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Abstract
Objective: To compare the effects of whey protein supplementation to an isocaloric
carbohydrate beverage consumed immediately after an intense swimming trial on the
promotion of bone turnover in adolescent swimmers, with water provided as a placebo to
the control group.
Methods: Fifty-eight male (n=27, 14.04±1.5 years) and female (n=31, 13.75±1.8 years)
swimmers were stratified into three groups matched for age, body mass and male/female
split. The protein group consumed two post-exercise beverages of 0.3 g/kg of whey
protein each, the isocaloric carbohydrate group consumed two post-exercise beverages of
0.3g/kg of maltodextrin and the control group had flavoured water. Participants provided
one morning, fasted, blood sample, performed an exercise trial consisting of multiple
bouts of intense swimming and then consumed their respective post-exercise beverages
2h apart. Participants provided a second blood sample ~8h from baseline, and returned
24h later for a follow-up, morning, fasted blood sample. Markers of bone formation
(procollagen type 1 intact N-terminal propeptide [PINP]) and resorption (carboxyterminal collagen crosslinks [CTXI]) were measured in serum. Bone turnover rate and
balance were estimated using the Multiple of Medians of CTXI and PINP.
Results: A three-way repeated measures ANOVA (time-by-group-by-sex) showed a
significant time-by-group interaction for CTXI (p=0.021), with no effect of, or interaction
with sex, reflecting a significant increase from baseline to 8h in the protein group only,
which subsequently decreased significantly to lower values than baseline at 24h. For
PINP, there was a time-by-group-by-sex interaction (p=0.04); however, despite the 3-way
interaction, none of the post-hoc comparisons were statistically significant. The bone
turnover rate showed a time-by-group interaction (p<0.001), with no effect of, or
interaction with sex. Specifically, the bone turnover rate significantly increased at 8h in
the protein group only, with the bone turnover balance favouring formation at 8h and
24h.
Conclusion: These results shed light on the potential importance of protein supplied
shortly after intense exercise in promoting bone turnover up to 24h following the exercise
in adolescent athletes.
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Chapter 1: Literature Review
1.1 Bone Development
Bone is a dynamic tissue that provides: a) support framework for the attachment of
muscles and other tissue, b) protection to, internal organs from injury, for example the
skull and rib cage c) movement - bones enable body movements by acting as rigid levers
and points of attachment for muscles, d) mineral storage for calcium and phosphorus that
allow for various cellular activities in the body, e) blood cell production (erythrocytes and
leukocytes) which occurs in the red bone marrow, and f) energy storage with lipids stored
in the adipose cells of the yellow marrow (Taichman, 2005).
The human skeleton is composed of 206 bones that are separated into two
categories; the axial and appendicular skeleton. The axial skeleton goes through the
midline axis and it is made up of approximately 80 bones. The appendicular skeleton has
126 bones and includes the extremities attached to the axial skeleton (Clarke, 2008).
There are two kinds of bone, cortical which composes 80% of the total bone mass and
trabecular bone which composes 20% of the human skeletal system. Cortical, or compact
bone has low porosity, is more dense and is stiffer than trabecular bone (Buckwalter &
Cooper, 1987; Carter & Hayes, 1977). Trabecular, or spongy bone has a porous structure,
characterized by spaces inside of the bone tissue, containing marrow and fat (Oftadeh,
Perez-Viloria, Villa-Camacho, Vaziri, & Nazarian, 2015).
Skeletal development starts at the early days of pregnancy until the bones reach
complete development in late puberty to early adulthood (mid to late -30s). The skeleton
starts forming in the fourth week after conception when the first bone related cells begin
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to differentiate (Stemple, 2005). The limbs begin to grow between the fifth and eighth
week. Even though bone formation occurs, bones are not fully ossified at birth.
Ossification (osteogenesis) is the process of cartilage tissue being replaced by bone and it
begins before birth (Gilbert, 2000). Bone accrual continues as children grow, with late
adolescence being the most critical period for the attainment of peak bone mass (Golden,
Abrams, & Nutrition, 2014). Therefore, childhood to late adolescence is a crucial period
for youth to build bone and prevent osteoporosis later in life (Weaver, 2000).
The age of onset of the accelerated rate of bone mineral accrual and the age of
attainment of peak bone mineral content may vary between sexes (Rose, Constantin, &
Leterrier, 1996). During early childhood, bone increases as age increases independent of
sex. However, cortical bone mineral density (BMD) is significantly greater in adolescent
and adult females when compared to males of the same age (Gracia-Marco et al., 2010).
Female healthy population undergo growth spurts earlier than males and as a result, also
reach their peak bone mass earlier than males (Huang, et. al, 2011; Szulc, et. al., 2000;
Yang, et. al., 2006). Also, BMD and bone mineral content (BMC) differences between
sexes can be observed as early as puberty and during the third decade of life, when
females’ BMC reach a plateau while males’ BMC is still developing. (Bailey et. al.,
1996; Gracia-Marco et al., 2010).

1.2 Bone Turnover
Bone growth, modelling and continuous remodeling are dynamic cellular processes
controlled by the action of two types of cells, the osteoblasts and the osteoclasts.
Osteoblasts are located on the surfaces of bones and are responsible for bone formation.
Osteoblastic cells respond differently to external and internal stimuli including
2

mechanical (exercise), hormonal (PTH, estrogen) and inflammatory (IL-6, TNF-a, IL-1b)
signals (Clarke, 2008). Osteoclasts are the only cells responsible for bone resorption.
They are found in pits on the bone surface and are characterized for their homogeneous
appearance. Lastly, osteocytes are mature osteoblasts that are embedded in the bone
matrix; they act as sensors for mechanical load, are actively involved with bone turnover,
and help in calcium/sodium ion exchange through their network (Aarden, Burger, &
Nijweide, 1994; Parfitt, 2002). Early on in child development, osteoblastic activity is
higher than osteoclastic activity, which leads to bone growth during childhood,
adolescence and early adulthood. After bone growth is completed, bone formation and
bone resorption are coupled until mid-life. After the age of forty and closer to the age of
fifty, bone formation does not match bone resorption leading to a slow deficit in bone
mass. In fact, relative bone strength after the age of 40 significantly decreases every ten
years (Keaveny et al., 2010). In women, bone resorption overtakes bone formation after
menopause due to a direct effect of estrogen on bone. Specifically, the lack of estrogen
after menopause makes women more prone to osteoporosis because they lose bone faster
than men (Recker, Lappe, Davies, & Heaney, 2004).
Bone turnover is the balance between bone resorption and formation that
determines the quantity and quality of the bone. This process ensures the replacement of
the old damaged bone tissue into new healthy and strong bone tissue. Bone turnover also
helps in mineral homeostasis, which is accomplished by bone resorption releasing
calcium and other minerals into the blood stream (Sims & Gooi, 2008). Any factors that
alter this process can lead to metabolic disorders such as osteoporosis, vitamin D
deficiency, Paget's disease, and alterations in calcium, phosphorus, and magnesium
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metabolism (Komoroski, Azad, & Camacho, 2014). These diseases are characterized by
low bone mineral density (BMD), which makes the bones weak and fragile. Low BMD is
caused by negative bone turnover, i.e., the uncoupling of bone resorption and formation
favoring bone resorption (Mundy & Martin, 2012).

1.3 Bone Turnover Markers
To better understand and assess bone turnover, researchers over the years have identified
specific proteins in the blood that reflect the cellular processes of bone formation and
resorption. These specific proteins are called bone turnover markers. Widely used bone
formation markers include bone alkaline phosphate (BAP), osteocalcin (OC) and
Procollagen I intact N-terminal (PINP) (Naylor & Eastell, 2012). Bone resorption
markers such as collagen pyridinium crosslinks (Pyr), deoxypyridinoline (Dpd), carboxyterminal cross-linking telopeptide (CTXI), and amino-terminal cross-linking telopeptide
(NTX) are markers that are derived from components of collagen released when bone
matrix is broken down (Walsh, 2018). Assessing bone turnover through the circulating
concentrations of these markers is useful for detecting metabolic bone diseases and to
monitor responses to various treatments and interventions including, diet, and exercise.
1.3.1 Bone Formation Markers
Bone alkaline phosphatase (BAP) is a glycoprotein found on the surface of osteoblasts.
BAP is a reliable marker for bone turnover and more specifically it is a good indicator to
determine whether bone formation occurs (Figure 1) (Rosen, Chesnut, & Mallinak,
1997). It has been found that BAP concentration is low in Paget’s and osteomalacia
4

diseases (Raisz et al., 2000). BAP levels in adults are more sensitive than total alkaline
phosphatase, so even a small increase in BAP levels can be detected (Garnero & Delmas,
1993). BAP is high during infancy to mid-puberty and it starts decreasing at the end of
puberty (Szulc, Seeman, & Delmas, 2000). Studies measuring circulating BAP
demonstrate that 77% to 89% of the total alkaline phosphatase levels in children are of
bone origin (Turan et al., 2011). Other studies indicate that the increase in BAP during
pubertal ages reflects the rapid bone growth during this period (Fleisher, Eickelberg, &
Elveback, 1977; Kruse, Bartels, & Günther, 1977; Léger et al., 2007; Plomteux &
Reginster, 1980; Statland, Nishi, & Young, 1972). Furthermore, BAP levels are similar
between boys and girls during childhood (Yang & Grey, 2006). However, there are
differences between boys and girls during the pubertal period (Tobiume et al., 1997). Due
to their earlier growth spurt and earlier completion of puberty, most girls 16-18 years of
age reach BAP levels comparable with those of adult females. Boys appear to reach the
adult levels at later ages, i.e., after the age of 20 (Fleisher et al., 1977; Schiele et al.,
1983).
Osteocalcin (OC) is a protein produced by mature osteoblasts and is an indicator
of bone formation as well as bone resorption (Figure 1.1). OC is detected in serum and
higher levels have been related to higher BMD (Cundy, et. al., 2014). However,
according to other studies, osteocalcin found in the blood it is also assumed to be derived
from the resorption process, when osteocalcin is being released during bone degradation
(Gundberg et al., 1991; Gundberg, et. al., 1986; Taylor et al., 1990). Markers of bone
formation are primarily located in the extracellular matrix of bone with some fragments
circulating in the blood. However, since OC is incorporated into the skeletal matrix and is
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released during bone resorption it can also be used as a measurement of bone turnover
(Christenson, 1997). In children, osteocalcin levels are higher than adult levels because
there is a higher bone formation rate during adolescent years. It is important to mention
that there is a large variability in circulating osteocalcin levels among adolescents and
that this may be a consequence of the fact that the growth spurt occurs at different age
(Caren et. al., 1983).

Figure 1.1 Osteocalcin in circulation (Modified from: Ivaska et al., 2004)

Procollagen I extension peptides, have a component in the extracellular matrix of
tissues aside from bone; i.e., skin dentin, cornea, vessels and tendon (Lapière, Lenaers, &
Kohn, 1971). Specifically, 90% of circulating carboxy procollagen I extension peptides
(PICP) and amino procollagen I extension peptides (PINP), originates from collagen in
mineralized bone (Patrick Garnero, Vergnaud, & Hoyle, 2008). Procollagen type I
contains N- and C-terminal extensions, which are removed by specific proteases during
the conversion of procollagen to collagen (Figure 1.2). In bone, collagen is synthesized
by osteoblasts in the form of precollagen. As mentioned above, although collagen appears
6

in other tissues its turnover in bone is much faster than in other tissues (Markus J Seibel,
2005). Thus, measurements of PINP and PICP can be of value in assessing bone
formation (Figure 1).

Figure 1.2 Matrix- and cell- derived markers of bone turnover (Modified from:
Greenblatt, et. al., 2017).

Osteoprotegerin (OPG) is a potent osteoclast inhibition osteokine produced by
osteoblastic cells, epithelial cells of the gastrointestinal tract, lung, breast and skin
(Baud’huin et al., 2013). OPG downregulates bone resorption and promotes bone
formation. In mice, Udagawa et al. (2000) found that OPG deficiency led to severe
osteoporosis caused by a marked increase in osteoclastic activity leading to a marked
increase in bone resorption (Udagawa, 2000). In humans, OPG has been found to
7

increase from 1 to 4 years of age (Buzi et al., 2004), then appears to be stable from 4
years of age until the age of 45 years, and starts decreasing thereafter (Wasilewska, RybiSzuminska, & Zoch-Zwierz, 2009).

1.3.2 Bone Resorption Markers
Bone resorption markers are products of osteoclastic activity and can be measured in
blood and in urine (Wheater, Elshahaly, Tuck, Datta, & van Laar, 2013). These markers
are: collagen pyridinium crosslinks, cross linked telopeptides, and plasma tartrate
resistant acid phosphatase (TRAP5b) (Figure 1).
Collagen pyridinium crosslinks (Pyr), and deoxypyridinoline (Dpd) have several
cross-linked collagen-based molecules that are connected through molecular bridges.
They can be found in the extracellular matrix of connective tissue. Throughout bone
resorption, the cross-linked collagen is broken down and released into circulation before
being excreted in urine (Seibel, Robins, & Bilezikian, 1992). Pyr is found in cartilage,
ligaments, bone, and vessels. Dpd is predominately found in dentin and in bone. Pyr and
Dpd can also be detected in blood or in urine. In children, there is an age variation in
urinary Pyr and Dpd. Levels of Pyr and Dpd correlate with growth velocity. Studies have
shown that girls experience an increase early during puberty and boys show an increase
in later puberty (Mora, Pitukcheewanont, Kaufman, Nelson, & Gilsanz, 1999).
There are three markers with cross-links still attached, amino-terminal crosslinking telopeptide (CTXI), amino-terminal cross-linking telopeptide (NTX) and
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carboxy-terminal telopeptide of collagen type I (ICTP). Both CTXI and NTX can be
measured in the blood and urine whereas ICTP can only be measured in the blood (Watts,
1999). Urinary and serum levels decrease as the child approaches adulthood. Beta-CTXI
is released into the bloodstream during bone resorption and serves as a specific marker
for the degradation of mature type I collagen. Elevated serum concentrations of betaCTXI have been reported in patients with increased bone resorption.
TRAP5b is synthesized and secreted into the blood by osteoclasts and reflects the
rate of bone resorption (Markus J. Seibel, 2002; Watts, 1999). However, although
TRAP5b is secreted by osteoclasts it cannot provide a specific concertation of osteoclasts
as frozen samples are not stable enough to provide an accurate count (Pawel Szulc &
Bauer, 2013). Children, and adolescent females during menarche exhibit higher levels of
TRAP5b which reflects an overall higher bone turnover triggered by an increase in
resorption. Postmenopausal women also have higher levels of TRAP5b than premenopausal women, reflecting an increase in bone resorption, but not in the turnover rate,
due to the lack of estrogen.
1.3.3 Biological Variability
Biochemical markers of bone turnover are used as an indirect measurement of skeletal
metabolism (Costa & Bilezikian, 2013). However, there is considerable biological
variability in bone turnover rate. There are numerous factors which contribute to the
biological variability of bone turnover that must be considered, including age, sex,
ethnicity, fractures, season of the year, menstrual cycle, pregnancy, disease and nutrition.
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Sex, age and pubertal status can influence the biochemical markers of bone
turnover (Fares et al., 2003). There are three stages in life that can affect these markers;
infancy, puberty, and for women, menopause. During the very early stages of life, all
biomarkers of bone turnover are highly active. Bone markers remain constant until the
beginning of puberty when all the bone markers start fluctuating in accordance to growth
velocity and/or changes in secondary sex characteristics (van Coeverden et al., 2002).
Females reach their peak in bone turnover markers at around the age of 12 and males at
the age of 14 (Huang, et. al, 2011; P. Szulc, et. al., 2000; Yang, et. al., 2006). This
happens because females reach their peak bone mass earlier than males. It has been found
that during Tanner stages 4 and 5 concentrations of all bone markers are declining in both
sexes (Rauchenzauner et al., 2007). Specifically, adolescent males have higher
concentrations of bone turnover markers, of both formation and resorption, which leads
to an increased bone turnover rate (Gracia-Marco et al., 2010). Markers of bone
formation peak at different ages between males and females. Serum bone biomarkers
peak at Tanner stage II in girls and Tanner stage III in boys (Csakvary et al., 2012). BAP
peaks around the age of 9 in female and 12 in male, while OC peaks at 12 in female and
13 in males (Chailurkit, et. al., 2005). PINP peaks around the age of 11 to 12 years old in
females and 13 to 14 years old in males (Bayer, 2014). Bone resorption markers of
CTXI, ICTP, and TRAP5b peak at different ages during adolescence. For example, CTXI
in female healthy populations peaks between the ages of 8 to 13 years old and in males
between 10 to 15 years old (Gajewska, et. al., 2005). ICTP in female peaks at 11 to 13
years old and in male healthy populations peaks from 13-15 years old. Lastly, TRAP5b
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values are greater in males 13-17 years old compare to females of the same age
(Rauchenzauner et al., 2007).
Differences have been reported between black and white populations. By midadolescence, bone mineral density has been found to be greater in African-American boys
and girls by 10%-15% compared to the Caucasian population (Ettinger et al., 1997). This
may explain why osteoporosis and hip fractures are less common in black than in white
populations (Bell Norman et al., 2009).
During the healing process of a fracture, markers of bone formation and
resorption are significantly increased (Herrmann et al., 2002). This increase has been
shown in bone formation markers such as BAP, and bone resorption markers including
NTX, CTXI and DPD. This increase may begin as early as the first or second week after
the fracture and can continue up until one year after. These factors must be included in
any data analysis when interpreting bone markers (Ikegami et al., 2009).
Seasonal changes have been found to affect the variability of the markers of bone
turnover, especially between the winter and summer months (Woitge et al., 1998). For
example, BAP, OC, and urinary calcium exertion is increased during the winter period
(Vanderschueren et al., 1991; Woitge et al., 1998). However, these seasonal variations
are small and may be explained by the vitamin D deficiency often seen throughout the
winter months in populations that are not exposed to sun as much as others (Pasco et al.,
2004).
Metabolic bone diseases are the primary, although not the only, pathologies that
can impact biochemical markers of bone turnover. Paget’s disease is reflective of
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increased bone formation markers, BAP and OC. Other diseases such as osteomalacia
and rickets disease can also alter the levels of bone markers (Unnanuntana, Rebolledo,
Khair, DiCarlo, & Lane, 2011). For instance, Rickets is a disorder that usually occurs
during childhood and affects the bone structure of the body as well as the cartilage.
Hyperparathyroidism which is the excess of parathyroid hormone (PTH) is another
disorder that can increase osteoclastic activity (Marcocci, Cianferotti, & Cetani, 2012).
Type I diabetes mellitus can also cause suppression in bone turnover. In people with type
I diabetes mellitus, biochemical markers indicating bone loss (ICTP) and elevated bone
turnover (PTH, OC) are increased, while the bone formation markers (PICP, BAP) and
vitamin D3 metabolites are reduced (Jehle, Jehle, Mohan, & Bohm, 1998).
Premature infants and low birth weight infants may have low markers of bone
formation causing osteopenia (Eliakim, Shiff, Nemet, & Dolfin, 2003). This reduction in
bone mass may be due in part to reduced vitamin D, vitamin K, IGF-I or growth hormone
(GH) (Namgung, Tsang, Specker, Sierra, & Ho, 1993). Increase in bone resorption
markers may also be present in preterm infants. In most cases, children with low birth
weight end up catching up in body size with normal birth weight but skeletal maturation
and peak bone mass may be delayed and an additional GH therapy may be needed
(Minton, Steichen, & Tsang, 1983; Namgung et al., 1993).
For those children who have GH deficiency skeletal maturation delays and small
stature often occur (Van den Broeck, Hering, Van de Lely, & Hokken-Koelega, 1999).
The BMD accumulation is typically slower, and this may be because of the delay of bone
turnover. Markers of bone formation such as OC and PICP are at lower or normal levels
and the marker of bone resorption ICTP also present in lower levels (Johannsson, Rosén,
12

Bosaeus, Sjöström, & Bengtsson, 1996). GH treatment activates bone turnover leading in
an increase in biochemical markers that are involved in bone formatio n and resorption,
BMC and height (Shalet et al., 2003).
The menstrual cycle influences levels of bone turnover markers (Gass, Kagan,
Kohles, & Martens, 2008). During the luteal phase, markers of bone formation appear to
be elevated, whereas during mi-luteal phase markers of bone formation such as BAP and
OC reach their peak values. PICP reaches peak levels in early luteal phase (Nielsen,
Brixen, Bouillon, & Mosekilde, 1990). The higher osteoblastic activity found during the
luteal period (Nielsen, Brixen, Bouillon, & Mosekilde, 1990) is due to the higher
estrogen concentrations. Estrogen is a crucial hormone for bone turnover/remodeling
which, when released, provides a protective mechanism against the process of natural
bone loss due to aging. Acquiring a high amount of peak bone mass during adolescence
helps to protect females against rapid degradation of bone due to the decline of estrogen
around menopause (Riggs, 2000; Väänänen & Härkönen, 1996). In any case, the reported
changes in levels of bone resorption markers during the menstrual cycle are inconsistent
and the range of these changes can vary between 20% to 30%. Thus, it is suggested that
the ideal time for sample collection is within the first week of the menstrual cycle, i.e. the
early follicular phase (Gorai, Chaki, Nakayama, & Minaguchi, 1995; Nielsen et al., 1990;
Simsek, Karacaer, & Karaca, 2004).
Nutritional intake in general, and malnutrition in particular, is another factor that
can affect children’s bone turnover. It is often observed in underdeveloped societies. The
lack of essential nutrients for the body often leads to a reduction of bone turnover that
results in the underdevelopment of the individual’s skeletal system. This is why ensuring
13

adequate protein intake for younger athletes, who have higher energy expenditure, is an
important factor for the promotion of healthy skeletal growth and development.

1.4 Protein
Protein is found in foods such as red meat, poultry, fish, dairy, eggs, nuts, tofu and
legumes but is also available in a variety of formulated supplements such as drinks, bars
and powders. For some, protein supplements can be helpful as part of their overall
nutrition plan. However, they certainly are not essential for everyone. The nutritional
value of a protein is determined by its unique amino acid profile – proteins with a high
biological value (HBV) are recommended wherever possible. Animal based proteins such
as dairy, eggs, meat, fish and poultry as well as isolated soy protein are considered HBV
proteins as they contain all the essential amino acids required by the human body. Plant
based proteins only contain some of the essential amino acids and are considered to have
a lower biological value (Richter, Skulas-Ray, Champagne, & Kris-Etherton, 2015).
Research in adults suggests each time protein is consumed there is a small spike
in muscle protein synthesis with 20-25g of HBV protein producing a maximal response
(Areta et al., 2013). Eating quantities of this amount in excess offers no further benefit to
muscle protein synthesis in younger populations (Deer & Volpi, 2015). Spreading protein
across the day, by including it in meals and snacks, seems to produce multiple spikes in
muscle protein synthesis (Arciero et al., 2016). Protein consumption in the hour
following exercise can help prolong the protein synthesis response to exercise, which
helps promote muscle gains and minimize muscle breakdown (losses) (Esmarck et al.,
2001; Ivy & Ferguson-Stegall, 2014). Volterman et al., 2017, studied whether protein
intake post-exercise can affect whole body protein balance (WBPB) in physically active
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children. Participants were divided into four groups that each group consumed different
amounts of protein. Each child underwent three 20 min variable intensity cycling
protocols, consuming protein 15 min and 40 min after exercise. This consumption
resulted in an anabolic response lasting over a 6h period, suggesting that post exercise
protein supplementation increases WBPB in active children. On the other hand, there was
no effect of timing on 24h whole body protein synthesis or breakdown. Excess protein
consumption can lead to an increase in body fat levels depending on the caloric-density
of the protein source (Hernández-Alonso et al., 2016). Protein requirements for children
athletes are unspecified. In addition, the current dietary reference intake (DRI) values for
protein for youth were mostly extrapolated from adult studies, attempting to account for
the needs of growth (table 1) (Volterman & Atkinson, 2016).
Table 1.1. Dietary Reference Intakes (DRIs) for Protein Across Various Age Groups and
Sexes (Volterman & Atkinson, 2016).

1.4.1 Protein Supplementation in Children and Adolescents
In healthy children and adolescents, a positive correlation has been found between protein
intake and bone growth in both sexes (Bonjour, Ammann, Chevalley, & Rizzoli, 2001).
Protein deficiency during childhood and adolescence can lead to incomplete growth in
height, weight, bone mass and overall protein in the body (Bonjour et al., 2001; Pellet,
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1990). On the other hand, there are limited number of studies that are focusing on protein
supplementation in children. One study in healthy Guinean children showed that protein
supplementation was more beneficial for gains in height, weight, and bone maturity than
the typical Guinean diet (where most of their nutrients come from vegetable sources, and,
specifically with 50% of their protein intake from sweet potatoes) (Lampl, Johnston, &
Malcolm, 1978). According to this study, children receiving protein supplementation
grew 4.04 cm/year in height whereas un-supplemented children only grew 2.19 cm/year
(Lampl et al., 1978). There was also a difference in weight velocities with unsupplemented children gaining 1.66 kg/year while supplemented children gained 3.67
kg/year. X-ray evaluation in children on protein supplementation showed greater
deposition of bone on the periosteal surface and less bone resorption on the endosteal
surface compared to the un-supplemented group (Lampl et al., 1978).
1.4.2 Protein Supplementation in Athletes
Protein requirements are higher in adult athletes. Endurance athletes in heavy training,
athletes who are trying to gain muscle mass, and strength athletes in the initial stages of
training all have protein needs higher than the general, non-exercising population
(Phillips, 2004). In particular, resistance and endurance athletes need approximately 1.2–
2.4 g protein/kg body weight (Jäger et al., 2017). All these values are 150–200 percent
higher than the average values suggested by the Recommended Dietary Allowances
(RDA) (Williams, 2005). In untrained individuals, a previous study has shown that
protein supplementation did not have an effect on lean mass and muscle strength at the
beginning of resistance training, yet as the duration, frequency, and volume of resistance
training increases, protein supplementation may enhance muscle hypertrophy and gains in
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muscle strength in both untrained and trained individuals (Pasiakos, McLellan, &
Lieberman, 2015). Evidence also suggests that protein supplementation may have
positive effects on aerobic and anaerobic power (Pasiakos, M McLellan, & R Lieberman,
2014). Protein intake may also be used to strengthen/improve bone by stimulating the
activity of various anabolic hormones and growth factors, and/or by optimizing muscle
mass and functionality, which itself has an osteogenic influence (Dolan & Sale, 2019).
For example, the beneficial effects of dietary protein intake on bone lies in the regulation
of insulin- like growth factor 1 (IGF-1) (Thissen, et, al., 1994). An indirect effect of
dietary protein on bone is the increase of muscle mass and muscle strength, which
increases the application of mechanical stress on bone (Guimarães et al., 2018). In
addition, a recent study in male endurance athletes showed that protein combined with
carbohydrates consumed immediately post-exercise lead to increases in PINP and
decreases in the CTXI (Townsend et al. 2017). However, all of the above studies are in
adults while there are no such studies in children and adolescent athletes.
1.4.3 Protein Supplementation in Non-Athletes
Previous studies has showed that protein supplementation improves adiposity, blood
pressure and triglyceride levels (Santesso et al., 2012). Such a study in untrained healthy
women between the ages of 18-29 years old, which examined the combined effects of
high dietary protein consumption and high intensity resistance training on bone turnover
rate, found no effects on biochemical markers of bone metabolism including BAP, OC,
and DPD (Mullins & Sinning, 2005). Holm et. al. 2008, evaluated the response of various
muscle and bone adaptation parameters with 24 weeks of strength training in healthy,
early postmenopausal women. The study had two groups, a nutrient supplementation
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group (protein, carbohydrate, calcium, and vitamin D) and a placebo supplementation
group (minimum of energy intake). The participants consumed the supplements
immediately following each training session. Muscle hypertrophy was evaluated from
biopsies, MRI, and dual-energy X-ray absorptiometry (DXA) scans, and muscle strength
was determined in a dynamometer. Bone mineral density (BMD) was measured using
DXA scans, and bone turnover markers (OC and CTXI) were measured. The nutrient
group showed improvement in concentric and isokinetic muscle strength from 6 to 24
weeks compared to the control group that showed no change. Bone formation markers of
OC showed an increase at 24-week in the nutrient group compare to placebo group which
showed no change (Holm et al., 2008).
Moreover, in elderly adults, protein supplementation above the RDA
recommendations lead to increases in BMD, a slower rate of bone loss, and reduced risk
of hip fracture, in combination with adequate calcium consumption (Rizzoli et al., 2018).
Suggestion, for changing the current protein recommendations (0.8 g protein · kg-1 · d-1)
of protein consumption in elderly population was made by Traylor et. al., 2018. They
suggested that elderly people around the age of 70 years old should be consuming a
higher dosage of protein (>1.2 g protein · kg-1 · d-1) to prevent effects of muscle
maintenance and bone degradation (Traylor et. al., 2018).
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Chapter 2: Introduction to Research Paper
In healthy children and adolescents, a positive correlation has been found between protein
intake and bone growth (Bonjour et al., 2001) while protein deficiency during childhood
and adolescence can lead to incomplete growth in height, weight, bone mass and overall
protein in the body (Bonjour et al., 2001; Pellet, 1990). There are no studies examining
the effects of protein supplementation on bone accrual and bone turnover in children and
adolescent athletes, who may have higher needs for protein than non-athletic youth. In
adults, protein needs of athletes have been found to be higher than those of non-athletes
(ADA, DC & ACSM, 2000; Phillips & Van Loon, 2011). For example, Tarnopolsky et al.
(1988) found that adult endurance athletes are in need of 50% more protein that sedentary
individuals of the same age group. The protein requirements for child athletes or highly
active children are unspecified. Furthermore, the current dietary reference intake (DRI)
guidelines of protein for children are mostly derived from adult studies, trying to account
for the needs of growth (Volterman & Atkinson, 2016). However, adolescence is
characterized by acute bouts of accelerated growth of bone and muscle mass due to
growth spurts. Thus, it has been suggested that relative protein intakes for children and
adolescents should be greater than adults in relation to body size (Meyer, O’Connor,
Shirreffs, & International Association of Athletics Federations, 2007). In addition, the
metabolic rate in children is higher than that of adults due to growing, so it is safe to
assume that children athletes have higher energy and protein needs compared to adult
athletes. Importantly, since protein DRIs refer to the average child they may be
insufficient to cover the energy requirements of elite child athletes, who complete
significant amounts of high intensity and volume training.
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Whey protein supplementation is often recommended for muscle growth and
because of its relatively fast absorption rate, which leads to a faster protein synthesis and
recovery (Hoffman & Falvo, 2004). The appropriate time of protein consumption, before
or after exercise, has also been examined in adult populations, in relation to muscular
benefits (Hoffman, Ratamess, Kang, Falvo, & Faigenbaum, 2007). Specifically, it is
suggested that protein supplementation has an anabolic effect in muscle if it is consumed
before or after exercise rather than with regular meals. According to a recent study in
adult male endurance athletes, a protein beverage combined with carbohydrates
consumed immediately post-exercise resulted in increased circulating levels of
procollagen type 1 intact N-terminal propeptide (PINP), a bone formation marker, and
decreased levels of carboxy-terminal collagen crosslinks (CTXI), a bone resorption
marker (Townsend et al. 2017). However, the effects of whey protein supplementation
alone on bone turnover has not being examined, in either adult or youth athletes. Whey
protein is one of the main protein fractions in dairy products (the other being casein). The
beneficial effect of dairy consumption on bone is well documented (e.g. Bridge et al.,
under review; Ilich et al., 2000; USDA and HHS, 2015). Thus, considering that
adolescence is the most important period for the attainment of peak bone mass and that
relative energy requirements of children athletes compared to adults are higher during
exercise, there is a need to investigate the effects of post-exercise whey protein
supplementation on bone turnover.
This study examined whether whey protein supplementation in comparison to an
isocaloric carbohydrate beverage consumed immediately after an intense swimming trial
promotes bone turnover in adolescent swimmers, with the control group given water. We
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examined changes in one bone formation marker and one bone resorption marker, namely
PINP and CTXI, respectively. Furthermore, to better understand the overall effect on
bone, we applied a bone marker plot method recently developed to visually assess the
balance between resorption and formation processes and the overall rate of bone turnover
(Bieglmayer & Kudlacek, 2009). This method is based on the combined analysis of a
formation and a resorption marker (i.e., P1NP and CTXI), assuming that the circulating
concentrations of these markers are related to the bone formation and resorption
processes. Indeed, PINP and CTXI are specific markers of type I collagen formation and
degradation, respectively, which is the most prevalent protein in bone (Szulc et al.,
2017). Swimming is chosen as a high-intensity, low-impact sport. In general, low-impact
activities, such as swimming, and cycling, have not been associated with bone related
benefits (Abrahin et al., 2016), but higher intensity exercise, regardless of impact has
been (Kouvelioti et al. 2018, 2019a). Thus, this research will begin to provide
information on protein intake recommendations for active youth who need it the most,
promoting the attainment of enhanced peak bone mass and the prevention of osteoporosis
later on in life (Weaver, 2000). We hypothesized that low-impact high intensity exercise,
in combination with post-exercise protein supplementation would result in: a) an increase
in the circulating levels of both PINP and CTXI in the hours following the supplement
consumption, and b) an increase in bone turnover rate in favor of bone formation over
bone resorption.

21

Chapter 3: Methods
3.1 Participants
This study includes data from 58 female (n=31) and male (n=27) competitive swimmers,
13-17 years of age, who took part in a larger study designed to examine the effect of postexercise protein supplementation on subsequent exercise performance, muscle damage
and inflammation. Data and measurements presented in this study solely focus on bone
turnover and have not been previously published.
Swimmers were recruited from competitive swimming clubs across Southern
Ontario through communication with coaches and club administrators. Participants were
competitive swimmers who trained and competed for at least one year and were free of
injuries, medications and any medical condition that prevented them from participating.
All study procedures were approved by the Research Ethics Boards of Brock University
(REB #16-279) and the Canadian Sports Institute of Ontario (CSIO). The secondary
analysis of bone turnover markers included in the present study was also approved by the
Research Ethics Boards of Brock University (REB #18-296).

3.2 Study Protocol
This was a double-blinded, placebo control study, with participants stratified into three
groups matched for age, maturity offset, body mass and male/female split as descripted
below. Participants were invited to the pool and laboratory for three visits as presented in
Figure 1. During the first visit (familiarization session), participants and their parents
and/or guardians received detailed instructions on the purpose, duration, and goal of this
study. They were informed of all tests and procedures that will take place and signed an
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informed consent/assent form. Following consent, participants completed a screening
questionnaire to report any injuries, allergies, and or health related conditions and
anthropometric measurements were performed.
The second visit (testing day 1) included an intense swimming trial and lasted 10
hours. This swimming trial was designed to simulate a competition session of multiple
intense swimming bouts. Upon arrival in early morning, participants provided a fasted,
resting venous blood sample. Following the baseline blood sample, they received a light,
standardized breakfast of 300-400 kcal (depending on body mass). The breakfast
included a banana or apple, plain granola bar, a muffin, water and one juice box.
Approximately 45 min following breakfast, participants performed a dry task involving
several trials of pulls in a prone position on the bench (Pacer 2A Biokinetic Swim bench
Isokinetic INC), a wet warm-up of 1000m low intensity swimming and a maximal 200m
freestyle-swim, followed by a high-intensity interval swim (HIIS) protocol, described
below.
Within 0.5h after the HIIS protocol, a second blood sample was taken followed by
the first post-exercise beverage of either whey protein, an isocaloric carbohydrate
beverage, or flavoured water, depending on their group assignment. Approximately 2h
after the swimming trial, participants had to perform a second 200m freestyle maximum
swim followed by a second beverage. Participants were then asked to complete several
questionnaires, and for the remaining time participants attended lectures that related to
the sport of swimming and the importance of nutrition in sports. A standardized, typical
lunch (a 12” vegetable submarine sandwich) was also provided to minimize additional
protein intake during the day. After lunch, and 8h from baseline (i.e. ~6h after the intense
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swimming protocol and 3h after the second beverage consumption), a post-beverage
blood sample was collected. The third visit was scheduled for the next morning (testing
day 2), i.e., 24h from baseline to collect a fasted, follow-up venous blood sample.
Participants were asked to refrain from training on their own between visits, and to not
consume any additional nutritional supplements 24h prior to the second visit and during
the 24h between the second and third visits, to limit confounding effects on the
biochemical markers (Figure 3.1). Additionally, participants recorded the food that they
consumed between the two testing days.

Figure 3.1 Study design.

3.3 Intense Swimming Trial
The tasks included in the swimming trial were performed in a 25m pool by all
participants in the same order described below. As mentioned before participants first
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performed a dry task on the swim bench and a 1000m warm-up swimming. Following the
warm-up, swimmers performed a maximal 200m freestyle swim. This test was performed
in groups to simulate a swim competition trial. Following the maximum swim, all
swimmers performed the HIIS protocol consisting of 5 x 100m, 5 x 50m, and 5 x 25m
freestyle sprints 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.

3.4 Protein Consumption
Participants were stratified into three groups according to matching criteria, the matching
was done by an independent research assistant using a computer coding system, so the
groups were balanced in terms of average age, weight, maturity offset and female/male
split. The protein group who was provided with two beverages of chocolate whey protein;
the carbohydrate group was provided with two isocaloric Maltodextrin beverages; and the
placebo control group was provided with chocolate flavoured water containing no sugar.
The protein, carbohydrate, and placebo beverages were of similar volume and were
served in opaque bottles so that both the researchers and the swimmers were blinded to
the nature of the beverages.
Participants received two beverages with either protein, carbohydrates, or water.
The protein consumed two beverages of 0.3 g/kg whey protein each. For example, a
participant of 40 kg received 12g of protein in each beverage. The protein RDA for 9-13year-old boys and girls is 0.95 g/kg of body mass (38 g/d, assuming body mass is 40 kg).
The protein RDA for 14-18-year-old boys is 0.85 g/kg of body mass (51 g/d, assuming
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body mass is 60 kg). Thus, the protein dosage in this study was equivalent to about 5258% of the RDA, which is more than the average protein consumption for children of this
age (Volterman & Atkinson, 2016). The whey protein used was from BiPRO (Argopur
Davisco Business Unit, 2018). In terms of specific ingredients, 37g of a scoop of whey
protein isolate contained 1g of fat, 230 mg of sodium, 130 mg of potassium, 2g of
carbohydrate, 1g of fiber, 30g of protein and 740 mg of calcium, which is known to have
positive effects in bone turnover markers (Guillemant et. al., 2000).

3.5 Measurements
3.5.1 Questionnaires
Every participant was required to complete a Screening and Medical History
questionnaire before completing any other measure. Perceived muscle soreness was
determined using the Muscle soreness scale ranging from 0 (no soreness) to 4 (very sore).
This scale also relates to various follow-up questions inquiring about the extent to which
muscle soreness affected performance. Past and present training history was determined
by a training history record. For all questionnaires, parental assistance/guidance was
recommended to ensure the responses were valid and accurate.
3.5.2 Anthropometric measurements
Height, body mass, and segmental/limb length were measured using standardized
anthropometry. Maturity offset (years from the age of peak height velocity) was
calculated based on height, sitting height and weight measurements, as described by
Mirwald (Mirwald, Baxter-Jones, Bailey, & Beunen, 2002).
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3.5.3 Energy expenditure and energy intake
Energy expenditure was estimated via a physical activity questionnaire (PAQ)
(Prochaska, Sallis, & Long, 2001). The PAQ focused on 6 activities/sports that children
tend to participate in. Study participants had to describe the level of competition, the
number of years participating on that sport as well as seasonal length, exercise sessions
per week, workout duration, and the intensity of exercise. Energy intake was estimated as
kcal/day using the 24h Nutrition Recall Food Diary and it was calculated with the ESHA
nutritional software (Vilela, Severo, Moreira, Ramos, & Lopes, 2018). ESHA was used to
provide micro- and macronutrients that were consumed by the participants during day 2
of the project as previously described (Food Processor, ESHA Inc., Salem, OR).
3.5.5 Blood Analysis
Blood samples collected from the participants were aliquoted and stored in a -80 o C
freezer until blood analysis. Serum and plasma were stored in labelled 1.5 mL Eppendorf
tubes. After every blood collection, hematocrit was measured (Strumia, Sample, & Hart,
1954). This measurement is important to determine exercise-induced changes in plasma
volume, which can affect serum concentrations (Rotstein, Falk, Einbinder, & Zigel,
1998). Relative change in plasma volume (%ΔPV) was estimated using the Van
Beaumont equation below (Van Beaumont, 1972):
%𝛥𝑃𝑉 =

100
100(𝐻𝑐𝑡1 − 𝐻𝑐𝑡2)
+
%
100 − 𝐻𝑐𝑡1
𝐻𝑐𝑡2

Where Hct1 is hematocrit at baseline, and Hct2 is hematocrit at each post baseline
measurements. The %ΔPV was used to adjust serum concentrations of CTXI and PINP
after the multiple bouts of exercise 8h and 24h from baseline.
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The bone markers measured are both matrix-derived markers that are recognized
by the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC)
and the International Osteoporosis Foundation (IOF) as the main markers to predict
future osteoporosis (Vasikaran et al., 2011). PINP is a well-accepted marker of bone
formation, produced by the formation of type I procollagen by osteoblasts (Lee &
Vasikaran, 2012) and CTXI is one of the main bone resorption markers that breaks down
type I collagen to initiate the bone turnover process (Seibel, 2005). Serum concentrations
of CTXI and PINP were measured by standard laboratory techniques on a microplate
reader at 450nm optical density. CTXI concentrations were measured by an
immunochemiluminometric assay (Elabscience, China). The assay detection range was
0.16–10 ng/ml. The inter-assay coefficient of variation (CV) was 9.33% and the intraassay CV was 11.62%. Serum PINP was assessed using a radioimmunoassay (Bioassay
Technology laboratory, Shanghai, China). The inter-assay CV was 7.58%, intra-assay CV
was 3.85%. Serum PINP concentrations were measured in ng/ml. The normal detection
range for this assay was 5-2000 ng/ml.
3.5.6 Calculations of Bone Turnover
A bone marker plot method has been recently developed by Bieglmayer and Kudlacek
(2009) to visually represent the balance of bone formation and resorption, together with
the rate of bone turnover. This method compares the multiple of median (MoM = marker
/ marker median of the group) of a formation marker to the MoM of a resorption marker.
MoM provides a measure of how far an individual’s result deviates from the median
(Bieglmayer & Kudlacek, 2009). The median was calculated for each marker using the
serum concentrations within each group at the respective timepoint. For example, the
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median value of PINP of the protein group at baseline was calculated using the baseline
PINP concentrations from the participants in the protein group only. The bone turnover
balance at a specific time point was then calculated as the ratio of MoM of a formation
marker (MoMF) and a resorption marker (MoMR):
Bone Turnover Balance = MoMF/MoMR.
When the ratio = 1 it reflects a balance between the two processes, when the ratio >1 it
means there is more formation than resorption and when the ratio <1 it means that there is
more resorption than formation. These values can also be illustrated graphically (Figure
3.2), where the slope represents the ratio between formation and resorption, and the
vectors’ length represents the bone turnover rate, i.e., how rapid or slow the turnover
occurs between formation and resorption, which is calculated using the following
equation:
Bone Turnover Rate = √(MoMF 2 + MoMR 2 )
For our purpose, we used the serum concentrations of PINP as bone formation marker
and CTXI as bone resorption marker to calculate and plot the bone turnover balance and
rate as described by Bieglmayer and Kudlacek (2009).
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Figure 3.2 Vector presentation of the Multiple of Median (MoM) of bone formation (F)
and resorption (R). The slope of the resulting vector represents the balance (ratio)
between F and R. When F = R, the slope will be 1 and the system is in balance. IF slope
>1 F predominates. If slope <1 R predominates. Also, the length of the vector represents
the bone turnover rate (Modified from: Bieglmayer et. al., 2009).

3.6 Statistical Analysis
Statistical analyses were performed using SPSS version 25.0 for Windows. There were 4
missing samples from a total of 174 blood samples used in this study (58 participants x 3
sampling times). Missing values (4 out of 174 cases for PINP and 4 out of 174 cases for
CTXI) were replaced with the group mean value at the corresponding time point values
(Field, 2009). Outlier values (i.e., z-scores above or below two standard deviations, 13
out of 174 cases for CTXI and 8 out of 174 cases for PINP) were replaced with less
extreme values using the group mean value ±2 standard deviations at the corresponding
time point as previously recommended (Field, 2009; Pallant, 2011). Data were then
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screened for normality using the Kolmogorov-Smirnov test, z-scores for skewness and
kurtosis of ±3 and visual screening of histograms for symmetry. The screening showed
that CTXI and PINP were not normally distributed and were therefore log transformed
for the analysis.
A series of one-way ANOVAs were performed to determine whether there were
any group differences in anthropometric measures, training, as well as habitual energy
and protein intake. A three-way (time-by-group-by-sex) repeated measures analysis of
variance (RM-ANOVA) was then performed to assess differences in the biochemical
markers of bone turnover across the three time points of interest, at baseline, and after
both beverages were consumed, i.e., at 8h and 24h from baseline. In the event of a
significant time effect without other effects or interactions, pairwise comparisons with
Bonferroni adjustment were performed (groups and sexes combined). In the event of
multiple significant main effects or a significant interaction, differences between means
were assessed using either a two-way ANOVA. An alpha value of p < 0.05 was used to
determine statistical significance.
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Chapter 4: Results
There were no significant differences between groups in terms of age, maturity offset, physical
characteristics, training volume and dietary intake (Table 4.1). Likewise, there were no
significant differences at baseline for bone turnover markers, rate or balance (Table 4.2).
Table 4.1 Age, maturity offset, physical characteristics and dietary intake of participants in each
group. Data is presented as mean ± SEM.
Variables

(n=21)

Carbohydrate
(n=19)

Water
(n=18)

11/10

11/8

9/9

Age (years)

13.4 ± 0.3

14.34 ± 0.4

14.0 ± 0.4

0.17

Age from PHV (years)

-0.46 ± 0.3

0.43 ± 0.3

0.21 ±0.4

0.15

Height (cm)

160.4 ± 2.7

165. ±2.2

165.7 ± 2.3

0.24

Body Mass (kg)

51.6 ± 3.0

56.7 ± 2.3

55.2 ± 3.6

0.45

Relative Body Fat (%)

16.5 ±1.4

16.5 ± 1.4

15.2 ± 1.7

0.79

Dietary Energy Intake

43.3 ±3.9

47.9 ±8.0

48.2 ±6.4

0.81

1.7 ± 0.2

1.9 ± 0.3

1.9 ± 0.3

0.71

1351 ± 127.6

1648 ± 147.6

1518 ±

0.34

Number of Females /

Protein

P value

Males

(kcal. kg-1.day-1)
Dietary Protein Intake
(g.kg-1.day-1 )
Dietary Calcium Intake
(mg.kg-1.day-1)
24h Energy Intake*

158.7
55.2 ± 4.9

51.5 ± 4

53.3 ± 3.9

0.83

1.4 ± 0.1

1.3 ± 0.1

1.4 ± 0.1

0.73

1340 ± 80

1366 ± 81.1

1365 ±

0.98

(kcal.kg-1.day-1)
24h Protein Intake*
(g.kg-1.day-1 )
24h Calcium Intake*
(mg.kg-1.day-1)

127.6

PHV=Peak Height Velocity. The 24h values refer to the nutritional intake during the study
duration. *The 24h values refer to the intake during the study duration and both the protein and
nutritional intake values do not include the supplements received.
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Table 4.2 Circulating levels of bone turnover markers and indices of bone turnover rate
and balance for each group (protein, carbohydrate, water) at baseline, i.e. morning, fasted
resting concentrations. Data is presented as mean ± SEM.

Water

(n=21)

Carbohydrate
(n=19)

CTXI (ng/ml)

0.46 ± 0.07

0.56 ± 0.09

0.45 ± 0.08

F= 0.55, p= 0.58

PINP (ng/ml)

376.7 ± 108.1

650.0 ± 158.1

547.5 ± 131.5

F= 1.12, p= 0.33

BTR

2.88 ± 0.59

2.43 ± 0.39

2.38 ± 0.3

F= 0.29, p= 0.75

BTB

1.97 ± 0.62

2.17 ± 0.69

1.69 ± 0.97

F= 0.13, p= 0.88

Variables

Protein

One-Way ANOVA

(n=18)

CTXI=Carboxy-terminal collagen crosslinks; PINP=procollagen type 1 intact N-terminal
propeptide; BTR=bone turnover rate calculated as √(MoMF2 + MoMR2 ), where MoM is the
Multiple of Median of formation (MoMF) and resorption (MoMR); BTB=bone turnover balance
calculated as MoMF/MoMR.

For CTXI, we found a significant main effect for time (F=4.715, p=0.011) and a
time-by-group interaction (F=2.948, p=0.024) with no effect of sex or interactions with
sex. Post-hoc analysis with sexes combined (Figure 4.1) revealed that only in the protein
group, CTXI significantly increased from baseline to 8h then significantly decreased
from 8h to 24h. No significant changes over time were observed in the other groups
(Figure 4.1).

33

Protein (n=21)
Carbohydrate (n=19)
Water (n=18)

0.8

CTXI (ng/ml)

0.6

ab
0.4

0.2

//

0.0

0

8

Time (Hours)

24

Figure 4.1 Serum concentrations (mean±SEM) of carboxy-terminal collagen crosslinks
(CTXI) at rest (i.e., 0h = baseline), and following two post-exercise supplement beverages
(i.e., 8h and 24h from baseline) in adolescent female and male swimmers. a=significa nt
difference from baseline to 8h (p=0.003) in protein group; b=significant difference from
8h to 24h (p<0.001) in protein group. Note: values on the graph are the absolute values (not
log-transformed).

PINP showed a significant time-by-group-by-sex interaction (F=3.290, p=0.045). As seen
in Figure 4.2, the 3-way interaction reflects a decrease in PINP over time in the
carbohydrate group in males but not the females, as well as an increase in PINP over time
in the water group in males but not in females. There was no apparent change in PINP in
the protein group in males. In females, PINP only slightly increased in both the protein
and carbohydrate groups while it decreased in the water group. Despite the 3-way
interaction, none of the post-hoc pairwise comparisons were statistically significant.
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Figure 4.2 Serum concentrations (mean±SEM) of procollagen type 1 intact Nterminal propeptide (PINP) at rest (i.e., 0h = baseline), and following two postexercise supplement beverages (i.e., 8h and 24h from baseline) in adolescent female
(graph A) and male (graph B) swimmers. Note: values on the graph are the absolute
values (not log-transformed).

Figure 4.3 illustrates the changes across time in bone turnover balance derived
from Bieglmayer & Kudlacek (2009) using the ratio of the MoM of PINP and CTXI.
There was a time-by-group interaction (F=2.652, p=0.042), which reflects an increase in
the ratio in the protein group at 8h compared to baseline, and at the same time, a decrease
in the ratio in the water group. However, none of the pairwise comparisons were
statistically significant. It is interesting to note that at all times (even at baseline) the
balance is >1, i.e., formation>resorption, which is expected in this age group.
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Figure 4.3 Bone Turnover Balance (mean ± SEM), estimated from the ratio between
the MofM of serum concentrations of procollagen type 1 intact N-terminal propeptide
(PINP) and carboxy-terminal collagen crosslinks (CTXI) (Bieglmayer & Kudlacek,
2009), in adolescent female and male swimmers. Values are presented at rest (i.e., 0h
= baseline), and following two post-exercise supplement beverages (i.e., 8h and 24h
from baseline). Note: values on the graph are the absolute values (not log
transformed).

Bone turnover rate also was calculated using the multiple of medians method by
Bieglmayer & Kudlacek (2009) to determine how rapidly the turnover markers are
activated during the turnover process. The three-way repeated measures ANOVA showed
a significant time-by-group interaction (F=12.151, p<0.001) with no effect of sex or
interactions with sex. The interaction reflects a significant increase in the turnover rate
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from baseline to 8h and to 24h in the protein group, and a significant decrease at 8h in the
water group, with no change in the carbohydrate group over time (Figure 4.4). In fact, in
the water group, the bone turnover rate significantly decreased from baseline to 8h, and
although significantly increased from 8h to 24h it was still significantly lower than
baseline at 24h (Figure 4.4).

Protein (n=21)
Carbohydrate (n=19)
Water (n=18)
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Figure 4.4 Bone Turnover Rate (mean ± SEM) estimated from the serum concentrations
of procollagen type 1 intact N-terminal propeptide (PINP) and carboxy-terminal collagen
crosslinks (CTXI) using the formula by Bieglmayer & Kudlacek (2009), in adolescent
female and male swimmers. Values are presented at rest (i.e., 0h = baseline), and
following two post-exercise supplement beverages (i.e., 8h and 24h from baseline).
a=significant difference from baseline to 8h (p=0.038); b=significant difference from
baseline to 24h in protein group (p=0.019); c=significant difference from baseline to 8h
in water group (p=0.001); d=significant difference from 8h to 24h in water group
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(p=0.001); e= significant difference from baseline to 24h in water group (p=0.010). Note:
values on the graph are the absolute values (not log transformed).

To assess the net result in terms of bone formation and bone resorption, the
observed changes in PINP and CTX were also plotted according to Bieglmayer &
Kudlacek (2009) (Figure 4.5). These vector plots represent the condition of turnover
balance as well as bone turnover rate for each group at each timepoint. As seen in Figure
4.5, the protein group at baseline starts with a balance that favours formation. In this
same group, at 8h and 24h, bone turnover rate increased as seen by the increase in the
vector’s length and the formation line shifted closer to the formation axis, thus further
increasing the balance slope >1. The carbohydrate group showed no evident changes in
turnover rate from baseline to 8h and 24h remaining in favour of formation throughout.
Lastly, the water group showed a slight decrease in turnover rate (i.e., vector length) from
baseline to 8h and 24h although the balance slope remained =1.

38

Figure 4.5 Bone turnover rate and balance estimated from the Multiple of Median
(MoM) of serum concentrations of procollagen type 1 intact N-terminal propeptide
(PINP) and carboxy-terminal collagen crosslinks (CTXI) using the formula by
Bieglmayer & Kudlacek, (2009); MoM = marker / group median (marker), in
adolescent female and male swimmers.
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Chapter 5: Discussion
This is the first study to examine the effects of protein consumption after multiple bouts
of exercise, simulating a day of competition, on bone turnover markers (PINP, CTXI) and
their balance, as well as bone turnover rate in competitive adolescent swimmers. Our
findings demonstrate that 8h from baseline and after the swimmers performed a highintensity swim session and received the full supplement amount, CTXI increased then
significantly dropped from 8h to 24h in the protein group . The increase in CTXI was not
seen in either of the other groups, who received the isocaloric carbohydrate beverage or
water. PINP generally stayed stable in all groups. Despite the increase in CTXI, the
protein group also showed a significant increase in bone turnover rate and balance in
favour of formation from baseline to 8h and up to 24h later, which was not seen in the
other groups. In fact, the water group had an apparent opposite response with bone
turnover rate decreasing over time. Importantly, the bone marker plots suggest that
protein supplementation resulted in a gradual increase in bone turnover rate and a
pronounced phase of bone formation.
Our results of CTXI increasing post-exercise and post-protein supplementation is
a novel finding. Furthermore, CTXI decreased to slightly below baseline values the next
morning. This can also explain the sustained increase in the bone turnover rate up to 24h
from baseline in the protein group compared to the other two groups. This finding
contradicts a previous study where protein combined with carbohydrates consumed
immediately after exercise has shown to decrease CTX after an exhaustive run in
endurance-trained male adults (Townsend et al., 2017). However, this difference may be
because of a difference in the total energy of the beverage. The recovery solution
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provided in the Townsend et al. (2017) study contained approximately 500 kcal,
depending on individual body mass. Potentially, the greater energy intake resulted in a
positive energy balance, which prevented or reduced an exercise-induced catabolic
response. In our study, the total energy consumed split into two doses was 124 kcal.
However, their dose and results are in adults while ours is the first on in children and
adolescents. It is possible that during growth, responses to exercise and dietary
supplements differ between child and adult populations. On the other hand, post-exercise
increases in CTX has been previously shown in adult studies in absence of
supplementation (Kouvelioti et al., 2019a).
PINP did not show any significant differences across time in any of the three
groups, either in response to the multiple bouts of intense swimming or in response to the
supplementation. This result is supported by previous literature according to which,
formation markers are less responsive to acute bouts of exercise than bone resorption
markers (Guillemant et. al., 2000; Scott et al., 2010). Therefore, it is possible that 24h
may not be long enough to see a significant change in PINP. However, this comes in
contradiction with a previous study in adults reporting an immediate increase in PINP
with post-exercise consumption of a protein combined with carbohydrate beverage
(Townsend et al., 2017). As mentioned above, the post-exercise energy intake was higher
in the adult study and we did not have a group who consumed a combined beverage. It is
possible that there is an additive effect of the protein and carbohydrate ingestion, along
with the higher total energy intake. An alternative reason for not finding acute time and
group effects on PINP might be that exercise has cumulative effects on bone formation
and that these effects may be apparent only following longer-term training and post-
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exercise protein intake. For example, a recent study has shown increases in PINP after 12
weeks of resistance training and post-exercise supplementation of high-protein yogurt in
young men (Bridge et al., under review). Additionally, it should be noted that our
participants were adolescents, in whom formation markers of bone turnover are
potentially chronically elevated, reflecting the high rate of linear growth and bone
accretion (Jürimäe, 2010). Thus, it seems logical that the benefits of protein
supplementation on bone turnover are more apparent in the process less activated during
growth, i.e., bone resorption.
We used the serum concentrations of PINP as bone formation marker and CTXI
as bone resorption marker to calculate balance and rate as described by Bieglmayer and
Kudlacek (2009). Bone turnover rate was higher than baseline as early as 8h and
remained higher than baseline even 24h later in the protein group. In addition, as seen in
the bone marker plots (Figure 4.5), bone turnover balance increased in favour of bone
formation 8h and 24h post-baseline and after the swimmers received the protein
beverages. This suggests that whey protein supplementation provided following intense
exercise did activate bone turnover. In contrast, the carbohydrate group seems to have
maintained bone turnover rate and balance while the control group, who was given only
flavoured water, showed a significant decrease in bone turnover rate from baseline to 8h,
which remained lower than baseline up to 24h. Sale et al. (2015) found that carbohydrate
consumption following a strenuous exercise protocol resulted in an attenuated CTXI and
PINP response within 2h post-exercise, but this effect was not present in the days
following carbohydrate consumption, compared to the placebo group. These findings are
similar to our study. Since the groups had no differences in energy and macronutrients
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consumed during the second day of the study, we can speculate that the difference
between the control and carbohydrate group is in the extra energy consumed from the
beverage, which appears to have been sufficient to maintain the bone turnover rate, while
the whey protein had an additional beneficial effect on bone at the 24h time point.
Interestingly, during the 24h of the study all groups reported lower protein intake than
what they reported to regularly consume prior to the study. This difference could be a
factor in the results, especially for the water group, although it can probably be attributed
to the different questionnaires used to assess the protein intake prior versus during the
24h of the study. Our findings are supported by results of previous studies showing that
protein promotes bone deposition in children, increases bone turnover rate in adults and
minimizes bone loss in elderly people (Lampl et al., 1978; Ballard, Clapper, Specker,
Binkley, & Vukovich, 2005; Hannan et al., 2000). This increase in bone turnover rate is
important in younger populations as it is believed that higher levels of bone turnover rate
are associated with greater bone growth (Jürimäe, 2010). However, there are no previous
studies using protein supplementation combined with exercise and examining bone
turnover markers in children. There is only one previous study that examined the chronic
response of 10g versus 20g of protein supplementation in New Guinea children with the
control group following the typical diet served at school, which involves mostly
vegetable sources, and, specifically with 50% of the protein intake from sweet potatoes
(Lampl et al., 1978). After 8 months, they found that the children who received 20g of
protein showed greater increments of growth (height and weight) and skeletal maturation
compared to the control group. Although this study is not a direct comparison to ours
since it examined chronic supplementation and it did not involve exercise, the results of
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both studies combined suggest that protein supplementation has the potential to mobilize
bone turnover in children.
Given the increase of CTXI at 8h, one would intuitively expect an increase in
bone turnover rate in favor of resorption. Indeed, using a single marker approach, we
found that in the protein group, CTXI increased at 8h while PINP did not. However, the
ratio of MoM approach, which allows the combination of a bone formation marker with a
bone resorption marker (Bieglmayer and Kudlacek 2009), indicated an increase in bone
turnover rate with the balance favouring formation. These counterintuitive results can be
explained by the different mathematical approaches used to interpret the data. First, we
used a conventional approach to determine differences in the circulating levels of PINP
and CTXI between groups and sexes and across time. The second approach, recently
developed by Bieglmayer and Kudlacek (2009), is an innovative approach that
normalizes the marker concentrations by using the group median and allows for
simultaneous comparison of changes in bone turnover rate and balance. For example,
Chen et al. (2011) calculated bone turnover rate and balance using the same medianbased approach to examine the effect of calcium supplementation on bone turnover
during an acute citrate load mimicking citrate anticoagulation during apheresis
procedures. The population was healthy adults and the authors utilized osteocalcin and
CTXI as markers of bone formation and resorption, respectively. They suggested that this
approach of assessing bone turnover rate and balance was ideal because it made it easier
to simultaneously examine the effects on bone formation and resorption (Chen et al.,
2011). It is clear, however, that irrespective of the method used to analyze our data the
only changes were observed in the protein group, suggesting an overall mobilization of
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bone metabolism that was not evident in the other groups. On the other hand, despite the
observed positive post-exercise changes in bone turnover this was only an acute trial,
which does not allow for assumptions regarding potential long-term benefits of protein
supplementation on bone. Future studies are needed to determine the effects of long-term
protein supplementation and exercise on bone metabolism.
One of the strengths of this study is that the three groups were matched for age,
maturity and anthropometric measures, all of which could potentially affect bone
metabolism. Another strength of the study is that all measurements were done in the
morning and after a standardized breakfast, thus eliminating diurnal fluctuations and
nutritional effects. This was important as although PINP is a stable marker and does not
vary throughout the day or when food is consumed CTXI is known to be at its peak
during morning hours and being influenced by food intake, while (Seibel, 2002).
There were a few limitations related to research studies trying to mimic real life
situations with variable environmental and timing factors including the lack of control of
activities that the swimmers may have engaged between the 8h and 24h blood draws,
changes in the environmental conditions during data collection, how hard each swimmer
performed the intense protocol, etc. A second limitation is that, while we used two doses
of 0.3 g/kg of body mass, it is unknown whether these were the optimal doses of whey
protein to achieve maximal effect on bone turnover. Future research should examine the
effects of different doses of protein on bone in children populations. In addition, we
recognize the inconsistency of the two mathematical approaches leading to apparent
contradicting results. However, the approaches may shed differe nt light on the overall
effect of protein supplementation on bone metabolism in this age group. The median
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approach, while unconventional, may in fact be a better method to assess dynamic
changes in bone turnover, as it combines bone formation with bone resorption and is less
affected by outliers and skewed data than the mean, and is therefore the preferred
measure of central tendency when the distribution is not symmetrical. It is also important
to mention that bone turnover markers reflect bone homeostasis, i.e., the activity of
osteoblasts and osteoclasts in physiological conditions and not at a specific site on the
bone, and are therefore sensitive to a multitude of exogenous and endogenous factors
(Bhattoa, 2018).
In conclusion, two dosages of whey protein following multiple bouts of exercise
resulted in a gradual increase in bone turnover rate favouring bone formation for up to
24h, despite no significant change in PINP and a transient initial increase in CTXI.
Promoting faster turnover rate favouring bone formation during adolescence is beneficial
because it can promote bone accretion, which leads to higher peak bone mass and
improved bone mineral density in the long term. Future research should focus on the
long-term benefits of protein consumption on bone turnover markers in combination with
a chronic exercise training in children and adolescents.
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INFORMATION AND ASSENT TO PARTICIPATE IN RESEARCH

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.
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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?
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?
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Please contact Dr. Bareket Falk at 905 688-5550 (ext. 4979), bfalk@brocku.ca, Dr. Nota Klentrou
at 905 688-5550 (ext. 4538),nklentrou@brocku.ca or Brandon McKinlay at 905 688-5550 (ext.
5623), brandon.mckinlay@brocku.ca if you have any questions about the study.

FUTURE RESEARCH
After this study is completed, we may wish to use the data for a future study that might or might
not be directly related to this study. Personal information about you will not be released.

Check this box if you consent for us to keep your results for use in future work



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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Invitation Letter: Protein supplementation and exercise performance
Principal Investigators: Dr. Bareket Falk and Dr. Nota Klentrou Department of Kinesiology,
Brock University and Dr. Heather Sprenger, Department of Sports Physiology, Canadian Sport
Institute Ontario
Co-Investigators: Tony Adebero and Alexandros Theocharidis MSc Student, Department of
Kinesiology, Brock University
Principal Student Investigator: Brandon McKinlay, PhD Student, Department of Kinesiology,
Brock University
Your son or daughter is invited to participate in a research study, investigating the effects of
protein supplementation on recovery and performance in young athletes.
The purpose of this research project is to determine whether protein consumption following an
intensive exercise session improves recovery, as indicated by exercise performance as well as
indicators of inflammation.
All testing and measurements will take place at Brock University unless specified otherwise.
Testing will occur over four testing sessions, for a total time commitment of 9-10 hours (day 1 –
30-45 min, day 2 – 7 hrs, day 3 30-45min and day 4 2hr 30min) At the end of the study, your
child will be given a summary of the findings, upon request.
What will happen to you if your son or daughter is in the study?
If you agree to volunteer for this study, you will:
1. Visit Brock University unless specified otherwise, where we will do some tests and take
some measurements which are described below. The tests will require a total of three
visits to Brock University.
2. Your child 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 or
your child may choose not to answer any question without penalty.
3. We will measure your child’s height, weight and body fat percentage.
4. 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.
5. Your child 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 your child
worked during the exercise session, as well examine the genomic and epigenetic
response. More specifically, white blood cells (leukocytes) will be examined for changes
in gene expression resulting from exercise and supplementation. The saliva (spit)
sample will be collected using specifically designed swabs (cotton-balls). Your child 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 will be collected and placed into the special tubes.
Your child 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.
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Participation in this project will allow your child to have personal information on his/her
muscular power, as well as other information, such as height, weight, current nutritional status,
and body composition. All this information will be provided to you in the form of an
individualized participant feedback sheet.
If you are interested in finding out more about this study, please contact us by email
(brandon.mckinlay@brocku.ca, bfalk@brocku.ca or nklentrou@brocku.ca) or by phone (905688-5550 ext: 4979,5623 or 4538).
The study has been reviewed and received ethics clearance though the REB (file #16-279). If you
have any questions about your rights as a research participant, please contact the Brock
University Research Ethics Officer (905 688-5550 ext 3035, reb@brocku.ca).
Thank you,
Investigators:
Dr. Bareket Falk, Dr. Nota Klentrou, Dr. Heather Sprenger, Brandon McKinlay, Tony Adebero
and Alexandros Theocharidis
Faculty of Applied Health Science, Brock University and CSIO
Tel: 905-688-5550 ext: 4979, 5623 or 4538 Email: bfalk@brocku.ca, nklentrou@brocku.ca or
brandon.mckinlay@brocku.ca

INFORMATION AND CONSENT TO PARTICIPATE IN RESEARCH - PARENT
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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
Alexandros 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 four testing sessions, for a total time commitment of up to 9-10 hours (day 1 – 30-45 min,
day 2 – 7 hrs, day 3 30-45min and day 4 2.5hrs). 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.
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A. Assessments:
1. Your child will complete several questionnaires, outlining his/her training history and
current/on-going nutritional status. In all questionnaires, your child may choose not to
answer any question without penalty.
2. Your child MUST complete a medical history questionnaire to assess your child’s safety
and eligibility for this study
3. Body Composition: we will measure your child’s height, weight and body fat percentage.
Body fat percentage will be estimated using skinfold thicknesses.
4. Heart rate monitors will be used during exercise. Your child will be connected to a radiotransmitter monitor (chest strap). The procedure involves no discomfort.
5. The measurement of your child’s muscular power will be tested using several maximal
pulls on a swim bench. It will also involve sport specific performance testing in the form
of a 200m free-swim sprint. Performance testing will be repeated before, immediately
following, 2, 6 and 24hrs after the fatigue protocol.
6. A saliva and a venous blood sample will be collected to determine hormonal and
inflammatory changes, as well genomic and epigenetic response. More specifically, white
blood cells (leukocytes) will be examined for changes in gene expression resulting from
exercise and supplementation. A total of seven samples will be collected to assess
hormonal and inflammation response, as follows: Five samples will be collected in one of
the visits: pre-exercise, 5 min post exercise, 2, 6, and 24 hours 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 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.
B. Exercise Protocol:
Your child will undergo a swim-specific exercise session. This session will be administered and
supervised by the principal student investigator (a registered kinesiologist) and other members of
the research team. Each child will perform a series of high-intensity swimming intervals (5 x
100m, 5 x 50m, 5 x 25m). This procedure may result in some muscle soreness within 24 hours of
the test. If this occurs, it will only be temporary
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C. Beverage Supplementation:
Your child will be assigned to a group which will be required to consume either a protein
supplement or placebo immediately following the exercise protocol (33% chance of being in
either protein, carbohydrate or water group). The protein is NSF certified and the quantities
administered fall within safe guidelines for protein ingestion in children. The protein supplement
or placebo will be mixed with water before consumption. The current study will be performed
utilizing double blind procedures meaning both the administering investigator and participant will
be unaware of their drinks contents (protein or placebo).

List of Ingredients:
Protein – Whey protein isolate (milk), Cocoa processed with alkali, Natural flavors,
Sunflower lecithin, Stevia extract.
Carbohydrate – Maltodextrin, Chocolate flavoring
Water – Water, Chocolate flavoring
Visit Summary:
Visits
1- Familiarization Session (60 – 90
mins)

2- Exercise protocol and protein
supplementation (8-hrs)

Events
-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
-Saliva/blood collection (baseline)
- Breakfast
-Performance tests: maximal strength and 200m free
(before, after, 2hr and 6hr following the fatiguing
protocol) and Swim-bench
-Fatiguing protocol (5x100m, 5x50m, 5x 25m / 1:1
work to rest ratio)
- Protein, Carbohydrate or water ingestion
(immediately following and 2hrs min post fatigue
protocol)
- Food frequency questionnaire (FFQ)
- Lunch
- Tour and presentations at Brock university
- Saliva/blood collection (pre, post, 2hr, 6hr following
fatigue protocol)

3- 24 hrs post fatiguing protocol and
protein supplementation (30-45mins)
4- 0 and 2hr resting sample collection

-Saliva/blood sampling
-Muscle soreness questionnaire
-Performance Testing- 200m free and swim bench
-Saliva/blood sampling
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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.

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.
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-

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:
a) Possible muscle soreness within 24 hours of training or testing. If this occurs, it will only
be temporary.
b) With any participation in physical activity there is a risk of injury. Therefore, at each
testing session there will be one or more team members who have certified first aid
training, as well as a registered kinesiologist.
c) In rare instances, participants may experience slight pain and/or tingling in the area
and/or a minor bruise from the venous blood draw. Children and youth are also at a risk
of fainting at the sight of or introduction of a needle. However, for the younger
participants a butterfly needle will be used that does not look like a typical needle. Both
the nurse and researcher will show the younger participants the butterfly needle and
explain the procedure. Participants who are not allergic to medications may choose to use
an aesthetic cream that usually has no side effects. However, there is a small risk for
minor effects such as burning, swelling, itching, or skin rash at application site.
d) Like all clinical trials, there may be unknown risk with taking the investigational natural
health product (whey protein).
NOTE: In the unlikely event that participants should experience an adverse event because of the
procedures outlined above, they should IMMEDIATELY contact one of the members of the
research team to report adverse event(s). If the adverse event is life- threatening, participant
should attend the closet emergency room.
FEEDBACK and STUDY RESULTS:
Your child’s and group results will be provided to you upon request. If any results outside the
norm appear during data collection, you and your child will be informed within one month.
FUTURE RESEARCH
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 
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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

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

85

