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Abstract

This study examined factors contributing to the differences in left ventricular mass as

measured by Doppler echocardiography in children. Fourteen boys (10.3 ± 0.3 years of

age) and 1 1 girls (10.5 ± 0.4 years of age) participated in the study.

Height and weight were measured, and relative body fat was determined from the

measurement of skinfold thickness according to Slaughter et al. (1988). Lean Body Mass

was then calculated by subtracting the fat mass from the total body mass. Sexual

maturation was self-assessed using the stages of sexual maturation by Tanner (1962).

Both pubic hair development and genital (penis or breast for boys and girls respectively)

development were used to determine sexual maturation. Carotid Pulse pressure was

assessed by applanation tomometry in the left carotid artery. Cardiac mass was measured

by Doppler Echocardiography. Images of cardiac structures were taken using B-Mode

and were then translated to M- Mode. The dimensions at the end diastole were obtained

at the onset of the QRS complex of the electrocardiogram in a plane through a standard

position. Measurements included: (a) the diameter of the left ventricle at the end diastole

was measured from the septum edge to the endocardium mean border, (b) the posterior

wall was measured as the distance from to anterior wall to the epicardium surface, and (c)

the interventricular septum was quantified as the distance from the surface of the left

ventricle border to the right ventricle septum surface. Systolic time measurements were

taken at the peak of the T-wave of the electrocardiogram. Each measurement was taken

three to five times before averaging. Average values were used to calculate cardiac mass

using the following equation (Deveraux et al. 1986). Weekly physical activity metabolic

n
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equivalent was calculated using a standardize activity questionnaire (Godin and Shepard,

1985) and peakV02 was measured on a cycloergometer.

There were no significant differences in cardiovascular mesurements between

boys and girls. Left ventricular mass was correlated (p<0.05) with size, maturation,

peakV02 and physical activity metabolic equivalent. In boys, lean body mass alone

explained 36% of the variance in left ventricular mass while weight was the single

strongest predictor of left ventricular mass (R =0.80) in girls. Lean body mass, genital

developemnt and physical activity metabolic equivalent together explained 46% and 81%

in boys and girls, respectively. However, the combination of lean body mass, genital

development and peakV02 (ml kgLBM^ min"') explained up to 84% of the variance in left

ventricular mass in girls, but added nothing in boys.

It is concluded that left ventricular mass was not statistically different between

pre-adolescent boys and girls suggesting that hormonal, and therefore, body size changes

in adolescence have a main effect on cardiac development and its final outcome.

Although body size parameters were the strongest correlates of left ventricular mass in

this pre-adolescent group of children, to our knowledge, this is the first study to report

that sexual maturation, as well as physical activity and fitness, are also strong associated

with left ventricular mass in pre-adolescents, especially young females. Arterial

variables, such as systolic blood pressure and carotid pulse pressure, are not strong

determinants of left ventricular mass in this pre-adolescent group. In general, these data

suggest that although there is no gender differences in the absolute values of left

ventricular mass, as children grow, the factors that determine cardiac mass differ between

the genders, even in the same pre-adolescent age.

m
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Chapter 1: Introduction

Cardiac mass is the result of many interactions during child development and adult life.

Genetics and environmental factors play significant roles in determining the final

outcome on this particular anatomic structure, likewise many other body organs

(Verhaaren et al. 1991). Thus, its accurate assessment and evaluation has been the

purpose ofnumerous studies mainly in adults, but in children as well.

Cardiac morphology and dimensions have been assessed by radiology,

electrocardiography and echocardiography, among other methods used to measure

cardiac mass. In the chest x-ray method, the borders of the cardiac silhouette are

compared to those of the thoracic cavity. The ratio between the thoracic cavity longitude

and the cardiac silhouette is called the "cardiac index". This method has the feature of

showing the borders of the heart to measure its overall size, but not the internal

structures. With the electrocardiographic method, the mass of cardiac muscle is

determined by comparing the tracings of the electrical activity from a set of standard

patterns. This technique does not show cardiac shape or size of the internal components.

Recently, the echocardiographic method has been reported to be the most accurate

method for determining the size and shape of the internal heart structures. This

technology is based on ultrasound waves, which can be used to "draw", in a very accurate

way, the internal structures of the heart, which can then be used to measure their size and

function. The measurements have been correlated with necropsy findings with excellent

results (Devereux et al. 1986). Due to the availability of this technology worldwide, it has
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been easy to establish "normal" patterns and standards, but predominantly in Caucasian

adult populations (Sharma, 2003).

The first pediatric cardiac assessments using echocardiography were performed in

order to establish the normal ranges during childhood growth, and to allow pediatricians

to identify children with abnormal values of left ventricular mass (Gutgesell et al. 1977).

Since the changes in left ventricular mass due to increases in body size did not appear to

follow a simple linear pattern in children, investigators suggested that an allometric

relationships, or exponential coefficients of body size, should be used to adjust for

variations in size, and for the development of a universal formula appropriate for children

(de Simone et al. 1992; Gutgesell et al. 1990). The strong relationship between body size

and left ventricular mass was confirmed through a genetic epidemiological study that

described and quantified the presence of shared genetic effects influencing both left

ventricular mass and body size during the prepubertal years (Verhaaren et al. 1991). In

their study, Verhaaren et al. (1991) suggested that lean body mass, rather than relative

body fat, was directly involved in the common genetic pathways.

There have been several studies that have examined the factors determining left

ventricular mass in children. Among them, lean body mass, fat mass, blood pressure, and

sexual maturation often made the list as determinants of left ventricular mass in children

(Bella et a/. 1998; Daniels et a/. 1995). More specifically, some investigators highlighted

the effects of obesity and blood pressure levels on the size of a child's heart. Studies

performed on school children participating in the Muscatine Study found that age, sex,

height, weight, blood pressure, and obesity all contributed to the variance in left

ventricular mass (Malcolm et al. 1993). Malcolm et al. (1993), however, pointed out the
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difficulty in predicting the eventual cardiac size during the active growth years. Using

another measure of obesity, skinfold thickness, Goble et al. (1992) suggested that because

left ventricular mass varied inversely with skinfold thickness, the most important

determinant of heart size was lean body mass. In their study, the determinants were

somewhat different for boys than for girls. Moreover, even after adjustment for body size

differences, boys had a greater left ventricular mass than girls (Goble et al. 1992). Other

investigators have reported that both obesity and persistently elevated blood pressure

influence left ventricular mass (Burke et al. 1987, Urbina et al. 1995). > - • • *

Along with body size parameters (weight, height, body fat), gender, age, blood

pressure, and the presence of cardiovascular illness were the main determinats of left

ventricle mass in adult normotensive subjects (Schirmer et al. 1999). Recently, pulse

pressure, obtained fi^om the difference between systolic and diastolic measurements, has

been received considerable attention as an important factor predicting cardiovascular

morbidity (de Simone et al. 2005). Pulse pressure has been observed as a marker of

cardiovascular damage evidenced by left ventricle hypertrophy in asymptomatic adult

hypertensives (Viazzi et al. 2002), and considered a better predictor of coronary heart

disease than systolic or diastolic blood pressure in the middle aged and elderly (Franklin

et al. 1999). Hence, ventricular hypertrophy has been associated with cardiovascular

morbids events in hypertensive men (Casale et al. 1986). Althought left ventricular mass

has been linked to many factors, and it is very closely related to pulse pressure in

normotensive and hypertensive adult subjects (Roman et al. 2000, Cuspidi et al. 2004),

there is no clear relationship between these two independent cardiovascular risk factors in

children. 'v
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11

Physical activity level has also been explored as a determinant of cardiac mass.

Trieber et al. (1993) included physical activity in a multivariate model of the

determinants of left ventricular mass in normotensive children, with good results. In

contrast, Eisenmann et al. (2000) found no strong relationship between left ventricular

mass and habitual physical activity. Subsequently, the researchers of the Muscatine Study

explored fitness level as a determinant of left ventricular mass, with contrary results in

two separate papers (Janz et al. 1995, Janz et al. 2000). Despite the fact that physical

fitness has not been suggested as a significant determinant of left ventricular mass either

in adults or children, there is strong evidence that high intensity training during a

prolonged period of time can elicit an adaptation called the athlete's heart (Allen et al.

1977). r-^ . •-

Most athletes have hearts within the normal limits established for the general

population. However, high levels of intense training are related to the development of

athlete's heart, which includes an enlargement of the cavity and the posterior wall of the

left ventricle and the septum (Pellicia and Maron 1997, Sharma, 2003). A very low

proportion of athletes (2%) have a left ventricle wall thickness exceeding the upper limits

of normal (>12 mm similar). These values are similar to what one finds in hypertrophic

cardiomyopathy, yet the athlete does not exhibit the structural and functional changes

seen in sick individuals (Sharma, 2003). In a second study, Pellicia et al. (1999) found

that 45% of athletes from different sport modalities exceed the upper limit in terms of the

cavity dimensions of their left ventricle. Even when normalized to body surface area, left

ventricular mass was found to exceed the upper normal limit in 9% of the male, and 7%

of the female, athletes (Pellicia et al. 1999). These findings present clean evidence of a
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12

change within the heart related to regular and coordinated physical activity without any

pathological consequence. Moreover, studies performed in young swimmers have found

similar results in children (Allen et al. 1977, Ozer et al. 1994, Triposkiadis et al. 2002).

2 Based on the above evidence and the observed variability of data, the present

study was established to evaluate the left ventricular mass in a group of Ontario pre-

adolescent children, and to clarify the relationship of left ventricular mass with habitual

physical activity and fitness. The specific objectives were: 1) to evaluate the left

ventricular mass of Ontario pre-adolescents using Doppler echocardiography; 2) to

compare the left ventricular mass values between boys and girls in the adolescent age

group; 3) to examine the correlates and determinants of left ventricular mass in this age

group; 4) to determine if the same factors affect left ventricular mass within each gender.

Based on the literature, we hypothesised that 1) left ventricular mass would be

significantly different between genders with boys showing higher values; 2) body

composition parameters such as lean body mass and relative body fat would be the

strongest determinants of left ventricular mass in pre-adolescent children; 3) blood

pressure parameters such as systolic blood pressure, diastolic blood pressure, and pulse

pressure, as well as physical activity and fitness would be significant detrminants of left

ventricular mass; 4) the determinants of left ventricular mass would be the same in both

boys and girls.
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Chapter 2: Review of Literature

2.1 Cardiac Development

.•.:*,.,
.

• "

,

"

The development of the cardiac structure of the human heart is the result of numerous

factors, some genetic, some environmental, and others the product of their interaction.

One of the most important environmental factors is mechanics (Taber 2001, Ruwhof &

van deer Larse 2000). Tissues in the cardiovascular system grow by adding cells

(hyperplasia) or changing cell size (hypertrophy). The latter process predominates after

birth, while the former is more important before birth (Taber 2001). Changes in structure

and mechanical properties of the cardiovascular system (re-modeling) occur during

development. Differentiation of the initial epithelial cells into muscle alters the physical

features of the outcome tissues (Taber 200 1 ).

The first response to hemodynamic overload is the induction of proto-oncogenes

(such as c-fosd, c-jun and c-myc) and heat shock proteins (Ruwhof & ven deer Larse

2000, Borer 2003). These factors together contribute to the development of cardiac

hypertrophy. It seems that mechanical stress itself is the primary factor for the

introduction of cardiac hypertrophy in response to hemodynamic overload (Ruwholf &

van der Laarse, 2000, Molketin & Dom, 2001). Hemodynamic overload during exercise

or pathological elevation of blood pressure produce active contraction and passive

stretching of the cardiac myocyte. (Schlutert & Piper 1999). Other factors associated with

cardiac hypertrophy induced by overload are growth factors and hormones. These factors
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include endothelin-1 (ET-1), angiotensin II (Ang II), transformin growth factor-p (TGF-

p), insulin-like growth factor (IGF), myotrophin, and vascular endothelial growth factor

(VEGF). (Ruwholf and van deer Laar 2000, Molkentin and Dom 2001). In developing

cardiomyocytes, stretch induces the release of angiotensin II, which triggers an autocrine

release of endothelin, but growth stimulation by these hormones is feedback regulated in

adult heart cells (Ito et al 1 993, Wada et al 1 996).

Hemodymamic overload is the main factor producing cardiac hypertrophy

through several pathways, including intra-cellular mechano-receptors, such as integrin

(Ross et al. 1998), induction of proto-oncogenes (Sadoshima & Zumo 1993b), and

transcription and release of hormones, growth factors and structural proteins (Bruneau et

al. 1997)

2.2 Cardiac size assessment

2.2.1 Echocardiography-Technical Considerations

Echocardiography is a two-dimensional technique which provides a cross-sectional

image of an examined structure. The image taken, and the measurements made, are based

on the image, which depends on the two-dimensional image plane chosen by the

examiner; this is in contrast to a cardiac MRI (the gold-standard procedure), where the

technique allows a three-dimensional reconstruction of the original structure. Measures,

such as ventricular volume, are estimated based on formulas that make assumptions about

ventricular shape. The volume calculations are derived from two-dimensional images

(Anand et al. 2002). Because of the inherent limitations of calculating volumes from two-
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dimensional data, some investigators have opted to avoid this approach and to use two-

dimensional data alone to represent ventricular size. In the Survival and Ventricular

Enlargement (SAVE) Trial, ventricular areas were used in place of ventricular volumes,

and some investigators have argued that this is a potentially more accurate approach (St

John Sutton eta/. 1994). , ly ,v

Historically, the estimation of ventricular volumes has primarily been employed

to calculate ejection fraction, the difference between end-diastolic and end-systolic

volume divided by end-diastolic volume. However, as much or greater insight regarding

the patient's clinical condition and patho-physiology can be derived from an examination

of absolute ventricular volumes themselves (Kober et «/.1994). The measurement of

ventricular volume by echocardiography using a Simpson's rule method has been shown

to be highly accurate in comparison with known ventricular volumes in an in vitro canine

model (Schapiro et al, 1981). Measurements of ventricular size made over time should

not vary if there has been no biologic change. Nevertheless, it is common to see variation

from measurement to measurement of at least a few percentage points. This variability is

derived from a number of sources (Schapiro et al. 1981). First, changes in ventricular size

and ejection fraction from beat to beat are common. Although beat-to-beat variability is

minimal in patients in sinus rhythm, ventricular volumes or ejection fraction can vary

substantially because of the respiratory cycle or in patients with rhythm disturbances,

such as atrial fibrillation. In clinical practice, measurements are often made from one

cardiac cycle, and thus beat-to-beat variation can play a major role in reproducibility. In

the clinical trial or investigative setting, three or more beats are usually recorded and the

results averaged. In addition to beat-to-beat variability, measurement variability also



.?:it.*:-?^; .%r''ii^.

"'> WU'.:.- :iJ-:>i'^iT]

J ;:»?:;/ :y:M'- .; iH.k, m ^ms^UPi \^^<ti:iia:^

mi'^iri'^ 3f:'. ^

i.:'''i^hii'ih-' '/•:•' Oi H%jif^'il-0 H^ *':
.: .^'iJi'^uih .J'f'

^.; ^'ii.i'""

"it'tOV ;?' .-}%fMJ':' :'?^ii''\ ^i 'V/i .^Ti J?:/*'!l;'jiMk''> <^«i

'?.-
>

^:«v? t f;rt,x-«i ^-'»J;^^x
''*''

<''i ":;-';l!-^ -' ;ii5^^'?"vi.:tfV

;:.i;#i.j c?Tj^ -'j-^cf-' .Ki-^-'tar ^,^%f:i;Ti



16

plays a significant role in reproducibility. Because most assessments of ventricular size

obtained either by echocardiography or angiography are derived fi"om tracing the

endocardial border, ultimately the accuracy of these measurements are dependent on the

ability to accurately define this contour. For echocardiography, this accuracy is

dependent on image quality. The blood-tissue interface can be difficult to identify clearly

when image quality is less than optimal. Finally, real changes in ventricular volumes and

function can occur simply as a result of alterations in hemodynamics, such as changes in

loading conditions, and do not always reflect true structural changes in the heart (Anad et

al. 2002). In addition to assessment of global left ventricle size and fiinction,

echocardiography is useftil for assessing alterations in regional left ventricular fimction

(Kober eta/. 1994).

Two-dimensional echocardiography has also been shown to provide a reliable

estimation of left ventricular mass; however, the in vivo estimations of left ventricular

mass by echocardiography does not compare with necropsy data (Table 2.1) as well as do

those obtained by MRI (Table 2.2).

Table 2.1 Two-dimensional Echocardiography versus Necropsy Assessment of

left ventricular mass and volume (from Anand et al. 2002)

Study Mass n r SD
Calculation

Reicheketa/. Area-length 21 0.93 142 g

Devereux et al Penn-cube 52 0.92 43 g

n=number of subjects studied; r=correlation coefficient; SD=standard deviation.
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Table 2.2 Magnetic Resonance Imaging Tomography versus Necropsy Assessment of

left ventricular mass and volume (from Anand et al. 2002)

Study Method n r SE SD

Katz et al. Spin-echo 10~ 099 6.8 g 22g

i U- ,

(mass)
,

,

Rehretfl/. Spin-echo 15 0.997 4.3 mL 17mL

(volume)

n=number of subjects studied; r=correlation coefficient; SD=standard deviation

2.2.2 Echocardiography in children

Gutgesell et al. (1977) were among the first authors to establish the normal

echocardiographic data during childhood development. They studied 145 normal children

regarding left ventricular size and fiinction. The left ventricular end-diastolic diameter

(LVDd) and the percentage change in left ventricular end-diastolic diameter with systole

were measured. They found that left ventricular end-diastolic diameter increased by

approximately threefold during childhood, and was best correlated with the log of body

weight (r = 0.95) and the log of body surface area (r = 0.96). This was one of the first

reports binding body size to left ventricular mass in children, and suggested that there

might be one, or more, determining factors for left ventricular mass in children, and that

these factors differed those factors seen in the adult population. Since the changes in left

ventricular mass due to the increases in body size did not appear to follow a simple linear

pattern in children, Gutgesell et al. (1990), analyzed normal data obtained by

echocardiography and angiocardiography with respect to changes in body size occurring
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between infancy and adulthood. They found that intra-cardiac areas can be indexed for

body surface area, but that linear dimensions and volumes have a non-linear relation to

surface area, and are more appropriately indexed by surface area to the 0.5 - 1.5 power.

Gutgesell et al. (1977) suggested that allometric based exponentials should be used to

adjust for variation in body size, and for the development of a universal formula

appropriate for children. Accordingly, de Simone et al. (1992), who examined three

normotensive population samples in New York City (127 adults), Naples, (114 adults)

and Cincinnati (444 infants to young adults), discerned that the relationship between left

ventricular mass and body size was similar in all normal weight groups, as assessed by

linear and non-linear regression analysis. Also, they found that left ventricular mass was

related to body weight to the power 1.0 (r = 0.88), to body surface area to the power 1.5

(r = 0.88) and to height to the power 2.7 (r = 0.84). They identified that in the 20% of

adults who were overweight, ventricular mass was 14% higher (p<0.001) than ideal mass

as predicted from the observed height and ideal weight. The increase was identified as

14% using left ventricular mass/height^'^ and 9% using ventricular mass/height' '^j

whereas indexation for body surface area, body surface area'^, and body weight'^

erroneously identified left ventricular mass as reduced in overweight adults. They

concluded that normalizations of left ventricular mass for height or body surface area

introduce artifactual relations of indexed ventricular mass to body size and errors in

7 7
estimating the impact of overweight. They suggested using left ventricular mass/height

instead of left ventricular mass/body surface area^^ index. This is a reflection of the

ongoing debate about echocardiographic measurement and the development of indexes.
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2.3 Determinants of Cardiac Mass v

Physical and physiological factors have been pointed out as determinants of left

ventricular size. In order to explain left ventricular mass in relationship to anthropometric

measurements, cardiac and vascular factors, as well as indices of lifestyle, physical

activity, and dietary salt intake, Chen et al. (1998) used M-mode echocardiography to

analyze 1315 subjects, who were either normotensive or had untreated hypertension. In

univariate analysis, almost all measured non-cardiovascular, cardiac, and arterial

variables were significantly correlated with left ventricular mass. In multivariate linear

regression analyses, the optimum multivariate linear regression main effects model had

an adjusted model r^ of 0.740, with 98% of the model variance accounted for by the five

independent determinants of left ventricular mass: stroke volume (49.6%), systolic blood

pressure (30.7%), contractility (14.7%), body mass index (1.8%), and aortic root diameter

(1.6%). It is noteworthy to highlight that two of the factors related to left ventricular mass

in this study (stroke volume and contractility) are derived from the formula of left

ventricular mass used in this study (Deveraux et al 1986). Another approach was applied

by de Simone et al. (1998), where quantitative M-mode echocardiograms were obtained

in 766 normal-weight, normotensive individuals over a range of ages from 1 day to 85

years (330 female subjects, 373 subjects younger than 18 years). They found that left

ventricular mass was linearly related to height^^ (r^ = 0.69), and that the prediction of left

ventricular mass by body size was more accurate at birth, and became progressively less

precise with increasing age. In addition, they reported that stroke work (stroke volume

times systolic pressure), which is a measure of cardiac workload and contractility, was
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closely related to left ventricular mass (r^ = 0.74). The explained variance of left

ventricular mass increased fi^om 69% in the univariate regression with height^^ to 82% in

the multivariate model which included height^^, stroke work, and gender. Further, in

children and adolescents (younger than 1 8 years), height^^ was the main determinant of

left ventricular mass, whereas during adulthood, stroke work and gender were more

important predictors of left ventricular mass than height^^. Their conclusions were: (1)

the influence of body growth on development of left ventricular mass decreases after

early infancy because of both the variability of the hemodynamic load and the increasing

effect of gender; (2) after adolescence, during adulthood, in normotensive, normal-weight

individuals, the impact of the hemodynamic load and male gender on left ventricular

mass is greater than the impact of body size; and (3) an appreciable proportion of

variability of left ventricular mass remains unexplained with the studied models. They

suggested that the unexplained portion was the result of genotypic variations and/or

measurement error. In a later review, this group proposed that this genotypic influence

can be altered by the signal transduction of mechanical stress acting through the

activation of factors that are involved in the remodeling process (de Simone et al. 2001).

Bella et al. (1993) tested 3107 aduh American Indians, who were participants in

the Strong Heart Study. Their findings were that in men and women, the relationship

between left ventricular mass and fat free mass (r = 0.37 and 0.38, p<0.001) were higher

than those observed for adipose mass, waist/hip ratio, body mass index, systolic blood

pressure, height, or height^'^. Their regression analyses showed that in men, left

ventricular mass had the strongest independent relation with fat fi^ee mass, followed by

systolic blood pressure, and age (all p<0.001); in women, left ventricular mass was
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related to fat free mass more strongly than it was to systolic blood pressure, age (all

p<0.001), and diabetes (p=0.012). This was one of the first studies to suggest that a

surrogate of body weight, such as fat free mass was a strong predictor of left ventricular

mass. • - -: .--v: :- >:-?;^:,-^* ^'-:-.^?h;;^^

Along with body size parameters (weight, height, and body fat), gender (male),

age, systolic blood pressure, and the presence of cardiovascular illness were the main

determinats of left ventricle mass in adult normotensive subjects (Schirmer et al. 1999).

In a population-based sample of 3287 subjects aged 25-85 years, left ventricular mass

was estimated using M-mode echocardiography. A healthy subgroup was used as a

reference sample to define sex-specific left ventricular hypertrophy criteria. Body mass

index and systolic blood pressure had a strong synergistic association with left ventricular

hypertrophy in men, but not in women. Consequently, age, diastolic and systolic blood

pressure at rest and at peak exercise, body mass index, body surface area, and physical

activity were found as determinants of left ventricular mass by Antoniucci et al. (1997).

They examined 2318 totally asymptomatic men aged 40-59 years in an attempt to

establish the incidence of cardiac hypertrophy in an asymptomatic population. As it may

be observed the relevance of blood pressure as a determinat of cardiac mass is evident.

Further, pulse pressure -obtained from the difference between systolic and diastolic

measurements- has been observed as a marker of cardiovascular damage evidenced by

left ventricle hypertrophy in asymptomatic adult hypertensives (Viazzi et al. 2002).

These authors found that pulse pressure explained 29% of the variance in left ventricle

mass index (F=26.476, P<0.0001) in 333 patients. Hence, pulse pressure has been

considered a better predictor of coronary heart disease than systolic or diastolic blood
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pressure in the middle aged and elderly. Franklin et al. (1999) studied 1924 men and

women between 50 and 79 years of age at baseline with no clinical evidence of coronary

heart disease and not taking antihypertensive drug therapy. Cox regression, adjusted for

age, sex, and other risk factors, was used to assess the relations between blood pressure

components and coronary heart disease risk over a 20-year follow-up. The association

between coronary hear disease risk and blood pressure (systolic, diastolic and pulse

pressure) was positive with pulse pressure yielding the strongest association. These and

other researchers have suggested pulse pressure as an important and valuable

cardiovascular determinant of cardiac hypertrophy (Cuspidi et al. 2004, de Simone et al.

2005).

There have been several studies that have examined the factors that determine left

ventricular mass in children. Among them, lean body mass, fat mass, blood pressure, and

sexual maturation have often made the list of determinants of left ventricular mass in

children. Daniels et al. (1995) tested two hundred one subjects, 6 to 17 years old (105

boys, 96 girls; 103 white and 98 black). They identified that age (r = 0.72), height (r =

0.81), weight (r = .84), body surface area (r = 0.87), sexual maturation (r = 0.75), lean

body mass (r = 0.86), fat mass (r =0.54), systolic BP (r = 0.58), and diastolic BP (r =

0.48) were all univariate correlates of left ventricular mass. In a multiple regression

analysis, lean body mass alone explained 75% of the variance of left ventricular mass,

whereas fat mass and systolic blood pressure explained only 1.5% and 0.5% of the

variance, respectively. Again, the relevance of lean body mass as strong predictor of left

ventricular mass was highlighted. Consequently, Goble et al. (1992), using another

measure of obesity (skinfold thickness) suggested that because left ventricular mass
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varied inversely with skinfold thickness, the most important determinant ofheart size was

also lean body mass. In their study, the determinants were somewhat different for boys

than for girls. Moreover, even after adjustment for body size differences, boys had greater

a left ventricular mass than girls. Other investigators found that both obesity and

persistently elevated blood pressure influence left ventricular mass (Burke et al. 1987).

The strong relation between body size and left ventricular mass was confirmed by

a genetic epidemiological study that described and quantified the presence of shared

genetic effects influencing both left ventricular mass and body size during the prepubertal

years (Verhaaren et al, 1991). In that study, the investigators suggested that lean body

mass, rather than relative body fat, was responsible for the common genetic pathways.

Like the adult studies, investigations on children have shown confounding results

regarding the factors determining left ventricle mass. In the Muscatine Study (Malcolm et

al. 1993), which was performed on 904 normal children, aged 6 to 16 years, a strong

positive linear association of left ventricular mass with age, weight, height, Quetelet

index, and systolic and diastolic blood pressure was demonstrated. They discovered

different patterns in the equation predicting left ventricular mass for each gender, but

pointed out the difficulty of predicting the eventual cardiac size during the active growth

years. Consequently, Urbina et al. (1995) in the Bogalusa Heart Study which consisted of

a cross-sectional survey of 1 60 healthy children and young adults aged 9 to 22 years, used

the ponderal index (PI=WT/HT^) as a measure of weight-for-height. They reported that

linear growth is the major determinant of cardiac growth in children, and that excess

weight may lead to the acquisition of a left ventricular mass beyond that expected from

normal growth. Increased mass may also precede the development of increased blood
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pressure. This finding suggests a link between being overweight and hypertensive with

the development of cardiac hypertrophy.

Regarding other factors that influence cardiac development, Dekkers et al. (2002)

created individual growth curves for left ventricular mass across age for 687 Afncan

American and European American males and females, aged 8 to 28 years, with a

maximum of 10 annual assessments. They reported that African Americans and males

had significantly greater left ventricular mass (P<0.001) than did European Americans

and females, respectively. Moreover, males also showed a larger rate of change in left

ventricular mass than did females (P<0.001).

The effects of ethnicity and gender on left ventricular mass become apparent in

early adolescence, and persists thereafter when socioeconomic status and various

anthropometric and hemodynamic variables are controlled for in the analysis.

Futhermore, body mass index and height were the strongest anthropometric predictors,

and pulse pressure the strongest hemodynamic predictor, of left ventricular mass.

Although significant, the contribution of pulse pressure to the prediction of left

ventricular mass was small, once body mass index and height were entered into the model

(Figure 2.1).
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Figure 2.1 Mean values of left ventricular mass for European American (EA) males and

females, African American (AA) males, and females (From Dekkers et al. 2002).

Physical activity level has also been explored as a determinant of cardiac mass in

children. Treiber et al. (1993) studied eight-four healthy children, blacks and whites,

females and males, between 6 and 1 8 years of age, all with positive family histories of

essential hypertension. They indicated, following hierarchical step-wise multiple

regression analysis, that the significant independent correlates of left ventricular mass per

body surface area were gender, baseline systolic blood pressure and heart rate, physical

activity index (sweat episodes per week), and peak systolic blood pressure responses to

the forehead cold stressor test (final model r^ = 0.49). In contrast, Eisenmann et al.
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(2000), who examined 198 boys and 154 girls, aged 9-18 years, found that cardiac

dimensions were not related to habitual physical activity. Consequently, the researchers

of the Muscatine Study have explored fitness level as a determinant of left ventricular

mass with conflicting results (Janz et a/. 1995, Janz et <?/. 2000).

2.4 Normal Cardiovascular Adjustments to Physical Activity

2.4.1 Peripheral Responses to Exercise

During exercise, there are changes in blood flow and pressure in order to meet the

cardiovascular requirements needed to satisfy the energy requirements of the muscles.

These modifications are the result of a finely controlled interaction between the heart and

peripheral vessels. This interaction is regulated by the sympathetic nervous system and

local factors regulating vasodilatation (Astrand & Rodhal 1984).

Activation of the sympathetic nervous system is evidenced by the level of

circulating norepinephrine. (Hartley 1975, Rowl 1986, Terjung 1980). The magnitude of

norepinephrine increase depends on the intensity and duration of exercise (Galbo et al.

1975, Hartley et al. 1972). Norepinephrine elicits vasoconstriction in arteries acting on a

receptors (Clausen 1976, Hartley 1975).

The reduction in total peripheral resistance during dynamic, aerobic exercise is

due to vasodilatation of arterioles supplying active muscles, which in turn, is due to vaso-

active metabolites such as potassium ions, oxygen, and carbon dioxide among others

(Andersen & Saltin 1895, Rowell 1986). The vascular conductance of the working
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muscle is dependent on the vascular anatomy (i.e., capillary supply and arteriolar supply),

and the balance between systemic vasoconstrictor and local vasodilator drive (Snell et al.

1978).

Blood pressure increases during exercise according to its intensity. This increase

is more noticeable in systolic blood pressure. Values return to rest values after finishing

physical activity. Despite the vasodilation in the vascular bed of the exercising muscles,

the blood pressure trend during endurance exercise consists in a gradual increase in

systolic blood pressure, which parallels the intensity of exercise (Astrand et al. 2003).

Only small modifications are observed in diastolic blood pressure, with an initial

decrease, followed by a slight increase related to the intensity of the activity (Hollman &

Hettinger 1980). The increase of blood pressure is related to the elevation of cardiac

output in spite of the reduction in peripheral resistance. Prior to achieving maximal

oxygen consumption (VOimax), systolic blood pressure presents a plateau and begins to

diminish. After one or two minutes of finishing the bout of exercise, systolic blood

pressure rises again. During recovery, blood pressure returns to normal levels (Gonzalez

1992).

The decrease of systolic blood pressure that occurs about 70% of VOimax can be

explained on the basis of the metabolic acidosis that is produced during high intensity-

aerobic exercise. This condition diminishes peripheral resistance and cardiac

contractibility (Smith & Thiers 1989).
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2.4.2 Central Responses to Exercise

The Frank-Starling mechanism, described by Starting (1918) is a volume-dependent

property similar to the length-tension relationship described for skeletal muscle (Katz

1977). This mechanism describes the response of resting muscle to an increased load (e.g.

increased end-diastolic volume or pressure). As the fibers are stretched by the force of an

increased load (volume), stroke volume and stroke work are increased. Increases in end-

diastolic volume have been assumed to represent the functional operation of the Frank-

Starling mechanism, since stretching of myocardial fibers is a direct response of

augmented diastolic filling (Starling 1918).

Ventricular afterload is the tension developed by the myocardial fibers prior to

ventricular shortening (Krayenbuehl 1985). In the heart, afterload refers to the force

required to overcome the opposition to the ejection of the blood (Little 1985). During the

isovolumic phase of ventricular contraction, the left ventricle muscle fibers generate

tension before shortening. When the left ventricle pressure exceeds aortic pressure, blood

is ejected and fiber shortening occurs. Factors determining afterload include: aortic

pressure, aortic valve impedance, and total peripheral resistance (Little 1985).

Contractility is another factor affecting central responses to exercise. It varies

independently of the afterload (Katz 1977, Weber Sl Janicki 1987). The increased

contractility observed during exercise is the result of sympathetic activity. Sympathetic

substances, such as norephinephrine and epinephrine exhibit a chronotropic influence on

the heart. These two agents increase calcium influx into the sarcolemma (Katz 1977).
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2.4.3 Left Ventricular Volume Responses to Exercise

Several studies have showed that stroke volume increases in a linear fashion during

progressive, submaximal, cycle ergometer exercise until 40-50% V02max after which

stroke volume was believed to plateau (Astrand et al 1964, Shepard 1982). However,

other investigators have demonstrated that stroke volume continues to increase until near

maximal levels of effort have been reached (Chapman et al. 1960, Ekelund and

Holmgren 1967, Upton el a/. 1980).

Early animal studies by Rushmer (1959) discounted the role of the Frank-Starling

mechanism, revealing little change in end-diastolic dimensions with exercise. In contrast,

later studies demonstrated increases in end-diastolic volume during exercise, suggesting

that the Frank-Starling mechanism was operative during exercise (Chapman et al. 1959,

Mitchell and Wildenthal 1970, Erickson et al. 1971, Horowitz et al. 1972). Studies on

human subjects have also shown conflicting results on left ventricular performance and

end-diastolic volume responses during bicycle exercise. Most studies have reported

minimal increase in the end-diastolic volume during supine bicycle exercise (Braunwald

et al. 1963, Crawford et al. 1979, Grolin et al. 1965, Purves et al. 1985, Sharma et a\.

1976, Slutsky et al. 1979). However, there are studies that have demonstrated important

increases in end-diastolic volume during cycle ergometer exercise (Bar-Shlomo et al.

1982, Steingart et al. 1984). Studies of myocardial function during erect exercise have

shown an increase in end-diastolic volume above resting levels at maximal exercise

(Crawford et al. 1979, Gigganbotham et al. 1984, Rerych et al. 1980). Although less is

known about the submaximal response, there is supporting evidence that the Frank-
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Starling mechanism is operative under such conditions (Bar-Shlomo et al. 1982,

Higgabotham et al. 1984, Poliner et al. 1980). These results are in direct conflict with

those of Crawford et al. (1979), Weiss et al. (1979), and Mann et al. (1986), who found

that end diastolic volume (EDV) is not increased during submaximal exercise. Opinions,

thus, differ in the literature concerning the response of end-diastolic during dynamic,

aerobic, cycle ergometer exercise. Although it is possible that different techniques of

volume determination contributed to the discrepancy, it seems more likely that the use of

a number of different fixed exercise intensities, collectively referred to as "submaximal"

conditions, has contributed largely to the different results. Individual variation in aerobic

capacity and the onset of anaerobiosis may have also added to the variation of the results.

Finally, differences in the underlying population characteristics would also influence the

findings, f
c

^

With end-systolic volume (ESV) and its role in accounting for changes in left

ventricle function during exercise, there are several factors that need to be examined: the

afterload (systolic blood pressure), the left ventricle's contractility, and the left ventricular

diastolic filling (Little 1985, Katz 1977). While increases in contractility are most often

associated with a reduced end-systolic volume, contractility does not act as an

independent factor (Katz 1977). It remains a consistent finding that end-systolic volume

decreases in normal subjects during dynamic, aerobic, cycle ergometer exercise

(Iskandrian, 1987), regardless of age (Rodehefer et al 1984), sex (Higganbotham et al.

1 984), or body position (Poliner et al. 1 980).

Ejection fraction, defined as (EDV - ESV)/EDV, has been used as a clinical index

of left ventricular function. Increases in ejection fraction are closely related to stroke
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volume augmentation. Because of this clear relationship, any increase in ejection fraction

with exercise is the most useful in differentiating normal/abnormal left ventricular

performance during exercise (Iskandrain, 1987). Depending on the technique, ejection

fraction values considered as "normal" may differ from 50% to 75% (McLaughlin 1985).

While most laboratories would accept an increase in ejection fraction of greater than 5 %

during exercise as a "normal" response, there is considerable variability as to the

accepted "normal" response (McLaughlin 1985). Factors mediating the response of

ejection fraction during exercise include: (i) preload, (ii) afterload, and (iii) contractility

(Iskandrian 1987, Little 1985). Furthermore, the influence of the periphery (e.g., total

peripheral resistance, oxygen extraction, lactate production, etc.) may have some

modulating effect in this regard. The influence of the extravascular "muscle pump"

augmenting venous return is critical, especially during strenuous exercise (Guyton 1963).

On the other hand, vascular conductance to the working muscles can be significantly

reduced when muscular contractions reach 15% of maximum voluntary force, and it is

halted when 35% of maximum force is obtained (Shephard 1982). It is likely that during

maximal exercise on a cycle ergometer, muscle blood flow is compromised to a greater

degree than during treadmill running, since a smaller muscle mass is used, and the resting

phase in cycling does not allow extensor relaxation.
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2.5 Cardiovascular Adaptations to Exercise Training

The first acute modification in response to regular exercise training is the need to provide

a greater supply of oxygen in order to satisfy the metabolic requirements for a greater

muscular activity. The increase in V02max depends on adaptations in both the cardiac

output and the arteriovenous oxygen difference. Cardiac output is dependant on heart rate

and stroke volume. Arteriovenous oxygen difference depends on blood flow factors

involved in the oxygen extraction fi-om the capillary bed to exercising muscles (Astrand

eta/. 2003).

V02max is rclatcd directly to cardiac output. Furthermore, cardiac output mostly

depends on heart rate. Resting heart rate depends on vagal tone, and is greater in the erect

position because of the activation of aortic baroreceptors caused by the hypotension that

results by assuming the standing position (Crawford 1992). At the beginning of exercise,

vagal tone is withdrawn, and heart rate increases due to the activation of the sympathetic

system as a resuh of a stimulus sent by mechano-receptors in the active muscles. During

exercise, heart rate continues to accelerate as a result of sympathetic activity and the

release of catecholamines (Gonzalez 1992). Stroke volume is influenced by both venous

return and the compliance of the ventricles. These two factors combine to determine the

force of contraction in relation to the "back pressure" in the arterial system. The

cumulative response of the factors determines stroke volume (Astrand et al. 2003).

As mentioned earlier, there is a "self-regulatory" mechanism within the heart,

termed the Frank-Starling principle, which allows the heart to empty more completely

after being filled and distended to a greater diastolic volume. As a result of the filling, the
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increase in the stretch (length) of a muscle fiber will improve its force-generating

potential. Also, the catecholamines being released will produce a similar effect by

increasing heart rate, the rate of calcium release from the sarcoplasmic reticulum, and the

rate at which calcium is released from troponin and taken up by the sarcoplasmic

reticulum (Gonzalez 1992, Astrand et a/. 2003).

2.5.1 Athlete's Heart

While most athletes have hearts within normal limits for the general population, those

involved in a high level of training exhibit an adaptation known as "athlete's heart",

which includes enlargement of the left ventricular cavity, and both the septum and the

posterior wall (Pellicia and Maron 1997, Sharma 2003). A low proportion of athletes

(~2%) had a left ventricle wall thickness exceeding upper normal limits (i.e., more than

12 mm) similar to that seen in hypertrophic cardiomyopathy. On the other hand, these

athletes do not exhibit the structural and fiinctional changes seen in the individuals who

suffer from cardiopathy (Sharma 2003). In more recent work, Pellicia et al. (1999) found

that 584 athletes (45% of their sample) of different sport modalities exceed the upper

limits (> 55 mm) of "normal" in their left ventricular cavity dimensions. In the same

study, left ventricular mass - normalized to body surface area - was found to exceed the

upper normal limit in 90 men (9%) and 24 women (7%). These findings present clear

evidence that changes occur within the heart that can be attributed to involvement in

regular and coordinated physical activity, without the development of any pathological

implications.
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One of the first authors to describe athlete's heart was Mongaroth (1975), whose

model presents a very clear distinction between the endurance training induced

adaptation and the strength training induced adaptation. In the former, there is concentric

hypertrophy characterized by a proportional increase in the thickness of the left

ventricular wall in proportion to the increase in the diameter of the chamber. In the latter,

the increase in the wall thickness is greater than the change in left ventricular chamber

size. This was the first mention about how the modality of exercise can influence the

heart's adaptive response. Later, Spirito et al. (1994) performed a large study on athletes

from a number of sport modalities. They examined 947 adult athletes in 27 sports to

establish whether there was a difference among sports regarding the impact on the heart

dimensions. They found that the athletes with the larger left ventricular diameters

generally had thicker walls. The sports more related with this finding were rowing and

cycling. Subsequent studies have been done to explore this more fiilly. It was found that

although there was a large increase in the heart rate in the endurance activities, there was

only a moderate augmentation of blood pressure (Ekblom 1968, Palatini 1987); the

opposite observations were seen with the strength activities, although heart rate was

moderately increased (Perez-Gonzalez 1981, MacDougal 1985, MacDougal 1992).

Furthermore, the changes in cardiac dimensions found in athletes of mixed activities, like

cycling and rowing, exhibited a large increase in the diameter of the chamber and the

thickness of the wall (Vitcenda 1990, Mitchell 1994, Clifford 1994).

It is important to point out that these changes were not seen just in the left

ventricle, but also in the right ventricle (Bruschi et al. 2004). Bruschi et al. (2004) found

that the athletes had an increased size of the right and left ventricle cavity compared with
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age- and sex-matched control subjects. This evidence supports the concept of a systemic

influence of intensive training. ^ a m ^ ' i^ /

2.5.2 Large hearts in children ;
-. :

Because left ventricle hypertrophy has been identified as risk factor for coronary disease

in the Framingham Heart Study (Levy et al 1987), it is important to determine the range

of normal values in children. Subjects above the 95^*^ percentile for age are considered to

have abnormal values (Schiejken 1995). Several studies have shown a similar distribution

(percentages) of individuals exhibiting "athlete's heart" in the population under 20 years

of age (Allen et al. 1977, Peralta et al. 2004, Triposkiadis et al. 2002), suggesting that

intense training for a long period of time also results in a similar adaptive response in

children.

Specifically in children and adolescent athletes, there are just a few studies. In one

such studies (Allen et al. 1 997), echocardiography was performed on 77 swimmers 7 to

20 years old. They found that 100% of their subjects exceeded the 95**^ percentile in right

anterior ventricular wall thickness, 83% were above the same percentile in their

interventricular septum thickness, and 91% exhibited greater than normal values in their

posterior wall values, while their right and left ventricle diameter were in the 50*

percentile (Allen et al. 1997). Furthermore, Peralta et al. (2004), in a survey performed

on 41 swimmers (8-25 years of age), found that 30% of males and 52% of females were

in the 95th percentile of cardiac mass adjusted by weight compared with an age-matched

group, and there was a difference in cardiac mass when adjusting for age, weight, height
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and body surface area (p<0.05). In another study, Triposkiadis et al. (2002) compared 25

male and female swimmers (mean age 11.9 years) to 20 controls (mean age 11.3 years),

and found a statistically significant difference in left ventricular mass (91.3 versus 60 g),

left ventricular diameter at end systole (17.6 versus 15.8 mm), and left ventricular

diameter at end diastole (32.2 versus 29.5 mm) without any difference in interventricular

septum thickness (5.9 versus 5.6 mm) or posterior wall thickness (5.7 versus 5.4 mm).

Another study done on male athlete children (swimmers and soccer players, 10-14 year of

age) by Pavlik et al. (2001) found a significant difference compared to a control group

regarding left ventricular diameter at end diastole (42.69 versus 41.37 mm, P<0.05), but

no difference was found between athletes and controls regarding interventricular septum

thickness, posterior wall thickness or left ventricular mass. These authors highlighted the

finding of larger cardiac cavities in children engaged in endurance based activities.

In spite of the studies described, Sharma (2003) reported that many studies

performed in children and adolescent athletes only show modest clinical evidence for

athlete's heart, compared with adult athletes. He attributed the difference in cardiac

growth to a diminished ability to respond to catecholamines and to the absence of

testosterone. Regarding adolescent athletes, Sharma (2003) explained that these findings

were the result of a shorter period of time involved in training, compared with adults.

This observation confirms the position that changes in the adult's heart occur only after a

long training period.

Regarding cardiac ftanction and morphology, a very interesting study was

conducted by Mitchell et al (2003) in obese children (n=81, 13-16 year old), who

showed that even though an 8-month training program improved cardiovascular fitness
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and reduced adiposity (general and visceral), there was no improvement in left

ventricular structure or function. It was also found that a high level of visceral adipose

tissue was associated with poor left ventricular structure and ftinction. The lack of

improvement in heart ftinction found in the latter study agreed with the observation of

Nottin et al. (2003), in which a group of cyclists (n=10, mean age 1 1.2 ± 1.0 years) was

compared with an age-matched control group. They found that stroke volume showed no

statistically significant difference between groups.

In summary, studies have shown that echocardiographic findings in athletic

children are similar to those observed in adults who have been involved with training for

a long time - generally years- but that other studies have reported contrary results. Thus,

the issue of cardiac adaptation and training in children remains unclear, and represents an

important topic for investigation.
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Chapter 3: Methodology

3.1 Subjects

The Brock University Human Ethics Review Board, as well as the McMaster University

Human Ethics Review Board, approved the research project and all protocols. Twenty

five, healthy children, 14 boys and 1 1 girls, 9-12 years old, participated in the study. The

subjects were recruited from public schools and sport clubs in South-Western Ontario.

The exclusion criteria included any cardiac or systemic pathology that might interfere

with normal cardiac development.

3.2 Experimental protocol and measurements

After expressing interest in the study, participants meeting the inclusion criteria, and their

parents, were asked to read an information sheet describing the study, and subsequently

signed a consent form (see attached). The testing procedures, involving blood pressure,

cardiac, and arterial measurements, were conducted by the same investigators using an

identical protocol under the same control conditions at the same time of the day for each

subject. Following a familiarization session, assessments of resting brachial blood

pressure, carotid pulse pressure, and heart dimensions were conducted using

echocardiography and applanation tonometry at McMaster University.

All subjects were asked explicitly not to participate in any exercise or other form

of exertion on the day of and the day prior to testing. Some factors, such as food, exercise
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and temperature have been purported to affect performance (Astrand et al. 2003). To

account for this, subjects were asked to fast for 4-hours prior to the testing session and to

refrain from exercise on the testing day (prior to the procedure); in addition, and testing

was conducted in a temperature controlled room.

3.2.1 Arterial measurements

Upon arrival, participants were asked to empty their bladders to avoid a possible variance

in sympathetic tone and its effects on arterial properties (Fagius & Karhuvaara 1989).

After assuming supine position, each subject was instrumented with an oscillometric,

automated blood pressure measurement device (model CBM-7000, Colin Medical

Instruments, San Antonio, USA), and instructed to lie motionless for a period of 10

minutes. Following this rest period, measurements of brachial systolic blood pressure,

diastolic blood pressure, pulse pressure, and calculated mean arterial pressure (1/3 pulse

pressure + diastolic blood pressure) were obtained in triplicate at intervals of 2 minutes

using the Colin NIBP methodology, which has been validated as an accurate and

dependable method of monitoring brachial blood pressure (Nelesen and Dimsdale, 2002).

As previously described by Carter and colleagues (Carter et al. 2003), the first

measurement of arterial blood pressure from the automated sphygmomanometer is

consistently high, thus the average of the last two measures were used to determine

resting brachial blood pressure measurements. Brachial blood pressure was also

measured during the carotid measurements.
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Carotid pulse waves were used to evaluate carotid pulse pressure and its

relationship with cardiac mass. For the examination of the carotid pulse pressure, the

subject's neck was turned slightly to the left side. Arterial pressure waves were obtained

from the left common carotid artery via a hand-held tonometer (Millar TCB-500, Millar

Instruments, Houston, Texas). The Millar tonometer is a 7 mm-diameter pencil-like

transducer capable of recording central pressure waveforms. To account for operator

"hold-down pressure", a stable baseline, maximum amplitude with "reasonable"

configuration was acquired before the acquisition of any images (Chen et al. 1996). As

well, the tonometer pressure wave was calibrated according to brachial artery pressure as

described previously. Briefly, the pressure signal obtained by tonometry was calibrated in

assigning the diastolic pressure measured by brachial sphygmomanometry to its minimum

value, and the mean pressure (calculated as one third of pulse pressure plus diastolic

pressure) assessed by brachial sphygmomanometry to its average value This calibration

procedure of the tonometric signal was based on the assumption that mean pressure did

not change in large conduit arteries and that the diastolic pressure (as opposed to the

systolic pressure) was not substantially different among brachial, carotid, and femoral

arteries (Armentano et a/. 1995).

3.2.2 Doppler echocardiography

Cardiac mass was measured using a non-invasive Doppler echocardiographic method.

Doppler ultrasound uses high frequency sound waves, emitted from a probe placed on the

surface of the cardiac zone in the chest, to acquire an image. In this case, left ventricle
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diameter and cardiac wall width are determined from images that result from sound

waves deflecting off the solid structure of the heart. In addition, the Doppler system

allows the assessment of the cardiac functional parameters, such as ejection fraction and

circumferential shortening. r^s: i .^ -^ •

More specifically, images of cardiac structures were obtained using a B-Mode

ultrasound system (System FiVe, GE Medical Systems, Horten, the Netherlands). Two

B-Mode, full heart cycle, high-resolution (60Hz) video clips were obtained in the

parasternal long axis while the subjects were positioned in the left lateral decubitus

position. One additional view M-mode image was taken according to the American

Society of Echocardiography guidelines (Sahn et al. 1978). Digital video clips and

appropriate M-mode images were subsequently transferred for off-line analysis using a

commercially available software (Echopac 6.4.2, GE Medical Systems, Horten, the

Netherlands).

Analysis of the heart images involved the use of anatomical M-Mode. This feature

allows B-mode digital video clips, acquired in the parasternal long axis, to be

reconstructed as M-mode images. Once anatomical M-mode images were constructed,

subsequent analysis was performed according to the American Society of

Echocardiography (Sahn et al. 1978). Briefly, the dimensions at the end diastole were

obtained at the onset of the QRS complex of the electrocardiogram in a plane through a

standard position. Measurements included: (a) the diameter of the left ventricle at the end

diastole was measured from the septum edge to the endocardium mean border, (b) the

posterior wall was measured as the distance from to anterior wall to the epicardium

surface, and (c) the interventricular septum was quantified as the distance from the
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surface of the left ventricle border to the right ventricle septum surface. Systolic time

measurements were taken at the peak of the T-wave of the electrocardiogram (Figure

3.1). The echocardiography was performed once taking four to six images for every

subject, and then the three best-quality images in the series were selected.

Figure 3.1 Schematic representation of the cardiac dimension measurements.

A: Parasternal window long axis; B: Parasternal window short axis; C: M-mode; VS=
Interventricular Septum; LVD= Left ventricle diameter; PW= Left ventricle posterior

wall (Pelliccia et a/. 1999)
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Average values were used to calculate left vantricle mass using the following

equation: ):.'':/, :j^.^ ..j-n- ;;,.;•., •;•;--

LVM (g) = 0.8 [ 1 .04 IVSd(cm) + LVDd(cm) + PWd(cm)^ - LVDd(cm)^] + 0.6

Where LVM is the left ventricular mass, IVSd is the interventricular septum at end

diastole, LVDd is the left ventricle diameter at end diastole, and PWd is the left ventricle

posterior wall at end diastole (Deveraux et al 1 986). The calculated left ventricular mass

values were then normalized to body surface area to be compared with other reference

studies (Kampmann et al. 2000). This indexation was choosen according to Hanevold et

al. (2005) who suggested to index reference values by height ^'^
in adults and by body

surface area in children.

3.2.3 Physical Examination

Weight was measured with a Detecto scale in kilograms (kg), accurate to one decimal

fraction. Height was assessed in centimeters (cm), according to the Frankftirt's plane

(Jauregui & Ordonez 1 994), using a ruler installed on a wall. Body surface area was then

calculated according to the following formula by Dubois (Dubois & Dubois 1916):

Body Surface Area = 0.007184 * (Weight-kg)^-^^^*(Height-cm)°-^2^

Relative body fat was determined from the measurement of skinfold thickness of

the triceps and subscapular regions according to Slaughter et al. (1988), using a standard

caliper (Lafayette Instruments Company, Lafayette, Indiana). Lean Body Mass was then

calculated by subtracting the fat mass from the total body mass. Sexual maturation was
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self-assessed using the stages of sexual maturation by Tanner (1962), taken from Taylor

et al. (2001). Both pubic hair development and genital (penis or breast for boys and girls,

respectively) development were used to determine sexual maturation.

3.2.4 Physical Activity and Peak Aerobic Power

After completion of the cardiac, arterial, and anthropometric measurements, peak aerobic

power (peakV02) was directly measured on a programmed cycloergometer (Excalibur

Sport V2, Lode BV, Groningen, The Netherlands), using a continuous, incremental

exercise protocol. Briefly, subjects began cycling at a cycling rate of 50 to 80 rpm. Initial

power output (W) was set at 20 W with increases of 20 W every two minutes (Bar-Or,

1985) to volitional fatigue. Metabolic gases were analyzed using an AEI metabolic cart

(Model S-3A, AIE Technologies, Pittsburgh, Pennsylvania). The criteria used to verify

the achievement of peakV02 were: a respiratory gas exchange ratio>l.l and a plateau in

VO2 with increasing power output.

Physical activity was documented by assessing the weekly physical activity

metabolic equivalent using a standardized questionnaire (Godin & Shepard 1985). This

questionnaire asks participants to indicate the number of times in a typical week that they

engage in mild, moderate, and strenuous physical activity for at least 15 minutes. Scores

are calculated by multiplying these frequency scores by known energy consumption

values (in metabolic equivalents - MET) to get weekly total energy expenditure values.

This questionnaire has demonstrated adequate validity and reliability in adult populations

and children (Jacobs et al. 1988; Scerpelella et al 2002). Further, it has been used to
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discriminate exercise behaviour based on VOzmax , muscular endurance, and body fat

(Godin & Shephard 1985; Godin et al. 1986).

3.3 Statistical analysis

Data were analyzed using Pearson Correlation Analysis and Multiple Linear Regression

in order to identify which factors were the strongest predictors of cardiac mass.

Descriptive data are presented as means ± standard error of the mean. Independent

samples T-tests were used to determine differences between genders. An alpha level of

P^.05 was chosen as the criterion for significance. All statistical analyses were

conducted using the Statistics Package for Social Sciences (SPSS 13 for Windows, SPSS

Inc., Chicago, IL, USA).
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Chapter 4: Results

4.1 Physical characteristics and exercise performance

There were no statistically significant differences between boys and girls in physical

characteristics (Table 4.1). The physical activity and fitness data are depicted in Table

4.2. Although boys showed higher activity scores, physical activity metabolic equivalent

and peakVO2 values were not significantly different (Table 4.2).

Table 4.1 Physical and maturation characteristics of subjects (values are mean ± SE).
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Table 4.2 Physical activity levels and exercise testing results (values are mean ± SE).
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Table 4.3 Arterial measurements in boys and girls (values are mean ± SE).



- i)

{4^ -

vX > CcU !

?i w -

I .
.:

r'^ •:

.^ ^- ^ .»)V^ J: ?H

i%% 'i;^:'!: y ubi:'H v ''';'7*Vfc'. io~



49

It is noteworthy to highlight that cardiac measurements and their final outcome in the

calculation of left ventricular mass was highly reproducible and dependable. One-way

analysis of variance showed no significant differences among the three measurements

taken for each cardiac dimension (Table 4.5). The reliability was also confirmed by the

strong coefficients of variation and intra-class correlation coefficients for singles

measures for every cardiac measurement listed in Table 4.5.

Table 4.5 Coefficients of variation (CV), Intra-class Coefficients (ICC) for single

measures and ANOVAs (F) among the three measurements for all the cardiac

dimensions.
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4.3 Determinants of Cardiac Mass

.%

For the total cohort of subjects (n = 25), lean body mass and weight showed the strongest

correlation with left ventricular mass (r = 0.77, p<0.001 for both variables). In boys, left

ventricular mass was significantly correlated with weight and lean body mass, but no

association was found between left ventricular mass and height (Table 4.6). In the female

group, left ventricular mass was strongly correlated with height, weight, body surface

area, relative body fat, lean body mass, pubic hair development and peak VO2 (Table 4.7).

However, in this group left ventricular mass was not significantly correlated with breast

development and physical activity metabolic equivalent (Table 4.7). Interestingly, left

ventricular mass was not significantly correlated with systolic blood pressure, diastolic

blood pressure, carotid pulse pressure, and the adjusted height^'^ for either boys or girls.

When considering the total cohort, carotid pulse pressure was correlated (p<0.05)

with height, weight, body surface area, lean body mass, maturation, and systolic blood

pressure. In males, carotid pulse pressure was significantly correlated with peakV02

(Table 4.6), while in the girls it showed a correlation with physical activity metabolic

equivalent (Table 4.7).
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A step-wise regression analysis was used to evaluate the potential predictors of left

ventricular mass. Three models were considered for the study population. In the first

model, lean body mass alone explained up to 60% of the variance in left ventricular mass

(Table 4.8). Lean body mass, genital development, and physical activity metabolic

equivalent together explained up to 65% of the variance in left ventricular mass. The

details of the models are depicted in Table 4.8.

Table 4.8 Regression models for predicting Left Ventricular Mass using the total cohort

(n = 25). :

Model R^ SEE F P

1 LVM = -31.4 + 4.3 (LBM) 0.58 14.1 32.5 <0.001

2 LVM = -47.7 + 5.1 (LBM)- 5.2 (SM2) 0.62 13.9 17.6 <0.001

3 LVM = -43.5 + 4.8 (LBM)- 5.8 (SM2) + 0.1 (FAME) 0.65 13.5 13.0 <0.001

LVM = Left Ventricular Mass; LBM= Lean body mass, SM2 = Sexual Maturation (Tanner-genital

development); PAME= Physical Activity Metabolic Equivalent

In boys, the single strongest predictor was lean body mass explaining 36% of the

variability of left ventricular mass. Weight was the single strongest predictor of left

ventricular mass (R^ = 0.80) for girls. Moreover, lean body mass, genital development

and physical activity metabolic equivalent together explained 46% and 81%> in boys and

girls, respectively. However, the combination of lean body mass, genital development

and peakV02(ml kgLBM"' min"') explained up to 84% of the variance in left ventricular

mass in girls, but added nothing in boys (Figure 4. 1).
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Chapters: Discussion

This study examined the left ventricular mass as measured by Doppler echocardiography

in a group of pre-adolescent boys and girls, and assessed the relationship with body size

and composition (weight, height, relative body fat, and lean body mass), blood pressure,

carotid pulse pressure, sexual maturation, physical activity scores and fitness level. The

results showed that left ventricular mass was not statistically different between pre-

adolescent boys and girls, suggesting that hormonal, and therefore, body size changes in

adolescence have a main effect on cardiac development and its final outcome, in

adulthood. Although body size parameters were the strongest correlates of left ventricular

mass in this pre-adolescent group of children, to our knowledge, this is the first study to

report that sexual maturation, as well as physical activity and fitness, are also associated

with left ventricular mass in pre-adolescents, especially young females.

5.1 Doppler Echocardiography

The left ventricular mass values found in the present study for both boys (94±18g) and

girls (89±26 g) are higher than those previously reported (de Simone et al. 1995; Goble et

ai. 1992). In the study by de Simone et al. (1995), who included 4-month to 1 1-year old

children, the left ventricular mass for the boys was 45±18 g and for the girls 43±17 g. The

values reported by Goble et al. (1992) for 11 -year-old boys and girls (83±1.5 g and

74±1.8 g, respectively) were closer, yet still lower than the present values. On the other

hand, when compared with international references (Kampmmann et al. 2000), most of



^1

'jJ vB«i1<'' '>^;v' 'Vi"ll <5i

tf.li'iTi, - ''[fitfe,--^



56

the cardiac measurements taken in our study fell between the 50^^ and 95^'^ percentile

predicted from body surface area. In our study, one subject was under the 3^*^ percentile

for the left ventricle diameter at end diastole, two subjects were below the 97^*^ percentile

for the left ventricular posterior wall at the end diastole, one subject was over the 97*

percentile and another was under the
3'^'^

percentile for left ventricle diameter at the end

systole. Thus, differences with previous studies may be due to the inclusion of older

subjects (9 to 12 years of age).

There were no statistically significant differences in left ventricular mass between

genders in this age group (9 to 12 years). This is in agreement with de Simone et al.

(1995), who found no difference in left ventricular mass between boys and girls of 4

months to 1 1 years of age. In contrast, Goble et al. (1992) found a statistically significant

different left ventricular mass between 11 -year-old boys and girls, but they did not

consider maturation stage, which in this age group is inconsistent, and thus, may create a

confounding factor. In constrast, the present cohort is more homogenious regarding

maturation stage (Table 4.1).

For the cardiac measurements, we followed the recommendations and guidelines

of the American Society of Echocardiography (Sahn et al. 1978). In brief, this means to

perform the echocardiography once, and take four to six images for every subject, prior to

selecting the three best-quality images in the series. There was one experienced reader

who selected and measured the cardiac dimensions. The one-way analysis of variance

showed no significant differences among the three measurements of each cardiac

dimension. In addition, our coefficients of variation were less than 17% for all the cardiac

measures, except for the total left ventricular mass, which was 23.8%. This is a logical



.:i*-'; : ri,»

'•^ ,)>:

i''.

:

'-'-> :'.'j^4m fyHih /??';of;:.t.i5< "..•-!> ^^*' i« 'h'r- r'mttU

/-A.^-:s>f*. ,:;:' Of t:^'-j :..,..

»ji* 4,-1

^''-:»*l •^'^,

iff! v.: /) U't'i^

K)r

j^ 4,'-

1

i-v^:^r-.UOI 'i.

•»v-V Si
''

'• :'!i(a;l< / . i>'

M^r;^;

v.jI iI^

t'y' y
!;:*; ;v'i^,MT5fi^:>/



57

finding for a heterogeneous group of boys and girls. The intra-class correlation

coefficients were strong for the left ventricular mass and diastolic measurements, and

comparable to those reported in other pediatric studies. Using a single echocardiographic

recording in 735 children across 10 clinical sites, Lipschltz et al. (2001) found a high

intra-class correlation coefficient of 0.97 for the left ventricular dimensions, but much

lower values for the posterior wall thickness (ICC = 0.65), and the septal wall thickness

(ICC = 0.50). Although their images were recorded locally and then re-measured at a

central facility, the authors attributed these results to the diversity of locations and

technicians. However, as maturity was not assessed in their study, this may be a

fractional cause.

Moreover, according to studies done in adults, the experimental quality and

reliability seems to be dependent on standardization procedures and number of readers

engaged in the study. Palmieri et al. (1999) assessed the intra-patient rehability of left

ventricular mass measurements in 183 hypertensive patients (68% men, 65±9 years of

age) using two-dimensional M-mode or two-dimensional linear measurements of the left

ventricular cavity and wall dimensions. They found that the mean ventricular mass was

similar in the first and second echocardiography (243±53 versus 241±54 g) and showed

high intra-class correlation coefficients (ICC = 0.93). Reliability was also high for left

ventricle internal diameter (ICC = 0.87), septal wall thickness (ICC = 0.85), and posterior

wall thickness (ICC = 0.83). High values for ICC are the product of the standardization of

the procedures used, and through a training session of the sonographers prior to

performing the actual echocardiography protocol. Accordingly, de Simone et al. (1995),

in a study performed on ninety-six patients with hypertension using two-dimensional
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M-mode Doppler echocardiography repeated in 6 to 8 days on the same instrument by the

same technician, found excellent reliability (ICC = 0.86 for left ventricular mass; ICC =

0.90 for the interventricular septum at the end diastole; ICC = 0.87 for the left ventricle

diameter at the end diastole; ICC = 0.70 for the left ventricular posterior wall at the end

diastole, and 0.76 for left ventricle diameter at the end systole). Echocardiography in

general is a method with a moderate error possibility due to its inherent characteristics.

These include changes in ventricular size and ejection fraction from beat to beat,

measurement variability in defining the endocardial border, and the fact that real changes

in ventricular volumes and fimction can occur simply as a result of alterations in

hemodynamics—such as changes in loading conditions—and do not always reflect true

structural changes in the heart (Anad et al 2002). Thus, standardization of image

acquisition and analysis is very important, especially for diverse populations, such as

children and adolescents. Further, the choice of the reader, such as a sonographer versus a

cardiologist, has also been discussed as a possible confounding variable (Grandist et al.

1994).

5.2 Determinants of Cardiac Mass

The results suggest a major importance of body size parameters in determining left

ventricular mass in this pre-adolescent group of children. When combining boys and

girls, lean body mass and weight were the strongest correlates with left ventricular mass

(r = 0.77, p<0.001 in both variables). Accordingly, Daniels et al (1995) reported a very

strong correlation between lean body mass and left ventricular mass (r = 0.86, p<0.001),
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and between weight and left ventricular mass (r = 0.84, p<0.001) in a group of 105 boys

and 96 girls ranging in age from 6 to 17 years. In boys, lean body mass (r = 0.60, p<0.05)

and weight (r = 0.54, p<0.05) were strongly associated with left ventricular mass, similar

to that observed in adult studies (Bella et al. 1998). In a large epidemiological study

assessing 1 155 men and 1952 women, lean body mass and weight were also the strongest

correlates (r = 0.37, p<0.001 and r = 0.35, p<0.001, respectively) with left ventricular

mass in 56 ± 8 year old males (Bella et al. 1998). In girls, body size variables, such as

body surface area (r = 0.90, p<0.001), lean body mass (r = 0.89, p<0.001), and weight

(r = 0.90, p<0.001), were again strongly correlated with left ventricular mass in our study.

Similarly, in adults females, left ventricular mass has shown a strong relationship with

lean body mass (r = 0.38, p<0.001), weight (r = 0.33, p<0.001), and systolic blood

pressure (r = 0.33, p<0.001). However, unlike boys, maturation, peakVOi, as well as

relative body fat, showed a strong correlation with left ventricular mass in 9 to 12 year

old girls. This may be attributed to the larger variability of these variables among girls,

who approach puberty earlier, which often leads to altered activity patterns, and changes

in body composition. The boys' group was more homogenized in terms of maturation,

and in males, muscle mass is a predominant factor in comparison to body fat.

Using regression analysis, it was found that the best model to predict left

ventricular mass in children of this age included lean body mass, genital development,

and physical activity metabolic equivalent, which explained explained 65% of the

variance in left ventricular mass. Daniels et al. (1995) reported that the combination of

lean body mass, relative body fat and systolic blood pressure explained 77% of the

variance in left ventricular mass in children 6 to 17 year-olds. In our study, systolic and
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diastolic blood pressure, as well as carotid pulse pressure, did not enter in the model due

to the small variability of these variables among the children. This suggests that prior to

puberty cardiac growth is not dependent upon blood pressure regulation and arterial

function factors. Physical activity also added little to the variance of left ventricular mass.

There were some differences when comparing the multivariate models between

genders. Lean body mass alone explained 37% of the variance in left ventricular mass in

boys, while weight was the strongest predictor (80%) in girls. These results correspond

partially to those by Bella et al. (1998), whose regression models with lean body mass as

an independent predictor could explain up to 39 and 37% of the variance in left

ventricular mass of males and females adults, respectively. These authors, however, did

not mention weight as a strong predictor of left ventricular mass in their study. In the

longitudinal Muscatine Study (Janz et al. 2000) on 61 boys and 62 girls 7-11 years old,

baseline lean body mass explained 54% of the variance in boys' left ventricular mass

after a 5-year follow-up period. In contrast, baseline aerobic fitness and fatness explained

45% of the variance in the 5-year post left ventricular mass in girls. This supports our

findings for the girls that the combination ofpeak VO2 expressed in ml kgLBM"' min'^ with

lean body mass and genital development could explained 84% of the variance in left

ventricular mass, which indicates that fitness, more than habitual activity, makes the

difference in the prediction of left ventricular mass in growing females. This was not the

case in the boys where it was the habitual activity equivalent that was entered in the

model. Another explanation may lie again with the fact that girls mature earlier, which

would strengthen the suggestion that fitness becomes more important as female mature.
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5.3 Conclusions

Left ventricular mass, as measured by Doppler echocardiography, was not statistically

different between pre-adolescent boys and girls. Although body size parameters were the

strongest correlates of left ventricular mass in this pre-adolescent group of children,

sexual maturation, as well as physical activity and fitness, were also moderately

associated with left ventricular mass in pre-adolescents, especially young females.

Arterial variables, such as systolic blood pressure and carotid pulse pressure, were not

strong determinants of left ventricular mass in this pre-adolescent group. In general, these

data suggest that, although there is no gender differences in the absolute values of left

ventricular mass, as children grow, the factors that determine cardiac mass differ between

the genders, even in the same pre-adolescent age, suggesting either a hormonal or genetic

influence affecting this age group.

5.4 Limitations and recommendations

This is a cross-sectional study, and thus, has limited possibilities in producing conclusive

results regarding longitudinal changes in cardiac growth in children. The inclusion of

more subjects would make it more representative. Also, the homogenicity of the

participants is a limitant factor in the results inference and data range. Furthermore, the

experimental design did not include genetic and hormonal measurements. Studies done in

twins, or the addition of testosterone measurements, might provide a better understanding

of the complex issue of cardiac growth.
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A longitudinal tracking of physical activity patterns and aerobic fitness, and their

relationship with left ventricular mass, during pre-pubertal and adolescent years would be

the logical next step to take in future studies of cardiac growth and development. In

addition, a more thorough exploration of the determinant factors of left ventricular mass

must include measurements of arterial stiffness, such as arterial compliance, arterial

distensibility, and wave contour analysis.
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Brock University

Research Services
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DATE:

FROM:

TO:

FILE:

TITLE:

St. Catharines, Ontario
Telephone (905) 688-!5530 ext 3033

f:.v(nn-.ifs««-i74«

February 23, 2005

Linda Rose-Krasnor, Chair

Research Ethics Board (REB)

Nota Klentrou, Applied Health Sciences

Jose PERALTA,
Deborah O'LEARY

04-269 - PERALTA/O'LEARY

Cardiac Mass and Arterial Stiffness in Children & Adolescent Athletes

The Brock University Research Ethics Board has reviewed the above research proposal.

DECISION: Accepted as Clarified

This Droiect has received ethics clearance for the period of February 23, 2005 to June 15, 2005 subject

m fSSLatLTaithe Research Ethics Board's next scheduled meeting. The clearance may be

extended upon request. The study may now proceed.

Please note that the Research Ethics Board (REB) requires that
Y^
Y^^^er" to the

p^^^^^^^

reviewed and approved by the REB. During the course of research no deviations from, or changes to,

hrpTotoc^l r^^^^^ consent form may be initiated without prior ^^^f^^/PP^^^^^

REB The Board must approve any modifications before they can be implemented. If you v^sh to

modiJ yo^Tesea^^^ p?oject, please refer tom^UmmMo^^^ll^^^^^^^ '^

complete the appropriate form Revision or Modification to an Ongomg Application.

Adverse or unexpected events must be reported to the REB as soon as P^?!^^!^^^^^

how these events affect, in the view of the Principal Investigator, the safety of the participants ana tne

continuation of the protocol.

If research participants are in the care of a health facility, at a school, or o*^^^,7.«"^«°"^^^^

organization, it is the responsibility of the Principal ^vestigator to ensje that tte ettaca^ gmdelines

and approvals of those facilities or institutions are obtained and filed with the REB prior to tne

initiation of any research protocols.

The Tri-Council. Policy Statement requires that ongoing research be monitored. A Final Report is

required for all projects, with the exception of undergraduate projects upon ^°mpto^of the^oject.

Researchers with projects lasting more than one year are required to
^''^}^\l^'X^l^T

Report annually. The Office of Research Services will contact you when this form Conmumg

Revicw/Fina/ Kcporf is required.

Please quote your REB file number on all future correspondence.
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McMaster -fVUniversity^ auiiiltonIM

Research Ethics Board

January 4, 2005 \

PROJECT NUMBER: 04-335

PROJECT TITLE: "Cardiac Mass and Arterial Stiffness in Children and

, Adolescent Athletes"

PRINCIPAL INVESTIGATORS: Dr. Maureen MacDonald

This will acknowledge receipt of your recent letter which included an Assent Form, a revised

questionnaire and Information/Consent Form along with a response to issues raised by the Research

Ethics Board at their meeting held on October 19, 2004. Based on this additional information, we wish

to advise your study has been given f\na\ approval from the full REB. The submission, including the

Information/Consent Form and Assent Form were found to be acceptable on both ethical and scientific

grounds.

We are pleased to issue final approval for the above-named study for a period of 12 months from the

date of this letter. Continuation beyond that date will require further review and renewal of REB
approval. Any changes or amendments to the protocol or consent form must be approved by the

Research Ethics Board .

We wish to advise the Research Ethics Board operates in compliance with ICH Good Clinical Practice

Guidelines and the Tri-Council Policy Statement.

Investigators in the Project should be aware that they are responsible for ensuring that a complete

consent form is inserted in the patient's health record. In the case of invasive or otherwise risky

research, the investigator might consider the advisability of keeping personal copies.

A condition of approval is that the physician most responsible for the care of the patient is informed

that the patient has agreed to enter the study. Any failure to meet this condition means that Research

Ethics Board approval for the project has been withdrawn.

PLEASE QUOTE THE ABOVE-REFERENCED PROJECT NUMBER ON ALL
FUTURE CORRESPONDENCE.

Sincerely,

Holland, MD, FRCP, FRCP(C)
ii/ Research Ethics Board

All correspondence should be addressed to the REB Chair and forwarded to:

REB Secretary, Henderson Campus, 90 Wing, Room #1

711 Concession Street, Hamilton ON L8V 1C3
Telephone: 905-527-4322, ext. 42013

Fax: 905-574-5645
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INFORMATION & CONSENT TO PARTICIPATE IN RESEARCH

DEPARTMENT OF PHYSICAL EDUCATION AND KINESIOLOGY
BROCK UNIVERSITY

EXERCISE- METABOLISM RESEARCH GROUP
DEPARTMENT OF KINESIOLOGY, MCMASTER UNIVERSITY

HEARTMASS & ARTERIAL STIFFNESS IN CHILDREN & ADOLESCENTS

You are being invited to participate in a research study being conducted by the

investigators Hsted below. Prior to participating in this study you are asked to read this

form which outHnes the purpose and testing procedures and a separate form that

describes the medical procedures (Description ofMedical 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 in the Exercise Metabolism Research Laboratory (A 106, Ivor Wynne Centre,

McMaster University). This study is sponsored by NSERC and the Faculty ofAppHed
Health Sciences of Brock University.

INVESTIGATOR : DEPARTMENT ; CONTACT :

Dr. Maureen MacDonald Kinesiology, IWC ABl 15 (905)524-1262 x23580

Dr. Nota Klentrou APHS, Brock U (905)688-5550x4538

Jose Peralta, MD APHS, BrockU - (905)688-5550x4901

PURPOSE:

Intensive training is known to change shape of the heart and arteries. However, the

mechanism underlying this adaptation is not well understood in humans. The purpose of

the study is 3-fold: 1) to reproduce previous findings that intense exercise training

produces changes in the structure and function of the heart and blood vessels in child and

adolescent athletes 2) to observe the difference of the effects of exercise training on the

heart and blood vessels due to gender, stage of sexual maturation, body size and weight,

and 3) to determine if there is a relationship between changes in the heart and blood

vessels with exercise performance.

DESCRIPTION OF TESTING PROCEDURES:

After expressing interest and being recruited in the study you will participate in 1 session

of testing. In the first part of this session, you will fill out a questionnaire related to your

sexual development and your heart and an artery in your neck will be evaluated. In the

second part your maximal ability to perform exercise on a bicycle and your physical

characteristics will be evaluated. At the end of the study, you will be given a summary

sheet of the investigative findings and reimbursed for your parking expenses and time

commitment.





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,

will undergo a procedure to measure your heart rate, and the dimensions of your heart. In

addition, a similar procedure will be performed on your neck to evaluate 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 exercise and caffeine on the testing day (prior to the procedure) and tests

will be conducted in a temperature controlled room. The following testing procedures

will be described in greater detail below:

Doppler ultrasound echocardiography

Blood pressure measurement

Carotid artery ultrasound

Maximal Aerobic Capacity test

Doppler Ultrasound Echocardiography. Left ventricular (one of the 4 heart

chambers) size and functional ability will be assessed in the upper chest region.

High frequency sound waves are emitted from a transmitter/receiver on the surface of

the chest and are reflected back by the structures in your body. This method is totally

noninvasive and will not cause any discomfort. A possible risk associated with this

procedure is a minor burning sensation that occurs if there is not enough ultrasound

gel covering the skin. This problem is very uncommon and is avoided by ensuring

the skin is always adequately coated. Another possible risk is that some minor skin

irritation may occur as a result of the ultrasound gel. This is extremely uncommon
and usually clears up within a few days.

Carotid Artery Doppler Ultrasound: This method will be performed with a smaller

transducer in order to visualize your carotid artery. The measurement involves use of

a pen like device. This probe is pressed against the neck. It is a non-invasive

procedure.

Blood Pressure: Blood pressure is monitored using a noninvasive 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 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
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a very easy level until this sensation goes away. The risk of serious ilhiess or death is

extremely rare (1 death in 100,000 people per year) and is it minimized performing

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.

BENEFITS & REMUNERATION:

A potential benefit for your participation in this project is the knowledge ofyour maximal

exercise capacity. You will also be reimbursed for your parking costs at McMaster and

$20.00 for your time commitment.

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 in the EMRG laboratory. 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

of removing your data fi"om the study if you wish. You may also refiise 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 fi^om the study if they believe that

circumstances have arisen which warrant doing so.
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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 Hamilton Health Sciences/McMaster University Research Ethics

Board. Ifyou have any further questions regarding your rights as a research participant

contact:

Hamilton Health Sciences Patient Relations Specialist, McMaster University

Tel: (905) 52 1 -2 1 00 x75240; Fax: (905) 540-80 19

INFORMATION:

Please contact Dr. Maureen MacDonald at 905-525-9140(X23580), Dr. Nota Klentrou at

905-688-5550(X4938) or Jose Peralta905-688-5550 (X4901) 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
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 DATE

PRINTED NAME OF PARTICIPANT DATE

WITNESS DATE

PRINTED NAME OF WITNESS
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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

' s .
- , , f
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DESCRIPTION OF MEDICAL PROCEDURES

DEPARTMENT OF PHYSICAL EDUCATION AND KINESIOLOGY
BROCK UNIVERSITY

EXERCISE- METABOLISM RESEARCH GROUP
DEPARTMENT OF KINESIOLOGY, MCMASTER 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.

Heart Rate: Heart rate will be measured from 2 sets of 3 electrodes positioned 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.

Cardiac Mass: Cardiac mass will be measured using the non-invasive method of

Doppler Echocardiography. Doppler ultrasound uses high frequency sound waves

released from a probe placed on the surface of the left hand side of your chest. The size

of your heart and the thickness of its walls will be determined by sound waves deflecting

off the different parts of the heart. .

A water based gel will be spread over your skin surface on your chest and a small wand
will be pressed against the skin over the gel covered area. The 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. The wand will be placed on the

cardiac area (middle left hand side of the chest) for each measure.

Carotid Artery Distensibility and Compliance: A large blood vessel in your next

(carotid artery) will also be measured using the arterial Doppler ultrasound method. A
small ultrasound wand (covered with gel) will be placed on the side of your neck and

pictures of the artery will be saved for later analysis.

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 you pedal at a

specific speed. A mask will be placed on your face to collect the gases you breathe out.

The test will be finished when you decide to do so, or your heart rate and breathing reach

a maximal level as determined by the investigators.
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INFORMATION & ASSENT TO PARTICIPATE IN RESEARCH

HEARTSIZE & BLOOD VESSELS IN CHILDREN & ADOLESCENTS

You are being invited to participate in a research study being conducted by the

investigators Hsted below. Prior to participating in this study please read this form 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). For the tests you will have to visit the Exercise Metabolism Research

Laboratory (A 106, Ivor Wynne Centre, McMaster University). This study is sponsored

by NSERC and the Faculty of Applied Health Sciences of Brock University.

INVESTIGATOR : DEPARTMENT : CONTACT :

Dr. Maureen MacDonald Kinesiology, IWC ABl 15 (905)524-1262 x23580

Dr. Nota Klentrou APHS, Brock U (905) 688-5550 x4538

Jose Peralta, MD APHS, BrockU (905)688-5550 x4901

PURPOSE:

Sports training can change the shape of the heart and arteries but we do not understand

yet how this happens in humans. The purpose of the study is: 1) to verify that children

who are involved in competitive sports have somewhat different structure and function of

the heart and arteries; 2) to examine ifbody size, development and gender influence how
much the heart and arteries change with training, and 3) to determine if there is a

relationship between changes in the heart and arteries with sports performance.

DESCRIPTION OF TESTING PROCEDURES:

After expressing interest and being recruited in the study you will visit our laboratory for

1 session of testing. First, you will fill out a questionnaire about your sexual

development, and your heart and an artery in your neck will be measured. Then, you will

perform exercise on a bicycle until you reach your maximum and we will measure your

height and weight. At the end of the study, you will be given a summary of the findings

and reimbursed for your parking expenses and time commitment.

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 heart

rate, and the size ofyour heart. In addition, a similar test will be performed on your neck

to measure an 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 eat for 4-hours before coming to the laboratory and not to exercise the

day of your testing. The following testing procedures will be described in greater detail

below:
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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. »v; ^ .. ,-,
: ; ,,

BENEFITS & REMUNERATION:
' • >. '

A potential benefit for your participation in this project is that you will find out your

maximal exercise capacity. You will also be reimbursed for your parking costs at

McMaster and $20.00 for your time commitment.

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-investigators have

access. Exercise logs will be stored in a filing cabinet in the laboratory. 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 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 refiise 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 fi^om the Hamilton Health Sciences/McMaster University Research Ethics

Board. Ifyou have any fiirther questions regarding your rights as a research participant

contact:

Hamilton Health Sciences Patient Relations Specialist, McMaster University

Tel: (905) 521-2100 x75240; Fax: (905) 540-8019
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Doppler ultrasound echocardiography

Heart Rate

Blood pressure measurement

Carotid artery ultrasound

Maximal Aerobic Capacity test

Doppler Ultrasound Echocardiography. We will look at the size and function

of your heart, Sound waves are sent out from a probe held on the surface of your

chest and are bounced back by the structures inside your body. This will not

cause any pain or discomfort. A possible risk associated with this procedure is a

slight burning sensation that happens if there is not enough ultrasound gel

covering the skin. This problem is very uncommon and is avoided by making sure

that the skin is always covered well with the gel. Another possible risk is a minor

skin irritation from the ultrasound gel. This is extremely uncommon and usually

clears up within a few days.

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

smaller 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.

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 measure the maximum 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 breath out and for you to

breath in air from 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.
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INFORMATION:

Please contact Dr. Maureen MacDonald at 905-525-9 140(X23580), Dr. Nota Klentrou at

905-688-5550(X4538) or Jose Peralta at 905-688-5550 (X4901) 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
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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SUBJECT SCREENING QUESTIONNAIRE

DEPARTMENT OF PHYSICAL EDUCATION AND KINESIOLOGY
BROCK UNIVERSITY

EXERCISE-METABOLISM RESEARCH GROUP
DEPARTMENT OF KINESIOLOGY, MCMASTER UNIVERSITY

Your responses to this questionnaire are confidential and you are asked to complete it for

your own health and safety. Ifyou answer "YES" to any of the following questions,

please give additional details in the space provided and discuss the matter with one of the

investigators. You may refuse to answer any of the following questions.

Name: Date:

1

.

Have you ever been told that you have a heart problem?

YES NO

2. Have you ever been told that you have a breathing problem such as asthma?

YES NO

3. Have you ever been told that you sometimes experience seizures?

YES NO

4. Have you ever had any major joint instability or ongoing chronic pain such as in

the knee, back or elbow?

YES NO

5. Have you ever been told that you have kidney problems?

YES NO

6. Have you had any allergies to medication?

YES NO
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7. Have you had any allergies to food or environmental factors?

'V YES NO :

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
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SEXUAL MATURATION AUTOEVALUATION QUESTIONNAIRE (BOYS)

DEPARTMENT OF PHYSICAL EDUCATION AND KINESIOLOGY
BROCK UNIVERSITY

EXERCISE-METABOLISM RESEARCH GROUP
DEPARTMENT OF KINESIOLOGY, MCMASTER UNIVERSITY

Directions: You should choose only one of the stages shown below. One stage

for genital development and one stage for pubic hair development.

Stucfy Subfoct AfK please piit a tick in the box that

looks most like you now

is:^

I

^

\ k

• Pl«a$* iooK A1 the Pubfe Hak «iit i^

•i««9 piduroc.

• Ptesse pul a 6ck in ih« box ihM loolc«

most Me you now,

1?

Vwy Ittts half Oull aM o4 hiir

Tti* Kaw tw not Tl«« hkf haa «p>»ad

iproad ami tta ovor «w Ihighi

From Taylor et al, 2001
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SEXUAL MATURATION AUTOEVALUATION QUESTIONNAIRE (GIRLS)

DEPARTMENT OF PHYSICAL EDUCATION AND KINESIOLOGY
BROCK UNIVERSITY

EXERCISE-METABOLISM RESEARCH GROUP
DEPARTMENT OF KINESIOLOGY, MCMASTER UNIVERSITY

Directions: You should choose only one of the stages shown below. One stage

for Breast development and one stage for Pubic Hair development.

Study Subject No:

• Please put a tick in the

box that looks most like

you now....

Th« brwHt* form «mal mounds.

4.
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APPENDIX 2
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