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Summary

Obesity is a condition associated with a wide variety of health problems including

hypertension, dyslipidemia, diabetes mellitus, certain forms of cancer, cardiovascular

disease, and gallstones (157). TTiere is growing evidence that obesity may also be related

to compromised immune function due to altered metabolic, psychological, and physical

attributes (93).

The aim of this study was to compare: a) immunity-related variables such as

frequency of upper respiratory tract infections (URTI) and salivary secretory

immunoglobulin A (sIgA) levels between overweight/obese (OB) and normal weight

(NW) early-pubertal and late-pubertal girls, and b) stress-related variables such as

Cortisol, melatonin, the melatonin/cortisol ratio, testosterone and the testosterone/cortisol

ratio. Physical activity levels, stress indicators, and fatigue were used to explain potential

differences in the dependent variables. It was hypothesized that the OB females would

have lower melatonin (M) and higher Cortisol (C) and testosterone (T) levels compared

with NW girls, regardless of maturity status. The altered levels of melatonin, Cortisol,

and testosterone, would result in decreased M/C and T/C ratios, despite the increase in

testosterone in OB females. It was hypothesized that this altered hormonal status results

in a compromised immunity marked by higher frequency of upper respiratory tract

infections (URTI) and decreased levels of secretory immunoglobulin A (sIgA). It was

also hypothesized that OB girls would participate in less hours of physical activity than

their NW counterparts and that this would relate to their stress and immunity levels.

Forty (16 early- and 24 late-pubertal) overweight and obese females were

compared to fifty-three (27 eariy- and 26 late-pubertal) age-matched normal-weight
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control subjects. Participants were categorized as early-pubertal (EP) or late-pubertal

(LP) using Tanner self-staging of secondary sex characteristics. Subjects were classified

into the two adiposity groups according to relative body fat (%BF), where normal weight

(NW) subjects had a %BF less than 25%, and overweight and obese (OB) subjects had a

%BF greater than 27.5%.

Participants completed a number of questionnaires and information was collected

on menstrual history, smoking history, alcohol and caffeine consumption, and medical

history. Following the determination of maturity status, a complete anthropometric

assessment was made including height, body mass, and body composition. All

questionnaires and measurements were completed during a one-hour visit between 1 500

and 1900 hours

Relative body fat was assessed using bioelectrical impedance analysis. Resting

saliva samples were obtained and assayed (ELISA) for testosterone, Cortisol, melatonin

and secretory immunoglobulin A. Physical activity was self-reported using the Godin-

Shephard Leisure time questionnaire, and quantified using Actigraph GTIM

accelerometers, which participants wore for seven consecutive days from the time they

woke up in the morning, until the time they went to bed. Late-pubertal girls also

completed questionnaires on their perceived stress and fatigue. Finally, all participants

also filled out a one-month health log to record frequency of symptoms of upper

respiratory tract infections (URTI).

Significant age effects were found for testosterone, Cortisol, incidence of sickness,

and sIgA when controlling for physical activity, however there were no significant effects
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of adiposity on any of the variables. There was a trend which neared-significance for an

effect of adiposity on sIgA (p=0.01).

There were no significant differences between the groups on the total self-

reported leisure-time physical activity in METs per week, however EP girls recorded

significantly greater levels of moderate, hard, and very hard physical activity from

accelerometers.

Results of the perceived stress and fatigue questionnaires in late-pubertal girls

demonstrated that contrary to what was hypothesized, NW girls reported more stress and

more fatigue than OB girls.

Results of the present study suggest that excess adiposity in early- and late-

pubescent girls may not have a negative impact on immunity as hypothesized.
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Chapter 1: Introduction

1.1: Rationale

In Canada in 2004, it was estimated that 18% of children aged 2-17 years were

overweight, and 8% of children were obese (126). Obesity is a condition associated with

a wide variety of health problems including hypertension, dyslipidemia, diabetes mellitus,

certain forms of cancer, cardiovascular disease, and gallstones (157). There is growing

evidence that obesity may also be related to compromised immune fiinction due to altered

metabolic, psychological, and physical attributes (93).

The mucosal immune system protects surfaces of the respiratory tract that are

exposed to the environment, and is considered to be the first barrier to colonization by

pathogenic micro-organisms causing upper respiratory tract infections (URTI) (137).

Secretory IgA (sIgA), is the main immunological defence mechanism of mucosal surfaces

and aids in immune defence by inhibiting the attachment and replication of micro-

organisms, and is also capable of neutralizing certain viruses and toxins (76). Studies have

shown that moderate exercise in adults enhances cell-mediated immunity through

increases in sIgA, leading to improved immune function (76). However, intense exercise

has been shown to induce decreases in sIgA in athletes (90).

Gonzalez-Quintela et al (2007) found that obese individuals had higher serum

sIgA levels than normal weight individuals, and found increased serum sIgA levels in

individuals with components of metabolic syndrome, such as abdominal obesity and

hypertriglyceridaemia (50). Conversely, a group of adults with severe, but uncomplicated

obesity, were examined and found to have normal concentrations of scrum





immunoglobulins compared to normal weight controls. The authors concluded that

obesity uncomplicated by diabetes or hyperlipidemia, was not associated with significant

immimologic dysfianction (80).

In children, Nieman et al. (2002) found a positive correlation between body fat and

levels of sIgA (91), while Cieslak et al. (2003), found no significant relationship between

Ae two (17). Jedrychowski et al (1998) attempted to explain childhood respiratory

infections in terms of lifestyle factors, and found that overweight children with a body

mass index (BMI) over 20 experienced twice as high a risk of respiratory infections than

children with a normal BMI, independent of physical activity levels, compared to normal

weight children (59).

Additional factors related to obesity including physical and psychological stress

have also been associated with suppressed immunity (19, 60, 68, 69, 151). For instance,

moderate physical activity has been shown to reduce the incidence of URTI by as much as

30% (60), whereas adolescents who spent less time in sport activities have been found to

report significantly higher URTI frequency (60, 69). It is widely accepted that physical

activity declines throughout childhood and adolescence (54, 135, 139, 143), and those that

are obese are substantially less active than those who are non-obese (21).

Psychological and physical stress causes activation and alteration of the

hypothalamic-pituitary-adrenal (HPA) axis that triggers the secretion of Cortisol (57). The

immune system is potentially altered by activation of the HPA axis. Cohen et al. (1983)

revealed an interaction between acute Cortisol reactivity and negative life events in

predicting URTI incidence (19, 151). Other studies have found that higher levels of stress

exposure and perceived stress are associated with lower levels of salivary sIgA (11, 79,

82). Other studies have also found that elevated levels of Cortisol have been found in





overweight children (111, 112), which is supported by Cieslak et al (2003) who found a

positive correlation between relative body fat and Cortisol levels (17)

Melatonin and testosterone are two endogenous hormones that may have a

protective effect on the immune system. While melatonin administration has been

promoted in the literature as a treatment for sleep disorders which may have

immunoprotective effects, (66, 83), very few publications have examined the effect of

endogenous melatonin on immune function. Melatonin has however been shown to

enhance the production of interleukin (IL) -2 and IL-6, which stimulate immune responses

(45).

Testosterone has many anabolic effects including the increase in size of the

kidney, heart, skeletal bone growth; a moderator of sodium, potassium, water, and calcium

retention; and an increase in protein synthesis in selected tissues (128). It is these anabolic

processes that may counteract the catabolic effects of stress, and stress hormones.

Melatonin and testosterone are rarely examined in relation to immune fimction

without considering the effects of Cortisol. Since Cortisol has been shown to have negative

effects on immune fiinction and melatonin has been shown to have healing effects during

the night (45, 63), a ratio of the two (M/C ratio) may demonstrate the body's ability to

resist the iramuno-compromising effects of Cortisol, and utilize the therapeutic effect of

melatonin during the night, which may determine one's ability to tolerate illness.

A similar relationship may exist with the testosterone/cortisol (T/C) ratio. Due to

Cortisol's catabolic, and testosterone's anabolic effects on the body, examining the ratio

has recently been used an indicator of the anabolic/catabolic balance in the body (38, 142).

Most research on the T/C ratio has focused on training-induced stress in male and female





elite athletes. T/C tends to decrease in relation to the intensity and duration of exercise,

specifically during periods of intense training or repetitive competition (52).

While there is some data regarding the effects of body composition, and both

physical and psychological stress on sIgA and overall immune status, there remains many

questions to be answered particularly in the area of paediatrics. Some of these questions

include a) what effect does obesity have on immunity in female children and adolescents?

b) what are the relationships of Cortisol and melatonin, as well as Cortisol and testosterone

with immunity?, and c) what roles do physical activity, fatigue, and stress have on

immune status in obese and non-obese children and adolescents? These questions will be

examined in the proposed research project.





1.2 Objectives

The overall purpose of the proposed study was to compare: a) immunity-related variables

such as frequency of URTI and salivary sIgA levels between overweight/obese (OB) and

normal weight (NW) early-pubertal and late-pubertal girls, and b) stress-related variables

such as Cortisol, melatonin, the melatonin/cortisol ratio, testosterone and the

testosterone/cortisol ratio. Physical activity levels, stress indicators, and fatigue were used

to explain potential differences in the dependent variables.

It was hypothesized that the OB females would have lower melatonin (M) and

higher Cortisol (C) and testosterone (T) levels compared with NW girls, regardless of

sexual maturation stage. The altered levels of melatonin, Cortisol, and testosterone, would

result in decreased M/C and T/C ratios, despite the increase in testosterone in OB females.

It was hypothesized that this altered hormonal status results in a compromised immunity

marked by higher frequency of upper respiratory tract infections (URTI) and decreased

levels of secretory immunoglobulin A (sIgA). It was also hypothesized that OB girls

would participate in less hours of physical activity than their NW counterparts and that

this would relate to their stress and immunity levels. Hypothesized associations amongst

the tested variables can be found in Figure 1

.





Figure 1. Hypothesized associations amongst the tested variables





Chapter 2; Review of Literature

2.1 Overview of the Immune System

Immunology is the study of the physiological defences by which the body distinguishes

itself from non-self ("foreign matter"), and in the process, it destroys or neutralizes

(renders harmless) the foreign matter (155). The immune response begins when an

invading foreign agent penetrates the chemical and physical barriers protecting the body

(74). The immune response can be divided into two broad fimctions: innate and adaptive

immunity. Innate immunity occurs naturally and immediately, and is the first aspect of

the immune system to encounter foreign agents. It includes physical and chemical barriers

on the body's surface such as epithelial barriers of the skin, and mucus in the nasal cavity

(74). In contrast, adaptive immunity occurs as an adaptive response, which generates

memory of prior exposure to a foreign agent that provides a faster and more effective level

of protection with subsequent exposure to the same agent (74). The adaptive immune

system takes a few days to be fully activated however, and thus the innate immune system

plays an important role in the early stages of infection (74).

The cells that carry out immune defences collectively make up the immune system

(155). The most numerous of cells that make up the immune system are leukocytes, or

"white bloods cells", and are found in several lymphoid organs and tissues throughout the

body and in the blood and lymph circulation (74, 155). There are three major types of

leukocytes found in the circulation - granulocytes, monocytes/macrophages, and

lymphocytes. The three main types of granulocytes are neutrophils, responsible for

phagocytosis (ingestion) of microorganisms; eosinophils, responsible for phagocytosis of
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parasites; and basophils which are responsible for chemotactic factor production and

allergic reactions (74). Monocytes are primarily responsible for phagocytosis, antigen

presentation, production of cytokines such as IL-1, IL-6 and TNFa that activate

lymphocytes and stimulate inflammatory processes, and cytotoxic (killing) activities (74).

Lymphocytes' primary functions include cytokine productive, antigen recognition,

antibody production, memory, and cytotoxicity (74).

Lymphocytes are further divided into two principal groups termed T cells and B

cells. T cells are primarily involved in the control of immune responses to foreign matter

by providing specific cells (for example, B cells) that are capable of helping or

suppressing these responses (24, 74). They are able to either secrete cytokines that will

help to activate other cells that are able to destroy the foreign matter, or they can bind

directly to antigens on the plasma membrane of the foreign matter (target cells, such as

virus-infected cells or cancer cells) and directly destroy them (155). B cells are the

precursors for plasma cells that synthesize antibodies in response to an antigen binding to

the membrane immunoglobulin molecules on the plasma surfaces of the B cells (24, 155).

The interaction of the antigen and the membrane immunoglobulin may lead to two types

of response: 1) biochemical signals are conveyed to the cells leading to lymphocyte

activation, or 2) the antigen is taken into endosomal vesicles where protein antigens are

processed and resulting peptides are presented to helper T cells (24). B cells carry

"memory" of earlier encounters with antigen, and subsequent exposure results in faster

and greater productive of antigen-specific antibody (74).

Another type of lymphocyte cells is the natural killer (NK) cell. NK cells are large

granular lymphocytes, which attack and destroy certain virus-infected or cancer cells.

They do so by binding directly and non-specifically to the foreign cells, and do not require





any prior contact with an antigen in order to work (24). Thus NK cells play an important

role in innate immunity.

As mentioned previously, B cells and plasma cells are able to synthesize and

secrete antibodies in response to an antigen binding to the membrane surface on B cells

(24, 74, 155). Antibodies are immunoglobulin molecules that react specifically with an

antigen, and are found in serum and other body fluids such as tears and saliva (74). Each

antibody is important for antigen recognition and binding, and they are also involved in

memory of earlier exposure to a specific antigen (74). Antibody-antigen binding initiates

a variety of responses including: inhibiting microorganisms' access to the host's cells;

stimulating the recognition and killing by phagocytes; and directly binding to bacterial

toxins in order to neutralize their deleterious effects (74).

2.2 Immunoglobulins and Upper Respiratory Tract Infections

The body's external surfaces provide a large surface area that can be colonized by

pathogenic microorganisms. The hosts' primary defence against these microorganisms

involves several mechanisms, including biochemical, physical, and immunological

barriers that protect the body's surfaces (74). The mucosal immune system protects

surfaces of the respiratory tract that are exposed to the environment, and is considered to

be the first barrier to colonization by pathogenic micro-organisms causing URTI (137).

The majority of infections enter the host through mucosal membranes. Secretory IgA

(sIgA), is the main immunological defence mechanism of mucosal surfaces. SIgA are

secreted by plasma cells in linings of gastrointestinal, respiratory, and genitourinary tracts

and act locally. They are also secreted by mammary glands, causing sIgA to be a major
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antibody in breast milk (155). SIgA aids in immune defence by inhibiting the attachment

and replication of micro-organisms, and is also capable of neutralizing certain viruses and

toxins (76). SIgA comprises about 5-15% of serum immunoglobulins and has a half life of

6 days (24). The level of sIgA contained in mucosal fluids correlates, more closely than

do serum antibodies, with resistance to certain infections caused by viruses, such as Upper

Respiratory Tract Infection (14, 73, 86, 107, 130, 137). At birth, levels of sIgA are

undetectable, but there is a consistent increase in levels with age (71). In children below

the age of seven, levels of sIgA are significantly lower than those over the age of seven

(71). Once children reach seven years of age however, sIgA levels generally reach their

approximate peak and remain consistently high during mid-life, until a decline during old

age (71).

Upper Respiratory Tract Infections (URTIs) have been extensively studied in the

athletic population. People who exercise regularly report fewer colds than their sedentary

peers (89). Numerous surveys of fitness enthusiasts, runners, and master athletes indicate

that between 60% and 90% feel that they experience fewer colds than their sedentary

peers (89). There is an ongoing debate however, as to the appropriate amount of physical

activity that will truly reduce one's risk of an URTl. Nieman et al. (1990) proposed a "J-

curve relationship" between the risk of contracting an URTI and the amount of regular

exercise being done (88). A sedentary individual would be at moderate risk of contracting

an URTI, an individual who is slightly to moderately active (on a regular basis) would

exhibit a decreased risk of contracting an URTI, and one who is highly and intensely

active would show an increased risk above that of the sedentary individual (88). This is

supported by a number of studies. Heath et al. (1991) examined illness patterns in 530

runners, and suggested that running mileage was a significant risk factor for URTI (53).
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Klentrou et al. (2002) found that subjects who participated in a 12-week exercise program

reported a significantly lower number of influenza, but not cold symptoms after training,

while their control counterparts maintained similar reports (68).

In adult athletes, depressed sIgA levels were associated with an increased risk of

URTI during a training season (47). Lower basal sIgA levels have also been found to be

associated with increased susceptibility for URTI in the general population, as well as in

children (29, 68).

23 sIgA and Body Composition

In Canada in 2004, it was estimated that 18% of children aged 2-17 years were

overweight, and 8% of children were obese. When split into gender and age groups

related to this study, it was estimated that 18% of girls aged 6-1 1 were overweight and 8%

were obese, while 20% of girls aged 12-17 were overweight and 9% were obese (126).

Obesity is a condition associated with altered metabolic, psychological, and physical

fitness status, and immunologic alterations are likely to be mediated by one or a

combination of these variables (93). It has been linked with a wide variety of health

problems including hypertension, dyslipidemia, diabetes mellitus, certain forms of cancer,

cardiovascular disease, and gallstones (157).

One of the most researched areas of immunology involves the link between slgA

and training status. Studies have shown that moderate exercise enhances cell-mediated

immunity through increases in sIgA, leading to improved immune fiinction (76).

However, intense exercise has been shown to induce decreases in sIgA in athletes (90).





12

While much of the research has focused on exercise, there is only limited research on sIgA

and obesity in either adults or children.

Gonj^alez-Quintela et al (2007) found that obese individuals had higher serum

sIgA levels than individuals with normal weight, and found increased serum sIgA levels in

individuals with components of metabolic syndrome, such as abdominal obesity and

hypertriglyceridaemia (50). Kelley et al (1994) examined ten overweight women through

a period of energy restriction, and found that during this period there was a significant

decrease in the serum concentration of immunoglobulin G (IgG), sIgA, complement

component 3 (C3) and the number of circulating NK cells (64). Conversely, a group of 22

adults with severe, uncomplicated obesity were examined and found to have normal

concentrations of serum immunoglobulins (IgG, sIgA, IgM, IgD) and complement

components (C3, C4). Levels of slgA and lysozyme found in tears also did not differ in

obese patients compared to normal weight controls. Authors concluded that severe

overweight status alone, uncomplicated by diabetes or hyperlipidemia, was not associated

with significant immunologic dysfiinction (80).

With regards to children, one study by Boeck et al (1993) found that 40 morbidly

obese participants aged 9-17 years, showed a slight reduction of percentage of

lyn^hocytes as T-helper cells and the CD4/CD8 ratio compared to nonobese controls (8).

In a second study, it was suggested that obesity was related to normal granulocyte

phagocytosis, but impaired killing capacity, and lower-mitrogen-stimulated proliferative

response (15). Unfortunately, no other measures such as sIgA were included in either

research project. Jedrychowski et al (1998) attempted to explain childhood respiratory

infections in terms of lifestyle factors, and found that overweight children (BMI > 20)

experienced twice as high a risk of respiratory infections than children with low BMI,
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independent of physical activity levels, compare to normal weight children, but once

again, they did not include any data on sIgA (59).

In a study by Pallaro el al. (2002), authors found that obese children showed lower

levels of sIgA than normal-weight children (102). Nieman et al. (2002) also found a

correlation between body fat and levels of sIgA in children (91). This disagrees however

with a study by Cieslak et al. (2003), who found no significant relationship between the

two (17). Eliakim et al (2006) also found no significant differences in serum

immunoglobulin levels (IgM, IgA, IgG and IgG subclasses) between a group of fifteen

overweight children, and 15 age-matched controls (31).

2.4 sIgA and Physical Activity

Recent studies have focused on possible mechanisms responsible for the apparent

increased susceptibility to URTI among endurance athletes. Since the mucosal immune

system plays such an important role in protecting the body against invaders causing URTI,

immunoglobulins such as slgA are regularly investigated in connection to health status.

Most slgA research has been completed in elite athletes, with many repeating results.

Several studies have shown significant decreases in salivary sIgA concentration following

endurance activities such as cycling, long distance rurming, swimming, and Nordic skiing

(76, 85, 46, 138). Similar results have also been found in other sports such as football,

kayaking and tennis (35, 76, 97). Higher incidence of URTI was also significanUy

associated with increased training duration and load, and competition level, on a weekly

basis (68)
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As mentioned previously, very little research has been conducted on non-elite

athletes, or the general population. While Chubak et al (2006) did not measure sIgA, they

did find that overweight and obese women (N=53) who completed a one-year moderate

intensity exercise program had a reduced risk of colds compared to control (N=62)

subjects (16). Three other randomized control trials have demonstrated that near-daily

brisk-walking also reduced the number of days with cold and flu symptoms by nearly half

over a 12-15 week period when compared to inactive controls, but none of the three

studies found any significant changes in resting immune fiinction due to the exercise (92,

95, 96). In the one study that quantified sIgA in relation to exercise in non-athletes, it was

found that sIgA significantly increased, and the total number of days with flu symptoms

(but not cold symptoms) significantly decreased (68).

Conversely, studies by Karper and Goldfarb (1995), and Schouten et al (1998)

found no conclusive evidence that moderate exercise had an effect on sIgA (62, 123).

Finally, Nieman et al (1998) found that obese women participating in an exercise training

program (five 45-minute walking sessions per week) was unrelated to any significant

changes in resting immune function. However, the number of days with symptoms of

URTI was reduced in the exercising women, compared to those that did not exercise (95).

In regards to physical activity and its relationship with sIgA in children or

adolescents, even less research exists. Jedrychowski et al (2001) found that preadolescent

children who had low physical activity levels had an increased risk of recurrent acute

respiratory infections, compared to those that were moderately active and highly active

(60). Cieslak et al (2003) found no correlation between sIgA with physical activity or

fitness level as determined by a 20m shuttle run test (17). While Nieman et al (2002)

found no relationship between VO^peak and immune function (including slgA) (91),
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Tharp (1991) found that chronic exercise over a basketball season in pre- and post-

pubescent boys increased resting levels of sIgA (136).

2.5 sIgA and Stress Related Hormones

2.5.1 Cortisol

The Hypothalamo-Pituitary Axis (HPA) is responsible for the production of the

glucocorticoids, including Cortisol, by the adrenal cortex. In normal circumstances,

glucocorticoid secretion occurs in accordance to the well-established circadian rhythm of

the species (12). However, the HPA is highly influenced by a number of factors including

exposure to cognitive and/or physical stressfiil stimuli, and thus the amount of

glucocorticoids that are released by the adrenal cortex can be significantly altered.

The increases in Cortisol and other glucocorticoid secretion are triggered primarily

by stressful stimuli acting on the hypothalamus. When this occurs, the hypothalamus

begins a cascade of stress hormones including corticotropin-releasing factor (CRF) and

vasopressin (AVP), which are the two hormones that stimulate the secretion of

corticotrophin (ACTH) (9, 1 2). ACTH, in turn, stimulates the secretion of Cortisol (or

corticosterone in rodents) from the fascicular zone of the adrenal cortex (9). The amount

of Cortisol released is dependent in part on the time of day and the timing of meals

throughout the day. Upon awakening, free Cortisol levels are actually quite low, but they

rise rapidly until a peak is observed approximately one hour after awakening (57, 154). A

gradual decline is seen until midday when another peak is seen with the noon meal (154).

Following the noon meal, the mean concentration curve tends to plateau, and docs not
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truly begin to fall toward its minimum until the fourth hour before the start of the sleep

period again (154). However, the concentration curve is not necessarily smooth. Cortisol

secretion also often displays 7 to 15 spontaneous or meal-associated secretory bursts

throughout the day (39).

Cortisol and other glucocorticoids exert widespread actions in the body, which

serve to maintain and restore homeostasis, and therefore to protect the organism from

stress (84). They can increase protein breakdown in the muscle, which in turn increases

the availability of amino acids during prolonged exercise conditions (56). They can also

increase glycogen synthesis in the liver, and decrease glucose uptake and utilization by

increasing lipolysis, and increase fat deposition into insulin-sensitive adipose sites (9).

Aside from their metabolic functions, glucocorticoids can also increase vasoconstriction

of blood vessels, increase blood volume, and increase erythrocyte and leukocyte synthesis

(9). When Cortisol is elevated in humans, it is also known to enhance mood, but when

concentrations get too high, it can cause depression (9). Cortisol also plays a key role in

the regulation of immune and inflammatory cell responses by preventing the

pathophysiological responses to stresses such as injury, inflammation and infection (12).

However, long-term elevated levels of Cortisol can have a negative effect on calcium

absorption and bone metabolism that can result in osteoporosis in humans, and it is also

known to have negative effects on the skin, circulation, central nervous system, renal, and

other hormone systems (61). Additionally, prolonged Cortisol activation has been linked to

a variety of negative health consequences including hypertension, memory loss, and

impaired immune ftinctioning ( 1 24)

It is widely accepted that those who arc moderately active would exhibit a

decreased risk of contracting a URTI, while those who are highly and intensely activity
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would show an increased risk of URTI (88). It has also been suggested that athlete's

increased susceptibility to URTI can be partially attributed to changes in immunity due to

the psychological stress of training and competition ( 1 8, 108, 115). There is also evidence

that acute stresses such as completing mental arithmetic (115), or academic examinations

(10) can elevate the concentration of sIgA in young men (10, 115) and women (10).

However, a number of studies have investigated chronic stress by using self-report

questionnaires to determine the frequency of exposure to major life events, such as death

of a loved one, or loss of a job, and minor daily hassles to assess the perceived impact of

these exposures (11). Evidence from such studies tends to support the hypothesis that

higher levels of stress exposure and perceived stress are associated with lower levels of

salivary sIgA (11, 79, 82). There are a number of weaknesses when assessing stress and

immune fimction by utilizing questiormaires, however. Cohen (1995) suggested that

stress-induced physiological changes can only occur if the life events or minor daily

annoyances are perceived by the individual as stressful (20). Very few studies have

examined the physiological stress measure of Cortisol, and its effect on immune markers

such as sIgA.

Numerous studies have shown that salivary sIgA is sensitive to psychological

variables, and that sIgA appears to be downrcgulatcd in individuals who have chronic

exposure to psychological stress (34). Zeier et al. (1996) examined the sIgA and Cortisol

responses in air traffic controllers before and after 100 minute working sessions. They

found a significant elevation in both sIgA and Cortisol after the stressful work session,

however the two responses were not correlated (158). This study supported a previous

study which found that both sIgA and Cortisol increased following an acute stressor in

students (public speaking), although this study did not explore any correlations (33).
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Volkmann & Weekes (2006), examined students' Cortisol, sIgA, and perceived stress a

week prior, and immediately after an examination session and found that concentrations of

Cortisol increased, but only in those students who perceived their stress to be higher, while

no changes in sIgA were observed (151). Conversely, Kugler et al (1992) found no

relationship between sIgA and Cortisol (71).

Very few studies have examined the relationship between Cortisol and sIgA in

children. Sanchez-Martin et al. (2001) examined whether different behavioural states in

preschoolers were associated with Cortisol production and changes in sIgA. There was a

significant difference in Cortisol levels with isolation behaviour, but there was no

correlation between high Cortisol levels and lower sIgA secretion (120). While sIgA

significantly correlated with reported URTIs, and higher levels of Cortisol were associated

with a lower incidence of sickness (URTI), Cieslak et al (2003) found no correlation

between sIgA and Cortisol (17). Filaire et al (2004) also found no relationship between

sIgA and Cortisol in a study on young, female gymnasts (37).

2.5.2 Melatonin

Another important hormone that is strongly linked to a circadian rhythm is melatonin, but

very little is known about it. Early studies have demonstrated that melatonin is related to

sleep/wake cycles, but it is not fully understood.

Melatonin is a lipophilic hormone that crosses membranes easily and appears in

cerebro-spinal fluid, saliva, and breast milk, as well as in blood (66). It is produced and

secreted by the pineal gland, and is under the control of the suprachiasmatic nucleus

(SCN), located in the anterior hypothalamus. This paired structure is the location of what
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is often termed the "biological clock" (66). The SCN is inherently rhythmic to a time

period of approximately 24 hours (66). This is achieved with the solar cycle and the

SCN's connection to the retina in each eye, signalling to the brain the presence or absence

of light (66). Darkness stimulates melatonin secretion, and light inhibits it (155). In

adults, circulating melatonin is very low and begins to increase around 9:00pm, peaking

around 3:00am and then decreasing, so that by approximately 9:00am the following day it

is again very low (152). A similar rhythm exists in children as well. The pattern of

circadian rhythms is established in the first year of life, and the age at which a human

reaches melatonin rhythmicity is approximately 3 months of age (4, 103). Proper

entrainment to the 24 hour day cycle usually occurs within 6-12 months of age, but fully

developed aduh sleep-wake patterns are not achieved until puberty (103).

Since melatonin is so highly linked to sleep and wakefiilness, the slightest

exposure to light during night time hours can have a negative effect on the rhythm. For

example, when sleep is interrupted at night by bright light, it causes a rapid cessation in

melatonin production, and can alter the rhythm of melatonin the following day (66). If

this happens repeatedly, such as the case for night time shift-workers, it may cause

circadian desynchronization (55). The adverse effects of this can manifest themselves in

the short term as sleep disturbance, fatigue, errors in the workplace, accidents, and

psychosomatic troubles (55). However, in the long-term, there is an increased risk for

chronic fatigue, gastrointestinal problems, depression, and cardiovascular diseases (55).

While melatonin administration has been promoted in the literature as a treatment

for sleep disorders which may have immunoprotcctive effects, (66, 83), very few

publications have examined the effect of endogenous melatonin in immune function.

Maestroni et a/ (1986) demonstrated that by inhibiting melatonin synthesis in mice results
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in the depression of cellular and humoral responses in mice (77). Melatonin has also been

shown to enhance the production of interleukin (IL) -2 and IL-6, which stimulate immune

responses (45).

Hui et al (2007) examined the effects of 24 hours of sleep deprivation in ten health

volunteers and found increases in IgG, sIgA, IgM, C3 and C4 after sleep deprivation

compared to ten controls who were not deprived (58). Conversely, Ozturk, et al (1999)

did not see any changes in IgG and IgM after 24 hours of sleep deprivation. They did

however find a decline in NK cells (approximately 37%) after sleep deprivation (101).

To this author's knowledge, these are the only two studies that examined

immunoglobulin concentrations in relation to sleep, but focused more on deprivation

instead of basal levels, and failed to examine concentrations of melatonin in order to

determine a relationship between melatonin and immunoglobulins.

2.5J Melatonin/Cortisol Ratio

While there is extensive research on melatonin and Cortisol separately, very few studies

have examined the two hormones together in relation to immune ftinction. The

melatonin/cortisol (M/C) ratio has been studied for its effects on passive immune transfer

through breast feeding, as well as an indicator of depression. It has been reported in

affective disorders such as depression, there is an increased secretion of Cortisol (118,

1 19), and a decreased secretion of melatonin (6). Beck-Friis et al (1985) found an inverse

relationship between Cortisol and melatonin in acutely ill patients with major depressive

disorders (5). While they didn't directly calculate the M/C ratio, the decrease in melatonin
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and increase in Cortisol that they found could indicate a very low M/C ratio, and this could

have been used as an indication of their subjects' depressed symptoms.

The idea behind examining the combined effects of melatonin and Cortisol together

is that Cortisol is well known to play a key role in the regulation of immune and

inflammatory cell responses (12), and melatonin has been shown to induce cytokine

production and helps to provide optimal immune function. Melatonin has also

demonstrated many healing effects throughout the night (45, 63). The ability of the body

to resist the immuno-compromising effects of Cortisol, but utilize the therapeutic effect of

melatonin during the night may determine one's ability to tolerate illness.

These two hormones appear to be linked by a circadian rhythm, such that

melatonin reaches its peak in the middle of the night, while Cortisol is fairly low during

the night and doesn't reach its peak until a few hours after awakening (3, 152). Many

studies have shown that sleep deprivation and sleep loss contribute to elevated Cortisol

levels the following day, as well as decreased melatonin levels (22, 30, 72, 129). Sleep

loss, depression, exposure to chronic stress, and other factors including obesity may

contribute to irregularities in melatonin and Cortisol, which may contribute to the overall

health of an individual. Hence, both hormones will be examined separately and as a ratio

in order to predict the health status of participants in this study.

2.5.4 Testosterone

All steroid hormones, including testosterone, have the same precursor molecule:

cholesterol. Cholesterol is converted into the molecule pregnenolone, which can then be

metabolised through multiple pathways in order to create mineralocorticoids (e.g.-
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aldosterone), glucocorticoids (e.g.- Cortisol), androgens (e.g -testosterone) and estrogens

(e.g.- estradiol) (26). In order for testosterone to be produced, pregnenolone can be

converted through two different pathways resulting in dehydroepiandrosterone (DHEA)

and androstenedione, which is then converted to testosterone. Since estrogens are

primarily "female" hormones, it is important to note that once androstenedione is

produced, estradiol can either be metabolised from estrone or from testosterone in fat

cells.

Testosterone is typically thought to be the "male" sex hormone due to its link to

sexual activity and emotional behaviour (e.g.-aggressiveness) (150). However testosterone

is an important circulating hormone in women as well, as testosterone's metabolic effects

increase in relation to estrogen production (25). Although the blood level of testosterone

in adult women is about 10 times lower than in men, the metabolic effects are similar

(150). It has many anabolic effects including the increase in size of the kidney, heart,

skeletal muscle, bone growth, and epiphyseal closure; a moderator of sodium, potassium,

water, and calcium retention; and an increase in protein synthesis in selected tissues (128).

In fat cells, where high concentrations of the aromatase enzyme are present, the

testosterone that is converted to estrogen also mediates testosterone actions such as intra-

abdominal fat metabolism, regulation of key hepatic proteins, bone mineral metabolism

and some brain effects (43).

During the reproductive years, both the ovaries and the adrenals each contribute up

to 25% of the circulating testosterone by direct secretion. The remaining 50% arises from

the peripheral conversion of androstenedione, which is different from males, where only

5% of the circulating testosterone is derived from androstenedione ( 1 1 7).
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During infancy, plasma testosterone levels in females remains fairly constant

throughout the first year of life (40). It was reported that salivary testosterone levels

remain relatively stable during the preadolescent period (ages 6-9) in young girls (99). As

exp)ected, the study also found that prepubertal girls had lower testosterone levels in saliva

then prepubertal boys. Generally the levels of testosterone rise rapidly between age 9 and

raenarche. After menarche the rate of increase declines, and there is a gradual rise during

the teens, with adult levels reached between 18 and 20 years of age (1,2, 141, 156).

To this author's knowledge, testosterone has not been examined in relation to

immune status without considering the effects of physical and psychological stress, as

well as Cortisol, which will be discussed further in the following section.

2.5.5 Testosterone/Cortisol Ratio

Endogenous hormones such as testosterone and Cortisol are essential for physiological

reactions in the body. Increases in Cortisol are triggered primarily by stressful stimuli

acting on the hypothalamus, which causes the release of stress hormones and

corticotrophin (ACTH) (9, 12). ACTH stimulates the secretion of Cortisol, and also

regulates the release of androgens including testosterone. Due to Cortisol's catabolic, and

testosterone's anabolic effects on the body, examining the testosterone/cortisol (T/C) ratio

has recently been used an indicator of the anabolic/catabolic balance in the body (38, 142).

Most research on the T/C ratio has focused on training induced stress in elite

athletes. T/C tends to decrease in relation to the intensity and duration of exercise,

specifically during periods of intense training or repetitive competition (52). This decrease

has been shown after periods of intense training in a variety of sports such as rowing (78,
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146, 147), rugby (23), weight lifting (51) , and marathon running (40). While moderate

activity and exercise is immunoprotective by enhancing cell-mediated immunity (e.g.- an

increase in salivary sIgA) (68, 76), there is some evidence that overtraining may result in

a suppression of the immune system (e.g.- a decrease in salivary sIgA) (45). It is possible

that while moderate activity stimulates testosterone concentrations, excessive exercise can

be interpreted by the body as stress, which would not only decrease testosterone, but also

increase the secretion of Cortisol (87). The two hormones appear to have opposing effects

on the immune function, where testosterone enhances and Cortisol suppresses it, which

could in turn put athletes at an increased risk for upper respiratory tract infections (URTI)

(13, 105).

When evaluating testosterone and Cortisol in a group of young (Mage= 13.4(2.1))

male athletes before and after an exercise session, Di Luigi et al (2006) found conflicting

results, where concentrations of both testosterone and Cortisol increased after 90 minutes

of exercise, but there were inconsistent correclations and high inter-individual variability

(28). Kertes & Gunnar (2004) examined whether a variety of evening activities had an

effect on bedtime Cortisol levels in 7-12 year old boys and girls. They found that boys'

but not girls' Cortisol levels were higher on evenings with sports-related activities than on

evenings that were spent at home or in nonathletic activities such as music lessons (67).

While these researchers didn't measure testosterone, or the effect of these activities on

immune ftinction, there are some theoretical implications. If children's Cortisol levels are

elevated prior to bedtime, this may have an affect on their sleep, resulting in fatigue and

possible concerns with health status.

After an extensive literature search, this author not only found no previous

research on T/C in the non-athletic population, nor was there any research using the ratio
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in non-athletic child. However, since testosterone is converted to estrogen in fat cells,

and obesity is a condition known to have increased estrogen production in women (104), it

is hypothesized that obese females in this study will have increased concentrations of

testosterone as well. It was also hypothesized that Cortisol would also be elevated in obese

girls as shown in pre-menopausal women (32, 106), due to the increased stress their body

is under to perform activities of daily living.

The effect of both increases in testosterone and Cortisol on the T/C ratio is

unknown, since no previous research has examined the ratio in non-athletes or obese

subjects, however it is hypothesized that the increase in Cortisol will be greater than the

increase in testosterone in the obese subjects, resulting in a decreased T/C ratio, similar to

what would you see in overtrained athletes.
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Chapter 3: Methods

3.1 Subjects

The Brock University Human Ethics Review Board and the Hamilton Health

Sciences/McMaster University Faculty of Health Sciences Research Ethics Board

approved the research project and all protocols prior to the study's commencement.

Subjects were recruited from local health care facilities, recreation programs, newspaper

advertisements, and through word of mouth throughout south-western Ontario, Canada.

While recruitment focused on girls between the ages of 8-11 and 14-16, exclusion criteria

included girls who had been vaccinated with a flu shot within twelve months of testing,

any post-pubescent girls who had irregular menstrual cycles, or girls in the younger age

group who had ah-eady begun menstruating.

Forty (16 early- and 24 late-pubertal) overweight and obese females were

compared to fifty-three (27 early- and 26 late-pubertal) age-matched normal-weight

control subjects. Early-pubertal (EP) subjects were defined as pubertal stages 1 and 2 and

late-pubertal (LP) subjects were defined as pubertal stages 4 and 5 according to secondary

sex characteristics as described by Tanner (133). LP subjects were all post-menarche with

self-reported regular menstrual cycles.

Subjects were classified into the two adiposity groups according to relative body

fat (%BF), where normal weight (NW) subjects had a %BF less than 25%, and overweight

and obese (OB) subjects had a %BF greater than 27.5%. This classification approach was

chosen for the two groups to be distinct enough; thus, subjects between 25 and 27.5 %BF
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were excluded from the analysis. In total, 146 females participated, with 53 of them that

were excluded in this analysis for reasons previously mentioned.

3.2 Procedures

After expressing interest in the study, participants and their parents were invited to the

Laboratory for a single visit. Prior to any measurements taking place, each participant

received an explanation of the purpose of the study, the methods involved, the benefits,

and the potential risks or discomforts. An information letter and consent to participate in

research form were read and signed by the parent or guardian. It was explained to each

participant and parent/guardian that all questionnaires and measures would be completed

during the single visit to the lab. Following the visit, participants were also asked to wear

a physical activity monitor for one week, and to complete a one-month health log. A

detailed timeline can be seen in Figure 2.

Prior to their laboratory visit, all children were instructed to avoid drinks with

caffeine, exhaustive physical activity for at least 12 hours, and told to only consume a

light snack within 4 hours prior to testing. Upon arrival, all participants were given an

orientation of the laboratory procedures. Once a comfortable rapport was established with

each subject, they were asked to give two saliva samples. They were also given all

questionnaires to be completed and information was collected on menstrual history,

smoking history, alcohol and caffeine consumption, and medical history. Following the

determination of maturity status, a complete anthropometric assessment was made

including height, body mass, and body composition. All questionnaires and
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anthropometric measures were completed for each subject by the same observer, and all

measurements were completed during this one-hour visit between 1 500 and 1 900 hours.

Dayl
-Signed Consent Forms

-Questionnaires

-Saliva Samples

- Body Composition assessment
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33.2 Perceived stress was assessed via a stress scale previously evaluated for use with

adolescents and having proven reliability and vahdity in this population (19). The

questionnaire involved 14 questions such as: "In the last month, how often have you been

upset because of something that happened unexpectedly?" and "In the last month, how

often have you felt that things were going your way?" (19). Seven of the fourteen

questions are positively stated items, while seven questions are negatively stated items. A

Perceived Stress Score was obtained by reversing the scores on the seven positive items,

and them summing across all fourteen items (19). This questionnaire was designed for

use with community samples with at least a junior high school education (19). Perceived

stress was only assessed via this questionnaire in the late-pubertal groups due to the

complexity of the language in the questionnaire. The perceived stress questionnaire can

be found in Appendix G.

333 Fatigue was assessed using the PedsQL Multidimensional Fatigue Scale. This scale

includes 18 questions regarding problems with general fatigue, sleep/rest fatigue and

cognitive fatigue. A 5-point response scale was utilized, where = never a problem; 1
=

almost never a problem; 2 = sometimes a problem; 3 = often a problem; and 4 = almost

always a problem. Items were reverse-scored and linearly transformed to a 0-100 scale

(0=100, 1=75, 2=50, 3=25, 4=0), so that higher scores indicated fewer symptoms of

fatigue (145). Scores were tabulated for each of the three categories of fatigue, as well as

a total fatigue score. This questionnaire has previously demonstrated good to excellent

self-report measurement properties in adolescent patients (144, 145). Since the Perceived

Stress Scale was only assessed in late-pubertal girls, the PedsQL Multidimensional
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Fatigue Scale was also only assessed in these groups, due to the complexity of both

questionnaires. The PedsQL Multidimensional Fatigue Scale can be found in Appendix H.

3J.4 Physical activity was self-reported using the Godin-Shephard Leisure time

questionnaire (48, 49) and has demonstrated adequate validity and reliability in this

population (122). This questionnaire asks participants to indicate the number of times in a

typical week that they engage in light, moderate and strenuous physical activity for at least

1 5 minutes straight. Scores were then calculated by multiplying these frequency scores by

known energy consumption values in order to obtain weekly metabolic equivalent scores.

(Questions were also asked regarding whether or not participants engaged in structured

physical activity on a regular basis, for example on school sports teams, dance classes, or

any other organized activities. Type of activity, number of sessions per week, and number

of hours per session were all taken into consideration. The Godin-Shephard Leisure time

questionnaire can be found in Appendix I.

Physical activity was additionally quantified using Actigraph GTIM

accelerometers (formally known as MTI/CSA accelerometers). Each participant was

instructed to wear the accelerometer for seven consecutive days from the time they woke

up in the morning, until the time they went to bed. The accelerometer was worn on the

right side of their body with the belt securely fastened around their waist. They were also

asked to complete a physical activity diary and to log any structured physical activity they

may have participated in while wearing the accelerometer, and while not (for example,

while swimming or bathing, as the accelerometer is not water-proof). Accelerometers

such as the Actigraph, provide real-time estimates of the frequency, intensity, and duration

of free-living physical activity (41) and have been validated in children (65, 81, 100, 110,
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140). The accelerometers recorded the number of "counts" of low, moderate, high, and

very high physical activity, as determined by age-appropriate cut-offs within the program

(42). Since the girls only wore the accelerometer during waking hours, the program also

determined a "start time" and "finish time" that the girls put on, and took off the

accelerometer. The program calculates how many counts per minute each participant

completes and tabulates the mean number of minutes of physical activity per day. The

program also determined how many counts were spent in moderate, hard, and very hard

physical activity (MHV), and a total MHV per day was calculated. Each MHV was

divided by the total time that the participant wore the accelerometer each day, in order to

determine what percentage of each day the participants completed moderate, hard and

very hard physical activity. The girls were required to wear the accelerometer for a

minimum often hours per day, for at least three week days and one weekend-day, in order

to determine how much physical activity was done during the weekdays, and during the

weekend days. A total amount of physical activity was tabulated by creating a weighted

average of the weekdays and weekend-days, resulting in an average percentage of time

spent doing MHV physical activity each day for the week (%active).

3J.5 Height and body mass were assessed using standard procedures. In order to

measure height, participants were asked to stand straight with no shoes on, with their back

against a wall. Mounted to the wall was a stadiometer with a vertical ruler and sliding

projection, which was adjusted to rest on the participant's head. Researchers recorded the

height of each participant to the nearest millimetre.

Body mass was assessed by having each participant stand on the InBody520

bioelectrical impedance analysis (BIA) machine (Biospace Inc., Beverly Hills, U.S.A).
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Participants were asked to remove any bulky clothing including shoes and socks, and

stand still on the platform of the BIA, which automatically calculated their mass in

kilograms prior to their body fat measurements.

33.6 Relative Body Fat (%BF) was measured using the InBody520 bioelectrical

impedance analysis (BIA) machine (Biospace Inc., Beverly Hills, U.S.A). BIA has

emerged as an accurate and consistent tool that is inexpensive, noninvasive, portable, and

operationally simple (114). The InBody520 BIA uses a tetrapolar 8-point tactile electrode

system, which records 15 impedance measurements by using three different frequencies

(5KHz, 50KHz, and 500 KHz) at each of the five segments (right and left arms, right and

left legs, and trunk). The reliability and validity of this method has been demonstrated

successfully in adults, as well as children and adolescents (27, 70, 98, 121, 133)

Participants were instructed to stand on the platform of the BIA machine, with

clean bare feet, while the machine measured their mass, and researchers inputted their

height, age, and gender. The BIA then sends electrical currents through the inner body,

resulting in the five segmental impedance readings (BIOSPACE website). The InBody

determines the amount of total body water, which it uses to calculated body fat (%BF) and

Lean Body Mass (LBM). The BIA assessment took place approximately 45 minutes after

arrival. To standardize hydration status of the subjects, each girl consumed 500ml of

water, and voided her bladder prior to the BIA assessment.

3J.7 Saliva samples were collected and assayed for Cortisol, melatonin, testosterone and

secretory immunoglobulin A (sIgA). Participants were asked not to consume any food or

drink for at least one hour prior to saliva collection, and the mouth was not rinsed with
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water prior to sampling, to avoid altering resting sIgA levels. One milliliter of

unstimulated whole mixed saliva was collected from each subject using cylinder-shape

swabs (Sarstedt Inc., Quebec, Canada) placed in the mouth for 1 minute. After sampling,

the swabs were placed directly into plastic tubes. Subjects were instructed to

moisten/chew lightly on the swab for one minute. After a two minute interval a second

sample was collected using the same procedure. All samples were collected between 1 500

and 1900 hours to control for diurnal rhythms of the hormones. After sampling, the swabs

were centrifuged for 10 minutes at 3500 rpm to separate the saliva from the swabs, and so

that saliva could be alliquotted and into two separate 1.5ml eppendorf tubes. Both

eppendorf tubes were stored at -80°C (17) until sample analysis.

3J.7.1 Salivary IgA was assayed in duplicate by Salivary Secretory IgA Indirect EIA kits

(Salimetrics, LLC, Pennsylvania, U.S.A). Two sets of standards were prepared by

pipetting 15 nl of the 600 ^1/mL highly purified human sIgA standard into a tube. The

standard was then serially diluted into five more tubes (15 \i\ from tube 1 to tube 2, 15 nl

from tube 2 to tube 3, etc.), and mixed with 30 ^1 of sIgA diluent (one part 5X phosphate

buffered solution and four part deionized water). In order to prepare the samples, 50 |il of

each sample was pipetted into a separate tube each and mixed with 50 \i\ of IX sIgA

diluent.

In separate tubes, 10 nl of the diluted standard, diluted saliva samples, and high

and low controls were pipetted into 4mL of IX sIgA diluent. Due to recent evidence that

concentrations of IgA, as measured by ELISA, may be affected by the salivettes that

participants chewed on to attain saliva samples (127, 132), one set of standards (10 |il of
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standard in 4mL of IX sIgA diluent) was run through a set of six salivettes, and

centrifiiged for 10 minutes at 3500 rpm to separate the standards from the swabs.

Fifty ^1 of diluted antibody-enzyme conjugate (goat anti-human sIgA antibody

conjugated to horseradish peroxidase, diluted 1:120 with IX sIgA diluent) was then

pipetted into all tubes, including both sets of standards, and mixed via inversion. After all

tubes were incubated for 90 minutes at room temperature, each tube was mixed by

inversion once again, 50 nl of solution from each tube was added to each well of the

microtitre plate. The plate was covered with an adhesive plate sealer and incubated at

room temperature with continual mixing at 400 rpm. After 90 minutes the plates were

washed 6 times with 300 fil of IX wash buffer into each well, and excess liquid was

decanted into the sink. 50 \il of tetramethylbenzidine (TMB) solution was added to each

well and mixed on the plate rotator for 5 minutes. Each plate was then incubated for 40

minutes in the dark at room temperature, until 50 jil of reconstituted stop solution was

added. The plates were then mixed on a plate rotator for 3 minutes until all the wells

turned yellow. Plates were then read with a single filter at 450nm on the microplate reader

(Titertek multiskan MCC/340) to determine optical density (OD).

Blank absorbances were obtained, standard curves generated, a regression line was

fit to the sensitive range of the standard curve (typically 40 - 60 % binding) and samples

were interpolated into the equation to give values in pg per well. All samples were assayed

in duplicate and ran in the same batch. The intra- and inter- assay CVs were 5.60% and

8.79% respectively.
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3J.7.2 Salivary melatonin was measured in duplicate by Direct Saliva Melatonin ELISA

kits (Biihlmann Laboratories AG, Schonenbuch, Switzerland). To prepare the samples

and controls, 200 |il of each sample and controls were pipetted into polypropylene tubes.

25 ^1 of pretreatment solution was added to each tube, vortexed for 5 seconds, and

incubated in room temperature for 10 minutes. 25 |il of neutralizing solution was then

added to each tube. The 96-well microtiter plate, which was precoated with G280 anti-

melatonin Ab, was washed two times with 300 \il of Wash Buffer (diluted 1:10 with

deionized water) per well. 100 ^1 of Blanking Reagent (containing a saturated melatonin

solution), incubation buffer (zero calibrator), and five calibrators were pipetted in

duplicate into the wells of the microtiter plate. 100 |il of the pretreated High and Low

controls was also pipetted in duplicate into wells. Finally, 100 \i\ of each pretreated

sample was pipetted into subsequent wells. The plate was covered with an adhesive plate

sealer and incubated for 16 hours at 2-8° C.

The following day, 50 ^1 of Biotin Conjugate was added to each well, and the plate

was re-covered with the adhesive plate sealer, placed on a plate rotator for 60 seconds and

set aside to incubate for 3 hours. After 3 hours, the remaining liquid was emptied and the

plate was washed four times with 300 \i\ of wash buffer per well. 100 nl of Enzyme Label

(Streptavidin conjugated to horseradish peroxidase, HRP) was added to each well, and the

plate was sealed and placed on a plate rotator for 60 minutes at room temperature. The

plate was then inverted to remove the solution, and washed another four times with 300 ^il

of wash buffer per well. 100 |il ofTMB substrate was added to each well, and plates were

sealed and placed on a plate rotator away from direct light for 30 minutes at room

temperature. 100 nl of stop solution was then added to each well, and plates were read

with a single filter at 450nm on the microplate reader (Titertek multiskan MCC/340).
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Blank absorbances were obtained, standard curves generated, a regression line was fit to

the sensitive range of the standard curve (typically 40 - 60 % binding) and samples were

interpolated into the equation to give values in pg or ng per well. All samples were

assayed in duplicate and ran in the same batch. The intra- and inter- assay CVs were 5.2%

and 10.2%, respectively.

33.13 Salivary Cortisol and Testosterone were also measured in duplicate using an in-

house ELISA developed in the Human Behavioural Endocrinology Lab in the Department

of Psychology at Brock University. Both ELISAs were carried out on NUNC Maxisorb

plates. Cortisol (R4866) and testosterone (R 156/7) antibodies and corresponding

horseradish peroxidase conjugates were obtained fr-om C. Munro of the Clinical

Endocrinology Laboratory, University of California, Davis. Steroid standards were

obtained from Steraloids, Inc. Newport, Rhode Island. Plates were first coated with 50^1

of antibody stock diluted at 1 : 10000 in a coating buffer (50 mmol/L bicarbonate buffer pH

9.6) for the testosterone assay while Cortisol antiserum was diluted at 1:8000 for the

Cortisol assay. Plates were stored overnight for 14 hours at 4 °C. 50 nl of wash solution

(0.15 mol/L NaCl solution containing 0.5 ml/L of Tween 20) was added to each well to

rinse away any unbound antibody, then 50 \il phosphate buffer per well was added. The

plates were incubated at room temperature for 30 minutes for testosterone, and 1 hour for

Cortisol before adding standards, samples, or controls. For each hormone, two quality

control samples at 30% and 70% binding (the low and high ends of the sensitive range of

the standard curve) were prepared. For all assays, 50^x1 testosterone, or Cortisol

horseradish peroxidase conjugate were added to each well, with 50fil of standard, sample,

or control for testosterone or Cortisol. Testosterone plates remained incubated for 2 h at
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room temperature while Cortisol plates remained incubated for 1 h. Next, the plates were

washed with 50 ^1 wash solution and 100 fil of a substrate solution of citrate buffer, H202

and 2,2'-azino-bis [3-ethylbenzthiazoline-6-sulfonic acid] was added to each well and the

plates were covered and incubated while shaking at room temperature for 30-60 min.

Plates were then read with a single filter at 405nm on the microplate reader (Titertek

multiskan MCC/340). Blank absorbances were obtained, standard curves generated, a

regression line was fit to the sensitive range of the standard curve (typically 40 - 60 %

binding) and samples were interpolated into the equation to give values in pg or ng per

well. All samples were assayed in duplicate and ran in the same batch. The intra- and

inter- assay CVs were 6.5% and 6.8% for salivary testosterone and 7.8% and 6.5% for

salivary Cortisol.

33.8 Incidence of sickness was assessed via a one-month Health Log (95), which was

used to assess the incidence and duration (number of days) of URTI's. Participants were

asked to record any cold and flu symptoms each day of the month using a set of codes

provided with the log. They were also asked to rate the severity of their symptoms as mild,

moderate, or severe. This method was chosen to eliminate participant bias when recording

from memory. Participants were also asked to record any medications they took during

the month, or if they missed any days of school due to illness. Parental supervision was

required for the pre-pubescent subjects to ensure accurate recording of the symptoms, and

once completed, all participants were asked to return the health log for further analysis.

The total number of days with URTI symptoms was calculated for each subject, with days

being counted only if two or more consecutive days of cold or flu symptoms were

reported (95),
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3.4 Statistical Analysis

Statistical Analyses were performed using SPSS version 16 for Windows (SPSS Inc.,

USA). One-way ANOVA was used to examine differences in physical characteristics

such as age, height, weight, BMI, %BF, and physical activity among the EPNW, EPOB,

LPNW and LPOB groups. The effects of maturity and adiposity were analyzed using a

two-way analysis of variance (ANOVA). When significance was found (P<0.05), a Tukey

f>ost-hoc analysis was used to determine significant pairwise differences in levels of

Cortisol, melatonin, testosterone, sIgA, and incidence of sickness between the groups. An

independent t-test was used to determine any differences between the late-pubertal groups

on fatigue or perceived stress. Partial correlations were also completed to examine

relationships between the variables while controlling for participants' age. Partial

correlations were completed on the entire sample, as well as by splitting the sample into

early-pubertal and late-pubertal subsets. The level of significance was set at ;?<0.05 (two

tailed) and data is reported as mean (SD).
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Chapter 4: Results

Each group's mean age and physical characteristics are presented in Table 1 . There were

significant differences between EP and LP groups in age, height, and pubertal

development (Table 1). Significant differences were also observed between NW and OB

groups in BMI and % BF (Table 1 ).

Table 1. Subject Characteristics for Early Pubertal, Normal weight (EPNW), Early

Pubertal, Overweight and Obese (EPOB), Late Pubertal, Normal weight (LPNW), and

Late Pubertal, Overweight and Obese (LPOB) groups. Values are means (SD).

* significant difference between early- and late-pubertal girls, p<0.05.
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A one-way ANOVA was completed to determine differences in physical activity

levels between the four groups. There were no significant differences between the groups

on the total self-reported leisure-time physical activity in METs per week (Figure 1).

There were, however, significant differences between early-pubertal and late pubertal girls

in their physical activity (%active) scores as recorded from the accelerometers (Figure 2).

Confirming this, results fi-om a 2x2 ANOVA showed a significant effect of age on

%active scores fi-om the accelerometers. There were however no effects of adiposity on

any of the physical activity variables.
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Figure 3. Leisure-Time Physical Activity (METs) for Early Pubertal, Normal weight

(EPNW), Early Pubertal, Overweight and Obese (EPOB), Late Pubertal, Normal weight

(LPNW), and Late Pubertal, Overweight and Obese (LPOB) groups. Values are means ±

SD. No significant differences: p>0.05.
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was a trend which neared-significance for an adiposity effect on sIgA (p=0.07). A one-

way ANOVA was also examined on all hormonal and immunity variables to determine if

there were any differences depending on the season in which the participants were tested.

No significant differences were found on any of these variables.

Table 2. Health indicators including Incidence of Sickness (URTI), sIgA, Melatonin (M),

Cortisol (C), Testosterone (T), Melatonin/Cortisol Ratio (M/C) and Testosterone/Cortisol

Ratio (T/C) for Early Pubertal, Normal weight (EPNW), Early Pubertal, Overweight and

Obese (EPOB), Late Pubertal, Normal weight (LPNW), and Late Pubertal, Overweight

and Obese (LPOB) groups. Values are means (SD).
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Table 3. Perceived Stress and Fatigue scores for Late Pubertal, Normal weight (LPNW),
and Late Pubertal, Overweight and Obese (LPOB) groups. Values are means (SD).





45

LP girls. In LP girls, moderate exercise was positively correlated with sIgA, the M/C ratio

was negatively correlated with strenuous exercise, and the T/C ratio was positively

correlated with %active and negatively correlated with BMI, however none of these

correlations were found in EP girls. The only similar results between EP and LP girls was

a significant positive correlation between Cortisol and %active in EP girls, and a trend in

the same variables in LP girls (p=.07). There were no other significant correlations

between %BF, IgA or URTI with any of the variables measured.
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Chapter 5: Discussion

5.1 Introduction

TMs study is one of very few studies that simultaneously examined Cortisol levels,

physical activity and immunity markers in overweight/obese and normal-weight young

females, and it is the first to consider the effect of stress-related hormones such as

testosterone, melatonin, and their ratios with Cortisol. Another novelty of this study is the

consideration of both self-reported physical activity levels and the quantitative measure of

physical activity with the accelerometers, which was never done in previous studies on

immune status in children. The most important finding was that there were no significant

effects ofbody fat on sIgA, mcidence of sickness (URTI), or any of the hormones

mentioned above. As it will be discussed in the next sections, physical activity appears to

be a more-important regulator of immunity than weight-status itself.

5.2 Body Composition and Immunity

Results of the present study suggest that excess adiposity in early- and late-pubescent girls

may not have a negative impact on immunity as hypothesized. These results showed no

significant effects of body fat on sIgA or on incidence of sickness (URTI). This is contrary

to what Gonzalez-Quintela et al (2007) found in adults, and what Pallaro et al (2002)

found in children. They found significantly decreased concentrations of sIgA in obese

subjects compared to normal weight adults and children (50, 102). However, McMurrary

et a/ (1982) found that adults with uncomplicated obesity (e.g. - those without metabolic

syndrome) had normal concentrations of sIgA (80), and Eliakim et al (2006) also found no
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significant differences in sIgA between a group of overweight children and a group of

age-matched controls (31).

Results from partial correlations using our complete cohort, as well as when the

cohort was split into early- and late-pubertal groups, found no correlations between body

fat and sIgA either. This is supported by Cieslak et al (2003), who foimd no relationship

between the two variables (17), but contrary to Nieman et al (2002), who did in fact find a

relationship between body fat and sIgA in children (91).

On the other hand, in early-pubertal girls, excess adiposity was associated with an

increase in the number of days with cold/flu symptoms. While it is alarming that on

average the early-pubertal obese girls had 9.2 days with symptoms of URTI, this is

supported by Cieslak et al (17) who also found that obese children had higher frequency

of URTI, and by Jedrychowski et a/ (1998) who found that overweight children, with a

BMI greater than 20, experienced twice as high a risk of respiratory infections than

children with a low BMI (59). However, this relationship was not found in the late-

pubertal group. While Jedrychowski et a/ (1998) only examined pre-pubertal children

(n=l 129), one might assume that the relationship would be found in post-pubertal girls as

well, certainly in this group, where the late pubertal overweight and obese group had

significantly higher BMI (25.91 ± 6.56) than the early-pubertal overweight and obese

group (21.91 ± 3.19). However, in our sample, it was %BF and not BMI that was

correlated with URTI in early-pubertal girls.
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53 Body Composition and Stress Hormones

It was hypothesized that young overweight/obese females would have an altered hormonal

status compared to normal weight controls. It was thought that Cortisol would be elevated

in obese girls due to the increased stress their body is under to perform activities of daily

living, as shown in pre-menopausal women (31, 106). While results from this study

showed a significant effect of age on Cortisol secretion, there were no effects ofbody fat.

Sen et al (2008) found that blood Cortisol and ACTH were higher in children with

metabolic syndrome than without (125), and while none of our subjects reported being

diagnosed with metabolic syndrome. Sen et al also found that ACTH levels increased with

an increase in weight. Since ACTH stimulates the secretion of Cortisol, it would be

expected that an increase in Cortisol would also be found, such as in studies by Reinehr

and colleagues (111, 112, 113). These authors found elevated levels of Cortisol in

overweight children, and also demonstrated that those increased levels could be

normalized after a weight loss program (111,112). This is also supported by Cieslak et

al (2003) who found a positive correlation between relative body fat and Cortisol secretion

(17). The present results, however, showed no such relationship.

Since testosterone is converted to estrogen in fat cells, and increased adiposity is

known to have increased estrogen production in women (104), it was hypothesized that

overweight/obese females would have higher levels of testosterone compared to normal

weight controls. Once again, results from this study demonstrated a significant age effect

which was to be expected (1, 2, 141, 156), but found no effect ofbody fat. Testosterone is

rarely examined in female children and adolescents, and since the concentration in adult

women is about 10 times lower than in men (150) and females don't reach their adult
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levels until approximately 1 8-20 years of age, perhaps by measuring testosterone in such a

young population of females, the concentrations were not nearly high enough to find a

difference between the two weight statuses (1,2, 141, 156).

It was originally predicted that melatonin concentrations would be significantly

lower in overweight/obese girls compared to normal weight girls. However, results

showed that there were no effects ofbody fat or age on melatonin in this sample. In

human adults, Rojdmark er a/ (1991) found that obesity was not accompanied by

significant changes in melatonin secretion (116). Very few researchers have examined the

effects of obesity on melatonin secretion in children, except for Fideleff e/ al (2006) who

found increased levels of 6-sulfatoxymelatonin excretion (a precursor for melatonin) in

obese adolescent boys (36). However, similarly to our results, these authors also found no

differences in melatonin concentrations between obese and non-obese young females (36).

Melatonin is rarely examined in relation to immune fiinction without considering

the effects of Cortisol. Since Cortisol has shown to have negative effects on immune

function, and melatonin has shown healing effects during the night (44, 63), a ratio of the

two (M/C ratio) might demonstrate the body's ability to resist the immuno-compromising

effects of Cortisol, and utilize the therapeutic effect of melatonin during the night, which

may determine one's ability to tolerate illness.

A similar relationship may exist with the testosterone/cortisol (T/C) ratio. Due to

cortisors catabolic, and testosterone's anabolic effects on the body, examining the ratio

has recently been used as an indicator of the anabolic/catabolic balance in the body (38,

142). These two ratios will be discussed further in the following section.





52

5.4 Stress Hormones and Immunity

It was hypothesized that overweight/obese females would have a compromised immunity

due to altered hormonal concentrations. However, as mentioned in the previous section,

there were no effects ofbody fat on any of the hormones or hormonal ratios. Results from

both the partial correlation on the entire sample, and partial correlations on the sample

split into early- and late-pubertal groups, also showed no correlations between any of the

hormones and immune markers (sIgA and URTI).

A lack of relationship between sIgA and Cortisol is supported by previous

literature. Filaire et al (2004) found no relationship in a study on young gymnasts, and

Cieslak et al (2003) found no relationship in young, non-athletic boys and girls (17, 38).

Cieslak et al (2003) did, however, find that higher levels of Cortisol were associated with

lower incidence ofURTI in the same group of children (17). A number of studies have

been conducted on students undergoing examinations and mental tasks, but have found

conflicting results. Ring et al (2005) and Bosch et a/ (1996) found that stress could

elevate sIgA in young subjects, but failed to measure Cortisol (10, 115). Volkmann &

Weekes (2006) found that following a week of examinations, students who perceived their

stress to be higher had an increase in Cortisol, but found no changes in sIgA (151).

Similarly, Kugler et a/ (1992) found no relationship between sIgA and Cortisol in students

(71). While these studies support a lack of a relationship between Cortisol and sIgA, it is

still widely accepted that stress can have a negative impact on secretory immunity.

Evidence from studies on chronic stress tend to support the hypothesis that higher levels

of stress exposure and perceived stress are associated with lower levels of sIgA (10, 79,

82). Perhaps in this sample of young girls, any stresses they experience are simply acute
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stressors (e.g. - a fight with a friend, getting in trouble with a parent), and are not constant

enough to elicit a long-lasting effect on Cortisol concentrations. Since all of our

participants were tested between the months of October and early June, most of our

subjects would not have been affected by stressftil weeks such as examinations. A future

direction could look at differences between obese and non-obese subjects and their

physiological reactions (Cortisol and sIgA) to stressful situations such as a week of

examinations, to see if weight status alters their ability to cope with stressftil situations.

No relationships were found between testosterone or the T/C ratio and sIgA or

URTI. It was hypothesized that overweight/obese females would have an increase in both

testosterone and Cortisol compared to normal weight controls, and that the increase in

Cortisol would be greater than the increase in testosterone, resulting in a decreased T/C

ratio. However, no significant differences were found on any of the hormones, thus any

potential negative impact that a decreased T/C ratio may have on immunity was also not

found. Significant effects of age were found for both testosterone and Cortisol, as well as

sIgA and URTI, but none of these variables were correlated with each other. Most

research on testosterone and T/C in relation to immunity has focused on training induced

stress in elite athletes. However, since none of our participants (neither overweight/obese

or normal weight) were involved in highly competitive sporting activities prior to being

tested, perhaps these hormones are not altered by weight, rather they are affected by

changes in physical activity which will be discussed in the next section.

It was hypothesized that melatonin levels, and the M/C ratio, would be lower in

overweight/obese individuals compared to normal weight controls, due to increased stress

on the body, and a decreased secretion of melatonin with its healing effects. Not only

were there no significant effects of age or body fat on melatonin, but there were also no
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relationships found between melatonin or the M/C ratio and immune markers. Melatonin

and Cortisol have been used in affective disorders such as depression, where there is a

decreased secretion of melatonin (6) and increased secretion of Cortisol (118, 119). Data

also suggest that obesity is associated with depressive symptoms and mood disorders

(131, 153) and according to results from the National Epidemiologic survey on Alcohol

and Related Conditions, BMI was significantly associated with the most mood, anxiety,

and personality disorders (109). But perhaps in this population of young girls, any

depression they may have is not severe enough to have a negative impact on melatonin,

Cortisol, or immune status.

5.5 Body Composition, Physical Activity and Immunity

Results from this study show no significant differences between any of the groups on self-

reported physical activity, using the Godin-Shephard Leisure Time Questionnaire. There

were however significant differences in physical activity as recorded by the

accelerometers. Early-pubertal girls recorded a significantly greater percentage of time

doing moderate, hard, and very hard activities, than late-pubertal girls. It is widely

accepted that physical activity declines throughout childhood and adolescence, and the

decline is connected with puberty (54, 135, 139, 143).

Contrary to what was hypothesized, there were no significant differences in the

amount of physical activity recorded between normal weight and overweight/obese girls

within the same age group. This result was unexpected, as a previous study using

accelerometers by Cooper et al (2000) found that while there were no significant

differences in physical activity between overweight and normal-weight subjects, obese
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subjects were substantially less active than the non-obese subjects (21). Perhaps the

reason for the differences in our study is that participants in this study were grouped based

on % body fat, instead of BMI.

As previously mentioned, none of the results from the partial correlation analyses

found relationships between body fat and immunity markers (sIgA and URTI). In fact,

most the relationships found were between physical activity levels and other variables.

Partial correlations on the entire group found a negative correlation between the total self-

reported exercise score and BMI, as well as with body fat. A negative correlation was

also found between body fat and the percentage of physical activity from the

accelerometers. This suggests that the higher an individual's %BF, the less physical

activity they are involved in, despite the fact that there were no significant differences

between the groups.

No correlations were found between physical activity and immunity markers in the

total cohort, however when splitting the sample into early-pubertal and late-pubertal

groups, early-pubertal girls showed a negative correlation between self-reported strenuous

exercise, and total exercise, with %BF. There was also a negative correlation between

%BF and total physical activity from the accelerometers. This once again confirms that

those early-pubertal girls who participated in greater physical activity had a lower

percentage ofbody fat, which is widely accepted in the literature.

In late-pubertal girls however, only self-reported mild exercise was correlated

with %BF, and no relationships were found between %BF and the total physical activity

from the accelerometers. There arc a number of reasons why this relationship could have

been lost in the late-pubertal girls. One major disadvantage of using the accelerometers is

that they are not waterproof There were a number of girls in this sample who reported
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participating in swimming-type activities, which, when doing so, the girls had to take off

their accelerometers. During this period of not wearing them, the accelerometers would

record them doing zero activity, when in fact they were being quite active. Since a

majority of the girls who reported doing swimming activities were in the late-pubertal

groups, this may be the reason why their %BF and physical activity were not correlated.

A second possibility is a limitation to this study, in that we did not take into account their

nutrition. While physical activity is an important indicator of health status, measuring

energy intake is equally, if not more important. Perhaps normal weight girls in the late-

pubertal group had similar nutritional habits as girls in the overweight/obese group, which

could alter their body fat content, without affecting the amount of physical activity they

participate in. Thus, the negative correlation between %BF and physical activity is lost.

It is widely accepted that those who are moderately active tend to have an

enhanced cell-mediated immunity through increases in sIgA, leading to improved immune

function and a decreased risk of contracting a URTI (75, 88). In this sample, it was found

that moderate exercise was positively correlated with slgA in the late-pubertal group,

regardless of weight status. And while this correlation was not found in the early-pubcrtal

group, it was found that early-pubertal girls with an increase in %BF had an increased

number of symptoms of URTI. When put together with results previously mentioned, in

the early-pubertal group, a decrease in physical activity was related to an increase in %BF

which is related to an increased incidence of sickness, which is supported by a number of

previous studies. Jedrychowski et al (2001 ) found that preadolcsccnt children that had low

physical activity levels had an increased risk of recurrent acute respiratory infections,

compared to those that were moderately active and highly active (60). In a second study

that quantified sIgA in relation to exercise in non-athletes, it was found that sIgA
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significantly increased, and the total number of days with flu symptoms (but not cold

symptoms) significantly decreased (68). Conversely, studies by Schouten et o/ (1998) and

Karper and Goldfarb (1995) found no conclusive evidence that moderate exercise had an

effect on sIgA (62, 123). Finally, Nieman et a/ (1998) found that obese women

participating in an exercise training program (five 45-minute walking sessions per week)

was unrelated to any significant changes in resting immune fijnction. However, the

number of days with symptoms of URTI was reduced in the exercising women, compared

to those that did not exercise (94, 95).

5.6 Body Composition, Perceived Stress and Fatigue

Perhaps the most surprising results came from the independent t-test examining any

differences between the late-pubertal normal-weight and overweight/obese groups on

stress and fatigue, as measured by two questionnaires. It was hypothesized that the

overweight/obese girls would report higher levels of stress, and increased levels of fatigue,

compared to their normal-weight counterparts. On all variables except for Rest fatigue,

the results were opposite of what was hypothesized. Normal weight girls in fact reported

higher levels of stress, and higher levels of General, Cognitive, and Total Fatigue. For

overweight/obese girls to report less fatigue than normal-weight girls is contrary to almost

every piece of literature. Excessive daytime sleepiness and fatigue (tiredness without

increased sleep propensity), and disturbed night-time sleep have all been found to be

associated with obesity (148, 149). While there is no way of determining exactly why

normal weight girls experienced more stress and fatigue in this study, there are some

possible explanations (although not supported by any literature). This study only
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examined a one-time measure of stress and fatigue, and while the questionnaires asked

participants to think ofhow they feh during the previous month, there is obvious day to

day variation. If for example, a participant had stayed up late the previous night studying

for a test, she may have reported being more fatigued that she usually is. We also did not

take into account the possibility that the normal-weight girls happened to do more

activities (other than physical activities) outside or during school hours. If a participant

not only played on a school team, but also took music lessons, girl guides, and had a part-

time job, chances are she would feel more fatigued and more stressed simply because she

was more involved with activities. We had no questionnaires to assess "other" activities

except for physical activity.

5.7 Strengths and Limitations

This study had many strengths. For one, this was the first of its kind to examine such a

large sample of girls of two different age groups, and two different weight statuses. Very

few studies had examined sIgA and incidence of sickness in this population. While

Cieslak et al (2003) examined physical activity, body fat, Cortisol, and sIgA in young boys

and girls, their sample size was not nearly as large as this one, and it only considered one

age group ( 1 7). Jcdrychowski et al {\ 998) attempted to explain childhood respiratory

infections in overweight children, but failed to examine a physiological measure such as

sIgA (59). Most research on slgA and URTI in the past only considered elite athletes.

This study is one of the first studies to examine immunity markers and Cortisol in

moderatcly-activc overweight/obese and normal-weight children and adolescents, and it is

certainly the first to consider other variables such as testosterone, melatonin, and their
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ratios with Cortisol. This study also included a quantitative measure of physical activity

with the accelerometers, which had not been done in previous studies on immune status in

children.

While the study had many strengths, there were also a number of limitations. Due

to the sheer number of participants, and the time-parameters that were set to control for

diurnal rhythms of the hormones (i.e. - all participants had to be tested between 1500 and

1900), the testing period lasted through fall, winter, and the beginning of spring. While

there were no statistically significant effects of the seasons on any of the hormones, there

is still a small concern of altered hormonal concentrations between the seasons.

A second limitation is that only those who fell between 25-27.5% body fat were

excluded from analysis. This may be a limitation, as there may not have been a large

enough gap between the normal weight and overweight/obese subjects. While cutoffs of

below 25% for normal-weight subjects, and above 30% for obese subjects could have

been utilized, our sample size would not have been large enough to ensure statistical

power.

5.8 Recommendations for Future Work

A future study should not only ensure a large enough gap between normal weight and

obese subjects, but also consider taking stress and salivary measures at multiple time

points. If participants arc asked to fill out a one-month health log, perhaps saliva samples

should be taken at the end of each week, to see if slgA or any of the hormones arc related

to previous week, or future week's incidence of cold/flu symptoms. Ensuring that all
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participants are tested during one season, for example only in the spring, or only during

the winter months, would also maintain consistency amongst the participants.

Finally, it would be interesting to examine any differences between early-and late-

pubertal, obese and non-obese girls and/or boys in response to a given stressor, for

example, an examination period, or a single test. In Ontario it is a requirement that

students in grades 3, 6, 9, and 10 complete standardized testing in reading, writing, and

mathematics. A fiature study could examine students' hormonal and immunological status

leading up to, the day of, and weeks following the standardized testing. Since it is

mandatory for all students to complete the tests, not only could researchers examine

differences between weight statuses and level of education, but also examine participants

as they progress through the grades to see any longitudinal effects.

5.9 Conclusions

The present study aimed to compare stress related variables including Cortisol, melatonin,

the melatonin/cortisol ratio, testosterone and the testosterone/cortisol ratio, and immunity

related variables including frequency of URTl and salivary sIgA levels between

overweight/obese (OB) and normal weight (NW), early- and late-pubcrtal girls. While it

was hypothesized that OB girls would have altered hormonal levels resulting in a

compromised immunity, this was not the case. Results showed no significant effects of

body fat on sIgA, incidence of sickness (URTl), or any of the hormones mentioned above.

It appears as though physical activity may be a more-important regulator of immunity than

weight-status itself.
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Appendix A: Ethics Application

Brock University Research Ethics Board (REB)

Application for Ethical Review of Research Involving Human Participants

Please refer to the documents ''Brock University Research Ethics Guidelines" which can be

found at http://ww-vv.hrocku.ca/iescarchserviccs/, prior to completion and submission of this

application. If you have questions about or require assistance with the completion of this

form, please contact the Research Ethics Officer at (905) 688-5550 ext. 3035, or

rebfa brocku.ca.

Return your completed application and all accompanying materia! in triplicate to the

Research Ethics Officer in Scotiabank Hall 335. Please ensure all necessary items are

attached prior to submission, otherwise your application will not be processed (see checklist

below). No research with human participants shall commence prior to receiving approval

Original Copy + 2 additional copies of the following

DOCUMENTS
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SIGNATURES

Principal Investigator:

Please indicate that you have read and fully understand all ethics obligations by checking

the box beside each statement.

[ X ] I have read Section 111:8 of Brock University's Faculty Handbook pertaining to

Research Ethics and agree to comply with the policies and procedures outlined therein.

[ X ] I will report any serious adverse events (SAE) to the Research Ethics Board (REB).

[ X ] Any additions or changes in research procedures after approval has been granted will

be submitted to the REB.

[ X ] I agree to request a renewal of approval for any project continuing beyond the

expected date of completion or for more than one year.

[ X ] I will submit a final report to the Office of Research Services once the research has

been completed.

[ X ] I take full responsibility in ensuring that all other investigators involved in this

research follow the protocol as outlined in the application.

Signature Date:

Co-Investigators:

Signature Date:

Signature Date:

Signature Date:

Faculty Supervisor:

Please indicate that you have read and fully understand the obligations as faculty

supervisor listed below by checking the box beside each statement.

[ ] I agree to provide the proper supervision of this study to ensure that the rights and

welfare of all human participants are protected.

[ ] I will ensure a request for renewal of a proposal is submitted if the study continues

beyond the expected date of completion or for more than one year.

[ ] I will ensure that a final report is submitted to the Office of Research Services.

[ ] I have read and approved the application and proposal.

Signature Date:
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SECTION A - GENERAL INFORMATION

1

.

Title of the Research Project:

Bone Properties, Bone Turnover, and Secretory Immunity in Obese, Normal-weight and

Athletic Girls

2. Investigator Information:
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(b) Has any other University Research Ethics Board approved this research?

[ ] Yes [ X ] No

If YES, there is no need to provide further details about the protocol at this time,

provided that all of the following information is provided:

Title of the project approved elsewhere:

Name of the Other Institution:

IfNO, will any other Research Ethics Board be asked for approval? [ x ] Yes [ ] No
Specify University/College

(d) Has any other person(s) or institutions granted permission to conduct this research?

[ ] Yes [x] No
Specify (e.g.,. school boards, community organizations, proprietors)

6. Level of the Research:

[ ] Undergraduate [ x ] Masters Thesis/Project [ ] Ph.D.

[ ] Post Doctorate [ x ] Faculty Research [ ] Administration

[ ] Course Assignment (specify) [ ] Other (specify)

7. Funding of the Project:

(a) Is this project currently being funded [ ] Yes [ x ] No
(b) If No, is fiinding being sought [ x ] Yes [ ] No

If Applicable:

(c) Period of Funding (dd/mm/yyyy): From:

To:

(d) Agency or Sponsor (funded or applied for)

[ ] CIHR [ ] NSERC [ X ] SSHRC

[ ] Other (specify):

8. Conflict of Interest:

(a) Will the researcher(s), members of the research team, and/or their partners

at

immediate family members:

(i) receive any personal benefits related to this study - for example: a financial

remuneration, patent and ownership, employment, consultancies, board membership,

share ownership, stock options (Do not include conference and travel expense

coverage, possible academic promotion, or other benefits which are integral to the conduct

of research generally).
[ ] Yes [ x ] No
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(ii) if Yes, please describe the benefits below.

(b) Describe any restrictions regarding access to or disclosure of information

(during or at the end of the study) that the sponsor has placed on the investigator(s).

SECTION B - SUMMARY OF THE PROPOSED RESEARCH

9. Rationale:

Describe the purpose and background rationale for the proposed project, as well as the

hypothesis(es)/research question(s) to be examined.

Background: The benefits of regular physical activity and healthy body composition are

well established in both adults and children. Exercise is strongly recommended as a

primary prevention for numerous chronic health conditions, including coronary heart

disease, diabetes and osteoporosis. Recently, the relationship between exercise and

immune function has also attracted considerable interest. On the other hand, the

prevalence of childhood obesity in North America has been on a steady rise over the last

decade. This disease in childhood is associated with many other negative health

consequences - two examples being reduced bone strength resulting in an increase in risk

of fracture, and chronic immune suppression resulting in an increased incidence of

infectious illnesses.

Osteojwrosis is a condition characterized by low bone mass resulting in reduced bone

strength and susceptibility to fractures. Approximately 1.4 million Canadians suffer from

osteoporosis and 1 in 4 women over the age of fifty will develop the condition

(Osteoporosis Society of Canada, 2003). The social and medical consequences related to

osteoporosis include increased risk of fracture and reduced quality of life (Papaioannou et

al., 2001;Lips et al., 1999). Osteoporosis can result in disfigurement, lowered self-esteem,

reduction or loss of mobility, and decreased independence (Lips et al., 1999;Marottoli et

al., 1992;Marottoli et al., 1992). A primary risk factor for the development of osteoporosis

is the inability to attain peak bone mass (PBM). By the age of sixteen, approximately 90%
of total body bone mineral content is accrued, making adolescence the critical period for

bone accretion (Elgan et al., 2003; Stager et al., 2006). Permanent deficits in bone mineral

density (BMD) are the result of any process that interferes with normal bone mineral

accretion during childhood and adolescence.

Lifestyle and social factors may influence the attainment of PBM in the adolescent female.

Physical activity has been associated with bone mineral acquisition and maintenance

(Valdimarsson ct al., 2005), and the prevention of future osteoporosis. Furthermore,

resistance training has been shown to have positive effects on femoral BMD in adolescent
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females when implemented in high school curricula (Nichols et al., 2001). While an

increased lean body mass has been shown to exert a positive influence on bone mass in

aduhs through mechanical loading, which might suggest that overweight individuals have

less risk of developing osteoporosis (Weiler et al., 2000), an excess fat mass often results

in lower physical activity levels, which in itself would limit the attainment of PBM in

adolescent females (Weiler et al., 2000). Studies examining the effect of body fat on the

accretion of BMD have reported contradictory data in obese children (Manzoni et al.,

1996; Thientz et al., 1992). Quantitative ultrasound (QUS) is a relatively new method used

to evaluate bone properties in the general population. Transaxial QUS uses transaxial

transmission of ultrasonic waves to measure the speed of sound (SOS) along the bone of

interest. Its results reflect the bone mineral density, microarchitecture and elasticity, thus

providing a reliable index of bone strength. To our knowledge, there are only a couple of

studies that used QUS to evaluate bone properties in overweight and obese children and

adolescents. Eliakim et al. (2001) demonstrated that overweight and obese children and

adolescents had lower tibial and radial SOS when compared with reference data for age-

matched controls. More recently, Falk et al. (submitted) showed that overweight pre- and

early-pubertal boys had lower tibial, but not radial SOS than normal-weight controls.

However, neither study carefiilly detailed the habitual physical activity levels of the

participants, an important contributor to bone properties. The lack of concrete evidence on

the association between body composition and bone health in youth only highlights the

need for more research in over-weight children.

Energy deficiency and depressed estrogen levels resulting from dietary restraint and

amenorrhea, can also lead to a low BMD in young female athletes (Cobb et al., 2003; De
Souza & Williams, 2005; Gordon & Nelson, 2003, Mirsa et al., 2003; Soyka et al., 2002).

Studies examining the continuum of severity of dietary restraint and energy deficiency

(Stager et al., 2006; Weiler et al., 2000) have shown decreased metabolic hormones can

also negatively impact bone health in young females involved in elite sports (De Souza &
Williams, 2005). Insulin-like growth factor- 1 (IGF-1), a nutritionally dependent bone

trophic factor critical to bone mineral accretion, has been shown to be low in adolescents

with any form of dietary restraint, which may be an important factor in the development of

osteof)enia (Soyka et al., 1999). In addition, educational level has been shown to be

positively associated with BMD in women, and a lower socioeconomic status (SES) in

childhood or adolescence is correlated with lower BMD (Lauderdale et al., 2003). It is

clear that a multiplicity of lifestyle and social factors can influence the health of bones in

young female population, and that these factors need to be examined individually and in

relation to one another in order to paint an accurate picture of the influence they play in

the attainment of peak bone mass during childhood and adolescence and in the prevention

of fiiture osteoporosis. Moreover, there is a need to assess the magnitude of the problem in

a Canadian cohort and develop comprehensive interventions based on preferences for

sources of knowledge in this group.

Furthermore, recent evidence indicates that moderate exercise enhances
cell-mediated immunity via increases in secretory immunoglobulin A (IgA).

leading to improved immunity against infectious invaders (IVIackinnon,

1996). In contrast, intense exercise has been shown to induce decreases in

secretory IgA in athletes (Tharp and Barnes, 1989; Mackinnon and Jenkins,
1994; Mackinnon, 1996). It has also been noted that daily intensive training
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and psychological stress before major competitions often result in low

resting salivary IgA levels, suggestive of chronic immune suppression.

However, there are scant data comparing the response of secretory IgA

levels and the incidence of Upper Respiratory Tract Infections (URTI) in

those who are moderately active compared with non-active individuals. In

the case of children, URTI is a particularly common cause of absenteeism

from school. If being physically fit enhances immune system surveillance in

children, then physical activity represents an important protective

mechanism against URTI. In addition, it is important to ascertain whether

the intense exercise training of young athletes produces negative effects on

the immune system. Lastly, there are very few reported data examining the

role of fatness on the immune function response and the incidence of URTI
in children and adolescents. Three studies have published evidence that

reduced physical activity and excess body fat can result in a higher URTI
incidence and lower immune markers (Klentrou et al., 2002; Cieslak et al.,

2003; Nieman et al.. 2003).

Objective: The proposed multi-purpose research program focuses on young pre-

and post-pubescent females. The main objective of this study is to compare bone

properties, bone turnover and secretory immunity of pre-pubertal and late-

pubertal obese and athletic girls to normal-weight controls matched for age and

sexual maturity. The obese and normal-weight girls will also be matched for

structured physical activity.

10. Methods:

Are any of the following procedures or methods involved in this study? Check all

that apply.

[ ] Questionnaire (mail)

[ ]
Questionnaire

(email/web)

[ X ] Questionnaire (in

person)

[ ] Interview(s) (telephone)

[ ] Interview(s) (in person)

[ ] Secondary Data

[ ] Computer-administered

tasks

[ ] Focus Groups

[ X ] Journals

[ ] Audio/video taping

[ ]
Unobtrusive

observations

[ X ] Invasive physiological

measurements (e.g.,

venipuncture, muscle

biopsies)

[ X ] Non-invasive physical

measurement (e.g.,

exercise, heart rate, blood

pressure)

[ X ] Analysis of human

tissue, body fluids, etc.

[ ] Other: (specify)

Describe sequentially, and in detail, all procedures in which the research participants will

be involved (e.g., paper and pencil tasks, interviews, questionnaires, physical assessments,

physiological tests, time requirements, etc.) Attach a copy of all auestionnaire(s),

interview euides, or other test instruments.
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Measurements;

All of the measurements listed below will be performed during one 45 min visit to the

laboratory.

1

.

Screening and Medical history questionnaire . In the case of the younger subjects,

the questionnaire will be filled by one of the parents (Appendix A). This questionnaire

was previously approved by the Ethics Committee (file # Falk- 04-284).

2. Leisure-time physical activity questionnaire (Godin & Shephard 1985). In the

case of the younger subjects, the questionnaire will be filled with the help of one of the

parents (Appendix B). This questionnaire was previously approved by the Ethics

Committee (file # Falk- 04-284).

3. Nutritional intake will be evaluated using 24-hour recall. In the case of the

younger subjects, the questionnaire will be filled with the help of one of the parents

(Appendix C). This questionnaire was previously approved by the Ethics Committee

(file # Falk- 04-284)

4. Pubertal stage determination, according to secondary sex characteristics (Tanner

1962). This assessment involves looking at drawings of female breast developmental

stages and checking the most appropriate stage on a sheet of paper (Appendix D). This

will be completed alone in a room to avoid any discomfort on the part of the subjects. If,

however, a participant will still feel uncomfortable with this process, she will be

approached in a discreet way and will be provided with the opportunity to continue with

the study without filling out this questionnaire. None of the participants will be forced

at any point to continue the study. This procedure was previously approved by the

Ethics Committee (file # Falk- 04-284).

5. Perceived stress scale . This stress scale (Appendix E) will be only used in the

post-pubescent groups as it has been previously evaluated for use with adolescents and

having proven reliability and validity (Cohen et al., 1983).

6. The PedsOL Multidimensional Fatigue Scale. This fatigue scale (Appendix F)

has been previously evaluated for use with adolescents, aged (13-18 years) and having

proven reliability and validity (Vami et al., 1998).

7. Body Image Questionnaires: the Body Esteem Scale for Children (BES-C) that

measures body image in children and adolescents (Mendelson et al., 1982; Mendelson et

al., 1996) will be used to evaluate body image (Appendix G). Body image will also be

evaluated using the Figure Rating Scale (FRS) that has been identified as a suitable

measure to assess body image in females as young as 1 1 years old (Stunkard et al.,

1983; Sherman et al., 1995; Dunkan et al., 2006) (Appendix G).

8. Frequency of URTI: A one-month Health Log (Nieman et al., 1998) will be used

to record the incidence and duration (number of days) of URTI's. Participants will be

asked to record cold and flu symptoms each day of the month using a set of codes

provided with the log. The severity of the symptoms is rated by the children as mild,

moderate, or severe. Parental supervision will be required to ensure accurate recording

of the symptoms by the younger participants. This method was chosen to eliminate

participant bias when recording from memory. The total number of days with URTI
symptoms will then be calculated for each participant, with days being counted only if

two or more consecutive days of cold or flu symptoms were reported (Nieman et a!.,

1998).

9. Anthropometric measures, including body weight and height will be determined
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using standard methods (Dumin and Whomersley 1974). Percent body fat will be

estimated using bioelectrical impedance analysis. Upon arrival to the lab, subjects will have

abstained from exercising, consuming alcohol and eating/drinking for at least 12, 24 and 4

hours, prior to analysis, respectively. The BIA device creates a mild electrical current (50 kHz,

800 nA) that passes from electrodes situated on the dorsal surfaces of the metacarpals, through

the body, to electrodes on the metatarsals of the subject. The body's resistance and reactance to

the current is related to total body water, which in turn, is highly correlated with fat-free mass.

Thus, the measurements can be used with age- and gender-appropriate equations to calculate

body composition variables. There is no discomfort associated with this measurement. The

measurement requires approximately 5 minutes. This procedure was previously approved by

the Ethics Committee (files # GURD-00-082, CIESLAK 01-010).

10. Bone SOS measurement will be performed using the Sunlight Omnisense^'^

ultrasound system. This device consists of a main unit and a hand-held probe, designed

to measure SOS at specific skeletal sites. The probe contains a set of two transmitters

and two receivers, housed in a compact holder. The SOS measurement is based on the

fact that ultrasound waves propagate faster through the bone than through the soft tissue.

Bone SOS will be determined at the following skeletal sites: distal one third of the

dominant and non-dominant radius, and mid-shaft of the dominant and non-dominant

tibia. There is no discomfort associated with this measurement. Measurement requires

approximately 15-20 min. This procedure was previously approved by the Ethics

Committee (file # Falk- 04-284).

11. Skeletal maturity will be measured using the Sunlight BonAge™ system. The

system is composed of a main unit and a measurement unit that includes an ultrasound

probe. The latter includes an ultrasound transducer and a receiver located on two stands

at the sides of the measurement unit. Between the transducer and receiver there is an

armrest for the subject's hand and wrist. The measurement site is located by marking the

distal top end the ulna (styloid process). There is no discomfort associated with this

measurement. Measurement requires approximately 15-20 min. This procedure was

previously approved by the Ethics Committee (file # Falk- 04-284).

12. Physical activity will be monitored using CSA/MTI Actigraph accelerometers.

These uniaxial devices will be used to measure vertical displacement at the hip to

quantify the amount of light, moderate, and vigorous weight-bearing activity performed

by the participants during one week, according to age-specific norms. Participants will

be asked to wear the accelerometcr (about 40g) on a belt around the hips for all waking

hours, 7 consecutive days. In addition, the participant or parent will complete a log

sheet, provided by the investigators, of any non-weight bearing activities (e.g., cycling)

that were performed while the accelerometcr was worn (Appendix H).

13. Resting Salivary Cortisol will be measured to determine the effects of stress.

Cortisol, as a central cellular predictor of stress, has been used previously to reliably

monitor stress levels (Brenner et al., 1998). One milliliter of unstimulated whole mixed

saliva will be collected from each subject using specially designed swabs, which are

directly placed into plastic tubes. The samples are then stored at -20'^C until being

assayed. The subjects will be asked not to consume any food or drink, or participate in

any form of physical activity for at least one hour, before saliva collection. This testing

will be performed upon arrival at the laboratory. The resting salivary Cortisol

concentration will be measured in duplicate by a commercial solid-phase '''l-radio-

immunoassay kits. 1-labelcd Cortisol competes with Cortisol for antibody sites within
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the unknown sample. Since the antibody is immobilized to the wall of the polypropylene

tube, the antibody-bound fraction of the radiolabelled Cortisol is still present when the

supernatant is decanted. Counting the tube in a gamma counter yields the measurement

of Cortisol present in the unknown sample.

14. Secretory immunity will be assessed by salivary levels of secretory IgA and IgG.

A second 1-mL sample of unstimulated, mixed saliva will be collected from each

subject using the swabs, which are directly placed into plastic tubes. The salivary

concentration of secretory IgA, and IgG will be measured in duplicate by ELISA. This

saliva procedure was previously approved by the Ethics Committee for use in children

(file # GURD-00-082, # CIESLAK-01-010).

15. The biochemical markers of bone turnover will be examined via blood samples

drawn using a standard venipuncture technique performed by a certified lab assistant.

Bone formation will be assessed by serum osteocalcin, and 25 (OH) vitamin D. Serum

Osteocalcin has been established to reflect bone matrix maturation and bone matrix

mineralization, respectively (Caillot-Augusseau et al. 1998), and has been used to assess

bone health in young populations (Fares et al., 2003). Our previous research has shown

that osteocalcin has sensitivity to detect significant differences between low and high

dietary restrainers in young females 18-25 years of age (Di Giovanni et al., in review).

Bone resorption will be estimated by measuring the levels of cross-linked N-

teleopeptide of type I collagen (NTx) in resting serum samples. Resting serum levels of

NTx have been established as a specific indicator of the current level of bone resorption

(Eastell et al., 2000). The insulin-like growth factor- 1 (IGF-1), a nutritionally dependent

bone trophic factor, will also be assessed. All these markers will be measured using

commercially available ELISA kits. Blood sampling using a standard venipuncture

technique in children has been previously approved by the Ethics Committee (file #

CUNLIFFE-00-236).

II. Professional Expertise/Qualifications:

Does this procedure require professional expertise/recognized qualifications?

[x] Yes [ ] No

If YES, specify: Standard venipuncture technique

Do you, your supervisor, or any members of your research team have the professional

expertise/recognized qualifications required?

[x] Yes
[ ] No

12. Participants:

Describe the number of participants and any required demographics characteristics (e.g.,

age, gender).

Participants will be stratified into 6 groups. These include: Pre-pubertal (age 7-1 1 years)

obese, pre-pubertal normal-weight, prc-pubertal athletic, late-pubertal/post-mcnarcheal

(age 14-16 years) obese, late-pubertal/post-menarcheal athletic, and late-pubertal/post-
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menarcheal normal-weight girls. We aim to recruit 25 participants for each group, as

determined from a sample size calculation.

13. Recruitment:

Describe how and from what sources the participants will be recruited, including any

relationship between the investigator(s), sponsor(s) and participant(s) (e.g., family

member, instructor-student; manager-employee).

Attach a copy ofany poster(s), advertisement(s) or letter(s) to be used for recruitment

1

.

Signs will be posted in local community centers and schools, provided permission

is attained from the relevant personnel (Appendix I)

2. Potential athletic participants will be approached through their athletic Clubs

(provided permission is attained from the relevant personnel) by the investigators and

will be presented with the information by the researchers orally and in writing.

14. Compensation: Yes
[ ] No [ x ]

(a) Will participants receive compensation for participation?

SECTION C - DESCRIPTION OF THE RISKS AND BENEFITS OF THE
PROPOSED RESEARCH

15. Possible Risks:

1. Indicate if the participants might experience any of the following risks:

a) Physical risks (including any bodily contact, physical stress, or [ x ] Yes[ ] No
administration of any substance)?

b) Psychological risks (including feeling demeaned, embarrassed [ x ] Yes [ ] No
worried or upset, emotional stress)?

c) Social risks (including possible loss of status, privacy, and /or
[ ] Yes [ x ] No

reputation)?

d) Are any possible risks to participants greater than those that the [ ] Yes [ x ] No
participants might encounter in their everyday life?

e) Is there any deception involved?
[ ] Yes [ x ] No

Is there potential for participants to feel coerced into contributing to this

research (e.g., because of regular contact between them and the researcher)?

[ ] Yes [ x] No
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2. If you answered Yes to any of la - 1 f above, please explain the risk.

a) 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.

b) As stated above, one of the measurements includes an assessment of pubertal

stage. We have used the self-assessment procedure often in the past (e.g. Falk et al. 2004)

and have not experienced any difficulties or uneasiness on the side of the participants.

3. Describe how the risks will be managed (include the availability of appropriate medical

or clinical expertise, qualified persons). Give an explanation as to why less risky

alternative approaches could not be used.

a) The venous blood drawing is performed by a certified technician. All the procedures

are routine procedures in the Applied Physiology laboratory and all personnel are trained

graduate students with experience. Further, participants and parents will be informed

prior to the study (see attached informed consent) that they DO NOT have to take part in

any procedure of the investigation that causes them discomfort. In accordance,

participants know that they are able to withdraw from the study at any time, and all of

their data collected to date will be destroyed. Additionally, the parents of participants

will be instructed to contact the study coordinator if they feel any adverse effects from

completing any portion of the investigation, and/or if they have any questions or

concerns. Blood sampling using a standard venipuncture technique in children has been

previously approved by the Ethics Committee (file # CUNLIFFE-00-236).

b) The assessment involves looking at drawings of female breast development stages and

checking the most appropriate stage on a sheet of paper (Appendix D). This will be

completed alone in a room to avoid any discomfort on the part of the subjects. If,

however, a participant will still feel uncomfortable with this process, she will be

approached in a discreet way and will be provided with the opportunity to continue with

the study without filling out this questionnaire. None of the participants will be forced at

any point to continue the study. This procedure was previously approved by the Ethics

Committee (file # Falk- 04-284)
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16. Possible Benefits:

Discuss any potential direct benefits to the participants from their involvement in the

project. Comment on the (potential) benefits to the scientific community/society that

would justify involvement of participants in this study.

Subjects will gain personal and general knowledge about the human body. Additionally,

if an unusually low or high result is attained for any of the measurements, reflecting a

possible health-related problem, subjects and their parents can be alerted and advised to

consult their physician.

SECTION D - THE INFORMED CONSENT PROCESS

17. The Consent Process:

Describe the process that the investigator(s) will be using to obtain informed consent.

Include a description of who will be obtaining the informed consent. If there will be no

written consent form, explain why not.

For information about the required elements in the letter of invitation and the consent

form, as well as samples, please refer to:

http://wvvw.brocku.ca/-researchscrvices/Ccrtification&Policcs/Ccrtification&Policcs App
Guidclincs.html

Ifapplicable, attach a copy ofthe Letter ofInvitation, the Consent Form, the content of

any telephone script and any other material that will be utilized in the informed consent

process.

18. Consent by an authorized party:

If the participants are minors or for other reasons are not competent to consent, describe

the proposed alternative source of consent, including any permission form to be provided

to the person(s) providing the alternative consent.

All subjects (younger than 18 years) will provide an oral informed consent and sign an

assent form and one of their parents will sign an informed consent form, which will be

administered and explained in person by one of the investigators.
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19. Alternatives to prior individual consent:

If obtaining individual participant consent prior to commencement of the research project

is not appropriate for this research, please explain and provide details for a proposed

alternative consent process.

20. Feedback to Participants:

Explain what feedback/ information will be provided to the participants after participation

in the project. Include, for example, a more complete description of the purpose of the

research, and access to the results of the research. Also, describe the method and timing

for delivering the feedback.

When data collection is complete, a letter of information, including personal and, if

available, standardized results will be sent to all participants. If any problematic cases

appear during data collection, the subject or her parents will be informed.

21. Participant withdrawal:

a) Describe how the participants will be informed of their right to withdraw from

the project. Outline the procedures that will be followed to allow the participants to

exercise this right.

Subjects will be informed orally and in the consent form of their right to withdraw from

the project at any time. Data, if collected, will be discarded.

b) Indicate what will be done with the participant's data and any consequences

that withdrawal might have on the participant, including any effect that withdrawal may
have on participant compensation.

Data, if collected, will be discarded.

SECTION E - CONFIDENTIALITY & ANONYMITY

Confidentiality: information revealed by participants that holds the expectation of privacy

(this means that all data collected will not be shared with anyone except the researchers

listed on this application).
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Anonymity: information revealed by participants will not have any distinctive character or

recognition factor, such that information can be matched to individual participants (any

information collected using audio-taping, video recording, or interview cannot be

considered anonymous).

22. Given the definitions above,

a) Will the data be treated as confidential? [ x ] Yes [ ] No

b) Are the data anonymous? [ ] Yes [ x ] No

c) State who will have access to the data.

Only the investigators

(d) Describe the procedures to be used to ensure anonymity of participants and/or

confidentiality of data both during the conduct of the research and in the release of its

findings.

The research will be conducted in a room designated for the study and therefore data will

be seen only by the investigators. Results will be published anonymously and only as

group data (i.e. centrality and variability measures only).

e) If participant anonymity and/or confidentiality is not appropriate to this research

project, explain, providing details, how all participants will be advised that data will not

be anonymous or confidential.

Confidentiality will be explained orally and in the consent form.

f) Explain how written records, video/audio tapes, and questionnaires will be secured, and

provide details of their final disposal or storage (including for how long they will be

secured and the disposal method to be used).

Records will be stored in a locked cabinet the lab of the principle investigator. Final

disposal (shredding) will not take place until 5 years after publication.

SECTION F - SECONDARY USE OF DATA

23. a) Is it your intention to reanalyze the data for purposes other than described in this

application?

[ ] Yes [ x ] No

b) Is it your intention to allow the study and data to be reanalyzed by colleagues,

students, or other researchers outside of the original research purposes? If this is the case,
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explain how you will allow your participants the opportunity to choose to participate in a

study where their data would be distributed to others (state how you will contact

participants to obtain their re-consent)

N/A

c) If there are no plans to reanalyze the data for secondary purposes and yet, you wish to

keep the data indefinitely, please explain why.

SECTION G - MONITORING ONGOING RESEARCH

24. Annual Review and Serious Adverse Events (SAE):

a) Minimum review requires the completion of a "Renewal/Project Completed" form at

least annually. Indicate whether any additional monitoring or review would be

appropriate for this project.

It is the investigator's responsibility to notify the REB using the "Renewal/Project

Completed'' form, when the project is completed, or if it is cancelled.,

http://\vww.brocku.cu/researchservices/Forms/Forms.html

No additional monitoring is necessary.

*Serious adverse events (unanticipated negative consequences or results affecting

participants) must be reported to the Research Ethics Officer and the REB Chair, as soon

as possible and in any event,

no more than 3 days subsequent to their occurrence.

25. COMMENTS

If you experience any problems or have any questions about the Ethics Review Process at

Brock University, please feel free to contact the Research Ethics Office at (905) 688-5550

ext 3035, or reb@brocku.ca
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Appendix B: Recruitment Poster

PARTICIPATE IN BONE HEALTH AND IMMUNE
FUNCTION RESEARCH

Brock University

We would like to examine the effects of body composition and
training on YOUR BONES AND IMMUNITY

Principal Investigators: Drs. Nota Klentrou and Barel^et Falk

Physical Education & Kinesiology, (905) 688-5550 ext. 4538 and 4979

This study is funded by the Social Sciences and Humanities Research Council

And has received clearance from the Brock University Ethics Board (file # 06-316)

We are looking for:

PRE-ADOLESCENT GIRLS (8-1 1y)

ADOLESCENT GIRLS (14-16 y)

During a 1 .5 hour visit to the Applied Physiology Laboratory participants will complete

questionnaires on medical history, physical activities, nutritional habits, perceived stress,

fatigue, body image and pubertal status. Physiological assessment will include physical

characteristics, bone ultrasound, saliva and optional blood sampling. Physical activity will

be monitored for 7 consecutive days with a CSA/MTl Actigraph accelerometer.

Participants will record any cold/flu symptoms on a log that they will mail back after a

month.

IF INTERESTED PLEASE CONTACT:
Matt Yao or Izabella Ludwa (Graduate students) - (905) 688 5550

ext 5623

or email: matthcw.vao(ajbrocku.ca or izabclla.ludwa(5)brocku.ca

f <o tt
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Appendix C: Informed Consent

INFORMATION & CONSENT/ASSENT TO PARTICIPATE IN RESEARCH

Bone Properties, Bone Turnover, and Secretory Immunity in Girls

You are being 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. For the tests you will have to visit the

Exercise Physiology Laboratory (WH22, Brock University). This study is part of the

Faculty of Applied Health Sciences of Brock University and the Department of Pediatrics

ofMcMaster University.

INVESTIGATOR: DEPARTMENT: CONTACT:
Dr. Nota Klentrou PEKN, Brock University (905) 688-5550 ex. 4538

Dr. Bareket Falk PEKN, Brock University (905) 688-5550 ex. 4979

Lauren Corbett PEKN, Brock University (905) 688-5550 ex. 5623

Izabella Ludwa PEKN, Brock University (905) 688-5550 ex. 5623

Matthew Yao PEKN, Brock University (905) 688-5550 ex. 5623

PURPOSE;

This multi-purpose research study focuses on young females. The main objective of this

study is to compare bone properties, bone turnover and immune function of overweight

and athletic girls, as compared with normal-weight girls.

DESCRIPTION OF TESTING PROCEDURES;

If you agree to volunteer for this study, you will visit our laboratory for 1 session of

testing, lasting approximately 1.5 hours. At the end of the study, you will be given a

summary of the findings, upon request.

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

questionnaires, you may choose not to answer any question, and that you may choose not

to provide a blood sample without penalty:

1

.

You will complete several questionnaires, outlining your medical history, physical

activities and training history, nutritional habits and pubertal status. The questionnaire

used to measure pubertal status involves looking at pictures of pubic hair development and

deciding which stage of puberty you best match. This will be carried out in a private room
to avoid any uneasiness.

2. You will complete several questionnaires, outlining your feelings of stress,

tiredness, and body image.
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3. We will measure your height, weight, and percent body fat. Percent body fat will

be estimated using bioelectrical impedance analysis. The BIA device creates a mild

electrical current (50kHz, 800 ^A) that passes from electrodes situated on the back of your

hand, through the body, to electrodes on the top of your feet. This current is very low and

you will not feel it. The measurement requires approximately 5 minutes, and no

discomfort is associated with this measurement.

4. We will determine your bone strength and bone age using the Sunlight

Omnisense^^ ultrasound system and the Sunlight BonAge^'^ system, respectively. This

procedure involves the application of gel to the forearms, the lower legs, and the wrist,

and moving an ultrasound probe over these regions. This procedure requires

approximately 20 minutes and causes no discomfort.

5. You will provide a saliva sample by holding a cotton swab in your mouth for

approximately one minute. You will be asked not to consume any food or drink for at

least one hour prior to saliva collection. This procedure causes no discomfort.

6. You will also provide a blood sample which will be drawn by a certified lab

technician, and will be completed using a standard venipuncture technique. It offers

minimal risks, although in rare instances, participants may experience minimal momentary

pain and/or tingling in the area and/or a minor bruise from the needle.

7. Upon leaving the laboratory, your physical activity will be monitored for 7

consecutive days. You will be provided with an accelerometer, used to monitor physical

activity. You will be asked to wear the accelerometer (a small box the size of a match box,

weighing 40 g) on a belt around your hips for all waking hours, for one week. In addition,

we will ask you to complete a log sheet of any non-weight bearing activities (e.g., cycling)

that you perform while the accelerometer is worn.

8. Uf)on leaving the laboratory, you will also receive a Health Log. You are asked to

record cold and flu symptoms each day for one month, using a set of codes provided with

the log, and to rate each symptom as mild, moderate, or severe.

It is recommended that you come for the measurements in shorts and a short-sleeved shirt.

Parents may be present with their child at all stages of the study.
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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 only the principal and co-investigators have access.

You should be aware that the results of this study will be made available to scientists,

through publication in a scientific journal but your name and any personal data of you will

not appear in the compiling or publishing these results. Data will be kept for 5 years after

the date of publication, at which time all information will be destroyed. Additionally, you

will have access to your own data, as well as the group data when it becomes available

and if you are interested. This can be provided to you by simply contacting the principal

investigators.

PARTICIPATION & WITHDRAWL

You can choose whether to participate in this study or not. You may remove your data

from the study if you wish. You may also refuse to answer any questions posed to you

during the study and still remain as a subject in the study. The investigators reserve the

right to withdraw you from the study if they believe that it is necessary.

RISKS AND BENEFITS

Participation will allow you to gain personal and general knowledge about the human
body. Additionally, if any unusually low or high result is attained for any of the

measurements, reflecting a possible health-related problem, you and your parents will be

alerted and advised to consult your physician. All results will be provided to you and your

parents upon request.

There are no foreseeable risks associated with participation in this project. 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.

RIGHTS OF RESEARCH PARTICIPANTS

You will receive a signed copy of this ethics form. You may withdraw your consent to

participate in this study at any time, and you may also discontinue participation at any

time without penalty. In signing this consent form or in participating in this study, you are

not waiving any legal claims or remedies. This study has been reviewed and received

clearance from the Brock University Ethics Board (file # 06-316). If you have any

pertinent questions about your rights as a research participant, please contact the Brock

University research Ethics Office (905-688-5550 cxt. 3035, rcb(a brocku.ca )
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INFORMATION:

Please contact Dr. Nota Klentrou at 905-688-5550 ex 4538, Dr. Bareket Falk at 905-688-

5550 ex 4979, or Lauren Corbett, Izabella Ludwa, or Matthew Yao, all available at 905-

688-5550 ext 5623, 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 SATISIFACTION AND I

AGREE TO PARTICIPATE IN THIS STUDY.

SIGNATURE ofPARENT/GUARDIAN DATE

PRINTED NAME OF PARTICIPANT DATE

WITNESS DATE

PRINTED NAME OF WITNESS

INVESTIGATOR

In my judgment, the participant is voluntarily and knowingly giving informed consent and

possesses the legal capacity to give informed consent and participate in this research

study.

SIGNATURE OF INVESTIGATOR DATE
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Appendix D: Completion Checklist

Bone Properties, Bone Turnover, and Secretory Immunity in Girls

Applied Phvsiologv Laboratory

FACULTY OF APPLIED HEALTH SCIENCES: BROCK UNIVERSITY

Subject ID: Date:

1. Signed Consent Form
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Appendix E: Subject Screening and Medical Questionnaire

SUBJECT SCREENING AND MEDICAL HISTORY QUESTIONNAIRE

APPLIED PHYSIOLOGY LABORATORY
DEPARTMENT OF PHYSICAL EDUCATION AND KINESIOLOGY
BROCK UNIVERSITY

Name: Date: ID:

Date of Birth:

Dominant Hand Dominant Leg

Your responses to this questionnaire are confidential. If you answer "YES" to any of the

following questions, please give additional details in the space provided and discuss the

matter with one of the investigators. You may refuse to answer any of the following

questions.

1. Have you ever had any major joint instability or ongoing chronic pain such as in

the knee, back or elbow?

YES NO

2. Are you currently taking any medication (including aspirin) or have you taken any
medication in the last two days?

YES NO

3. Have you taken any medication in the past six months?

YES NO

4. Is there any medical condition with which you have been diagnosed and are under
the care of a physician (e.g. asthma, diabetes, anorexia)?

YES NO

5. Do you, or have you in the past, consumed any alcohol on a regular basis?

YES NO

6. Do you, or have you in the past, smoked on a regular basis?

YES NO
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7. Are you, or have you in the past, engaged in any extreme diet?

YES NO

8. Do you, or have you in the past, consumed any nutritional supplements (e.g.

calcium, multi-vitamin) on a regular basis?

YES NO

9. Do you, or have you in the past, engaged in physical activity on a regular basis?

YES NO

10. Have you ever sustained a fracture? (arm, leg)

YES NO

11. Have you had your period?

YES NO

12. If So, at what age did you get your period?

13. How frequent is your period (days)?
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Appendix F: Sexual Maturity Questionnaire

SEXUAL MATURATION AUTOEVALUATION QUESTIONNAIRE (GIRLS)

EXERCISE-METABOLISM RESEARCH GROUP
DEPARTMENT OF KINESIOLOGY, MCMASTER UNIVERSITY

Directions: You should choose only one of the stages shown below. One stage

for Breast development and one stage for Pubic Hair developnnenL

Sruoy Sotyae* No

• Please put a tick in the

box that looks most like

you now....

Th* fivpl* and rw ti#nx«ittrg part

(*•XnoWxM up • moinl VM
«CM <• HxM* r» tonal

From Taylor et al, 2001

1.

L/ !^^
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Appendix G: Perceived Stress Questionnaire

Perceived Stress Scale

INSTRUCTIONS-PLEASE READ CAREFULLY

The questions in this scale asked you about your feelings and thoughts

during the last month. In each case, you will be asked to indicate how often

you felt or thought a certain way. Although some of the questions are

similar, there are differences between them and you should treat each one as

a separate question. The best approach is to answer each question fairly

quickly. That is, don't try to count up the number of times you felt a

particular way, but rather indicate the alternative that seems like a reasonable

estimate. For each question, choose from the following alternatives:

0. never

1

.

almost never

2. sometimes

3. fairly often

4. very often
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Appendix H: Fatigue Questionnaire

ID»

Date.

TM

PedsQL
Multidimensional Fatigue Scale

Standard Version

TEEN REPORT (ages 13-18)

DIRECTIONS

On the following page is a list of things that might be a problem for you.

Please tell us how much of a problem each one has been for you during

the past ONE month by circling.

if it is never a problem
1 if it is almost never a problem
2 if it is sometimes a problem
3 if it is often a problem

4 if it is almost always a problem

There are no right or wrong answers.

If you do not understand a question, please ask for help.

PadtOL ( 1 3- 1 8) F atigue Not to be reproduced wiltioul permission Copynghl <0 1 998 JWVami. Ph L)

06/01 All rHjhts reserved
Ou—ttonnurt (Fmbgwel





10

PedsQL 2

In the past ONE month, how much of a problem has this been for you ...

General Fatigue (problems with...}
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Appendix I: Physical Activity Questionnaire

GODIN-SHEPHARD LEISURE-TIME EXERCISE QUESTIONNAIRE

1 . Considering a 7-day period (a week), how many times on the average do you do the

following kinds of exercise for more than 15 minutes during your free-time (write on

each line the appropriate number)?

Times Per Weeli

(a) STRENUOUS EXERCISE
(HEART BEATS RAPIDLY)
(i.e. running, jogging, hockey, football, soccer, squash, basketball,

cross country skiing, judo, roller skating, vigorous swimming,

vigorous long distance bicycling)

(b) MODERATE EXERCISE
(NOT EXHAUSTING)
(i.e. fast walking, baseball, tennis, easy bicycling, volleyball,

badminton, easy swimming, alpine skiing, popular and folk dancing)

(c) MILD EXERCISE
(MINIMAL EFFORT)
(i.e. yoga, archery, fishing from river bank, bowling, horseshoes,

golf, snow-mobiling, easy walking)

2. Considering a 7-day period (a week), during your leisure-time, how often do you

engage in any regular activity long enough to work up a sweat (heart beats rapidly)?

1. OFTEN 2. SOMETIMES 3. NEVER/RARELY

D D D
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Appendix J: Health Log

Health/Sickness Log

Name

Mailing Address:

City: Province: Postal Code:

Age years; Height feet inches; Body weight pounds

1. D Yes; D No Did you get aflu shot during the last 12 months?

2. D Yes; D No Are you involved with a competitive sport?

3. IfYES, which one:

4. How many hours per week do you train? hours
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Health Log: Month ofJanuary 2008

Sunday





Appendix K: Participant Receipt

PARTICIPATION APPRECIATION

STUDY: Bone Properties, Bone Turnover, and Secretory Immunity in Girls

I acknowledge receipt of $20.00 for

(guardian)

as an appreciation for participating in the above

(participant)

study on at Brock University.

(date)

Signature Witness
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Appendix L: Participant Letter for OSSD Volunteer Hours

September 19, 2008

To Whom It May Concern,

We are very pleased to write this letter at the request of

volunteered to participate in our research project titled "Bone

Properties, Bone Turnover, and Secretory Immunity in Obese, Normal-weight and

Athletic Girls". She participated in this study by answering a number of questionnaires,

had bone and blood properties analyzed, and recorded her physical activity for a week

after her lab visit. Her involvement in the study was very valuable. is a

pleasant and very well behaved young woman and an excellent volunteer, and her

enthusiastic participation in this research project was appreciated by all the researchers

involved. Please allow to record 10 volunteer hours towards her OSSD.

Sincerely,

Panagiota Klentrou, PhD
Professor

Department of Physical Education & Kinesiology

Brock University





116

Appendix M: Raw Data
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