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Abstract

The objective of this study was to examine the association between body

composition and arterial stiffness in peri-pubescent boys and giris. Differences in arterial

distensibility were measured in 68 children (45 normal weight, 12 overweight, and 1

1

obese) between the ages of 9 to 12 years. Weight classification was based on age and

gender-specific body mass index cut-offs, while pubertal maturation was self-reported

using Tanner staging. Distensibility was determined using two-dimensional, B-Mode

echo Doppler ultrasound to measure changes at the right common carotid artery (CCA)

diameter changes, while carotid pulse pressure (cPP) was measured at the left CCA by

applanation tonometry. One-way ANOVA analysis revealed significant differences

(p<0.001) in all anthropometric measures between the normal weight and overweight

children, as well as the normal weight and obese children. Body stature was only higher

in obese children compared to normal weight children (p<0.01). No significant

differences were foimd between groups regarding age or Tanner stage. Common carotid

artery distensibility showed a significant difference (p<0.01) between normal weight

children (0.008 ± 0.002 mmHg"') compared to obese children (0.005 ± 0.002 nrniHg'),

with a borderline significant difference between the normal and overweight subjects

(p=0.06). There was no significant effect for gender between males and females across

all independent variables. The strongest determinants of distensibility in children were

cPP (r= -0.52, p<0.001), change in diastoUc diameter (r= 0.50, p<0.001), and sum of 4

skinfold thickness (r= -0.40, p<0.001). Regression analysis revealed that cPP alone

explained 27% of the variance in distensibility in children, hi addition, cPP, diameter

difference, systolic and diastolic diameter, as well as waist-to-hip ratio explained 94% of
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the variance among peri-pubescent children. This study greatly underscores the need for

weight management for long-term prevention of cardiovascular disease in overweight and

obese children.
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Chapter 1.0- Introduction

1.1.0 Preamble

The current prevalence of childhood overweight and obesity is reaching pandemic

proportions (24; 27). The World Health Organization estimates that 22 million children

worldwide under the age of five are obese or overweight, and of that, 17 million are fi-om

developed countries (95). In Canada, assessment of temporal changes in body mass index

show that fi-om 1981 to 1996, the prevalence rate of overweight children increased by

three-fold in boys and two-fold in girls (82). Further, it was estimated that obesity-

related disorders cost the Canadian healthcare system an estimated $2.7 billion in 2001

(39).

To magnify the increased rates and cost of obesity, research has shown that obese

children are more likely to have a clustering of cardiovascular disease (CVD) risk factors

including hypertension (38), adverse lipid profiles (10) and diabetes (57) compared to

healthy weight children. This clustering has been identified in children as young as five

years of age (96). Furthermore, risk factors present in obese children will ultimately

persist into adulthood (19). This, coupled with the fact that obese children tend to

become obese adults creates for serious implications for both morbidity and mortality

later in life (30; 66; 90).

Arterial stif&iess has been found to be a surrogate marker of atherosclerosis burden,

to correlate with CVD risk factors, and to predict cardiovziscular events in adulthood (46).

There are certain non-invasive parameters that quantify the elastic properties of an artery.

The propagation speed of a pulse wave throughout the arterial tree is one method used to

assess arterial stiffness (55). Alternatively, changes in lumen diameter tracked by high-

1
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resolution ultrasound and measurement of the arterial pulse contour by applanation

tonometry can be used to evaluate arterial compliance and distensibility (46; 53).

Several studies confirm a link between obesity and increased arterial stiffness in

adults (7; 17; 61; 91). Likewise, the increased prevalence of overweight and obesity in

children has generated interests in the area of arterial stiffiiess. Presently, there are data

that connects childhood obesity with a decline in vascular health (33; 81). However,

these studies are limited in that they included a broad spectrum of subjects and fail to

mention gender differences or the effects of age and physical development may have on

arterial function.

Recent reports by Ahimastos et al. (2003) investigated pubertal status and its

effects on the elastic properties of arteries in children. They found prepubertal females to

have stiffer large arteries compared to males and this difference disappeared post puberty

(2). Therefore, the extent to which the combined influence of gender, maturation, and

body composition affect arterial properties has yet to be determined.

1.2.0 Objective

The objective of this proposed study was to examine the association between

body composition, gender and central arterial stiffness in peri-pubescent boys and girls.

1.3.0 Hypotheses

We hypothesize that overweight and obese children will have heightened central

arterial stif&iess compared to age and gender-matched controls. Furthermore, we
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hypothesize that central arterial stiffiiess will be greater in peri-pubescent girls compared

to boys.





Chapter 2.0- Review ofLiterature

2.1.0 Anthropometry

Body-fat distribution can be measured by a number of techniques including

under-water weighing, dual x-ray absorptiometry (DXA), computed tomography and

magnetic resonance imaging. However, although these techniques are very accurate, they

are time consuming and expensive. Alternatively, anthropometric parameters may be

used to estimate body-fat including body mass index, skinfold thickness, and waist

circumference. Currently, many studies have focused on the links between adiposity and

cardiovascular disease risk in adults (19; 68; 92). However, few exist for pediatric

populations and the parameter that best associates adiposity and cardiovascular risk in

children is open to some debate. Nonetheless, anthropometric measures have shown an

adequate degree of accuracy and are feasible in large scale studies (22; 25).

2. 1.

1

Body Mass Index (BMI)

BMI (kg/m ) is a widely acceptable indicator of adiposity in children and

adolescents and has a long history for its use in epidemiological studies (20). At the

present time, The International Obesity Task Force recommends BMI as an index ofbody

fat in populations of children and adolescents. It does, however, have strengths and

limitations.

People are unique with various statures, builds, and body fat (20). Age and

gender have been shown to affect the relationship between adiposity and BMI among

adults (26). However, little is known regarding the degree to which BMI is independent

of age, race, gender, and sexual maturation in children. A study by Daniels et al. (1997)

4
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investigated the relationship between BMI and dual energy x-ray absorptiometry (DXA)

(16). Daniels et al. (1997) included 192 study participants between the ages of 7 to 17

years old that were either Caucasian (N= 103) or African-American (N= 89) (16). The

results from this study ft)und gender, race, sexual maturation, and waist-to-hip ratio, an

indicator of central obesity, to have a significant independent effect on BMI and its

relationship to adiposity as measured by DXA (multiple R^= 0.77) (16). Additional

regression analyses showed sexual maturation to be a significant determinant of percent

body fat. Therefore, this study suggests that when using BMI as an index of adiposity in

children it is important to consider various factors.

Definitions of child obesity vary in the literature and some confusion exists

regarding ideal BMI cut-offs for the classification of overweight and obesity (40).

Recently, Cole and colleagues (2000) have developed an age and gender-specific BMI

classification system to accurately identify children as overweight and obese (14). These

reference points have since been validated and shown to be predictive of coronary heart

disease risk factors in childhood and adolescents (40).

2.1.2 Skinfold thickness

Skinfold thickness is another method that is used to estimate body fat in children

and has shown to be feasible and reasonably accurate in youth (50). Among the available

body composition methods, a study by Eisenmann et al. (2004) examined the inter-

relationships between BMI, skinfolds, bioelectrical impedance (BIA) and DXA among 75

children aged 3 to 8 years (22). Significant differences were found among the various

body composition techniques. Specifically, BMI, fat mass (FM) and fat-free mass

5
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(FFM), as measured by DXA, were found to significantly correlate. The strength of the

correlation between BMI and estimated FM was found to be stronger than that between

BMI and FFM. Skinfold thickness and percent body fat (%BF) as predicted by Slaughter

equations, which are commonly used in pediatric studies to estimate body composition,

both demonstratd a strong correlation with BMI, 0.87 and 0.96 respectively.

Furthermore, estimated %BF by skinfold equations was highly correlated with %BF

measured by DXA (22). These results render BMI and skinfolds simple and efficient in a

epidemiological setting.

Adiposity and elevated blood pressure (BP) are known risk factors for

cardiovascular disease, morbidity and mortality (13; 68). A study done by He et al.

(2002) investigated the relationship between BP and body fat distribution in a sample of

920 children aged 5 to 18 years old (32). Fat distribution was measured using skinfold

thickness and DXA, while pubertal status was established using the Tanner criteria for

sexual maturation. Regression analysis showed that skinfold thickness was comparable

to DXA and was a significant positive predictor of systolic blood pressure (SBP) (R =

0.44) and diastolic blood pressure (DBP) (R^= 0.24) in boys at all stages of puberty.

Surprisingly, this relationship was not found in girls. Aside from these findings, skinfold

thickness was found to be a precise measure ofbody fat and overall fat distribution

remains to be a predictor of cardiovascular risk in boys and girls (32).

Nevertheless, from a methodological perspective skinfold thickness

measurements have been found to have limitations. Harrison and colleagues (1988) note

that in very lean or obese individuals, it may be difficult for the recorder to elevate a

skinfold to achieve a true subcutaneous fat reading or a reproducible measure for that

6
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matter (31). In addition, compressibility of skin and adipose tissue varies with age and

size of an individual. Thus, standardization of anatomical landmarking is warranted (31).

Despite these methodological issues, skinfold thickness still remains an adequate body

composition measure.

2.1.3 Waist Circumference

Waist circumference is a method used to characterize body-fat distribution and is

used as a marker ofhealth risk in adults (25; 36; 37). The relationship between body-fat

distribution and cardiovascular risk is less certain in children. Adverse lipid and insulin

profiles have been linked to excessive adipose tissue in the abdominal region of children

(25). Early studies by Freedman et al. (1999) (25) showed that waist circumference was

a strong predictor of unfavorable lipid and insulin concentration, in comparison to tricep

and subscapular skinfold thickness and hip circumference (25). Similarly, a study by

Sawa and colleagues (2000) compared BMI, waist circumference and waist-to-height

ratio (WHtR) for the prediction of cardiovascular disease risk factors in children (63). A

total of 1987 boys and girls with a mean age of 1 1.4 ± 0.4 years (mean ± SD) were

included in the study. The dependent variables included SBP, DBP, lipid and lipoprotein

analysis. Results showed that waist circumference explained 14.2% of the variance of

SBP, WHtR explained 3.5%, and BMI only explained 1.8%. Likewise, the variance

explained for DBP was 9.8%, 1.1%, and 0.6% respectively (63). Waist circimiference

was also a significant predictor of lipid and lipoprotein concentrations, not including

triglycerides, whereas BMI was only a significant predictor of triglyceride concentration
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among boys and girls. The findings fi-om Sawa et al. (2000) demonstrate that waist

circumference was the most significant predictor for cardiovascular risk in children (63).

Maffeis and colleagues (2001) expand the findings of Sawa et al. (2000)

reporting similar results in a sample of 818 obese and non-obese, prepubertal children

aged 3 to 1 1 years (mean ± SD ; 7.7 ± 2) (48). This team of researchers found waist

circumference to have a significantly higher correlation (r= 0.40) with SBP in

comparison to tricep skinfold (r= 0.35) and subscapular skinfold (r= 0.28). Further, a

higher correlation was found between DBP and waist circumference (r= 0.29) compared

to tricep (r= 0.21) and subscapular skinfolds (r= 0.16).

More recently, Maffeis et al. (2003) fiirther explored the effectiveness of waist

circumference as a marker for cardiovascular risk throughout puberty (47). Puberty

causes changes in hormones, body composition and fat distribution, and affects

cardiovascular risks differently among girls and boys (47). Analysis of anthropometric

variables in a group of obese girls aged 1 1.1 ± 1.9 (mean ± SD) showed that waist

circumference was significantly associated with BMI (r= 0.76), plasma insulin (r= 0.43)

SBP (r= 0.22) and insulin resistance (IRhoma) (r= 0.40). When waist circumference and

BMI were independently included in a linear correlation analysis, waist circumference

was significantly associated with plasma insulin (r= 0.23), IRhoma (*= 0.17), SBP (r=

0.20) and DBP (r^= 0.32). However, BMI was only associated with plasma insulin (r^=

0.26) and IR IRhoma (i^= 0.28). Furthermore, waist circumference, when adjusted for

age and pubertal status, was able to explain 16% of the inter-individual variability of the

IRhoma whereas BMI was only able to explain 7% of the inter-individual variability (47).

No mention was given to skinfold thickness and its possible associations with

8
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cardiovascular risk factors. Aside from waist circumference being an indicator of obesity,

it is evident that waist circumference may be a better index of cardiovascular risk in

comparison to BMI in children.

However, waist circumference does have its limitations. First, it lacks a standard

measurement site. Research by Wang and colleagues (2003) identified 4 possible sites

for measuring waist circumference (87). In both males and females it was found that

measurements taken directly above the iliac crest were somewhat more correlated with

total body fat in comparison to measurements taken immediately below the lowest rib, at

the narrowest waist, and the midpoint between the lowest rib and iliac crest (87).

However, this measurement site was the most difficult from a technical standpoint and

technical error lies in observer skill. It is important that the placement of the tape lie

perpendicular to the long axis of the body (87). In addition, the measuring tape should be

firm, flexible and inelastic (87).

2.2.0 Arterial Stiffness

Arterial stif&iess has been found to be a surrogate marker of atherosclerosis

burden, to correlate with CVD risk factors, and to predict cardiovascular events in

adulthood (46). Arterial stif&iess describes the rigidity of the arterial walls (46). There

are no conventional characterizations for arterial stiffness. However, there are certain

parameters that describe arterial properties, some ofwhich include pulse wave velocity

(PWV), arterial compliance, and distensibility (46; 53). O'Rourke and Mancia (1999)

state that it is important to consider that not all arteries are homogenous when quantifying



:;-h;.

!,.:•>-'.,; • U.

:rv'i^- ^'t 1 - ,.'; .'/ -:-:-y(p' .i-j 'h-

•1 :;i!
!(»;- . I

rt'i'-F ' :)

'i' .(=:! '-V:

'V>) ^'
, I. <; I !i ^'•.•-:-...:^*;: ; vJ. •' ' ;<'i't 5-

t '
-'!



arterial stiffness. Stiffness can be different within the same artery, between different

arteries and at different pressures (53).

To consider indices of arterial stiffness, it is important to understand that the

arterial system serves a dual function. To begin with, large arteries are characterized as

having a conduit function, in that they deliver adequate blood supply to tissues and

organs (44). Secondly, arteries act as cushions that transform the pulsatile flow from

ventricular contraction into a continuous flow throughout the periphery (44). Therefore,

this cushioning effect can be described using a variety of parameters that describe the

viscoelastic properties of the arterial wall.

2.2.1 Arterial Compliance and Distensibility

Pulse wave velocity (PWV) is one such measure that has been used to estimate

arterial stiffiiess (52). Pulse wave velocity can be determined non-invasively by dividing

the distance between two reference points by the time delay of the recorded pulse wave at

those two points (55). Arterial compliance is therefore reflected by the speed at which

the pulse wave travels. Therefore, compliant arteries will have a relatively slow PWV

with reflected waves returning during diastole, while stiffer arteries will have a higher

PWV with reflected waves arriving earlier, thus augmenting SBP and cardiac function

(55). Typically, young (less than 24 years of age) central arteries will have a PWV value

of5m/s(53).

There are a number of cardiovascular risk factors that have been linked to arterial

stiffening, or faster PWV, such as are age and hypertension (44). Pulse wave velocity has

also been found to be independently associated with body composition in adults. A study
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conducted by Toto-Moukouo et al. (1986) (80) demonstrated middle-aged (men= 42 ± 3;

women= 40 ± 4) (mean ± SD) obese adults to have higher PWV in comparison to age-

matched, non-obese controls. Furthermore, a significantly strong correlation was found

between PWV and BMl for both adult men and women (r=0.85) (80). These results

suggest that obesity may influence PWV. However, literature regarding the effects of

elevated BP and body composition on PWV in children is still in its infancy.

From past studies, it is known that waist circumference is a strong predictor of

cardiovascular risk in children (47; 48; 63). Recently, Wildman et al. (2005) assessed the

relationship between changes in arterial stiffness and changes in weight, BMI, and waist

circumference over a two year period among young adults with a mean age of 30 years

(92). The aortic pulse-wave velocity (aPWV) technique was used to quantify the amount

of arterial stiffening using Doppler ultrasound of the right carotid and femoral arteries.

An increase in BMI was found to be borderline significantly correlated with an annual

increase in aPWV (p=0.08). Changes in aPWV were also found to be associated with

baseline waist circumference, but not with changes in measured waist circumference.

The authors noted limitations were attributed to waist girth measurement variability

between researchers. Even though this sample represents young adults, it establishes an

interest that a relationship may exist between body composition measures and arterial

stiffiiess among youths.

As for studies that have focused on children, pubertal status has been shown to

influence PWV. A study by Ahimastos et al. (2003) evaluated gender differences in large

artery stiffness pre- and post-puberty (2). Results showed pre-pubescent females (10.3 ±

0. 1 years) to have higher PWV when compared to age-matched pre-pubescent males

11
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(10.3 ± 0.1 years) in regards to both central and peripheral large artery segments.

Further, central PWV increased in males with age, while it decreased in females post-

puberty (2).

Although PWV can be used as a measure of arterial stiffness, there are other,

more artery specific measures of arterial stiffiiess such as compliance and distensibility.

These two measures are non-invasive and quantify the elastic properties of a particular

artery, such as the carotid, brachial, and femoral artery by relating pressure and diameter

changes (55). Compliance is described as the absolute change in vessel area for a given

change in pressure:

PP

Distensibility is the relative change in vessel area for a given pressure increment:

STrr^-dTtr^

PP

where snr = systolic area, dTir^ = diastolic area, and PP = pulse pressure (54). Both

arterial compliance and distensibility can be significantly altered with age, hypertension

(45; 52), hypercholesterolemia, congestive heart failure, diabetes mellitus (49), and end-

stage renal failure (55) in adults, reflecting the reduction in elastic-to-collagen ratio that

occurs as arteries stiffen (45; 49).

Similarly, the current epidemic in adult obesity has sparked interest regarding its

affects on arterial compliance/distensibility. Several studies confirm a link between

obesity and these two measures of arterial stif&iess in adults (17; 91). Likewise, the

12
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increase in prevalence of overweight and obesity in children has spawned new interests in

the area. However, the literature surrounding this topic is minimal and has significant

limitations.

Research by van Merode and colleagues (1988) was one of the first studies to

investigate distensibility and cross-sectional compliance of the common carotid artery in

males aged 4-19 years (85). These investigators demonstrated that among the three age

groups (i.e., Group I: 4-9 years; Group II: 10-14 years; Group III: 15-19 years)

distensibility was significantly lower in group III compared to groups I and II. However,

compliance was not significantly different among the three groups, van Merode et al.

(1988) concluded that common carotid artery distensibility is lower in adolescents than in

yoimger children (85). Further, these researchers suggested that the vascular system is

mature by adolescence, accounting for the decrease found in distensibility (85).

Although this study was a breakthrough for arterial wall assessment in children, their

study lacked generalizability in that it only consisted ofmale subjects and failed to

include measurements ofbody composition or maturation. Therefore, this leaves the

question open as to how the combined influences of age, maturation, gender and body

composition affect arterial properties.

In a more recent study conducted by Tounian et al. (2001), this group of

researchers investigated whether obese children have stiffer arteries (81). This study

included 48 severely obese children (20 males, 28 females) and 27 controls with a mean

age of 12 years. Severity of obesity was defined as a BMI Z-score of three ofmore

standard deviations above the mean specific for age-and-gender for children. Both cross-

sectional compliance and distensibility of the common carotid artery were measured in all

13
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subjects. Results showed that both compliance and distensibility were significantly lower

in the obese children. In addition, regression analysis found a borderline significant

negative correlation (r=-0.35) between cross-sectional compliance and android/gynoid

fat-mass ratio. Their findings demonstrate that severely obese children have increased

common carotid stiffness and are at considerable cardiovascular risk. However, there are

noteworthy limitations. First, imprecise classification of childhood obesity according to

BMl Z-scores coupled with the inclusion of only severely obese children makes for

subject spectrum bias within this study. Second, this study failed to mention any possible

gender, maturation and age differences that may exist among obese children and controls

with respect to arterial compliance and distensibility.

In light of these limitations, a study by lannuzzi and colleagues (2004) examined

whether childhood obesity causes vascular alterations in both genders (34). Their study

included 100 obese children and 47 healthy age-match controls 6-14 years of age. Obese

classification was defined as a BMI > 95* percentile according to reference growth charts

by the Centre for Disease Control and Prevention. Arterial stiffiiess was measured at the

common carotid artery and was calculated using the p stif&iess index. The P stiffiiess

index is an alternative to compliance and distensibility measures and describes arterial

properties independently of distending pressure (55). Results demonstrate that carotid

stiffiiess was significantly higher in obese compared to non-obese children. Thus,

laimuzzi and colleagues (2004) conclude that childhood obesity affects both the structural

and mechanical properties of arteries (34). However, this study used a broad age-range

for their subject base and calculation of arterial stiffiiess was different compared to other

studies, limiting direct comparisons between studies. As well, despite the fact that they
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incorporated both boys and girls, they did not make any direct comparison between

genders. Therefore, the extent of gender differences with respect to arterial stiffness was

not answered and remains unclear.

There is a lack of studies focusing on arterial properties in children. In particular,

the effects of age and/or maturation in both girls and boys have yet to be determined. As

well, with the high prevalence of childhood obesity that currently exists and its link to

cardiovascular disease, it is important to investigate the influence of obesity on arterial

health, which plays a vital role in the development of atherosclerosis.

2.3.0 Cardiovascular Fitness and Arterial Stiffness

A great amount of interest surrounds physical activity and its influence on arterial

health in both adults (74-76; 83) and children (1; 58; 93). Physical activity produces

changes in BP, blood flow and increases oxygen consumption by the skeletal muscles.

The ability ofthe arterial tree to dilate and increase blood flow to peripheral muscles can

be used in part to determine maximal oxygen consumption (V02max) (83). Early work by

Vaitkevicius et al. (1993) examined whether V02max was independenfly related to arterial

indices, particularly PWV and late systolic pressure wave augmentation in a group of

healthy, sedentary adults (83). Carotid arterial pressure waveforms obtained by

applanation tonometry and aortic PWV confirmed that arterial rigidity was inversely

related to VOamax and was most apparent in individuals greater than 70 years of age (83).

Furthermore, the researchers included endurance trained senior males to observe

whether chronic endurance training was related to a decrease in arterial stiffness. Their

results showed significantly lower values of stiffness in comparison to their sedentary
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peers. In particular, aortic PWV and systolic wave augmentation was found to be 25.9%

and 35.5% less in senior athletes respectively (83). This study by Vaitkevicius et al.

(1993) established a critical hypothesis in that exercise may lessen the effects of arterial

stiffening.

More recent work by Tanaka et al. (2000) extends the findings of Vaitkevicius et

al. (1993) in that habitual aerobic exercise attenuates the age-related reduction in central

arterial compliance in older men (75). In addition, a brief 13-week period of aerobic

endurance exercise resulted in a 25% increase in central arterial compliance (75). In

comparison to Vaitkevicius et al. (1993), where an indirect assessment of arterial stiffness

was used, Tanaka et al. (2000) implemented a direct measure of compliance, more

accurately reflecting population differences found in the carotid artery (75). In addition,

Tanaka and colleagues (2000) demonstrated that enhanced central arterial compliance, as

a result of aerobic exercise, can improve left ventricular performance (75).

In contrast, a study done by Schmitz et al. (2001) examined the association

between arterial distensibility and self-reported sport, leisure, and work-related physical

activity (65). Surprisingly, Schmitz et al. (2001) findings do not show an association

between arterial distensibility and physical activity in middle-aged men and women (65).

However, keeping in mind that self-report was used to measure physical activity, it is

quite possible that the discrepancy may lie in recall bias and misclassification among the

adult activity groups.

Although the majority of studies looking at the relationships between physical

fitness/activity and arterial stiffness have been done in adults, several have focused on

children. Nevertheless, youth studies examining the relationship between physical

16
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activity and vascular function are limited. Aside from arterial indices of stiffness,

previous research focused on the importance of endothelium dysfunction (81 ; 94).

Preliminary work done by Abbott et al. (2002) established a relationship between

habitual exercise and flow-mediated dilation (FMD) in 45 children, 5-10 years old (1).

Flow mediated dilation causes a healthy, normal endothelium to release nitric oxide,

producing vasodilation and an increase in flow which is then used as an index of vascular

function (15). Percent FMD was found to significantly correlate with physical activity

levels (r= 0.39) and negatively correlate with %BF (r= -0.34). Further, physical activity

level was the most significant predictor ofFMD (r= 0.38). These significant findings

support the hypothesis that physical activity influences arterial health in young children.

More recently, Woo et al. (2004) examined whether diet or diet and exercise

could reverse arterial dysfunction among obese children (93). This study included 82

overweight and obese children (males= 54; females= 28) 9-12 years old. Woo et al.

(2004) demonstrated endothelial-dependent dilation in overweight/obese children was

significantly improved after a 6-week diet intervention, while diet and exercise combined

had the greatest improvement (93). In addition, children assigned to the exercise training

program for 1 year not only demonstrated anthropometric improvements, but these

improvements were shown to correlate with long-term improvement in endothelial-

dependent dilation. Comparable results were also shown in a study conducted by Watts

and colleagues (2004) where vascular function in obese adolescents (14.3 ±1.5 years)

significantly improved following an exercise program (89).

Aside from physical activity and aerobic fitness being a predictor of endothelial

function, it has been recently shown by Reed et al. (2005) that aerobic fitness is a strong
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predictor ofboth large and small arterial compliance (58). Applanation tonometry at the

radial artery was used to determined large and small artery compliance using a modified

Windkessel model in 99 pre-pubertal children aged 9-1 1 years, hiterestingly, stepwise

regression showed predictors of large and small artery compliance to be different. Large

arterial compliance was associated with aerobic fitness (measured by Leger's 20 metre

shuttle run), SBP, and height (r^= 0.37, cumulative), whereas small arterial compliance

was related to weight, aerobic fitness, maturity stage (defined by Tanner stages) and SBP

(r^= 0.44, cumulative). The findings of these studies only highlight the benefits of

physical activity and aerobic fitness as a means of protecting arterial function in children.

There are several drawbacks when considering the accurate prediction ofVOimax

in children. To begin with, a plateau in oxygen uptake is one criterion that indicates

V02max (59). However, whether this criterion represents true achievement of V02max is

unclear. Rowland (1993) found mean peak oxygen intake supramaximal workloads was

not significantly different fi"om values achieved fi-om a standard progressive test to

exhaustion (59). Another study by Armstrong and colleagues (1995) found similar

results when they examined the assessment and interpretation of aerobic fitness in

prepubertal children using an incremental protocol (3). Children who had a VO2 plateau

did not have significantiy higher VOapeak ,
peak heart rate, peak respiratory exchange ratio

(RER), or peak blood lactate in comparison to those children not demonstrating a VO2

plateau (3).

It can also be questioned whether a child's aerobic fitness level, aerobic

performance and effort could affect the results of a VO2 plateau during exercise testing.

Earlier studies by Rowland and Cunningham (1992) found no significant difference in
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mean peak VO2, HR, or RER between plateau and nonplateau groups (60). Finally, the

authors found that in children aged 7 to 10 years, VO2 plateau was not dependent on

subject effort, aerobic fitness and nonaerobic factors (60). These results indicate that

caution is warranted when determining maximal exercise from a VO2 plateau.

2. 4. Pubertal Maturation

As children develop into young adults they undergo stages of sexual maturation

known as puberty. Each stage of puberty not only has a behavioral effect on children, but

influences physiological function as well. Of particular interest is the effect of sex

hormones on cardiovascular function in developing children, but there are a lack of

studies in the literature that have investigated this topic. A study conducted by

Ahimastos et al. (2003) that has documented an association between pubertal maturation

and its effect on arterial stif&iess (2). This study used salivary hormone assays to assess

the level ofpuberty among boys and girls and found that hormones modulate arterial

function.

The method ofpubertal assessment used in Ahimastos et al. (2003) has its

limitations. Levels of sex hormones have been shown to vary throughout the day,

especially in the early stages of development (9). In addition, the pulsatile release of

gonadotropin hormones may miscalculate the true levels of sex steroids measured by

hormonal assays (9). Further, this method may not be feasible in large scaled

epidemiological studies involving young children. Therefore, a simple, non-invasive

measure of pubertal status is warranted to accurately identify the level of sexual

maturation among young boys and girls.
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Recently, Taylor et al. (2001) developed and measured the performance of a self-

assessment questionnaire that measures pubertal status using gender-specific drawings

derived fi-om the Tanner (1962) stages (79). Tanner stages are pictorial drawings of

pubic hair and genitalia development (penis for boys and breast for girls). Taylor and

colleagues (2001) carried out the study on 103 (males N= 62; females N=41) children

between the ages of 12 to 16 years and compared the self-assessments to a physical

examination by a physician as the 'gold standard' (79). Complete agreement was seen

between doctor and child for Tanner genitalia development staging in 35% of children

with another 40% of children differing only by one stage for breast/penis Tanner staging.

Pubic hair distribution showed better agreement with 49% of children selecting the same

pubic hair Tanner stage as the doctor. As well, 39% of children only differed by one

stage in comparison to their doctors' assessment. The only discrepancy found between

doctors and children was that doctors' found more children to be in the 5 and final

Tanner stage than did the children themselves (79). Therefore, validation by Taylor et al.

(2001) demonstrated that the self-assessment questionnaire is a usefiil clinical tool for

estimating sexual maturity in children in comparison to the gold standard (79). In

agreement with Taylor and colleagues (2001), Duke et al. (1980) used Tanner drawings

to accurately assess pubertal development in children 9-17 years of age and found higher

inter-rater agreement compared to Taylor et al. (2001). The discrepancy in results can be

attributed to a smaller sample size of children within this study. Nevertheless, both

studies showed that self-assessment using Tanner staging is accurate and reliable in

assessing child maturation.
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Recently, preliminary results by Banach et al. (2005) showed that pubertal

maturation using Tanner stages adapted from Taylor et al. (2001) is associated with

arterial function (5). Pulse pressure, which is the difference between SBP and DBF and a

surrogate marker for arterial stiffness (46), demonstrated that maturation, aside from

percent body fat and VO2 max, was the strongest single predictor of pulse pressure for

boys (R^= 0.42) and girls (R^= 0.38) using regression analysis (5). In addition, Reed and

colleagues (2005) demonstrated that maturation was a predictor of arterial compliance

(58).

2.5.0 Doppler Ultrasound

2.5.1 Principals

Doppler ultrasound is a noninvasive method used to visualize arteries and

measure arterial blood flow (28). Ultrasound refers to any sound whose frequency is

beyond the hearing threshold and is given by

f=c/X,

where f is frequency, c is the propagation speed of vibration, and X is the wavelength of

ultrasound. Generally, the speed of propagation in living tissues is 1.5 x 10^ cm/sec and

the wavelengths used range from 0.08 to 0.016 mm corresponding to frequencies ranging

from 2 to 10 MHz. Thus, the wavelength of ultrasound is inversely proportional to

frequency (51). Attenuation describes the intensity of ulfrasonic vibration and is reduced

by passage through tissue or scatterers (51). For example, small discontinuities such as

red blood cells (RBC) act to scatter a signal in all directions whereas a vessel wall, which

is a larger interface, reflects a signal in a specular fashion. Attenuation also depends on
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the frequency of vibration, the homogeneity of the ultrasonic beam and the absoqjtive

properties of the medium. Therefore, for a given application higher frequencies (5 to 10

MHz) can be used for best resolution for superficial vessels while the lower frequencies

(2 to 4 MHz) are used for deep penefration (51).

2.5.2 Transducers

The transducer is a key component of an ulfrasound unit. A transducer is made

from piezoelectric ceramic materials, such as titanate zirconate. These materials are

known to have a favorable combination of sensitivity and signal bandwidth. Ultrasound

is known to travel poorly through air. As a result, fransducers must be coupled to a

patient through a media or a coupling gel (51). When transmitting, the transducer

converts electrical signals into acoustic energy. However, when receiving this acoustic

energy it is converted back into an electrical signal and is processed elecfronically by the

ulfrasound unit (51).

When transmitting, the ulfrasound is constrained to fravel along a 'beam'. The

geometry of this 'beam' is determined by the frequency of operation as well as the size

and shape of the fransducer. Conversely, when the fransducer acts as a receiver it is

sensitive to ulfrasound arriving from within the same beam. For a given diagnostic

application beamwidths typically range from 2 to 10 mm (51).

Transducers fall under two categories: pulse-wave (PW) and continuous wave

(CW). The simplest type is classified as continuous wave (CW) Doppler. This unit was

first described by Satomura in 1957 and uses two separate transducers. The first

transducer continually transmits ulfrasound, while the other continually receives the

22



1 * Itj^.il; f'i

„v

r 1 (•!:'

.,-rf'' r'-,,;:-' ,v

^f'. f . ,', *i ;, '''. ''''y

).
. .

;/"».-'-" ;-/!r W; 'v;ii ;^,^-.

i'^ '- .U '^" ^ .?-.U'.^>^K-'

:'t- (-^ zi •,</•' r--

'iPr '.:> ;4



backscattered signals (51). Generally, each transducer is angled relative to one another

where continuous impulses are able to reach the insonated blood stream, while return

impulses reach the receiving crystals. Therefore, the sample volume is described as the

region of overlap between the two transducers, or the volume within which is sensitive to

moving objects (51). The CW Doppler is advantageous as it uses a continuous train of

impulses to search for vessels to be examined, has a simplified electronic circuitry and is

relatively cheap. Further, this probe can be used 'blind' since positioning is not as

critical as a probe with enhanced spatial selectivity. However, this can be a disadvantage

when working with a large sample volume since a CW Doppler lacks depth selectivity. It

is also difficult to select a desired signal especially when vessels, such as veins and

arteries, are close to one another (51).

The second type of Doppler is the PW Doppler. The PW Doppler uses one

transducer that acts as both a receiver and a transmitter. PW uses an interrupted train of

impulses (pulse repetition frequency) containing three to 20 cycles ofultrasound at a

fixed fi-equency, depth of scatterer, and time arrival of an echo (51). The same

transmitting transducer is used as the receiving transducer of the backscattered energy.

Unlike the CW Doppler, PW uses a range-gate delay that determines if a signal

originated from a fixed depth (51). The sample size can be determined by the number of

cycles transmitted and the time the range-gate is open. For example, the gate opens soon

after transmission for signals close to the arterial wall, but is delayed when signals are

reflected from distant targets, such as those from the center of a vessel. Therefore,

changing the duration of admittance changes the size of the sampling volume. Sampling

volume can also be determined by the beam-width of the probe (51). The signals
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produced by CW and PW Doppler systems are essentially the same. However, a PW

Doppler is able to select a well-defined reflecting source within a small and controllable

sampling volume, thus preventing interference by signals fi-om adjacent vessels (51).

However, a significant limitation of the PW Doppler system is aliasing (51). This

problem arises with fast-moving blood, since the transmit/receive sequence is repeated

periodically. If the pulse repetition rate is not sufficiently rapid, the Doppler shift signal

will show 'fi-equency aliasing', meaning its fi-equency is distorted (8). However, if the

repetition rate is too rapid, 'range ambiguity' will result fi-om echoes of one transmit

burst overlapping those from the next. The critical sampling frequency required to avoid

aliasing is known as the Nyquist limit, which represents a sampling rate that is twice the

highest frequency to be captured (51). There are several ways to avoid this problem, but

one simple way is to use a CW Doppler (51).

2.5.3 Imaging and Velocity Application

Currently, there are a wide range of 'duplex' machines that combine ulfrasonic

imaging and Doppler. The purpose ofthe 'duplex' Doppler is for an accurate definition

and placement of the sample volume (51). A choice of ultrasonic imaging would consist

ofB-mode and M-mode. B-mode imaging represents brightness and records the reflected

echo pulse as a dot creating a two-dimensional image. The brightness is related to the

intensity/strength of the reflected energy, after accounting for attenuation due to

intervening tissue (51). Modem B-mode machines are 'real-time' scanners producing

between 12 and 60 images per second (51). Ahematively, M-mode signifies motion and
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consists of a beam in a fixed position. This type of imaging produces time-motion

display and is used for moving boundaries (51). '
•

A type of duplex machine consists ofboth a B-mode scanner and a PW Doppler

unit (51). A linear array transducer B-mode scanner is favored for superficial arteries as

opposed to a phased array transducer (which produces a sector scan), since it produces a

larger, rectangular field of view, generates less mechanical and electrical noise, and can

switch on and off sequentially (28; 51). When considering duplex machines it is

important to note if the same beam is used for both imaging and Doppler. Due to the

reflection of ultrasound, images are best captured at approximately right angles.

However, to acquire a good Doppler flow signal the beam should strike at an angle

between 30 and 60° (51).

2. 5.4 Limitations

Since the methods of this thesis specifically encompass arterial imaging there are

several noteworthy limitations to highlight regarding this technique. First, it is important

to have a skilled operator since the majority of setbacks lie in technical error. It is

important that the probe be held at 90° on the artery of interest (28). If the proper angle is

not achieved, it is difficult to see the vessel in its entirety. For example, the sonographer

may notice that one of the near or far walls of the vessel are substantially blurry or

perhaps not present in the field of view. As well, it is necessary that the arterial image

run horizontal across the Doppler unit monitor for accurate analysis of arterial diameter

changes during each cardiac cycle. Finally, it is important that the operator be vigilant
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regarding hold-down pressure during image acquisition since this can interfere with the

pulsatiUty of a vessel inhibiting the measurement of true diameter changes.

A second major limitation that can affect the quality of an image is electrical

noise. This form of interference may arise from within the Doppler system itself, or be

picked up from an external source. High-quality equipment can lessen electrical noise;

however there will always be a minimal noise level due to thermal effects (28). In

addition, an accurate Doppler signal depends on the signal-to-noise ratio, which affects

the choice of ultrasound frequency. For example, higher frequencies cannot be used for

deep vessels, since severe absorption occurs when using high frequency waves (28).

In regards to Doppler imaging, it is very important to obtain a clear crisp image

for accurate analysis. Only when the aforementioned limitations are seriously

considered, will the operator obtain the best image possible.
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Chapter 3.0- Methods

3.1.0 Study Population

A total of 68 students (40 males, 28 females) between the ages of 9 and 12 years

were recruited from the District School Board of Niagara (DSBN). All participants were

healthy, normotensive, non-diabetic, non-smokers and were not taking any medications

that may have affected heart rate or blood pressure regulation. Subjects with a family

history of cardiovascular disease were excluded from the study (Appendix 1).

Research ethics approval was granted by both Brock University and the DSBN,

and consent to enter schools to recruit participants was provided by school principals

(Appendix 1). Written informed assent (child) and consent (parental) was obtained

before study commencement (Appendix 3).

3.2.0 Experimental Measurements

The following study was a cross-sectional analysis of children from 8

participating schools in Southern Ontario. Measurements of pubertal maturation,

anthropometry, blood pressure and heart rate, arterial stiffness, maximal oxygen

consumption and physical activity were included in this study.

3. 2.

1

Pubertal Maturation

To classify subjects into their proper maturation group, physical maturity was

self-reported using pictures of the Sexual Maturation Scale by Tanner (77) and taken

from Taylor et al (2001) (78) (Appendix 4). To reduce embarrassment, each subject was

directed to a private area, by themselves or with their parents, to complete the self-
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assessment. Once completed, the self-assessment was put into a plain envelope by the

subject or subject's parent and left on a side table. Once the child was directed to the

laboratory to begin testing, the envelope was collected in order to maintain

confidentiality.

3.2.2 Anthropometry

A clinical assessment ofbody composition was made on all subjects. BMI was

calculated using height and weight (kg/m^). Standing height was measured without

footwear to the nearest 0.5 cm using a wall mounted stadiometer. Weight was measured

in clothing required for light physical exercise to the nearest 0.1 kg using a calibrated,

electronic scale.

In all children, body fat was measured as skinfold thickness (mm) and was

assessed at four sites (bicep, tricep, subscapular, and supra-iliac) using a Harpenden

calliper (British Indicators, Herts, England). Body fat percentage (%BF) was then

calculated fi-om the skinfold measurements using gender and age-specific equations

according to Slaughter et al. (1988) (69).

As well, waist circumference was used as an indicator of visceral obesity (35).

Subjects stood upright, with arms resting and breathing relaxed. Waist circumference was

taken using a flexible-inelastic tape measure around the narrowest point to the nearest 0.5

cm. This method of measuring waist circumference has been shown to be very

reproducible and reflective oftrunk fat (88). In addition, hip circumference was

measured at the largest extension of the buttocks.
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3.2.3 Blood Pressure and Heart Rate

Resting blood pressure (BP) was recorded using a non-invasive, standard mercury

sphygmomanometer placed on the right arm while participants rested in the supine

position. Due to the fact that the first sphygmomanometer BP value tends to be

consistently high, three measurements were taken and the average of last two BP

measurements were used to establish resting brachial artery blood pressure (11). Beat-

by-beat non-invasive systolic (SBP), diastolic (DBP) and mean arterial blood pressure

(MAP) was measured at the left middle finger by photoplethysmographic methods

(Finapres, Omeda 2300, Amhem, Netherlands). The beat-by-beat BP values were

adjusted to standard sphygmomanometer values. A standard 3-electrode

electrocardiogram was used throughout the entire experimental protocol to measure heart

rate (HR). The sampling rate for both beat-by-beat HR and BP data was set at 1000 Hz.

3. 2.

4

Arterial Stiffness

Central arterial compliance and distensibility were measured at the common

carotid artery (CCA). To measure CCA compliance and distensibility, 3 non-invasive

imaging sequences consisting of five beat-by-beat diameter changes in the right CCA

were taken using echo Doppler ultrasound by the same investigator (Vivid i, GE Medical

Systems, Horten, Norway). BP waves from the left CCA via hand-held tonometry

(Millar TCB-500, Millar histruments, Houston, Texas) were simultaneously collected to

determine pulse pressure. To account for operator hold-down pressure, a stable baseline,

maximum amplitude with 'reasonable' configuration was acquired before image

acquisition (12).
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The right CCA was imaged approximately 3 cm proximal to the carotid artery

bifurcation using an 8 MHz linear array transducer with diameter acquisition in B-Mode.

Once the carotid landmark was identified, continuous measures of the near and far walls

were recorded. Diameters corresponding to systole (peak of the T wave) and diastole

(start of the QRS complex) were measured using Vivid i manual calipers. Pulsatile cross

sectional area (CSA; Ttr^, where r = radius), and the corresponding pulsatile pressure (70;

73) was used to determine vessel compliance (Comp) and distensibility (Dist) using the

standard equations:

Comp = ((sCSA - dCSA)) / (Ps - Pa)

and

Dist = ((sCSA- dCSA)/dCSA) / (Ps - Pd)

where sCSA and dCSA are systolic and diastolic cross-sectional area and Ps and Pj are

CCA systolic and diastolic pressures, respectively (54).

3.2.5 Maximal Oxygen Consumption and Physical Activity

Maximal oxygen consumption (VOapeak) was measured using a continuous,

incremental protocol on a programmed cycle ergometer (Lode Excalibur, Groningen,

Netherlands). Participants were required to pedal between 50 and 80 repetitions per

minute (rpm). The test began at a power output (W) of 20 W with a 20 W increase every

two minutes. Expired gases were collected through a face mask and were analyzed using

an Oxygen analyzer (Model S-3A, AIE Technologies, Pittsburgh, Permsylvania). The test

was terminated when the subject volitionally stopped cycling, heart rate reached the

theoretical maximal level for age (220-age), RER was > 1.0, and/or if the V02peak had a
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visible plateau with increasing power output. Resting BP and HR measures were

obtained prior to and during each maximal oxygen uptake test.

Weekly physical activity was recorded as weekly energy expenditure (metabolic

equivalents (MET)/wk) using a standardized questionnaire (29) (Appendix 4). This

questionnaire measures frequency of mild, moderate, and strenuous physical activity that

children engage in a typical week for at least 1 5 minutes. Subsequently, energy

expenditure was then calculated by multiplying the frequency scores by known energy

consumption values to obtain a weekly total energy expenditure (MET/week). This

questionnaire has been shown to be valid and reliable in children (64).

3. 3. Experimental Protocol

All children were instructed to avoid soft drinks with caffeine, exhaustive

physical activity at least 12 hours prior to testing and consume a light snack at least 4

hours prior to testing. Upon arrival to the laboratory, all participants were asked to void

their bladder before experimental testing, as this has been shown to have an effect on

sympathetic nerve activity and hence blood pressure (23).

Prior to study commencement, all children were given an orientation of the

laboratory procedures. Once a comfortable rapport was established with each subject,

they were given Tanner staging to self-report pubertal maturation. Following maturation,

a complete anthropometric assessment was made. All measures of height, weight,

skinfold thickness, waist and hip circumference were made by the same observer for all

subjects. Physical activity was then evaluated with each study participant to measure

weekly physical activity metabolic equivalents (PAME).
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Afterward, arterial assessments were made by the same investigators under

consistent control conditions outlined including a minimal rest period of 1 5 minutes

before any resting supine measurements were made. Once the participants were clearly

relaxed, and instructed to remain motionless, manual BP readings were recorded and

supine beat-by-beat data collection ofHR and BP was obtained for five minutes. During

beat-by-beat data collection, carotid compliance and distensibility was measured on the

child's neck which was dorsally flexed in order to obtain arterial pressure wave collection

and image acquisition. Following five minutes of supine data collection, manual BP

readings were repeated. The following figure is a schematic representation of the time

course required for arterial data collection.

ISmins 19 mins 20mins

Baseline
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3.4. Data Analysis

Data analysis for CCA compliance and distensibility, as well as maximal oxygen

comsumption, was conducted offline. FAME scores calculated after the testing session

was completed.

3.4.1 CCA Compliance and Distensibility

A mean of the beat-by-beat data collected between the 4"* and 5* minute ofthe

experimental time course was calculated to represent average HR, SBP, DBF, and MAF.

Further, three image acquisitions of five consecutive beat-by-beat diameter changes were

recorded throughout the five minute collection fi-ame. From each of the five consecutive

images, three CCA images were chosen and an average sCSA and dCSA, as well as the

corresponding Fs and Fj waves for all cycles were used to calculate compliance and

distensibility of the CCA.

3.4.2 Maximal Oxygen Consumption

For each child's maximal exercise capacity, HR was continually monitored fi"om

onset and at two minute increment changes. Final maximum HR, RER, V02peak

(L/min), VOipeak (mL/kg/min), VOipeak (mL/kgLBM/min), as well as total test duration

and final stage completed (W) was recorded once the test was concluded.

3.4.3 Secondhand Smoke Exposure

Various questions were taken fi-om the Canadian Tobacco Use Monitoring Survey

and were modified to account for exposure to secondhand smoke. A brief telephone

33



-xj, A;y i--;>j gjI}- 'w

rji I ,j

.rJ 'f Ki. i'\V-n:-^U.:

<\\Wo >'-v>

'ft'-' 'Jr:"'.-0".l

^ ''
i-:

' ,.-i:i_T->r-- ixiWV

usv-;v.

-i'jS'' «; ;ij.i'-.rj <c ';:»'



survey was administered to all parents and included questions of smoking inside the

home and within the private vehicle used most for transportation (Appendix 7).

3.5.0 Data Revision and Cleaning

To ensure accurate input of data, all subject information was checked twice by the

author from subject files. In addition, all demographic, body composition calculations

including BMI, %BF, FM, and lean body mass (LBM) values were compared against an

external data recorder. Frequency distributions were performed on the entire subject base

including separate analysis for each gender to identify possible "outliers" or missing data

(Appendix 6).

3. 6. Statistical Analysis

All statistical analyses were carried out using SPSS software version 14.0 for

Windows (SPSS Inc., Chicago, IL). Subjects were split into three groups; normal weight,

overweight, and obese based on BMI cut-offs according to age and gender as cited by

Cole and colleagues (2000) (14) (Appendix 5). Descriptive statistics were reported as

mean ± standard deviation on all variables and were stratified by weight categories into

three components: (1) physical characteristics including demographic and

anthropomorphic measurements (i.e.. Tanner stage, height, weight, BMI, WC, hip

circumference, waist:hip ratio, sum of skinfold thickness, %BF, FM, LBM,), (2)

VOapeak, and PAME, and (3) arterial characteristics (SBP, DBP, MAP, carotid PP,

Comp, Dist, and average diameter difference).
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A one-way analysis of variance (ANOVA) grouped by normal, overweight and

obese BMI categories, was used to determine a main effect of group, while a Tukey HSD

post hoc analysis was used to determine where group differences occurred. Due to the

finding that common carotid artery diastolic diameters were greater in both overweight

and obese subjects, the measure of arterial distensibility was used for statistical analysis.

This is based on the fact that by normalizing for resting (diastolic) diameter, the

calculation of distensiblity allows for the comparison between groups.

Due to a limited number of obese females, the overweight and obese groups for

both genders were combined in order to run a two-way ANOVA, to determine whether

gender, in addition to weight class, influenced anthropometry, aerobic fitness and arterial

stiffiiess indices. In addition, a imivariate Pearson Product Moment correlation matrix

analysis was conducted across both genders and separated by gender using common

carotid arterial distensibility as the dependent variable. In order to determine significant

predictors of arterial distensibility in children, a multivariate stepwise analysis accounting

for the above factors was also calculated. The acceptable level to test for significance was

set at a = 0.05.

Throughout this study, the same investigator measured all diameter changes. To

test for intraobserver variability, changes in lumen systole and diastole were assessed on

two separate occasions. From all images acquired, 21 were randomly chosen 7 days apart

fi-om the initial measurement. The intraclass correlation coefficients for systolic and

diastolic diameter measures were 0.992 and 0.990 respectively.
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3. 7. Missing Data

It is noteworthy to highlight that in some instances there were circumstances of

missing cases throughout statistical analysis. In regards to anthropometric measurement,

one female refused to have skinfold thickness measured because of comfort issues. Two

females were excluded from the aerobic fitness results, since they were not comfortable

with the mouthpiece or testing protocol. Further, a RER value was missing for one male

because of technical difficulty with computer software. Three children were excluded

from the FAME questionnaire because of time restraints. Finally, two parents were not

included in the smoking exposure survey due to telephone disconnection.
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Chapter 4 - Results

4.1.0 Physical and Maturation Characteristics

Physical and maturation characteristics were collected on 68 peri-pubescent

children (40 males and 28 females) and are shown in Table 1. Physical characteristics are

divided into BMI categories for normal weight, overweight, and obese groups as defined

by Cole et al. (2000) (14). A one-way ANOVA was performed between each BMI

category on all independent variables fi-om each of the three components: (1) physical

characteristics, (2) V02peak, and PAME, and (3) arterial characteristics. Tukey post hoc

analysis revealed significant differences (p<0.001) between normal weight and

overweight children, as well as normal weight and obese children with respect to physical

characteristics. Body stature was only higher in obese children compared to normal

weight children (p<0.01). No significant differences were found between groups

regarding age or Tanner stage.
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Table 1 . Physical and maturation characteristics in normal weight, overweight, and obese

children

Weight Category
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(3.4 ± 2.5 h wk"') versus overweight children (1.6 ± 2.0 h wk"'). However, strenuous

activity was not found to significantly differ between the normal weight and obese group,

or between the overweight and obese group.

Table 2. Differences in aerobic fitness and physical activity in normal weight,

overweight, and obese children

Weight Category
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7.2 mmHg) versus obese children (72.3 ± 8.2 mmHg), and was lowest among obese

children. As well, brachial pulse pressure (bPP) was found to be significantly higher

(p<0.001) between obese children (41.0 ± 8.5 mmHg) and normal weight children (30.5

± 6.8 mmHg).

Results regarding carotid distensibility showed a significant difference (p<0.01)

between normal weight children (0.008 ± 0.002 mmHg'') to that of obese children (0.005

± 0.002 mmHg''), with a borderline difference between the normal and overweight

children (p=0.06). Common carotid artery diastolic diameter was significantly different

(p<0.01) between normal weight (5.99 ± 0.37 mm) and overweight (6.29 ± 0.49 mm), as

well as obese children (6.34 ± 0.36 nmi). As for diameter change, children with a normal

weight (0.71 ±0.15 mm) demonstrated a significantly larger (p < 0.001) overall diameter

change compared to overweight (0.47 ±0.16 mm) and obese (0.49 ± 0.09 mm) children.

Table 3. Arterial properties in normal weight, overweight, and obese children

Weight Category
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Due to a small proportion of overweight girls, both the overweight and obese

categories were combined in order to run a two-way ANOVA to determine any gender

effects. This analysis demonstrated no significant effect for gender across all

independent variables (p>0.05).

4.4.0 Determinants ofArterial Distensibility

Determinants ofcommon carotid distensibility, when analyzed as an entire cohort,

demonstrated that pubertal maturation as measured by pubic hair Tanner staging was

inversely correlated (r= -.32, p<0.01) with distensibility. As well, BMI, WC, sum of

skinfolds, %BF, FM, and LBM were all found to negatively correlate with arterial

distensibility (p<0.01) for the entire group. Further, SEP (r= -.28, p<0.05), cPP (r= -.52,

p<0.001), and diameter change (r= .50, p<0.001) were also found to correlate with

carotid distensibility (Table 4).

Conversely, different correlations emerged when groups were stratified by

gender. The anthropometric determinants that predicted arterial distensibility in males

and females are given in Table 4. Ceirotid arterial distensibility was found to be inversely

(p<0.05) correlate with waist circumference (r= -0.38), fat mass (r=-0.34), and lean body

mass (r=-0.35) in male subjects. Similarly, skinfold thickness at two (r=-0.33) and four

(r=-0.38) sites showed significant inverse correlations (p<0.05) with distensibility. Hip

circumference in males did not correlate with distensibility. However, waist-to-hip ratio

was a strong significant determinant of carotid arterial distensibility (r=-0.38, p<0.05).

Surprisingly, carotid distensibility was not found to correlate with age, BMI, %BF, or

measures of aerobic fitness in males (p>0.05). In contrast, female carotid distensibility
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was found to significantly correlate with age, BMI, %BF, as well as all of the remaining

body composition parameters (p<0.05), except waist-to-hip ratio. However, similar to

males, no significant correlations between distensibility and aerobic fitness or FAME

were observed in females.

As for the physiological determinants, bPP and cPP in male children showed a

strong inverse correlation with arterial distensibility (-0.62, p<0.001). Carotid pulse

pressure remained negatively correlated in females (i=-0.41, p<0.05), but weaker than

that observed in males. As for arterial diameter difference, females demonstrated a

stronger correlation with distensibility (r=0.71, p<0.001) than in males (r=0.33, p<0.05).

Systolic blood pressure was inversely correlated with distensibility in males (r=-.35,

p<0.05), but not in females.

A stepwise regression analyses between distensibility and all parameters listed

above, as well as gender, showed a significant association (p<0.001) among the entire

cohort. Carotid pulse pressure alone explained 27% of the variance in distensibility. In

addition, cPP and diameter difference accounted for 73% of the variance in distensibility.

Finally, cPP, diameter difference, systolic and diastolic diameter, as well as waist-to-hip

ratio explained 94% of the variance among peri-pubescent children.

In males subjects, cPP alone explained 39% of tiie variance in distensibility. The

addition of adding arterial diameter difference in the model increased the explained

variance to 73%. Further, 78% of the variance in carotid distensibility was explained

when cPP, diameter difference and sum of four skinfolds were combined. As for

females, diameter difference accounted for 46% of the variance in distensibility while

diameter difference and cPP explained 88% of the variance. Finally, changes in arterial
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diameter, cPP, and diastolic diameter accounted for 92% of variance in carotid

distensibility in females.

4.5.0 Exposure to Secondhand Smoke

Results from the telephone assessment survey showed that none of the study

participants reported exposure to secondhand smoke either inside the home or within the

private vehicle used for transportation. Therefore, this variable was not included in our

analysis.
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Table 4. Carotid artery distensibility correlation coefficients (r) among independent

variables separated by gender and entire cohort

Males (n=40) Females (n=28) Total (n=68)

Age (years)
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Chapter 5 — Discussion

5. 1. Introduction

This study evaluated the effects ofbody composition on arterial stif&ess as

measured by Doppler echocardiography and applanation tonometry in a sample of 9 to

1 1 -year-old children. The primary finding of this study is that obese children had

significantly decreased CCA arterial distensibility compared to normal weight children.

In addition, gender does not appear to influence CCA arterial distensibility in peri-

pubescent children. Further, sexual maturation was only considered to be a determinant

of arterial stif&iess when male and female data were combined. However, unique to this

study was the finding that certain arterial parameters, as well as anthropometry, are

strong determinants of arterial distensibility in children.

5.2.0 Arterial Parameters

Initially, compliance and distensibility were both considered for calculation of

arterial stiffiiess. Compliance measures the relationship between the absolute change in

vessel diameter for a change in distending pressure and is dependent on distending

pressure and arterial geometry (2; 44). As for distensibility, it represents the relative

change in vessel diameter for a given change in pressure (55) and is also strongly

dependent on distending pressure (38), as well as wall stiffiiess (6). Given that arterial

diastolic diameters differed between the weight classifications, as well as the fact that

MAP and cPP were not found to be significantly different between groups, arterial

distensibility was an acceptable measure of arterial stiffiiess for this particular cohort.
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The carotid artery distensibility values found in the present study in normal

weight (0.008 ± .002 mmHg"'), overweight (0.006 ± 0.002 mmHg"'), and obese (0.005 ±

0.002 mmHg') children extends previous reports (81). Carotid distensibility values seen

in overweight children from the present study were equivalent to values reported in

severely obese children aged 12 years (81). This suggests that impairment in arterial

fixnction may even start before a child is obese and as early as the second decade of life.

hi the present study, no gender-related differences were found in carotid artery

distensibility, which is in accordance with earlier findings (38; 42; 84). However, the

opposite has been demonstrated by Ahimastos and colleagues (2003) whereby pubertal

status was found to influence regional arterial compliance (2). They foimd 10-year old

prepubertal females to have stiffer large arteries compared to age-matched males. After

puberty, the reverse was observed where males developed stiffer arteries (2). As well, no

gender differences were present with respect to confounding factors such as blood

pressure, suggesting that intrinsic differences between males and females could be due to

genetics (2).

Perhaps differences between studies can be attributed to differences in the

measurement of stiffness and sample populations. Ahimastos et al. (2) used central PWV

measured at the right carotid and femoral arteries. A study conducted in 365 men and

women between the ages of 1 and 54 years showed that femoral arterial diameter

increased until the age of 1 8 whereas carotid diameter did not change significantly (62).

Further, variability in femoral diameter was attributed to growth, which has also been

associated with increases in vessel length and diameter to accommodate changes during

46



•r,.H

:^-!!\'.-\ if Si\^:-r :t.'

:n'^bs

:\f a^- '-J '»'

-.t
•.'

.'>-|;s-ni;-' ,• lfi'-,/j'

,/ -H....- S <i,

"!:,•'. • '^

L<^*'';'. .Wi '•.>i:'

: ' 1?

•«. .'A*'

' j'' *Mi.'t? :, r^rn''" ' .'i^ni
-^^

«i,
' iO ;•"••

(• ./4r ••;.'.. •- 'V/ "i>= . r> ^.,'.5 M/ ;.

*,!fj ,'



childhood and adolescence, prohibiting direct comparison between studies using different

stiffness measurements (38; 62).

In the present study, a limited sample size of female participants and the use of

self-report to classify pubertal status could be likely reasons why gender-related

differences were not observed. However, pubertal status in the present study was a

significant determinant of arterial distensibility in children, where higher pubic hair

Tanner stage was associated with a decrease in distensibility. This observed effect of

pubertal status reflects that foimd by Ahimastos et al. (2), in that hormonal changes are

likely to influence changes in arterial function.

The relationships found in this study between several independent variables and

arterial distensibility is in keeping with a recent study performed by Jourdan et al. (38).

In this study, carotid elastic parameters including the distensibility coefficient in 247

subjects between the ages of 10 to 20 years was found to be inversely correlated with age,

BMI, SBP, as well as brachial pulse pressure (38). In the present study, age (excluding

girls alone) did not influence carotid distensibility, while SBP, BMI, bPP (excluding girls

alone) and cPP were negatively correlated with an increase in distensibility in children. It

is interesting to note that SBP did not differ among the normal weight, overweight, and

obese children and these values are comparable to those reported in other pediatric

studies (34; 81). This finding does not underscore the importance of childhood BP, while

increases in BP still remain a risk factor for arterial stiffiiess and cardiovascular

morbidity (67).

The cushioning effect of arteries is determined by the elastic properties of the

arterial walls and can be described in terms of distensibility (44). In a distensible artery
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(ie, low stif&iess), approximately 40% of blood from the left ventricle is forwarded into

the periphery during systole, while 60% of the remaining blood and energy is used during

the diastolic portion of the cardiac cycle (44). In a stiff artery, there is a limited amount of

buffering capacity, resulting in a greater amount ofblood being pushed forward into the

peripheral arteries during systole. This results in an increase in SBP. In turn, less blood

is stored and released during the diastolic portion of the cardiac cycle, resulting in a drop

in DBP (44). Thus, a less distensible artery will be associated with a greater fall in DBP

and an increase in pulse pressure (44). In this study, brachial DBP was seen to be

significantly lower, while pulse pressure was higher obese children compared to normal

weight children, providing further support regarding the reduction in distensibility fovind

in obese children, as well as suggesting possible premature deterioration of the arterial

cushioning effect in these children.

Carotid ultrasonographic measurement of diastolic diameter and diameter change

showed marked significant differences between the children in the various body

composition categories. The increase in diastolic diameter and lack of arterial pulsatility

observed throughout the cardiac cycle in overweight and obese children suggests that

body size greatly impacts arterial structure and mechanics, hence arterial distensibility.

This finding is comparable to that ofTounian and colleagues (2001) who reported an

increase in diastolic diameter, along with a reduction in distensibility in their obese

children (81). As well, cPP was found to correlate with distensibility. These factors

likely indicate the start of arterial remodeling, specifically alteration of the collagen wall

structure and/or the loss of elastin fibers (92).
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5.3. Anthropometry

It is evident that distensibility in boys and girls is strongly related to body

composition (Table 4). Cole and colleagues (2000) have developed international age and

gender guidelines to classify a child as overweight and obese (14). These definitions

have been linked to adult cut off points and have been recently found to be predictive of

CHD risk factors in childhood and adolescence (40). In an attempt to follow the

suggestion of standardizing overweight and obese guidelines for national comparison of

data (40), the present study used BMI cut off values for children aged 9 to 12 (14).

Previous studies have linked body fat and its distribution to adverse health risk in

adults (92) and children (32). The present study demonstrates that body fat distribution,

as measured by anthropometric parameters, has a strong influence in determining arterial

elastic behavior in children (Table 4). Similar to past studies, carotid distensibility was

found to correlate with WC, hip circumference (HC), sum of skinfolds, %BF, FM, and

LBM in children (62; 81).

Changes in fat patterning as a result of growth and sexual maturation are known

to be different in boys and girls (41), and could likely account for the differences seen

between sexes in the current study. Nevertheless, results from the present study do differ

from previous studies. Work by van Merode and colleagues (1989) demonstrate in males

that distensibility decreases with age, but body composition was not included in their

analyses as a possible influential factor on arterial wall properties prohibiting a direct

comparison (85). lannuzzi et al. (2004) included both males and females and measured

carotid intima-media thickness and stif&iess, but did not make any direct gender
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comparisons to investigate whether vascular alterations were different between males and

females.

Aznar and colleagues (1998) previously demonstrated that W:H ratio defines
,

early fat patterning in both males and females between the ages of 6 and 14 years (4).

Conversely, de Ridder et al. (1992) compared conventional anthropometric parameters to

measured amounts of intra-abdominal fat measured by magnetic resonance imaging in

females in the early and late stages of puberty (18). They found that W:H ratio was not

useful in predicting levels of intra-abdominal fat in pubertal girls (18). This could likely

be the reasons as to why the present study observed a relationship between W:H ratio and

distensibility in males and not in females. Further, the present study reveals an important

relationship between HC and distensibility in females. The observed inverse association

in females could be explained by the increase of adipose tissue in the hip region as hips

begin to widen during puberty (56). In addition, this may explain why W:H was not

correlated in females.

Upon review of the literature, this research is first to show skinfold thickness as a

strong determinant of arterial distensibility in both boys and girls. Skinfold thickness

represents subcutaneous fat at selected anatomical sites and can predict overall body fat

percentage in children (69). The findings of the present study reflects the utility of

skinfold thickness at 2 and 4 sites as an index ofbody fat distribution, as well as an

important determinant of arterial function.

The present study found that %BF has little influence on arterial elasticity in boys,

but a rather profound negative effect in girls and among the entire sample population.

Body fat percentage may not always be similar in boys and girls given identical BMI. A
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previous study that used DXA to measure FM and %BF in 100 boys and 92 girls, found

girls to have greater amounts of total body fat in comparison to boys for a given BMI

(16). Surprisingly, LBM was found to be inversely associated with distensibility in boys

and girls. The opposite would be expected whereby presence of lean body tissue would

be thought to promote arterial elasticity (72). However, given that pubescence is a time

of physical development, sudden increases in body muscle may increase arterial shear

stress in that blood flow and diameter are increased (62). This helps to explain the

observed arterial properties in the overweight and obese children, as similar to previous

studies (34; 81), LBM was greater in these two groups compared to normal weight

children.

5. 4. Aerobic and Physical Activity

No association was found to exist between V02peak and arterial distensibility.

These results contradict those published by Reed and colleagues (2005) where a positive

relationship was found between aerobic fitness and large and small arterial compliance in

children aged 9 to 1 1 years (58). Values ofV02peak (mlVkgLBM/min) fi-om the present

study were similar between the normal weight (51.1 ± 17.3 mL/kgtBM/niin), overweight

(48.3 ± 7.8 mL/kgLBM/min), and obese children (48.1 ± 10.0 mL/kgLBM/min). It appears

that there was limited variability within the sample population perhaps owning to the lack

of association observed between groups. In light of this discrepancy, it is also

noteworthy to highlight that obese children had significantly lower VOapeak (ml/kg/min)

values in comparison to normal weight, even with the smaller number of children in this

group. This observation emphasizes the burden of excess body fat. Furthermore, two
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females who, according to BMI cutoff values would have fit in the overweight and obese

category respectively, were excluded fi-om the maximal exercise test due to comfort

issues with the testing protocol. Exclusion of these girls resulted in a borderline

significant correlation between V02peak (ml/kg/min) and distensibility (p=0.06). It is

not unreasonable to suggest that inclusion of these subjects would have included

V02peak (ml/kg/min) as a significant determinant of arterial distensibility.

Arterial distensibility was not found to be associated with physical activity as

measured by FAME standardized questionnaire. Accordingly, Reed et al. (2005) also

assessed the relationship between deliberate physical activity in sports using a self-report

questionnaire and found similar results (58). On the contrary, Abbott and colleagues

(2002) demonstrated that habitual physical activity levels, as measured by radio labeled

isotopes, was a strong predictor ofFMD in 5 to 10 year old children (1). In comparison

to labelled isotopes, an indirect measure of activity levels in the form of a self-report

questionnaire may not accurately reflect physical activity levels in children between the

ages of 9 and 12 years.

5.5.0 Reliability Analyses

The present study evaluated intra-observer variability of arterial diameter

measurements and demonstrated high reliability values. Reproducibility of arterial

stiffiiess measurements assessed by Liang et al. (1998) in adults aged 20 to 70 years was

found to be satisfactory. Specifically, the coefficient of variation estimates for carotid

intima-media thickness, systemic arterial compliance and carotid distensibihty coefficient

were 2.8%, 9.2% and 10% respectively (43). Further, the repeatability of vascular
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measurements in children aged 6 to 14 was considered by lannuzzi and co-workers

(2006). They found similar results to Liang et al. (1998) showing a CV of 3.9% for

intima-media thickness (33). This study extends the aforementioned findings, validating

ultrasound as a reliable method for measuring arterial elasticity in children.

5.6.0 Conclusions

Arterial distensibility, as determined by Doppler echocardiography and

applanation tonometry in children, was significantly affected by body composition, but

not by gender. In addition, arterial parameters including cPP and change in lumen

arterial diameter were also strong determinants of arterial distensibility in children.

Further, sexual maturation according to Tanner staging did influence arterial

distensibility in males and females suggesting that there could be an underlying hormonal

influence, which was not directly measured in this study. This study, however, greatly

underscores the need for weight reduction and management for long-term prevention of

cardiovascular morbidity and mortality.

5. 7.0 Limitations andfuture considerations

While present findings have important implications for vascular health in

children, there are acknowledgeable limitations that need to be addressed. The relatively

small number of overweight and obese children could account for the lack of association

between CCA distensibility and several of the anthropometric variables, as well as

aerobic capacity. In addition, the observed similarity and lack of variance between

groups, mainly within the V02peak (mL/kgLBM/min) could have limitd our findings.
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Hene, inclusion of a more diverse sample, such as child athletes, may offer a better

indication of the association between arterial function and aerobic fitness.

Pubertal maturation was determined by self-report, prohibiting conclusive effects

of sex steroids known to be present throughout puberty (2). In addition, this study did not

consider if females had experienced a menstrual cycle. This would be particularly

important with respect to obese females, where obesity has been linked with an earlier

progression into puberty and menarche (21). Furthermore, estrogen is known to have

antiatherogenic properties (86) and this could likely cause a reduction in arterial stiffness

post-puberty (2).

Applanation tonometry requires the gentle compression of an artery to obtain a

stable pressure wave contour (12). Further, the hold-down force required to obtain an

arterial pressure waveform, as well as an optimal Doppler image, may also be influenced

by the thickness of anatomical tissue (12). Therefore, the amount of adipose tissue

present in obese children in this study was a limiting factor for arterial measurements,

specifically obtaining a sharp pressure waveform and a clean, crisp image fi-om the

carotid artery. However, operators were subject to a rigorous learning period to ensure

reliable carotid artery recordings.

The arterial tree is complex in that considerable structural differences exist

between the structure of large conduit arteries and small arteries (71). One vessel,

therefore, may not be characteristic of changes experienced elsewhere within the

vasculature. However, the carotid artery still offers an indication of the consequences

that are associated with excess body fat. Inclusion of several arteries is warranted to gain
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an overall description of the elastic behavior of the arterial tree in children with different

body sizes.

Longitudinal tracking of temporal trends ofbody composition, aerobic fitness,

and development (age, maturation, and physical) in males and females throughout

childhood and adolescence would provide a clear picture of the effects on arterial

function. Shortly, future work using new recruits and additional arterial measurements,

such as baroreceptor sensitivity and autonomic fimction, may satisfy the aforementioned

limitations and considerations.
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form, please contact the Research Ethics Officer at (905) 688-5550 ext. 3035, or

reb(£)brocku.ca .

Return your completed application and all accompanying material in triplicate to the
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attached prior to submission, otherwise your application will not be processed (see
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Original Copy + 2 additional copies of the following DOCUMENTS





Please indicate that you have read and fully understand all ethics obligations by checking the box beside

each statement.

[^] 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.

[^] I will report any serious adverse events (SAE) to the Research Ethics Board (REB).
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[^] I agree to request a renewal of approval for any project continuing beyond the expected date of
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[^] I will submit a final report to the Office of Research Services once the research has been completed.
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protocol as
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Signature Date: _May 3 1*, 2005

Signature Date:
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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
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are protected.

[<^] I will ensiu-e 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: _May 3 1*, 2005_
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Describe the purpose and background rationale for the proposed project, as well as the

hypothesis(es)/research question(s) to be examined.

The proposed study aims to address the physiological consequences of cardiovascular disease in obese

and overweight children. To do so, two non-invasive physiological measures - arterial stiffness and

baroreflex function - will be used to assess the cardiovascular profile of overweight and obese children.

These measures have been used to provide valuable insight regarding cardiovascular disease in adults (5,

8), but limited data exists in children. As such, the objective of the proposed study is to examine

baroreflex function and arterial stiffness in overweight and obese children in order to gain insight into

the detrimental effects of obesity on the health of Canadian children.

The national and international prevalence rates of childhood obesity are at epidemic levels and continue

to increase at alarming rates. The World Health Organization estimates that worldwide 22 million

children under the age of five are obese or overweight, and of that, 17 million are fi-om developing

countries (27). In Canada, recent statistics indicate that more children are becoming overweight; fi-om

1981 to 1996 the prevalence rate of overweight children increased by three-fold in boys and two-fold in

girls. Moreover, obesity rates increased five times in both boys and girls, during the same time period

(24). In addition, the economic burden of obesity in 2001 was estimated to cost Canadians $2.7 billion

(12). To add to the high prevalence rates and cost of obesity, the consequences of childhood obesity are

staggering. High national and international prevalence rates of childhood obesity stress the significance

of cardiovascular disease risk factor clustering in obese children (2, 6, 14), the link between parental

disease and reduced arterial elasticity in children (16) and to the onset of heart disease and increased

morbidity in adults (9, 15). Surprisingly, few investigators have taken the next step in exposing the

harmftil effects of childhood obesity on cardiovascular health through non-invasive measures such as

arterial stiffness and baroreflex sensitivity. The few investigators that have, report greater arterial

stiffness in obese children (10, 18, 23, 26). However, the overall lack of research in children and the

existence of several major limitations indicate that past studies must be interpreted with caution. First,

studies to-date have not used a consistent definition of "childhood", rather the age range has been

variable and broad (i.e., 4-20 years). Concomitantly, these studies did not control for age or gender,

failing to provide an accurate accoimt of the cardiovascular health of these children. Second, the

definition of obesity was not consistent, and was based on a number of different body mass index values

that did not coincide with the international guidelines that accoimt for both age and gender (3). Third, the

effect of obesity during childhood on baroreflex sensitivity, indicative of autonomic function, has yet to

be determined. These limitations make it very difficult to evaluate the adverse effects of childhood

obesity on cardiovascular health.

Objectives

There is substantial evidence that obesity in childhood lays the metabolic ground-work for adult

cardiovascular disease (13, 19, 22). The following objectives will provide a comprehensive overview of

cardiovascular disease development in children. The results will be novel, adding to a limited body of

knowledge, and in addition, provide health practitioners, parents, teachers, community leaders and

policy makers with valuable information regarding cardiovascular disease development.

The primary objective of the proposed study is to compare arterial and baroreflex characteristics across

obese, overweight and normal weight children between the ages of 9-16 years. This will provide insight

into the early effects of obesity on arterial stif&ess and baroreflex function in Canadian children. The

secondary objective is to determine the effects of gender and childhood aging on baroreflex regulation

and arterial stiffness in obese, overweight and normal weight Canadian children. The third objective is

to secure baseline data to facilitate the long-term follow-up of these children, in order to exam changes

in arterial development and baroreflex function as they move into and through adolescence.

The proposed study will explore whether arterial stiffness and baroreflex function, indicators of

cardiovascular function, differ between obese, overweight pre-pubertal, pubertal and post-pubertal

children to age- and gender-matched controls. As well, the effects of age and gender will be investigated.
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This study is essential to further our understanding of childhood obesity. The data generated from this

study will have important implications in securing baseline data for the long-term follow-up of these

children. This will provide support for recognizing obesity as a disorder, along with the detrimental

changes in cardiovascular physiology that occur as a result of obesity during childhood. By gaining

insight into the effects of obesity early in life, we can work towards improving the health of our children,

in turn helping to prevent the onset cardiovascular disease and other associated health problems in

adulthood.

10. Methods:

Are any of the following procedures or methods involved in this study? Check all that apply.

[ ] Questionnaire (mail) [ ] Focus Groups [^] Non-invasive physical

[ ]
Questionnaire (email/web) [ ] Journals measurement (e.g., exercise,

[V'] Questionnaire (in person) [ ] Audio/video taping heart

[ ] Interview(s) (telephone) [ ] Unobtrusive observations rate, blood pressure)

[ ] Interview(s) (in person) [ ] Invasive physiological
[ ] Analysis ofhuman tissue,

[ ] Secondary Data measurements (e.g., body

[ ] Computer-administered tasks ventipuncture, fluids, etc.

muscle biopsies) [ ] 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 ofall auestionnaire(s), interview

guides, or other test instruments.

Procedures

After expressing interest in the study, participants meeting the inclusion criteria and their parents will be

asked to read an information sheet on the study, sign a consent form and complete a medical

questionnaire (see attached). Prior to the commencement of every test, participants will undergo a

familiarization procedure to habituate them to the testing environment. Specifically, resting arterial

distensibility measures will be obtained following 15 minutes of rest in a temperature controlled quiet

room. The same procedure will be observed in the test session.

Some factors, such as food, exercise and temperature have been purported to affect performance

(Astrand et al 2003). To account for this, subjects will be asked to fast for 4-hours prior to the testing

session; avoid caffeine the day of testing; refrain from exercise on the testing day (prior to the

procedure) and testing will be conducted in a temperature controlled room. On arriving at the laboratory,

each subject's weight, height, skinfold thickness, waist circumference, gender, age and Taimer stage (see

attached) will be recorded, along with current medical conditions, medications and medical/family

history of disease. Subjects will void their bladder before experimental testing, as this has been shown to

have an effect on sympathetic nerve activity and hence blood pressure (4).

First, baroreflex function and arterial stiffness will be measured. Each subject will lie supine while being

mstrumented with a 3-lead ECG, a finger cuff on the left third digit for beat-by-beat blood pressure

measures (Finometer), as well as a pressure transducer on the left middle toe. After 15-minutes of

acclimatization, three resting blood pressure measures will be obtained manually using a child size blood

pressure cuff and sphygmomanometer. Following blood pressure measurement, 5 minutes ofbeat-by-

beat heart rate, blood pressure and toe pressure waveforms will be collected. As well, the right common
carotid artery will be imaged using Doppler ultrasound and the left common carotid artery pulse pressure

will be recorded using hand-held tonometry.
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Following baroreflex and arterial stiffness measxires, maximal oxygen consumption will be assessed.

Participants will complete a gradual test (approximately ten minutes) ending at 100% maximal effort

using a programmed cycloergometer (Lode Excalibur, Sport Model, Sweden). Resting blood pressure,

heart rate and oxygen consumption measures will be obtained prior to and during each maximal oxygen

uptake test. All subject guidelines and requirements will be adhered to as much as possible as this will

ensure proper data collection over multiple subjects.

At the conclusion of the study, participants will be thanked for their involvement. Upon completion of

data analysis and interpretation, a summary sheet of the investigative findings will be given to all

participants.

Measurements

Body Composition Assessment: Body composition measures will be used to identify overweight, obese

and normal weight subjects. Body mass index (BMI = weight/height^ or kg/m^) will be determined using

a dual-purpose medical weight scale with height stadiometer. Overweight and obesity will be defined

using BMI cut-offs according to the international guidelines on childhood and adolescent obesity (3).

Since some discrepancy and controversy exist around using BMI to define obesity, percentage ofbody

fat will also be measured to verify BMI classification. Skinfold thickness (mm) will be assessed at 2-

sites (triceps and subscapular) using a Harpenden calliper (British Indicators, Herts, England). Body

density will be calculated from the skinfold thickness measurements using gender and age specific

equations for those <18 years of age (21). Relative body fat will then be calculated from the body density

according to Siri equation (20). As well, waist circumference will be used as an indicator of visceral

obesity (11). Studies have shown waist girth to be a strong predictor of cardiovascular disease and its

risk factors in adults (1,15) and children (7, 17). Waist circiraiference will be taken using a flexible-

inelastic tape measure around the narrowest point (25).

Sexual Maturation Self-assessment: A questionnaire with drawings showing the Tanner's stages of

sexual maturation (1962) and taken from Taylor et al (2001) will be given to the participants to evaluate

their sexual status (see attached).

Arterial Stiffness: i.) Pulse Wave Velocity (PWV) is the speed at which the forward pressure wave is

transmitted from the aorta through the vascular tree and is representative of large artery stif&iess. It will

be determined from the common carotid and toe pressure waveforms obtained non-invasively via a

hand-held tonometer (Millar SPT-301, Millar Instruments, Houston, TX, USA) and a pulse transducer

(ADInstruments, Colorado Springs, Colorado, USA), respectively. Waveforms will be referenced to a

concurrently recorded ECG, and carotid to toe transit time will be computed from the foot-to-foot time

difference between waveforms (AT). The distance between the surface markings of the sternal notch and

toe will be used to estimate the path length (L). PWV will be computed as L/AT (cm/s).

ii.) Distensibility is an index of arterial stif&iess and will be measured in the common carotid artery using

the Doppler ultrasound method. Doppler ultrasound will measure carotid arterial diameters and blood

velocity. Doppler ultrasound uses high frequency sound waves emitted from a probe placed on the

surface of the artery of interest. Blood vessel diameter is determined by soimd waves deflecting off the

blood vessel wall. Red blood cells flowing through the artery deflect transmitted sound waves back to

the probe, allowing for measurement of blood velocity. After 15 minutes of rest, conductive gel will be

spread over the skin siuface and a 10 MHz transducer will be positioned at the lateral side of the neck.

The arterial lumen will be maximized in the longitudinal plane in order to obtain an optimal image of the

two walls of the carotid artery. Thus, typical double lines could be seen as the intima-media layer of the

artery.

Heart Rate Baroreflex Sensitivity: Baroreflex sensitivity will be measured by determining the

relationship between beat-by-beat heart rate (beats/minute) and blood pressure collected during supine

rest. Blood pressure will be obtained non-invasively using the fmger cuffphotoplethysmograph system

known as the Finometer (Finapres Medical Systems, Amhem, Netherlands). This system calibrates

fmger blood pressure to brachial blood pressure by automated sphygmomanometer measures taken at
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preset times. As for heart rate, it will be recorded using 2 sets of 3-lead electrocardiogram (ECG).

Baroreflex sensitivity is calculated as the change in heart rate (beats/minute) in response to a given

change in blood pressure (mmHg).

Maximal oxygen uptake test: A maximal test using a cycloergometer will be used to measure oxygen

uptake. This procedure is an incremental test in which the level of work rate changes every two minutes

while the subject pedals at a specific speed. A mask will be used to collect expired gases. Gases will be

analyzed using an Oxygen analyzer (Model S-3A, AIE Technologies, Pittsburgh, Pennsylvania). The test

will be finished when the subject decides to do so, heart rate reaches the theoretical maximal level for

age or the expiratory ratio reaches 1.0.

KOTE: The above procedures and measurements have been previously approved in REB file #04-26^

Peralta/O'Leary.

1

1

. Professional Expertise/Qualifications:

Does this procedure require professional expertise/recognized qualifications? [^] Yes [ ]

No

If YES, specify: ECG and ultrasound techniques and methods

Do you, your supervisor, or any members of your research team have the professional

expertise/recognized qualifications required?

[•] Yes [ ] No

12. Participants:

Describe the number of participants and any required demographics characteristics (e.g., age,

gender).

Sample Size Calculation and Justiflcation:

n = (1.96 + 0.84f * (SD/ECf
where n is number ofsubjects per group studied, SD is standard deviation andEC is expected

change.

n = (1.96 + 0.84/ * (O.ll/O.l/ = 9.5

In order to achieve our primary objective, the above sample size calculation is based on an earlier study

by Toimian et al. (2001). This study compared common carotid distensibility in obese children to that of

normal weight controls. This smdy included both males and females over a wide age range (average age

of 12 years). Due to the very limited amount of data published on common carotid artery distensiblity in

children, the above sample calculation is collapsed for age and gender. As well, common carotid

distensibility was used for the sample size calculation, as no data ciurently exists regarding baroreflex

function in obese children. The change in distensibility and corresponding SD, together with an 80%

power and a probability level of 0.05 were used to determine this sample size (Shavelson, 1988).

However, in order to obtain a representative cross-sectional sample, as well as fulfill the second

objective of the proposed study, the differences in arterial stiffiiess and baroreflex function will be

evaluated in 90 overweight, 90 obese and 90 healthy, age- and gender-matched normal weight controls

between the ages of 9-16 years of age. Subjects will be fi-ee fi-om cardiovascular disease and all related
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risk factors and will not be taking any medication that may alter cardiovascular function. Subjects will

be divided into three groups: 1. Pre-pubertal (9-10 years old); 2. Pubertal (12-13 years old); and 3. Post-

pubertal (15-16 years old). An equal number of subjects per age group, weight classification and gender

will make up the total number of 270 participants (see below Table).

Controls Overweight Obese

Pre-pubertal

9-10 years

30

(15 males/15 females)

30

(15 males/15 females)

30

(15 males/15 females)

Pubertal

12-13 years

30

(15 males/15 females)

30

(15 males/15 females)

30

(15 males/15 females)

Post-pubertal

15-16 years

30

(15 males/15 females)

30

(15 males/15 females)

30

(15 males/15 females)

90 90 90

TOTAL

The subject base for the proposed study will consist of 270 students from the Hamilton, Halton and

Niagara District School Boards. In particular, subjects will be recruited from a minimum of four

randomly selected schools (two elementary and two high schools) within the above regions. Permission

will be obtained from school officials, and the purpose and potential risks of the study will be carefully

explained to parents before obtaining consent. Since schools usually have one or more classrooms in

each grade, the minimum number of students to be recruited will be around 100 per grade (two

classrooms x 25). Based on our previous work with these school districts and prior experience with

school-based research of this nature, we anticipate that 90% or greater (i.e., 90 subjects) will provide

informed consent for participation in the study. Subject screening will be conducted by the principal

and/or co-investigator. There are no major exclusion criteria, other than the presence of a chronic

medical condition.

Although the sample size for the proposed study is larger than the above sample calculation, the above

calculation is only based on comparisons between obese versus non-obese children, as Hmited data

currently exists. Therefore, we need to consider a sample number that will provide significance for the

various weight classifications, as well as the variables of age and gender. The sample number we

propose will provide us with a representative cross-sectional sample of children between the ages of 9-

16 years. In addition, past studies that have focused on die effects of age and gender, as they pertain to

arterial stiffness and baroreflex sensitivity, use similar sample size numbers as those proposed in this

study (Lenard et al., 2004; van Merode et al., 1988).

Lenard Z, et al. Maturation of cardiovagal autonomic function from childhood to young adult age.

Circulation 2004;1 10:2307-12.

van Merode T et al. Noninvasive assessment of arterial wall properties in children aged 9-19 years.

Pediatric Research 1988;25:94-6.

Shavelson RJ. Statistical Reasoning for the Behavioral Sciences, 2"^ Ed., Allyn and Bacon, Inc. Toronto,

1988, Pg. 309.

Tounian P et al Presence of increased stiffness of the common carotid artery and endothelial dysfunction

in severely obese children: a prospective study. Lancet 2001;358:1400-4.

13. Recruitment:
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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 voster(s}, advertisements) or letter(s) to be used for recruitment

Due to the existing relationships ofmy co-investigator (Dr. Nota Klentrou), the subject base for the

proposed study will consist of students from the Hamilton, Halton and Niagara District School Boards. In

particular, subjects will be recruited from a minimum of four randomly selected schools (two elementary

and two high schools) within the above regions. Written permission to recruit subjects from these schools

will be obtained from school officials and the school boards. Teachers will distribute letters to be sent

home. The purpose and potential risks of the study will be carefiilly explained to parents before obtaining

consent.

14. Compensation: Yes No

(a) Will participants receive compensation for participation? \y\ [ ]

(b) If yes, please provide details.

Since parents are taking time out of their busy schedule, we feel that it is essential to reimburse parents for

the travel and parking expenses they incur coming to Brock University.

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 [^] Yes [ ] No
administration of any substance)?

b) Psychological risks (including feeling demeaned, embarrassed [ ] Yes ['^j No
worried or upset, emotional stress)?

c) Social risks (including possible loss of status, privacy, and /or [ ]Yes [^^J No
reputation)?

d) Are any possible risks to participants greater than those that the [ ] Yes [^] No
participants might encounter in their everyday life?

e) Is there any deception involved? [ ] Yes [^] No

f) Is there potential for participants to feel coerced into contributing to [ ] Yes [V] No
this research (e.g., because of regular contact between them and the researcher)?

2. If you answered Yes to any of la - If above, please explain the risk.

All Doppler Ultrasound procedures are non-invasive and offer minimal risk to participants. In rare

83



;j ''A '
''*

'A ' I ^--
''

f

•5^' -n • i I'- Vi..i '-.3



instances, participants may experience numbness and/or tingling in the area and/or a minor rash from

electrode adhesive and/or gel.

Regarding the maximal test protocols, the minor feeling of fatigue at the end of the test disappears within

5 minutes of recovery. An extensive review of sudden death among young people (12-35 y) found out that

the incidence of this entity is 1 in 100,000 person per year. Among athletes, the incidence is higher (2.3 in

100,000 per year) (Corrado et al, 2003). However, this risk is even less if procedures are properly

performed and monitored as they are in a research laboratory.

Corrado D et al. Does sports activity enhance the risk of sudden death in adolescents and yoimg adults?

Journal of the American College of Cardiology 2003;42:1959-63.

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.

Participants 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, 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. In addition, all laboratory personnel are certified in first aid and CPR.

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.

The increasing prevalence of childhood obesity in most developed countries, plus the established

association between childhood obesity, adult obesity and an increased risk of cardiovascular disease in

adulthood, clearly indicates that there is a pressing need to examine the obesity associated etiology of

atherogenesis in childhood. The importance of childhood obesity as a major cardiovascular disease risk

factor will be the primary message taken from the proposed study. The potential benefactors of this

research are far greater than merely academics and child health researchers, they include the subjects

themselves, parents, teachers, pediatric health care providers, along with health programming and policy

experts. Accentuating the fact that childhood obesity has a detrimental impact on the current and future

health of our nation, has important implications to health care providers and resources. Parents and their

children, school boards and health care personnel can use the information generated from the proposed

research to help reduce the current prevalence and prevent further development of the obesity epidemic

seen in children today. In particular, this information will be beneficial for initiating further evaluation of

nutrition and diet intervention, mfluential environmental factors and the physiological consequences of

childhood obesity that are presently evident in childhood, adolescence and adulthood. Therefore,

dissemination of this material will be very important.

SECTION D - THE INFORMED CONSENT PROCESS

17. The Consent Process:
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Describe the process that the investigator(s) will be using to obtain informed consent. Include a

description ofwho 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://www.brocku.ca/researchservices/Certification&Polices/Certification&Polices App Guideli

nes.html

Ifapplicable, attach a copy ofthe Letter ofInvitation, the Consent Form, the content ofany

telephone script and any other material that will be utilized in the informed consent process.

Interested subjects will be asked to contact the study coordinator for more information. At that time, a

meeting will be arranged to provide interested participants with an informed consent and medical

procedures information sheet (see attached). If individuals are interested in participating in the

investigation, they will be instructed to return signed consent forms to the coordinator, and a

familiarization session will be arranged.

NOTE: Similar consent forms have been previously approved in REB file #04-269 Peralta/O'Leary.

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.

The consent will be obtained from parents after a detailed explanation of the procedures and risk involved

in the experiments.

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.

N/A

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.

Participants and their parents will have access to their own data if they are interested by contacting the

researchers. They will also have access to group data when it becomes available through a feedback letter

describing the main findings of the research.

21. Participant withdrawal:

a) Describe how the participants will be informed of their right to withdraw fi-om the project.

Outline the procedures that will be followed to allow the participants to exercise this right.

It will be mentioned in the consent form at the outset of the study that participants are free to withdraw at

any time during the study, even though they have signed a consent form agreeing to participate.
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Participants will be made aware (informed consent) that their participation (or lack thereof) will not affect

their participation in fiiture research studies. If participants choose to withdraw, they are free to do so with

no questions asked. At that time, all information regarding the particular participant (electronically

collected data or otherwise) will be destroyed immediately, unless otherwise requested by the participant.

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.

At the time the participant decides to withdraw from the study, all information regarding the specific

participant will be destroyed and their withdrawal will have no consequences.

SECTION E - CONFroENTIALITY & 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).

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? [i^] Yes [ ] No

b) Are the data anonymous? [ ] Yes [^] No

c) State who will have access to the data.

Information stored on computer disc will be password-accessible only, and will be available only to the

principal and co-investigator.

(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.

Following consent, all participants will be assigned an identification code. Only the investigators will

have access to the coding of the participants, and no mention of subject names will be used in any

publication or presentation. Participants will be identified by their identification code on all collection

tools (electronic or otherwise).

e) If participant anonymity and/or confidentiality is not appropriate to this research project,

explain, providmg details, how all participants will be advised that data will not be anonymous or

confidential.

N/A

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).

All paper data will be stored in a locked filing cabinet in the locked office of one of the investigators, and
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all electronic data will be stored in a locked laboratory. Data will be disposed of (shredding, removing of

computer files) within five years following the completion of the study.

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 KlNo

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, 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)

There is no such intention.

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.

There is no such intention.

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://www.brocku.ca/researchservices/Forms/Forms.html

N/A

*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 firee to contact the Research Ethics Office at (905) 688-5550

ext 3035, or reb(a),brocku.ca
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INFORMATION & CONSENT TO PARTICIPATE IN RESEARCH

FACULTY OF APPLIED HEALTH SCIENCES
BROCK UNIVERSITY

THE EFFECTS OFBODY COMPOSITIONONARTERIAL STIFFNESSAND
BAROREFLEXFUNCTIONIN CHILDREN

Your child is invited to participate in a research study being

(name)

conducted by the investigators listed below. Prior to participating in this study you are

asked to read this form which outlines the purpose and testing procedures and a separate

form that describes the medical procedures (Description of Medical Procedures) used in

this study. In addition you must answer some questions regarding your child's health

included in the attached forms (Subject Screening Questionnaire). The testing procedures

will be conducted at Brock University.

Primary Investigators ; Department ; Phone ; Email ;

Dr. Deborah O'Leary CHSC (905) 688-5550 x4339

doleary@brocku.ca

Dr. Nota Klentrou PEKN (905)688-5550x4938
.

nota@brocku.ca

PURPOSE;

Childhood obesity is known to have a detrimental impact on cardiovascular health.

However, the underlying mechanisms are not well understood in humans. The purpose

of the study is 2-fold: 1) to determine the effect of childhood body composition on blood

vessel structure and function, as well as the ability to regulate blood pressure, and 2) to

determine the effects or age and gender on blood vessel structure/function and blood

pressure regulation.

DESCRIPTION OF TESTING PROCEDURES;

After expressing interest and being recruited in the study your child will participate in a

one, 1-hour testing session. In the first part of this session, your child will fill out a

questionnaire related to their sexual development (refer to Tanner Scales). As well, their

physical characteristics, along with an artery in their neck will be evaluated. In the second

part their maximal ability to perform exercise on a bicycle will be measured. At the end

of the study, you will be given a summary sheet of the investigative findings and

reimbursed for your travel and parking expenses.

Before starting the testing session, we will familiarize your child with our laboratory by

measuring their resting blood pressure, as well as explaining the testing procedures to
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them. Then, we will measure height, weight, waist circumference, body fat thickness,

heart rate, the size of their artery in the neck and at the same time we will take their blood

pressure in one of their arms.

Because food, exercise, and temperature may affect the results of the exercise testing we
will ask your child not to drink caffeine the day of testing, to eat for 4-hours before

coming to the laboratory and not to exercise the day of testing. For the testing session we
will ask your child to wear athletic attire. The following testing procedures will be

described in greater detail below:

Heart Rate

Blood Pressure Measurement

Carotid Artery Ultrasound

Maximal Aerobic Capacity test

Heart Rate: Heart rate will be measured using sensors placed on the skin of your

child's chest. These electrodes are used to detect the electrical activity generated

by the heart and are not used to transmit electrical signals into your body from the

heart rate monitor.

Carotid Artery Doppler Ultrasound: This method will be performed with a

small fransducer in order to visualize the carotid artery. The measurement also

involves the use of a pen like-device. Both the probe and pen like-device will be

pressed against the neck on opposite sides. It is a non-invasive procedure.

Blood Pressure: Blood pressure is monitored using a non-invasive method. The

method involves an automated arm cuff system that is similar to the method used

in a doctor's office. A cuff is wrapped around the upper arm and is inflated then

deflated. No risk is involved.

Maximal Aerobic Capacity Test: A maximal test using an electrical bicycle will

be used to measure the maximum amount ofoxygen your child uses during heavy

exercise. This procedure is a gradual test in which it gets more difficult to pedal

the bicycle every two minutes while pedalling at a constant speed. A mask over

the mouth and nose will be used to collect expired gases, as well as administer air

from the testing room. The test will be finished when the participant decides to do

so, heart rate reaches an estimated peak level for age or the amount of oxygen

consumed is no longer increasing. One of the common risks of these kinds of tests

is the brief sensation of exhaustion. At the end of the test the participant will be

asked to continue to pedal the bicycle at a very easy level until this sensation goes

away. The risk of serious illness or death is exfremely rare (1 death in 100,000

people per year) and is minimized by completing the questionnaires before the

test and the continuous monitoring we will perform during the test. In addition,

experienced trained personnel will be present to assist and answer all questions

and concerns, as well as administer first aid/CPR in the rare case of emergency.
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POTENTIAL RISKS AND DISCOMFORTS:

Please refer to the attached form entitled "Description of Medical Procedures" for a

complete description of the procedures to be performed during the study and the

potential risks associated with these procedures. If any injury occurs at any time

during the investigation, appropriate first aid/CPR will be administered and you
will be advised to seek necessary medical help.

BENEFITS & REMUNERATION:

A potential benefit for your child's participation in this project is the knowledge of their

maximal exercise capacity as well as any underlying cardiovascular disease risk factors.

You will also be reimbursed for your travel and parking expenses at Brock University.

CONFIDENTIALITY:

All data collected during this study will remain confidential and stored in offices and on

secured computers to which only the principal and co-investigator have access. Exercise

logs will be stored in a filing cabinet. You should be aware that the results of this study

will be made available to the scientific community, through publication in a scientific

journal, although neither your name nor any reference to you will be used in compiling or

publishing these results. Data will be retained for 5 years after the date of publication, at

which time all information will be destroyed. Additionally, you will have access to your

child's data, as well as the group data when it becomes available and if you are interested.

PARTICIPATION & WITHDRAWAL

You can choose whether your child participates in this study or not. You may exercise the

option ofremoving your child's data fi-om the study if you wish. You may also refuse to

answer any questions posed to you and/or your child during the study and still remain as

a participant in the study. The investigators reserve the right to withdraw your child fi-om

the study if they believe that circumstances have arisen which warrant doing so.

RIGHTS OF RESEARCH PARTICIPANTS

You will receive a signed copy of this ethic form. You may withdraw your consent to

participate in this study at any time, and you may also discontmue the participation of

your child 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 fi-om the Brock University Research Ethics Board (File

# ). If you have any further questions regarding your rights as a research participant

contact the Research Ethics Officer in the Office of Research Services at (905) 688-5550

x3035 or email at reb@brocku.ca.
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INFORMATION:

Please contact Dr. Deborah O'Leary at 905-688-5550 (x4339) or Dr. Nota Klentrou at

905-688-5550 (x4938) ifyou 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 READ AND
UNDERSTOOD THE ATTACHED FORM ENTITLED "DESCRIPTION OF
MEDICAL PROCEDURES" AND COMPLETED THE ATTACHED FORM
ENTITLED "SUBJECT SCREENING QUESTIONNAIRE" AND AGREE TO
ALLOW MY CHILD TO PARTICIPATE AS A SUBJECT. I HAVE ALSO
RECEIVED A SIGNED COPY OF THE INFORMATION AND CONSENT
FORM. MY QUESTIONS HAVE BEEN ANSWERED TO MY SATISFACTION
AND I AGREE TO ALLOW MY CHILD TO PARTICIPATE IN THIS STUDY.

SIGNATURE DATE

PRINTED NAME OF PARENT/GUARDIAN 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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DESCRIPTION OF MEDICAL PROCEDURES

FACULTY OF APPLIED HEALTH SCIENCES, BROCK UNIVERSITY

Blood Pressure: Blood pressure will be monitored using a non-invasive method that

involves the placement of an inflatable cuff around your upper arm. Blood pressure is

measured automatically at a predetermined time. No risk is involved.

Heart Rate: Heart rate will be measured from 2 sets of 3 electrodes positioned on the

skin of the chest. These electrodes are used to detect the electrical activity generated by
the heart and are not used to transmit electrical signals into the body from the heart rate

monitor.

Carotid Artery Distensibility and Compliance: A large blood vessel in the next

(carotid artery) will be measured using the arterial Doppler ultrasound method. A small

ultrasound probe will be placed on the side of the neck and pictures of the artery will be

saved for later analysis.

A water-based gel will be spread over the skin surface on both the sides of the neck and a

small Doppler ultrasound probe and wand will be pressed against the right and left side of

the neck respectively. The probe and wand will be moved around until the best position is

found. This procedure causes little to no discomfort and will only require that the

participants lay very still.

Pulse Wave Velocity: A small pencil-like wand will be placed on the skin surface of the

left side of the neck and a small cuff will be placed on the left toe. These two devices are

non-invasive and cause no discomfort. This procedure measures how fast blood flows

through the body.

Maximal Oxygen Consumption: A maximal test using an electric bicycle will be used

to measure maximal oxygen consumption. This procedure is a gradual test in which it

becomes more difficult to pedal the bicycle every two minutes while pedalling at a

specific speed. A mask will be placed on the face to collect the gases breathed out. The

test will be finished when the participant decides to do so, or their heart rate and

breathing reach a maximal level as determined by the investigators. The risk of serious

illness or death is exfremely rare (1 death in 100,000 people per year) and is minimized

by completing the questionnaires before the test and the continuous monitoring we will

perform during the test.

Body Composition: Height, weight and waist circumference will be measured and used

as indicators ofbody composition. As well, skinfold fatness will be assessed using a non-

invasive method that measures skin thickness.
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SUBJECT SCREENING QUESTIONNAIRE

FACULTY OF APPLIED HEALTH SCIENCES, BROCK UNIVERSITY

Your responses to this questionnaire are confidential and you are asked to complete it for

your own health and safety. If you answer "YES" to any of the following questions,

please give additional details in the space provided and discuss the matter with one of the

investigators. You may refixse to answer any of the following questions.

Name: Date:

1

.

Have you ever been told that you have a heart problem?

YES NO

2. Have you ever been told that you have a breathing problem such as asthma?

YES NO

3. Have you ever been told that you sometimes experience seizures?

YES NO

4. Have you ever had any major joint instability or ongoing chronic pain such as in

the knee, back or elbow?

YES NO

5. Have you ever been told that you have kidney problems?

YES NO

6. Have you had any allergies to medication?

YES NO

7. Have you had any allergies to food or environmental factors?

YES NO
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8. Have you had any stomach problems such as ulcers?

YES NO

9. When you experience a cut do you take a long time to stop bleeding?

YES NO

10. When you receive a blow to a muscle do you develop bruises easily?

YES NO

1 1

.

Are you currently taking any medication (including aspirin) or have you taken any
medication in the last two days?

YES NO

12. Is there any medical condition with which you have been diagnosed and are under

the care of a physician (e.g. diabetes, high blood pressure)?

YES NO

INFORMATION & ASSENT TO PARTICIPATE IN RESEARCH

FACULTY OF APPLIED HEALTH SCIENCES
BROCK UNIVERSITY

THE EFFECTS OFBODY COMPOSITIONONARTERIAL STIFFNESSAND
BAROREFLEXFUNCTIONIN CHILDREN

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 with

your parent to find out about the purpose and the tests of this study. In addition you must

answer some questions regarding your health included in the attached forms (Subject

Screening Questionnaire) and have your parent sign this form as well as the consent

form. For the tests you will have to visit Brock University.

Primary Investigators : Department : Phone : Email :

Dr. Deborah O'Leary CHSC (905) 688-5550 x4339

doleary@brocku.ca

Dr. Nota Klentrou PEKN (905) 688-5550 x4938

nota@brocku.ca
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PURPOSE:

Childhood obesity is known to have a detrimental impact on cardiovascular health.

However, the underlying mechanisms are not well understood in humans. The purpose

of the study is 2-fold: 1) to determine the effect of childhood body composition on blood

vessel structure and function, as well as the ability to regulate blood pressure, and 2) to

determine the effects or age and gender on blood vessel structure/function and blood

pressure regulation.

DESCRIPTION OF TESTING PROCEDURES;

After expressing interest and being recruited in the study you will visit our laboratory for

one, 1-hour session. In the first part of this session, you will fill out a questionnaire

related to your sexual development. As well, your physical characteristics, along with an

artery in your neck will be evaluated. In the second part your maximal ability to perform

exercise on a bicycle will be measured. At the end of the study, you will be given a

summary sheet of the investigative findings and reimbursed for your travel and parking

expenses.

Before starting the testing, we will familiarize you with our laboratory by measuring your

resting blood pressure, and explain all the tests to you. Then, we will measure your

height, weight, waist circumference, body fat thickness, heart rate, the size of your artery

in your neck and at the same time we will take your blood pressure in one of your arms.

Because food, exercise, and temperature may affect the results of the exercise testing we
will ask you not to drink caffeine the day of testing, to eat for 4-hours before coming to

the laboratory and not to exercise the day of your testing. For the testing session we will

ask your child to wear athletic attire. The following testing procedures will be described

in greater detail below:

Heart Rate

Blood pressure measurement

Carotid artery ultrasound

Maximal Aerobic Capacity test

Heart Rate: Heart rate will be measured using sensors placed on the skin of your

chest. These electrodes are used to detect the electrical activity generated by

your heart and are not used to transmit electrical signals into your body from the

heart rate monitor.

Carotid Artery Doppler Ultrasound: This method will be performed with a

small probe in order to picture an artery in your neck. A pen-like device is pressed

gently against your neck. You will not feel any pain or discomfort.
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Blood Pressure: Blood pressure is monitored using an arm cuff system that is

similar to the method used in a doctor's office. A cuff is wrapped around the

upper arm and is inflated then deflated. No risk is involved.

Maximal Aerobic Capacity Test: A maximal test using an electric bicycle will

be used to meeisure the maximimi amount of oxygen your body uses during heavy

exercise. This test is a gradual test in which it gets more difficult to pedal the

bicycle every two minutes while you pedal at a constant speed. A mask over your

mouth and nose will be used to collect the gases you breathe out and for you to

breath in air fi-om the room. The test will be finished when you decide to do so,

when your heart rate reaches an estimated peak for your age or when the amount
of oxygen you are using is no longer increasing. One of the common risks of these

kinds of tests is that for couple of minutes you may feel very tired. At the end of

the test you will be asked to continue to pedal the bicycle at a very easy level until

you do not feel as tired any longer. The risk of serious illness or death is

extremely rare (1 death in 100,000 people per year) and is it minimized answering

the questionnaires before the test and the continuous monitoring we will do during

the test. In addition, experienced trained individuals will be there to help and

answer any questions, as well as apply first aid/CPR in the rare case of

emergency.

POTENTIAL RISKS AND DISCOMFORTS:

With the assistance of your parents please refer to the attached form entitled

"Description of Medical Procedures" for a complete description of the procedures to

be performed during the study and the potential risks associated with these

procedures. If any injury occurs at any time during the investigation, appropriate

first aid will be administered and you will be advised to seek necessary medical help.

BENEFITS & REMUNERATION:

A potential benefit for your participation in this project is that you will find out your

maximal exercise capacity and any underlying cardiovascular disease risk factors. You
will also be reimbursed for your travel and parking costs to Brock University.

CONFIDENTIALITY:

All your 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-investigator have

access. Exercise logs will be stored in a filing cabinet. You should be aware that the

results of this study will be made available to the scientists, through publication in a

scientific journal but your name and any personal data of you will not appear in

compiling or publishing these results. Data will be kept for 5 years after the date of
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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.

PARTICIPATION & WITHDRAWAL

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.

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 Research Ethics Board (File # ). If you have any

fiirther questions regarding your rights as a research participant contact the Research

Ethics Officer in the Office of Research Services at (905) 688-5550 x3035 or email at

reb@brocku.ca.

INFORMATION:

Please contact Dr. Deborah O'Leary at 905-688-5550 (x4339), Dr. Nota Klenfrou at 905-

688-5550 (x4538) if you have any questions about the study.
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I HAVE READ AND UNDERSTAND THE ABOVE EXPLANATION OF THE
PURPOSE AND PROCEDURES OF THE PROJECT. I HAVE ALSO READ AND
UNDERSTOOD THE ATTACHED FORM ENTITLED "DESCRIPTION OF
MEDICAL PROCEDURES" AND COMPLETED THE ATTACHED FORM
ENTITLED "SUBJECT SCREENING QUESTIONNAIRE" AND AGREE TO
PARTICIPATE AS A SUBJECT. I HAVE ALSO RECEIVED A SIGNED COPY
OF THE INFORMATION AND CONSENT FORM. MY QUESTIONS HAVE
BEEN ANSWERED TO MY SATISFACTION AND I AGREE TO PARTICIPATE
IN THIS STUDY.

SIGNATURE ofPARENT/GUARDIAN DATE

PRINTED NAME OF PARTICIPANT DATE

WITNESS DATE

PRINTED NAME OF WITNESS

NO

INVESTIGATOR

In my judgment the participant is volimtarily and knowingly giving informed consent and

possesses the legal capacity to give informed consent and participate in this research

study.

SIGNATURE OF INVESTIGATOR ^ = DATE

'X ti'' >.-/';nr'Ji>^'; ^ii-;*
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SUBJECT SCREENING QUESTIONNAIRE

FACULTY OF APPLIED HEALTH SCIENCES, BROCK UNIVERSITY

Your responses to this questionnaire are confidential and you are asked to complete it for

your own health and safety. If you answer "YES" to any of the following questions,

please give additional details in the space provided and discuss the matter with one ofthe

investigators. You may refuse to answer any of the following questions.

Name: Date:

1

.

Have you ever been told that you have a heart problem?

YES NO

2. Have you ever been told that you have a breathing problem such as asthma?

YES NO

3. Have you ever been told that you sometimes experience seizures?

YES NO

4. Have you ever had any major joint instability or ongoing chronic pain such as in

the knee, back or elbow?

YES NO

5. Have you ever been told that you have kidney problems?

YES NO

6. Have you had any allergies to medication?

YES NO

7. Have you had any allergies to food or environmental factors?

YES NO

8. Have you had any stomach problems such as ulcers?

YES NO
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9. When you experience a cut do you take a long time to stop bleeding?

YES NO

1 0. When you receive a blow to a muscle do you develop bruises easily?

YES NO

1 1

.

Are you currently taking any medication (including aspirin) or have you taken any
medication in the last two days?

YES NO

12. Is there any medical condition with which you have been diagnosed and are under
the care of a physician (e.g. diabetes, high blood pressure)?

YES NO
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Appendix 2

Parental Take-home letter

Brock University

Faculty ofApplied Health Sciences

Dear parent,

Just a short note to let you know of a new opportunity for your child as a result of

their participation in the Physical Health Activity Study Team (PHAST) project that is

currently occurring at their school. We have recently received extra funding which
allows us to offer additional health assessments to a number ofNiagara students. In fact,

we are able to offer a complete heart and arterial function assessment of your child. At
the present time, these assessments are not available in the area, making this a great

opportunity for children in the Niagara region.

These assessments are brief and painless and provide a very detailed analysis of

your child's cardiovascular health. This is very important as the identification of children

at risk for cardiovascular disease is one of the main concerns of today's society. Given

the cost of these assessments, we will be able to provide the relevant information for only

60 students that we will randomly select from all children whose parents provide consent.

We will be using equipment located at Brock University and since you will need

to travel to Brock, we will reimburse you for travel costs. Upon completion of the study,

your child's family physician will receive the results of the completed cardiovascular

function assessment.

Please read the attached information form which describes these assessments in

detail. At your earliest convenience please indicate if you are willing to allow your child

to participate in this study and return the signed form to your child's teacher in the

enclosed envelope.

Thank you very much for your time in reading this.

Sincerely,

Dr. Debbie O'Leary

Assistant Professor

Department of Community Health Sciences

Brock University
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Appendix 3

Parental Informationform

INFORMATION TO PARTICIPATE IN RESEARCH

FACULTY OF APPLIED HEALTH SCIENCES
BROCK UNIVERSITY

THE EFFECTS OF BODY COMPOSITION ON ARTERIAL STIFFNESS AND
BAROREFLEX FUNCTION IN CHILDREN

We invite your child to participate in a research study being conducted by the

investigators listed below. The testing procedures will be conducted at Brock University.

Phone :

(905) 688-5550 x4339

(905) 688-5550 x4938

(905)921-6292

Primary Investlqators:



SI



For your interest, each procedure is outlined in full below:

Heart Rate: Heart rate will be measured using sensors placed on the skin of your

child's chest. These electrodes are used to detect the electrical activity generated
by the heart. These do not transmit electrical signals into your child's body from

the heart rate monitor.

Carotid Artery Doppler Ultrasound: This method will be performed with a small

transducer in order to visualize the carotid artery. The measurement also

involves the use of a pen like-device. Both the probe and pen like-device will be
pressed against the neck on opposite sides. It is a non-invasive procedure.

Blood Pressure: Blood pressure is monitored using an arm cuff system that is

similar to the method used in a doctor's office. A cuff is wrapped around the

upper arm and is inflated then deflated. No risk is involved.

Maximal Aerobic Capacity Test: A maximal test using an electrical bicycle will

be used to measure the maximum amount of oxygen your child uses during

heavy exercise. This procedure is a gradual test in which it gets more difficult to

pedal the bicycle every two minutes while pedalling at a constant speed. A mask
is placed over the mouth and nose and will be used to collect expired gases, as

well as administer air from the testing room. The test finishes when your child

decides to do so, when their heart rate reaches an estimated peak level for age,

or when the amount of oxygen consumed is no longer increasing. One common
side affect is the brief sensation of exhaustion.

As a note, experienced trained personnel will be present to assist and answer all

questions and concerns, as well as administer first aid/CPR in the rare case of

emergency.

BENEFITS & REMUNERATION:

A potential benefit for your child's participation in this project is the knowledge of their

maximal exercise capacity as well as any underlying cardiovascular disease risk factors.

You will also be reimbursed $20 for your travel to and parking expenses at Brock

University.

CONFIDENTIALITY:

All data collected during this study will remain confidential and stored in offices and on

secured computers to which only the principal and co-investigator have access. Your

child's name or any reference to your child will not be used. Additionally, you will have

access to your child's data, as well as the group data when it becomes available and if

you are interested.

INFORMATION:

Please contact Dr. Deborah O'Leary at 905-688-5550 (x4339) or Dr. Nota Klentrou at

905-688-5550 (x4938) if you have any questions about the study.
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We thank you for your time and consideration.

Please indicate whetlier or not you and your child re willing to participate in this

study. If you have indicated YES, your child will be randomly selected and you
will be contacted as specified.

Return the completed form to your child's teacher.

YES I would like my child to participate in this study

Contact Information (please print clearly)

Child's full name:

Child's age:

Child's school:

Parent/Guardian name:

Home phone:

Best time to call:

Email address:

am pm (after 5pm)

No thank you
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Appendix 4

Informed Consent and Data Package

INFORMATION & CONSENT TO PARTICIPATE IN RESEARCH
FACULTY OF APPLIED HEALTH SCIENCES

BROCK UNIVERSITY
THE EFFECTOF CHILDHOOD BODY COMPOSITIONONBLOOD VESSEL
STIFFNESSAND BLOOD PRESSURE REGULATIONIN CHILDREN

You are being invited to participate in a research study being conducted by the

investigators listed below. Prior to participating in this study you are asked to read this

form which outlines the purpose and testing procedures and a separate form that

describes the medical procedures (Description of Medical Procedures) used in this study.

In addition you must answer some questions regarding your health included in the

attached forms (Subject Screening Questionnaire). The testing procedures will be

conducted at Brock University.

Primary Investigators : Department ; Phone :

Dr. Deborah O'Leary CHSC (905) 688-5550 x4339

doleary@brocku.ca

Dr. Nota Klentrou PEKN (905) 688-5550 x4538

nota@brocku.ca

PURPOSE:

Childhood obesity is known to have a detrimental impact on cardiovascular health.

However, the underlying mechanisms are not well understood in humans. The purpose

of the study is 3-fold: 1) to determine the effect of childhood body composition on blood

vessel structure and function, as well as the ability to regulate blood pressure, 2) to

determine the effect of gender on blood vessel structure/function and blood pressure

regulation, and 3) to determine if there is a relationship between age or maturation on

blood vessel structure/function and blood pressure regulation.

DESCRIPTION OF TESTING PROCEDURES:

After expressing interest and being recruited in the study you will participate in a single

1-hour testing session. In the first part of this session, you will fill out a questionnaire

related to your sexual development. As well, your physical characteristics, along with an

artery in your neck will be evaluated. In the second part your maximal ability to perform

exercise on a bicycle will be measured. At the end of the study, you will be given a

summary sheet of the investigative findings and reimbursed for your travel and parking

expenses.
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Before starting the testing, we will familiarize you with our testing laboratory by
measuring your resting blood pressure, and explain the testing procedures to you. Then,
you will undergo a procedure to measure your heart rate and an artery in your neck, while

your blood pressure is taken in one of your arms. Numerous factors, such as food,

exercise, and temperature may affect the results of the exercise testing. To account for

this, you will be asked not to eat for 4-hours prior the exercise testing session, to refrain

from caffeine on day of testing and tests will be conducted in a temperature controlled

room. The following testing procedures will be described in greater detail below:

Heart Rate Carotid artery ultrasound

Blood pressure measurement Maximal Aerobic Capacity test

Heart Rate: Heart rate will be measured using sensors placed on the skin of your
chest. These electrodes are used to detect the electrical activity generated by your

heart and are not used to transmit electrical signals into your body from the heart

rate monitor.

Carotid Artery Doppler Ultrasound: This method will be performed with a

small fransducer in order to visualize your carotid artery. The measurement also

involves the use of a pen like-device. Both the probe and pen like-device will be

pressed against the neck on opposite sides. It is a non-invasive procedure.

Blood Pressure: Blood pressure is monitored using a non-invasive method. The
method involves an automated arm cuff system that is similar to the method used

in a doctor's office. A cuff is wrapped around the upper arm and is inflated then

deflated. No risk is involved.

Maximal Aerobic Capacity Test: A maximal test using an electrical bicycle will

be used to measure the maximum amoimt of oxygen you use during heavy

exercise. This procedure is a gradual test in which it gets more difficult to pedal

the bicycle every two minutes while you pedal at a constant speed. A mask over

your mouth and nose will be used to collect expired gases and for you to breath in

air from the testing room. The test will be finished when you decide to do so,

heart rate reaches an estimated peak level for age or the amount of oxygen you are

consuming is no longer increasing. One of the common risks of these kinds of

tests is the brief sensation of exhaustion. At the end of the test you will be asked

to continue to pedal the bicycle at a very easy level until this sensation goes away.

The risk of serious illness or death is extremely rare (1 death in 100,000 people

per year) and is minimized by completing the questionnaires before the test and

the continuous monitoring we will perform during the test.

POTENTIAL RISKS AND DISCOMFORTS:

Please refer to the attached form entitled "Description of Medical Procedures" for a complete

description of the procedures to be performed during the study and the potential risks associated

with these procedures. If any injury occurs at any time during the investigation, appropriate first aid

will be administered and you will be advised to seek necessary medical help.
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BENEFITS & REMUNERATION:

A potential benefit for your participation in this project is the knowledge of your

maximal exercise capacity as well as any underlying cardiovascular disease risk factors.

You will also be reimbursed for your travel and parking expenses at Brock University.

CONFIDENTIALITY:

All data collected during this study will remain confidential and stored in offices and

on secured computers to which only the principal and co-investigators have access.

Exercise logs will be stored in a filing cabinet. You should be aware that the results of

this study will be made available to the scientific community, through publication in a

scientific journal, although neither your name nor any reference to you will be used in

compiling or publishing these results. Data will be retained 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.

PARTICIPATION & WITHDRAWAL

You can choose whether to participate in this study or not. You may exercise the option

ofremoving 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

circumstances have arisen which warrant doing so.

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 Research Ethics Board (File # ). If you have any

further questions regarding your rights as a research participant contact the Research

Ethics Officer in the Office of Research Services at (905) 688-5550 x3035 or email at

reb@brocku.ca.

INFORMATION:

Please contact Dr. Deborah O'Leary at 905-688-5550 (X4339) or Dr. Nota Klentrou

at 905-688-5550 (X4538) if you have any questions about the study.
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The effect of childhood body composition on blood vessel stiffness and blood

pressure regulation in children

I HAVE READ AND UNDERSTAND THE ABOVE EXPLANATION OF THE
PURPOSE AND PROCEDURES OF THE PROJECT. I HAVE ALSO READ AND
UNDERSTOOD THE ATTACHED FORM ENTITLED "DESCRIPTION OF
MEDICAL PROCEDURES" AND COMPLETED THE ATTACHED FORM
ENTITLED "SUBJECT SCREENING QUESTIONNAIRE" AND AGREE TO
PARTICIPATE AS A SUBJECT. I HAVE ALSO RECEIVED A SIGNED COPY
OF THE INFORMATION AND CONSENT FORM. MY QUESTIONS HAVE
BEEN ANSWERED TO MY SATISFACTION AND I AGREE TO PARTICIPATE
IN THIS STUDY.

SIGNATURE 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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Male Pubertal Stage

FACULTY OF APPLIED HEALTH SCIENCES
BROCK UNIVERSITY

This survey will be used to assess the maturational levels of the participant. For each

photo choose the appropriate stage and place an X in the corresponding square.

Please circle the box that looks

most like you

• Please look at the pubic hair

only

• Please circle the box that

looks most like you

'W
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Female Pubertal Stage

FACULTY OF APPLIED HEALTH SCIENCES
BROCK UNIVERSITY

This survey will be used to assess the maturational levels of the participant. For each

photo choose the appropriate stage and place an X in the corresponding square.

Directions: You should choose only one of the stages shown below. One stage for Breast

development and one stage for Pubic Hair development.

• Please put a tick in the

box that looks most like

you now....

Th* bntsls lotm <mal inoinfe.

The nipple and tie surroundng pan

(til Anala) rake up a iround tM
tMts up above Ihe braMt.

The bnasB an ilat.

The braasts kxm laigef mounds mn In 2.

Only *» nippM sicia out beyondM breaaL

• Please put a tk:k in the

box that looks most like

you now....

Vary Me nav Oun a lot ol iw

Tha ha<f )<as not

tpiaad ovM IIM

ttii0hs

The hair has spreai)

ou«r ttw thigh*
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GODIN-SHEPHARD LEISURE-TIME EXERCISE QUESTIONNAIRE

APPLIED PHYSIOLOGY LABORATORY
FACULTY OF APPLIED HEALTH SCIENCES

BROCK UNIVERSITY

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 Week

(a) STRENUOUS EXERCISE
(HEART BEATS RAPIDLY)

(i.e. running, jogging, hockey, football, soccer, squash, basketball,

cross country skiing, judo, roller skating, vigorous swimming,
vigorous long distance bicycling)

(b) MODERATE EXERCISE
(NOT EXHAUSTING)

(i.e. fast walking, baseball, tennis, easy bicycling, volleyball,

badminton, easy swimming, alpine skiing, popular and folk dancing)

(c) MILD EXERCISE
(MINIMAL EFFORT)

(i.e. yoga, archery, fishing from river bank, bowling, horseshoes,

golf, snow-mobiling, easy walking)

2. Considering a 7-day period (a week), dviring 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

113



. '.;<i;

' '<!
. -i

,
<«»>

'(:."
1. ;(

"'. ,' :i/^..i-:::'



•' TRAINING HISTORY QUESTIONNAIRE

APPLIED PHYSIOLOGY LABORATORY
FACULTY OF APPLIED HEALTH SCIENCES

BROCK UNIVERSITY

Please fill in the table below to the best of your knowledge.

If you have any difficulties, discuss the matter with one of the investigators.

Activity/Sport
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PELS PHYSICAL ACTIVITY QUESTIONNAIRE FOR CHILDREN

APPLIED PHYSIOLOGY LABORATORY
FACULTY OF APPLIED HEALTH SCIENCES

BROCK UNIVERSITY

1 . In the last year, what sports did you play in school?

I played

I played

I played

I played

Regularly
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7. What chores do you

do them?
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Participant Anthropometric Measurements

APPLIED PHYSIOLOGY LABORATORY
FACULTY OF APPLIED HEALTH SCIENCES

BROCK UNIVERSITY

Name:

Subject Height:

Subject Weight:

(cm)

_(kg)

Skinfold Measurements

SITE
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Arterial Measurements

APPLIED PHYSIOLOGY LAB
FACULTY OF APPLIED HEALTH SCIENCES

BROCK UNIVERSITY

Doppler Settings

Frequency: 10.0 mHz
Power: dB
Depth: cm
FPS: change focus number (decrease to 2) to increase fps

Persistence: turn to minimum

Blood Pressure

Manual Readings
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Left Ventricular Mass Measurements

APPLIED PHYSIOLOGY LAB
FACULTY OF APPLIED HEALTH SCIENCES

BROCK UNIVERSITY

Examiner:

Subject Height:
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Participant VO2 max Data

Examiner:

Subject Height:

Subject Weight:

APPLIED PHYSIOLOGY LAB
FACULTY OF APPLIED HEALTH SCIENCES

BROCK UNIVERSITY

(cm)

.(kg)

Bike Instructions

RPM: 50 - 80 rpm
Begin Test: 20 watts

Increment changes: 20 watt increase every 2 minutes

Finish test: volitional drop-out, heart rate reaches max (220-age), expiratory ratio is > 1.0,

or of the VO2 peak plateaus

Heart Rate

Rest:
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Appendix 5

BMI cut-offpoints

Table Al. Overweight and obesity BMI cut-offs values according to Cole and colleagues

(2000) (14)

BMI (kg/m2)

Overweight Obese

Age (years)
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Appendix 6

Normal Distributions ofall Study Variables

age of participant

•0-
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WC (cm) HC(cm)

20-

15-

>>

O" 10-
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Sum of trt&subscap Sum of 4 Skinfold

2-5-

0-

7.6-

6.0-

2,5-
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Final stage (W)

Final Duration (mins)

0-"—"-r
03:00:00.000 00.00.00 000 09OOO0.000 120000.000 15:00:00000

Final Stage (W)
Final Duration (mins)

HR@ntax RER@max

HR@max

Avg Syst Avg Diast

7 5000 8.0000 5 0000 55000 OOOUO S 5000

Avg Diast

1
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'
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7 0000 7.SO00
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Appendix 7

Smoking Exposure Questionnaire

All parents participated in a brieftelephone survey to account for possible second hand
smoke exposure inside/outside of the household.

Note - 2 parents were unable to answer the smoking questionnaire due to phone
disconnections

1. Which of the following best describes the smoking behaviours in your home by people who live there?

D No one smokes anywhere on the property - N=53
D No one smokes indoors at all - N=13
D People smoke in certain rooms only

D People smoke except when young children are around

D People smoke anywhere in the home

D Don't know
D Refuse to answer

2. On average, how many days per week is there smoking anywhere inside this home? No parents

reported smoking anywhere inside the home
D #of days per week

D Less than 1 day per week/rarely

D Don't know
D Refuse

3. Thinking about REGULAR visitors, how often does someone smoke inside your home? Is it. .

.

D Daily or almost everyday

D 3 to 4 times a day

D 1 to 2 times a day

D Less than once a week to once a month

D Less than once a month - N=3
D Not at all - N=63

n Don't know
D Refuse to answer

4. Which of the following best describe the behaviours of people smoking in the PRIVATE vehicle you

travel the most?

D No one ever smokes - N=60
D People smoke except when children are present - N=6
D People smoke except when other adults are present

n People smoke whenever they want

D I do not travel in a private vehicle

D Don't know
D Refuse to answer
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Appendix 8

Table A2. Physical and
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Appendix 9

Table A3. Physical and maturation characteristics separated by gender and divided into

two groups: normal weight children and overweight/obese children
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Appendix 10

Table A4. Aerobic fitness and physical activity characteristics ofboth genders and by
total cohort
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Appendix 11

Table A5. Aerobic fitness characteristics separated by gender and divided into two
groups: normal weight children and overweight/obese children
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Appendix 12

Table A6. Arterial characteristics ofboth genders and by total cohort





Appendix 13

Table A7. Arterial characteristics separated by gender and divided into two groups:

normal weight children and overweight/obese children
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Appendix 14

Statistical Output

Descriptives of children within each BMI category
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Distensibility
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Avg Syst

Avg Diast

Heart rate

Brachial PP

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

Between Groups

Within Groups

Total

1.047

.214

12.868

13.082

1.639

10.083

11.722

252.548

4595.930

4848.478

983.761

3017.062

4000.823

66

2

65

67

2

65

67

2

65

67

2

65

67

.107



i5.-.T

'<. *3

f ,r

I

j -iiv.)

~ • ir.

•v-^'-lK

'-."rv\"»

k.cMfV

itTl!

.'.^KK;

'»^\U>





.wvo

•'ji-'

'^/'tx

•>: k;?J

fSm'-nf.

'A J

t.i^.on.v

•(..
-!" T'ncr,

I-l^-WlBVC"



Sum of tri&subscap
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Avg Syst

Avg Diast

Heart rate

Brachial PP

overweight
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Height (m)

Height (m2)

Weight (kg)

Tanner g

Tanner p

Total notmal

overweight and obese

Total

male normal

overweight and ot)ese

Total

female normal

overweight and obese

Total

Total normal

overweight and obese

Total

male normal

overweight and obese

Total

female nomrial

ovenA/eight and obese

Total

Total normal

ovenweight and obese

Total

male nonnal

overweight and obese

Total

female nonnal

overweight and obese

Total

Total normal

ovenweight and obese

Total

male normal

overweight and obese

Total

female normal

oven/veight and obese

Total

Total normal

overweight and obese

Total

male normal

overweight and obese

Total

female normal

overweight and obese

Total

Total normal

10.16
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BMI (kg/m2)

WC (cm)

HC (cm)

Waist:Hip (cm)

%BF

male

female

Total

male

female

Total

male

female

Total

male

female

Total

male

female

Total

overweight and obese
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Fat Mass (kg) male

female

LBM (kg)

Total

male

female

Total

Sum of tri&subscap male

female

Total

Sum of 4 Skinfold male

Distenslbillty

female

Total

male

female

Total

Total
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female

Total

V02 max (L/min) male

female

V02 max
(mL/kg/min)

V02 max
(mL/kgLBM/mIn)

Final Duration

(mins)

Final Stage (W)

Total

male

female

Total

male

female

Total

male

female

Total

male

oven/veight and obese
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HR @ max

RER @ max

Avg Syst

Avg Diast

Heart Rate

female

Total

male

female

Total

male

female

Total

male

female

Total

male

female

Total

male

Total
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newgroup

sex newgroup

Avg Syst

Avg Diast

Heart Rate

Brachial PP

age of

participant

Height (m)

Height (m2)

Weight (l<g)

Tanner g

Tanner p

BMI (kg/m2)

WC (cm)

HC (cm)

WaistHip (cm)

%BF
Fat Mass (l<g)

LBM (l<g)

Sum of

tri&subscap

Sum of 4

SI<infold

Distensibility

Compliance

cPP

Diameter

difference

aSBP fina

aDBP fina

aMAP fina

V02 max
(Umin)

\/02 max
(mUkg/min)

V02 max
(mUkgLBM/mi
n)

Final Duration

(mins)

Final Stage (W)

HR @ max

RER @ max

Avg Syst

Avg Diast

Heart Rate

Brachial PP

age of

participant

Height (m)

Height (m2)

Weight (kg)

2.397

1.396

16.116

70.832

.011

.042

.336

6121.546

2.800

.850

915.586

5301.557

3873.794

.062

3659.193

2445.045

829.032

7742.773

26813.359

6.26E-005

.043

215.328

.779

538.485

26.006

11.646

.493

1507.560

406.549

35597615.921

37.540

1205.467

.011

.094

1.276

a1 15.844

801.163

.222

.004

.040

163.134

2.397

1.396

16.116

70.832

.011

.042

.336

6121.546

2.800

.850

915.586

5301.557

3873.794

.062

3659.193

2445.045

829.032

7742.773

26813.359

6.26E-005

.043

215.328

.779

538.485

26.006

11.646

.493

1507.560

406.549

35597615.921

37.540

1205.467

.011

.094

1.276

115.844

801.163

.222

.004

.040

163.134

16.608
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Corrected Total

Diameter

difference

average HR
aSBP fina

aDBP fina

aMAP fina

V02 max
(Umin)
V02 max
(mUkg/min)
V02 max
(mL/kgLBIVI/mi

n)

Final Duration

(mins)

Final Stage (W)

HR @ max

RER @ max

Avg Syst

Avg Diast

age of

participant

Height (m)

Heigfit (m2)

Weight (kg)

Tanner g

Tanner p

BMI (kg/m2)

WC (cm)

HC (cm)

WaistHip (cm)

%BF
Fat Mass (kg)

LBM (kg)

Sum of

tri&subscap

Sum of 4
Skinfold

Distensibility

Compliance

cPP

Diameter

difference

aSBP fina

aDBP fina

aMAP fina

V02 max
(L/min)

V02 max
(mL/kg/min)

V02 max
(mL/kgLBM/mi

28.175
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Regression- Males
Variables Entered/Removed(a)
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ANOVA(d)
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Coefncients(a)
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ReliabUity- Systolic
Case Processing Summary
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Correlations- Entire Group
* Correlation is significant at the 0.05 level {2-tailed).

** Correlation is significant at the 0.01 level {2-tailed).
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Correlations- Males
* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).
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Correlations - Females
* Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level {2-taiied).
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18-f 0.76 15.63 6.519 35.181 16.2 27.7 0.0095 0.2593 31.5897

19-f 0.92 27.14 11.751 31.549 32.8 64.2 0.0073 0.1850 25.4746

20-nn 0.90 17.58 6.768 31.732 18.1 31.1 0.0062 0.1725 34.9556

21 -f 0.78 15.27 4.947 27.453 15.8 29.4 0.0083 0.1917 32.7306

22-m 0.79 15.33 5.073 28.027 15.7 26.4 0.0096 0.2897 32.9478

23-f 0.85 27.47 11.371 30.029 33.5 64.7 0.0045 0.1261 27.4724

24-m 0.84 15.23 5.301 29.499 17.4 28.8 0.0053 0.1338 42.1599

25-nn 0.77 25.83 11.624 33.376 27.9 51.9 0.0069 0.2096 34.6837

26-m 0.80 10.12 2.845 25.255 10.5 17.9 0.0068 0.2142 36.6314

27-f 0.76 14.15 3.961 24.039 14.6 25 0.0088 0.1830 23.7311

28-m 0.93 30.57 14.919 33.881 37 80.3 0.0040 0.1644 30.8734

29-m 0.84 12.68 4.678 32.222 13 21.8 0.0095 0.2733 35.1324

30-m 0.80 13.47 5.066 32.534 13.8 24 0.0069 0.2319 35.3072

31-f 0.82 19.38 6.241 25.959 20.6 42.7 0.0068 0.1708 53.1720

31.432

32-m 0.83 3 16.722 36.478 38.1 77.1 0.0056 0.1557 37.7040

24.427

33-f 0.87 08 11.774 36.426 27.8 57.6 0.0035 0.0920 55.5228

34-m 0.97 41.533 22.262 31.338 51 88.7 0.0044 0.1345 36.2557
40.603

35-f 0.79 6 31.346 45.854 56.6 97.8 0.0043 0.1381 31.9710

36-m 0.87 30.192 12.771 29.529 34 64.4 0.0042 0.1335 37.9208

37-f 0.80 22.962 9.139 30.661 25.5 42.8 0.0055 0.1532 51.7172

38-m 0.82 17.396 5.236 24.864 17.9 27.3 0.0084 0.2101 24.5627

39-m 0.88 27.254 12.700 33.900 29.8 55.3 0.0055 0.1745 38.3937

22.814

40-m 0.81 52 8.259 27.941 24.1 40.7 0.0090 0.2428 29.5469

41 -m 0.87 47.484 28.775 31.825 58.6 96 0.0079 0.2252 24.1050

42-f 0.91 40.276 28.757 42.643 56 101.6 0.0073 0.1973 25.3095

43-f 0.76 24.058 9.575 30.225 27.2 55 0.0082 0.2029 25.4954

44-m 0.85 12.377 3.651 25.849 12.7 21.1 0.0130 0.3843 22.8765

45-m 0.81 12.071 3.778 27.522 14.1 24.3 0.0061 0.1894 50.2074

46-m 0.94 21.814 9.991 35.809 22.9 40 0.0073 0.1816 26.4335
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