our lab was 9.1% and 

6.4% for cortisol and testosterone, respectively. All standards, controls, and samples were 

analyzed in duplicate on the same plates. 
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3.5 Statistical Analysis 

Data were checked for normality by observing measures of central tendency, histograms, 

skewness ( 3), kurtosis ( 3), homogeneity of variance and sphericity before statistical analysis. 

Cortisol sample concentrations in both serum and saliva were not normally distributed, and were 

Log transformed for further analysis. Group differences in physical characteristics and training 

history, as well as baseline hormonal levels were analyzed using independent t-tests. A three-

way (group by time by media) repeated measures analysis of variance (RM-ANOVA) was used 

to examine the serum and salivary hormone levels in men and boys, at rest and post-exercise. In 

the event of a significant interaction, differences between means were assessed using paired t-

tests with Bonferroni post hoc adjustment for multiple comparisons. A two-way (group by 

media) ANOVA for repeated measures was used to examine relative (%) changes in hormone 

levels (pre- to post-exercise). Two-way random model intraclass correlation coefficient (ICC) 

analyses were used to assess correlations between serum and salivary measure in boys and men. 

Statistical significance was accepted at p< 0.05. All values are presented as Mean and Standard 

Deviation (SD). 
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Chapter 4: Results 

4.1 Physical and Training Characteristics 

Table 8 provides the physical characteristics and training history of the participants. All 

participants were highly competitive swimmers. Boys were smaller, with no differences in body 

composition. Boys had been training for fewer years, but current training volume was similar. 

Table 8: Participant Descriptive Characteristics.  

 Men Boys 

N 16 15 

Age (yrs) 21.6  3.1 14.3   1.9** 

Height (cm) 179.6  7.4 170.9  10.6* 

Mass (kg) 76.7   10.7 61.2  14.7** 

Body Fat (%) 14.1   5.2 12.1   5.8 

Maturity offset (yrs from age 

of peak height velocity) 

n/a 0.6  1.7 

Years of Training  8.9   3.7 4.9  1.8** 

 

Session/Week  7.6  2.3 7.2  1.7 

 

Hrs/Session 2.0  0.3 1.9  0.2 

 

* Mean difference is significantly different:  * p<0.05, **p<0.01 
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4.2 Cortisol  

All post-exercise blood values below were corrected for exercise-induced changes in 

plasma volume. There were no differences in baseline cortisol levels between boys and men, for 

both serum and saliva. The results of the three-way ANOVA for cortisol appear in Table 9. 

There was no significant main effect for group (p=0.054) although, our results suggest a 

tendency for men’s value to be higher compared with boys’. There was a significant effect for 

time (p<0.05), reflecting an overall increase in cortisol post-exercise (Figures 2). Additionally, 

there was a significant effect for media (p<0.05), reflecting that cortisol was higher in serum than 

in saliva. There was a significant group-by-time interaction, reflecting a greater increase in 

cortisol post-exercise in men compared with boys. No other interaction reached statistical 

significance. 

 

Table 9: Three-way Repeated Measures ANOVA results for Cortisol. 

Effect p value Interpretation 

Group (Men vs. Boys) 0.054 (Tendency for cortisol to be higher in men than 

in boys) 

Time (Pre vs. Post) <0.001 Increased cortisol post-exercise 

Media (Serum vs. Saliva) <0.001 Higher cortisol levels in serum 

Group*Time 0.013 Greater increase in men compared with boys 

Group*Media 0.086 Differences in cortisol between media were 

similar in both groups 

Time*Media 0.240 Exercise-induced increase in cortisol was 

similar in saliva and serum 

Group*Time*Media 0.644  
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Figure 2: Serum (top) and salivary (bottom) cortisol concentrations in boys and men before and 

following high intensity exercise. For ease of interpretation, values presented are absolute 

cortisol concentrations. The serum cortisol values (top) are plasma volume-corrected 

concentrations. 

Relative (%) changes in cortisol: On average, there was an increase in cortisol post-

exercise. However, in some individuals, there was a decrease in cortisol concentration following 

exercise, resulting in negative changes (decrease). Therefore, log transformation was not possible 
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and relative change (calculated from the absolute, plasma volume-corrected values) was used for 

analysis. As seen in Figure 3, there was a group effect (p<0.05) in the percent change in cortisol 

concentration, reflecting an overall greater increase in men compared with boys. There was no 

medium effect (p>0.05), reflecting that the rise in cortisol concentration following exercise was 

similar in saliva and serum. There was also no group-by-media interaction (p>0.05), reflecting 

that the percent increase in cortisol in men was consistently greater than that observed in boys, in 

both media. 

 

 
Figure 3: Percent change in serum and salivary cortisol following a high intensity exercise 

session in men and boys. 
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levels in men. The results of the three-way ANOVA for repeated measures for testosterone are 

presented in Table 10. There was a significant time effect (p<0.05), reflecting an overall decrease 

in serum testosterone following exercise. There was a significant group effect (p<0.05), 

reflecting overall higher values in men compared with boys (Figure 4). There was a significant 

media effect (p<0.05), reflecting higher testosterone in serum than in saliva. There was no 

significant time-by-group interaction (p>0.05), reflecting that the decrease over time in 

testosterone in men was not different than that in boys. There was a significant group-by-media 

effect (p<0.05), reflecting that the difference in testosterone concentrations between groups were 

greater in serum than in saliva. Importantly, there was a significant time-by-media interaction 

(p<0.05), reflecting that following exercise, testosterone decreased in serum, but not in saliva. 

 

Table 10: Three-way Repeated Measures ANOVA results for Testosterone. 

 

Effect p value Interpretation 

Group (Men vs. Boys) <0.001 Testosterone is higher in men than in boys 

Time (Pre vs. Post) <0.001 Overall decrease in testosterone post-exercise  

Media (Serum vs. Saliva) <0.001 Higher testosterone levels in serum 

Group*Time 0.26  

Group*Media < 0.001 Greater difference between groups in serum 

than in saliva 

Time*Media <0.001 Decrease post-exercise in serum but not in 

saliva 

Group*Time*Media 0.210  
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Figure 4: Serum (top) and salivary (bottom) testosterone concentrations in boys and men before 

and following a high intensity exercise session. The serum testosterone values (top) presents the 

plasma volume-corrected concentrations. 

Relative (%) changes in testosterone: As seen in Figure 5, there was no group effect 

(p>0.05) in the percent change of testosterone, reflecting that the relative decrease in testosterone 

was similar in men and boys.  Interestingly, there was a medium effect (p<0.05), reflecting that 

the percent decrease in testosterone concentration following exercise was greater in serum than 
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in saliva. There was no group-by-media interaction (p>0.05), reflecting that the pattern of 

percent change in testosterone was similar in boys and men in the two media. 

 

 
Figure 5: Percent change in serum and salivary testosterone following a high intensity exercise 

session in men and boys 

 
 

4.4 Correlations 

As seen in Table 11, the intraclass correlation coefficients show a strong overall 
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correlation between serum and salivary cortisol was high and similar in boys and men.  
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The correlation between serum and salivary testosterone was not significant in boys, nor 

in men, either pre- or post-exercise, or when values were combined (pre- and post-exercise) 

within an age group (Table 11). 

 

Table 11: Intraclass correlation coefficients between serum and salivary cortisol and testosterone 

concentrations in men and boys. 

Correlations Cortisol Testosterone 

 Men Boys Men Boys 

Pre 0.929 

P< 0.0001 

0.948 

P< 0.0001 

-0.035 

P= 0.526 

0.010 

P= 0.492 

Post 0.502 

P= 0.094 

0.835 

P= 0.001 

-0.024 

P= 0.518 

0.053 

P= 0.460 

Overall 0.856 

P< 0.0001 

0.898 

P< 0.0001 

-0.025 

P= 0.527 

0.019 

P= 0.480 

  

 

The relationship between serum and salivary concentrations of cortisol and testosterone 

are presented in Figures 6 and 7 (representing both pre-exercise and post-exercise cortisol and 

testosterone levels). Serum cortisol was strongly related to salivary cortisol in both men and boys 

in both media. There was no relationship between serum and salivary testosterone in both men 

and boys. 
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Figure 6: Relationship between serum (ng/mL) and salivary (ng/mL) concentrations of cortisol 

before high intensity exercise.  

 

 

Figure 7: Relationship between serum (ng/mL) and salivary (ng/mL) concentrations of 

testosterone before high intensity exercise. 
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Chapter 5: Discussion 

This study examined salivary and blood (serum) cortisol and testosterone following a 

high intensity swimming exercise session in boys and men. We found that early morning high-

intensity exercise induced an increase in cortisol irrespective of the medium used, in both boys 

and men. In contrast, it also induced a decrease in testosterone in serum but not saliva. There was 

a high correlation between serum and salivary cortisol indicating that, in both boys and men, 

saliva may be used to monitor the cortisol response to exercise. There was no correlation 

between serum and salivary testosterone suggesting that saliva may not be an appropriate 

medium to examine changes in testosterone following intense exercise.  

 

5.1 Cortisol 

5.1.1 Comparison between changes in serum and saliva cortisol (men vs. boys) 

Cortisol concentrations were greater in serum than in saliva in both men and boys, as 

seen in Table 9 and Figure 4 (as well as in table 12, appendix). These results agree with the 

current literature describing higher cortisol concentration levels in blood than in saliva in both 

children and adults (Bober et al., 1988; Burke et al., 1985; Cadore et al., 2008; Crewther et al., 

2006; Fryer et al., 2014; Gozansky et al., 2005; Hough et al., 2011; Paccotti et al., 2005; Tanner 

et al., 2014). The difference between media is explained by the fact that total cortisol 

concentration is measured in serum, while only free cortisol concentration is measured in saliva 

(Aardal-Eriksson et al., 1998). 

Our study is the first to compare the cortisol response following intense exercise between 

men and boys. Cortisol concentrations in both serum and saliva increased after exercise in both 

men and boys. This is in agreement with the literature, as various studies have shown that 
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exercise is a stressor that transiently increases cortisol concentrations in both serum and saliva in 

youth (Fry et al., 1993; Klentrou et al., 2016; Kraemer et al., 1992) and in adults (Crewther et al., 

2018; Fryer et al., 2014 and Hough et al., 2011). As demonstrated in Figure 4, this increase was 

greater in men than in boys. That is, regardless of the media examined, a greater post-exercise 

cortisol increase was observed in men compared with boys (significant group by time 

interaction).  These results are in contrast with Engel et al. (2014), who recently demonstrated 

that 30 min following high intensity cycling (4 bouts of 30-s all out sprint cycle), salivary 

cortisol levels were elevated in men and boys from baseline, with no comparable differences 

between groups. The authors did not examine serum cortisol. That is, while salivary cortisol 

levels were similar in the two studies, the effect of four 30-sec bouts of intense exercise was 

similar in men and boys in Engel et al, but greater in men following 50 min of intense exercise 

in our study. Thus, it is possible that the different pattern of response between the two studies is 

due to the different exercise durations. The discrepancy in findings may also be related to the 

younger age of the participants in the study by Engel et al. (2014) (11.5 yrs vs 14.3 yrs).  

The change in cortisol was also examined relative to baseline (i.e., %change), in addition 

to the absolute changes. The relative increase in cortisol was higher in men than boys (group 

effect). That is, the absolute and relative increases in cortisol concentration were greater in men. 

Thus, our data suggest that the exercise protocol used in this study resulted in a higher stress 

response in men than boys. This finding is possibly related to the fact that children recover faster 

than adults following intense exercise (Falk & Dotan, 2006). Thus, it is possible that the cortisol 

levels were already returning to baseline levels in children following the intense exercise 

protocol, while still elevated in the men. 
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Interestingly, similar changes in post-exercise cortisol were observed in saliva and serum 

(i.e. no time-by-medium interaction). Our finding is in contradiction with previous studies 

(Gonzasky et al. (2005), Crewther et al. (2010) and Fryer et al., (2014)), which examined the 

effect of intense exercise on the serum and salivary cortisol increase in men (but not in children). 

Participants in the Gonzasky et al. (2005) study exercised at 90% of heart rate (HR) maximum 

on a treadmill, while participants in the Crewther et al. (2010) study performed a 30-sec Wingate 

cycling test, and both studies observed a greater cortisol increase in saliva than in serum. In 

contrast, Fryer et al., (2014) observed the opposite, with a greater response in serum than in 

saliva following a progressive exercise to exhaustion on a treadmill (VO2 max test). Fryer et al., 

(2014) suggest that the reason for this discrepancy might be due to the difference in exercise 

modality and intensity. A partial explanation provided by Fryer et al (2014) was that salivary 

cortisol may have a biphasic response, so that beyond the corticosteroid binding globulin (CBG) 

binding point (<5000nmol/L) the increase in salivary cortisol concentration is exponential 

(Gozansky, Lynn, Laudenslager, & Kohrt, 2005; Port, 1991). CBG helps transport cortisol in the 

blood and modulates the tissue availability of cortisol (Gardill et al., 2012). Gonzasky et al.’s 

(2005) study showed an increase in salivary free cortisol concentration above CBG binding 

point, while in the study by Fryer et al. (2014) the cortisol concentration did not exceed the CBG 

binding point. The exponential increase in salivary cortisol above the CBG binding point does 

not necessarily reflect HPA function (Gonzasky et al., 2005). In our study, the salivary free 

cortisol concentration values did not exceed the CBG binding point (<5000nmol/L) while there 

were no differences in the absolute nor in the relative (%) increase between salivary and serum 

cortisol concentration in either age group (no time-by-medium effect in absolute increase and no 
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medium effect in relative increase). Hence, the reason for these discrepancies between studies 

remains unclear. 

 

5.1.2 Correlations between serum and salivary cortisol (men vs. boys) 

Serum and salivary cortisol concentrations were highly correlated in both men and boys 

before exercise (ICC=0.929 and 0.948 respectively, p<0.001). Post-exercise serum and salivary 

cortisol were highly correlated in boys (ICC=0.835 p<0.01), but only moderately correlated in 

men, which did not reach significance (ICC= 0.525 p=0.094). As expected, there was a strong 

and significant correlation between serum and salivary cortisol in both groups, combined 

(p<0.001). This result agrees with the current literature, which examined the correlation between 

serum and salivary cortisol pre- and post-exercise separately in adults (Crewther et al., 2010; 

Fryer et al., 2014; Gozansky et al., 2005) and children (Del Corral et al. 1994). To our 

knowledge, only one study, by Del Corral et al. (1994) compared the serum and salivary cortisol 

response in boys and found a significant correlation (r=0.84, p<0.05) between the sampling 

media, similar to the correlation observed in boys in the current study (ICC=0.88, p<0.001). 

However, there were no adults in the study by Del Corral et al. (1994) so no age-comparison was 

possible. Our study, which extends the previous literature in adults to also include children, 

suggests that saliva can be used in place of serum to examine the cortisol response to exercise.  
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5.2 Testosterone 

5.2a Comparison between changes in serum and saliva testosterone (men vs. boys) 

The findings from our study show that men had a significantly higher testosterone 

concentration than boys in both serum and salivary samples at baseline and after exercise (group 

effect, p<0.001). This is in agreement with the literature which indicates that that there is a large 

rise in testosterone concentration during puberty (Soliman et al., 2014).  

The general trend in our results showed a decrease in testosterone in men and boys post-

exercise (time effect), although upon further analysis, this decrease was seen only in serum 

(time-by-media interaction). Our results appear to be inconsistent with several studies which 

demonstrated an increase in testosterone post-exercise (Cadore et al., 2008; Crewther et al., 

2010; Hough et al., 2011; Lane & Hackney, 2015). On the other hand, our results mirror those of 

Raastad et al., (2000), who showed a decline in blood testosterone levels following a high and 

moderate intensity resistance exercise session in men. Studies that demonstrated a post-exercise 

increase in testosterone were performed in the evening. Raastad et al (2000), who demonstrated a 

post-exercise decrease, was similar to the current study not only in terms of the intensity of 

exercise (high), but also in that experiments were carried out in the morning hours (0800 - 1100). 

Raastad et al., (2000) demonstrated a reduction in testosterone in their rest-control trial during 

this period of the day. Similarly, we also performed a rest-control trial using a subsample of five 

men. We also observed a reduction in resting serum and salivary testosterone during this time of 

day (serum: 5.56 to 3.96; saliva: 0.11 to 0.08). Thus, it is suggested that the response in 

testosterone seen in our study and that of Raastad et al., (2000) is a reflection of normal circadian 

rhythm. Peak testosterone levels are reached between 0700 to 1000 hours (Gall, Glowania, & 

Fischer, 1979). Gall and colleagues (1979)  suggest that testosterone plateaus during this period, 
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and then begins to decline, and that there is a natural decrease in testosterone during this time. 

Therefore, it is possible that the post-exercise increase in testosterone often described in the 

literature (Cadore et al., 2008; Crewther et al., 2010; Hough et al., 2011; Lane & Hackney, 

2015), was blunted by the natural decrease in serum testosterone concentrations that occurs 

during the late morning hours, at least in men. That is, our participants were tested during the late 

morning hours, and it is possible that an exercise-induced increase in testosterone was blunted by 

the diurnal decrease. 

The relative (%) decrease in testosterone from pre- to post-exercise was similar in boys 

and men. However, there was a medium effect (p<0.05) between serum and salivary response for 

testosterone, reflecting that the percent decrease in serum was greater than in saliva. A partial 

explanation for this finding may be related to the fact that we measured total testosterone in 

serum but free testosterone in saliva. There was no group-by-media interaction indicating that the 

relative response of testosterone was similar in men and boys in both media. 

Our study compared the changes in testosterone concentrations (absolute and relative) 

between men and boys following the intense exercise session. Results showed that there was a 

group effect (p<0.001) in the change in absolute testosterone, but not relative testosterone 

(p=0.223) concentrations. Boys have a low absolute baseline testosterone concentration, as seen 

in Figure 4. Therefore, mathematically, even a small absolute decrease in testosterone 

concentration in the boys, will result in a larger relative (%) decrease, as observed in Figure 5. 

This may explain the observation that absolute changes were greater in men, while relative 

changes were not statistically different. 
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5.2.2 Correlations between serum and salivary testosterone (men vs. boys) 

 The literature on the correlation of the salivary and serum testosterone response post-

exercise has been inconsistent, with Cadore et al., (2008) and Hough et al., (2011) showing no 

correlation, whereas others (Lane and Hackney (2015), Crewther et al., (2010), Tanner et al., 

(2014)) reporting moderate to strong significant correlations (r=0.57-0.91) following intense 

exercise. The above studies examined only adults. In our study, no correlation was found 

between serum and salivary testosterone at baseline, following intense exercise and overall 

(p>0.05) in both age groups.  

Interestingly, the studies (including ours) that showed no correlation between serum and 

salivary testosterone following an intense exercise session were conducted during morning hours 

(0700 to 1100) (Cadore et al., 2008; Hough et al., 2011), when testosterone is at or nearing its 

peak. On the other hand, Crewther et al., (2010) and Tanner et al., (2014) were carried out in the 

afternoon/evening period (~2:00 PM and 3:00-8:00 PM, respectively). Lane and Hackney (2015) 

had their participants come in at their convenience, but at the same time for every visit, with a 

reported 50/50 split between morning and afternoon. These studies observed correlations during 

the time of day in which testosterone levels are beginning to decline or are at their nadir. Thus, it 

is possible that the inherent morning-related variability contributed to the fact that no correlation 

between serum and saliva testosterone was observed in our study (and others). All the 

aforementioned studies are similar in terms of the exercise protocols (intense exercise), post-

exercise timing of sample collection, sample analysis (free (saliva) vs. total (blood) testosterone) 

and type of kits used for analysis. Hence, we propose that the time of day may affect the 

correlation of serum and salivary testosterone concentrations, and there is a need for further 

investigation.  
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The lag time between steroid hormone concentrations passively diffusing from the blood 

into the salivary glands might be another possible explanation for finding no correlations 

between the testosterone concentrations in both media. Gozansky and colleagues (2005) stated 

that there is a lag time (up to ~5 min) for salivary cortisol concentration to be at equilibrium with 

free blood cortisol. Cortisol and testosterone are both lipid soluble steroid hormones, and it is 

possible that there is also a lag time for testosterone concentrations from the blood to the salivary 

glands, although it is unknown. In our study, we obtained salivary samples before blood samples 

at all time points. It is possible we may have missed one of the peaks in either media, resulting in 

no correlations between media for testosterone. 

Previous studies have examined the salivary and serum testosterone relationship only in 

adults (men). Our study extends the previous literature to adolescent boys. Similarly to men, no 

correlation between salivary and serum testosterone was observed in the boys. 

5.3 Summary and Conclusion 

The hormonal markers examined in our study, i.e. cortisol and testosterone, are important 

markers for muscle catabolism and anabolism, respectively. These hormonal markers play a 

major role in protein synthesis and muscle recovery and are often used to reflect the stress 

response to exercise (Demling, 2005). The hormonal milieu of children and adolescents is 

different from their adult counterparts (Khairullah et al., 2014; Soliman et al., 2014). Our study 

provides a basis for comparison between men and boys in terms of the response of cortisol and 

testosterone following an intense exercise session. 

Our findings showed that there was an increase in early morning cortisol levels and a 

decrease in early morning testosterone serum and saliva concentrations 15+ minutes after an 

intense exercise trial in both men and boys. The exercise-induced increase of cortisol was greater 
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in men than in boys in both serum and saliva, while the post-exercise decrease in testosterone 

was similar in men and boys. The decrease was seen in serum but not in salivary testosterone. 

Furthermore, the relative (%) change in cortisol post-exercise was similar in serum and saliva, 

while the relative (%) change in testosterone concentrations was greater in serum than in saliva.  

As predicted, our findings show that salivary samples can be used in place of serum 

samples to examine the cortisol (not testosterone) response to exercise in men and boys. There 

was a correlation between serum and salivary cortisol (not testosterone) in both boys and men, 

following the high intensity exercise. There are still discrepancies in the literature with regards to 

the salivary and serum testosterone correlations, which may be related to the time-of-day of 

measurements. That is, the time-of-day may affect the testosterone response to intense exercise 

in both men and boys, and further investigation needs to be performed to provide more clarity.  

In conclusion, early morning high-intensity exercise increases cortisol levels in both serum and 

saliva in men and boys. Such exercise results in a decrease in early morning serum, but not 

salivary, testosterone in both men and boys. The high ICC observed between serum and salivary 

cortisol indicates that, in both boys and men, saliva may be used to monitor the cortisol response 

to exercise. However, in view of the lack of correlation between serum and salivary testosterone 

levels pre- and post-exercise, it would be premature to implement salivary testosterone in lieu of 

blood. There is need for further investigation into testosterone’s response in serum and saliva 

following an intense exercise in both men and boys. 

 

5.4 Strengths, Limitations and Future Direction 

Key strengths of this study included strict control of physical activity and nutrition before 

and during the study (e.g., standardized breakfast). The aforementioned factors have been shown 
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to significantly impact cortisol and testosterone concentrations in both adults and youths. 

Cortisol and testosterone are influenced by circadian rhythms, with both hormones being at their 

peaks during the morning hours in both adults and children. We ensured that all samples were 

obtained during the same time of day (morning) for all participants throughout the study.  Many 

competitions are during the morning hours. Therefore, one novel aspects of our study is its 

applicability to such competitions. Other novel aspects include the demonstration of a different 

observed hormonal response in the blood and saliva in boys compared with men. The exercise 

protocol used in the present study involved high-intensity interval exercise, interspersed by short 

recovery intervals. Due to known differences in recovery from exercise between children and 

adults (Falk & Dotan 2006), previous findings from adults cannot be applied to youth. 

A limitation of this study was the sampling time points i.e. blood and saliva samples were 

only obtained before and at a single time point after exercise. Future studies should examine 

multiple time points following exercise, to determine the response pattern (kinetics, time to peak) 

and relationship between salivary and serum hormonal concentrations in men and boys following 

exercise. Based on the literature, serum and salivary cortisol and testosterone tend to peak at 

approximately the same time (+15 min post-exercise) in adults (Crewther et al., 2010; Fryer et 

al., 2014; Gozansky et al., 2005; Hough et al., 2011; Tanner et al., 2014). However, the time to 

peak for exercise-induced changes in cortisol is not known in children. It is possible that, similar 

to findings in post-exercise lactate concentration, for example (Dotan et al., 2003), the time to 

peak cortisol and testosterone post-exercise is shorter in children compared with adults. This may 

be due to geometrical differences between children and adults (smaller and shorter circulation 

time) or to age-related differences in the sensitivity of the adrenal gland. Further studies on the 

peak response time of blood and salivary cortisol in children compared with adults are needed.  
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Our saliva results, which reflect free cortisol and testosterone were compared with total 

hormone levels (free and bound) in blood. Ideally, free cortisol and testosterone should be 

compared between saliva and blood, so as to obtain a true comparison between media. It is 

possible that the differences we observed between the salivary and serum cortisol and 

testosterone concentrations are affected by the method of analysis. Due to commercially 

available assay kits for assessing serum and salivary cortisol and testosterone concentrations, we 

were unable to measure all our samples using the same assays. Commercial saliva assay kits 

(Salimetrics, DRG) tend to overestimate testosterone and cortisol values (Miller, Plessow, Rauh, 

Gröschl, & Kirschbaum, 2013), leading to difficulty in comparison of relative changes (%) 

between the media. Ideally, future studies should use identical techniques (similar units and 

inter-assay reliability) to control for kit variability. To our knowledge, there are currently no 

commercially available kits that allow for identical biochemical analysis in saliva and serum. 

Our relatively low sample size is another possible limitation that may explain the 

moderate correlation (ICC=0.502) between post-exercise serum and salivary cortisol in men, 

which did not reach significance (p=0.094).  
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Appendix 

Appendix A: 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 

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? 
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  YES  NO 

 

11. Are you currently taking any medication (including aspirin) or have you taken any 

medication in the last two days? 

  YES  NO 

If Yes please state the medication and its use: 

_______________________________________________ 

 

12. Are you currently taking any supplements?  

YES  NO 

If Yes please state the supplement and its use: 

_______________________________________________ 

 

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 
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Appendix B: Information and Consent to Participate in Research – Adult 

 

Protein supplementation and exercise performance 

You 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 tadebero@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 you agree to volunteer for this study, you will visit the pool/lab at which you train, for two 

testing sessions, for a total time commitment of up to 4 -hours. At the end of the study, you will 

be given a summary of the findings, upon request. You should come prepared to exercise in 

athletic shoes, shorts/a short sleeved shirt, as well as swim suit apparel.  

 

Please note that participation in this study will not affect your status within the swim 

team/academy. 

You will undergo the measurements and procedures listed below; please note that in all 

questionnaires, you 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. You may also choose not to participate in any procedure listed below. 

A. Assessments: 

1. You will complete several questionnaires, outlining his/her training history and 

current/on-going nutritional status. In all questionnaires, you may choose not to answer 

any question without penalty.  
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2. You MUST complete a medical history questionnaire to assess 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 skinfold thicknesses.  

4. Heart rate monitors will be used during exercise. You will be connected to a radio-

transmitter monitor (chest strap). The procedure involves no discomfort. 

5. The measurement of your 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 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. More specifically, white 

blood cells (leukocytes) will be examined for changes in gene expression resulting from 

exercise and supplementation.  During each visit, a total of two samples will be collected 

to assess hormonal and inflammation response: pre-exercise and 20 min post-exercise. 

On a separate visit, two samples will be collected, two hours apart. 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 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, 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: 

You 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 participant 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 

 

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 
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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 

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 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 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 can choose whether to participate in this study or not and may withdraw or remove your 

data from the study, by simply telling one of the investigators. In case you choose 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 you withdraw by not showing up, partial data will be used. You 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 you from the study if they believe that it is 

necessary.  

You 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 within the 

swimming team/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 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 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 to become exposed to a research protocol, potentially improve your 

physical performance, contribute to the advancement of science, and gain personal and general 

knowledge about your 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 and group results will be provided to you upon request. If any results outside the norm 

appear during data collection, you and your will be informed within one month. 

 

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 will remain 

confidential and information about your will not be released. If the results of such a study are 

published, your 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 
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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 PARTICIPANT     DATE 

 

 

 

PRINTED NAME OF PARTICIPANT 

 

 

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 

 

  

  

mailto:reb@brocku.ca
mailto:bfalk@brocku.ca
mailto:brandon.mckinlay@brocku.ca
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Appendix C: 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.  

 

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.  

C. Assessments: 
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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 your child’s 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 skinfold thicknesses.  

10. 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. 

11. 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. 

12. 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, 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.   

 

D. 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 

 

E. 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 
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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 

-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  
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- 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 

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. 
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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. 

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: 

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 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. 

h) 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 
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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 

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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Appendix D: 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). 

Do you have to participate? 



 79 

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 

mailto:bfalk@brocku.ca
mailto:brandon.mckinlay@brocku.ca
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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 
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Appendix E: Invitation Letter 

Saliva vs. Blood Hormonal Response Following an Intense Exercise Session in Boys and 

Men 

You have been invited to participate in a large-scale study conducted by Brock University and 

the Canadian Sports Institute of Ontario (CSIO), supported by MITACS and Own 

the Podium to excel and elevate youth swimmers.  

 

The purpose of this research project is to examine the saliva and blood hormonal response 

before and after a high intensity exercise in boys (11-17 yrs old) and men (18-30 yrs old). 

All testing and measurements will take place at your local pool, in two visits, about two hours 

each. At the end of the study, you will be given a summary of the findings, upon request. 

What we measure and what each swimmer will receive: 

- You will have a complete body composition and nutritional analysis. The nutrition profile is a 

personalised report outlining information about the consumption of vitamins, minerals and 

macronutrients you are receiving from your current diet. This report will also highlight and 

flag areas of concern and make suggestions for improvement. 

- You will also undergo performance testing. Maximal strength will be assessed by means of a 

swim bench, certain strokes have been selected to determine your maximal strength at varied 

resistances. Sports-specific testing will also be performed by the means of a 200m free time trial 

swim.  

- Saliva and blood will be required to measure the hormonal response occurring in the body. All 

blood work will be performed by a licensed technician affiliated with Brock University and the 

Canadian Sports Institute of Ontario.  

- A breakfast will be provided. Please let a researcher know if there is any dietary restrictions or 

food allergies.  

- All swimmers will also receive a $20 gift card. 

Participation in this project will assist researchers and coaches in understanding if saliva and 

blood samples provide similar hormonal responses after an intense workout in boys and/or men. 

This information can help to provide a less invasive method of obtaining samples for 

understanding hormonal responses. 

If you are interested in finding out more about this study, please contact Tony Adebero the 

principle student investigator by email – ta16wp@brocku.ca 
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Appendix F: Additional Results 

Table 12: Mean and standard deviation of the cortisol concentration (ng/mL) assayed from 

samples taken from venous blood and saliva in boys and men, before and after high intensity 

exercise. 

 Serum Saliva 

 Men Boys Men Boys 

Pre 2.10   

0.30 

1.92   

0.39 

 

 

0.34   

0.40 

 

 

0.32   

0.36 

 

 

Post  2.41   

0.12* 

 

 

1.97   

0.33 

 

 

0.74   

0.40* 

 

 

0.46   

0.34 

 

 

 

Note: All samples were analyzed in duplicate, and * represents significantly different from 

before exercise. Results interpreted to 2 decimal places. 

Table 13: Mean and standard deviation of the testosterone concentration (ng/mL) assayed from 

samples taken from venous blood and saliva in boys and men, before and after high intensity 

exercise. 

Sample 

Medium 

Serum Saliva 

Participant Men Boys Men Boys 

Mean and SD 

Pre  

3.56   

1.08 

 

 

2.33   

1.39 

 

 

0.11   

0.04 

 

 

0.07   

0.03 

 

 

Mean and SD 

Post  

2.96   

1.12* 

 

1.27   

0.72* 

 

0.10   

0.03 

 

0.07  

0.02 
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Note: All samples were analyzed in duplicate, and * represents significantly different from 

before exercise. Results interpreted to 2 decimal places. 

 

 
Figure 8: Serum cortisol concentrations in boys and men following a high intensity exercise 

session.  

For boys: p= 0.496, p>0.05 i.e. no significant difference in serum cortisol from before to after 

exercise. For men: p=0.001, p<0.05 i.e. a significant difference in serum cortisol from before to 

after exercise. 
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Figure 9: Salivary cortisol concentrations in boys and men following a high intensity exercise 

session.  

For boys: p= 0.084, p>0.05 i.e. no significant difference in salivary cortisol from before to after 

exercise. For men: p=0.00, p<0.001 i.e. a significant difference in salivary cortisol from before to 

after exercise. 
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Figure 10: Serum testosterone concentrations in boys and men following a high intensity 

exercise session.  

For boys: p= 0.001, p<0.05 i.e. significant difference in serum testosterone from before to after 

exercise. For men: p=0.014, p<0.05 i.e. a significant difference in serum testosterone from before 

to after exercise. 
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Figure 11: Salivary testosterone concentrations in boys and men following a high intensity 

exercise session.  

For boys: p= 0.165, p>0.05 i.e. non-significant difference in salivary testosterone from before to 

after exercise. For men: p=0.375, p> 0.05 i.e. a non-significant difference in serum testosterone 

from before to after exercise. 
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Figure 12: Serum (top) and salivary (bottom) cortisol concentrations at rest in controls (men 

only), and in boys and men before and following high intensity exercise. For ease of 

interpretation, values presented are absolute cortisol concentrations. The serum cortisol values 

(top) are plasma volume-corrected concentrations. 
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Figure 13: Serum (top) and salivary (bottom) testosterone concentrations at rest in controls (men 

only), and in boys and men before and following high intensity exercise. For ease of 

interpretation, values presented are absolute cortisol concentrations. The serum cortisol values 

(top) are plasma volume-corrected concentrations. 
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