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The major purpose of this study was to determine if there were

differences between well-trained pre- adolesents and untrained, but

normally active counterparts in physical working capacity , body

composition and blood lipids. The study hypotheses were that the trained

subjects would have a lower mean body fat percentage, lower total

cholesterol (TC), lower low-density-lipoprotein cholesterol (LDL-C), higher

high-density-lipoprotein cholesterol (HDL-C) and higher mean physical

working capacity at a beat rate of 150 bpm (PWC150) than normally active

children.

Thirty-five school children, ranging in age from 8 to 11 years,

volunteered as subjects for this study. The trained subjects were children

who had trained for competitive swimming or running events for at least

one year prior to the start of the study. The normally active group were

children who had recently participated in the children's instructional

sports program at Oregon State University. Subjects underwent a cycle

ergometer test to measure PWC150. Skinfold thickness measurements



and hydrostatic weighing were conducted to estimate body composition,

and fasting blood samples were obtained by venipuncture to determine TC,

LDL-C, and HDL-C.

The resulting data were statistically analyzed using an independent
t -test to compare mean PWC150, body fat percentage, body density, TC,

LDL-C, and HDL-C between the two groups of subjects. To further analyze

the relationship among the variables, a Spearman rank-order correlation

coefficient was calculated. An alpha level of 0.05 was established for

acceptance of statistical significance.
The PWC150 for the trained group was significantly higher than for

the normally active group, whereas the body fat percentage for the trained

group was significantly lower than for the normally active group. There

were no significant differences between groups in any of the blood

cholesterol concentrations. The Spearman correlation determined that

there was a significant positive relationship between TC and LDL-C.

This study confirms that programs of strenuous physical activity

tend to enhance fitness levels in school age children. The implication is

that school physical education classes should be strenuous in nature and

meet at least three times weekly.
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COMPARISON OF PHYSICAL WORKING CAPACITY, BODY
COMPOSITION, AND CHOLESTEROL CONCENTRATION IN
TRAINED AS OPPOSED TO NORMALLY ACTIVE CHILDREN

CHAPTER I

INTRODUCTION

Sport activity is very popular in the United States, and a substantial

proportion of the population throughout the country engages in regular

exercise. This concern for physical fitness has also been reflected in the

medical and scientific fields, and the processes of aging and

cardiorespiratory fitness are two of the fastest growing interests in

science. Needless to say, many questions in both of these areas remain to

be answered. Researchers have concentrated largely upon adult fitness,

and during the last decade little research has been done in the area of

children's physical fitness. Children's physical activity is of interest not

only with respect to playing games, but also in terms of improving the

general level of health and for disease prevention among children.

Consequently, the promotion of cardiorespiratory fitness through

increased physical activity has become a national public health objective,

and physical education has been identified as an important vehicle for

achieving this objective for children (Kannel & Gordon, 1980).

It is generally agreed that children should engage regularly in

moderate to vigorous physical activity because of its relevance to early

childhood physical and mental health. Moreover, physical fitness
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components have been correlated with positive health conditions and

though participation in physical activities and sports is an important

concern, the core issue with respect to children is the maintenance of

health and well-being. Beyond the general level of children's physical

fitness, it is useful to focus on other equally important questions: What is

an ideal range of body composition profiles for children? How does

exercise conditioning affect body composition and cholesterol

concentration levels?

The effect of exercise training on total cholesterol concentration

changes has been examined for both post-pubertal children and adults.

However, serum lipid parameters change during puberty. These

parameters are reflected in a decrease in total cholesterol and high-

density-lipoprotein cholesterol (HDL-C), an increase of triglycerides, and a

relative increase of low-density-lipoprotein cholesterol (LDL-C) (Wanne et

al., 1983). The adult pattern of lipids is achieved by late adolescence

(Morrison, 1972), and the relative changes are greater in boys than in girls

(Beaglehole et al., 1980).

Epidemiologic studies have established that serum lipids, especially

the ratio of total cholesterol (TC) to HDL-C (TC/HDL-C), is an independent

risk factor for the development of coronary heart disease (CHD). Other

studies have presented data indicating that physically active adult males

have a more ideal serum lipid pattern than do sedentary males. For

example, Lehtonen ,Viikari and Ehnholm (1979) found a higher ratio of

HDL-C to TC for active men than for their sedentary counterparts. If this

can be established as a pattern during childhood and adolescence, it

would indeed merit greater attention since it would indicate that the



processes of minimizing the chances of CHD may be initiated during

childhood.

Several studies have documented multiple CHD risk in young

children, with obesity and a family history of heart disease as the two most

frequently occurring risk factors (Gilliam, Katch, & Thor land, 1977;

Wilmore, 1969). A relatively large percentage of children also showed

abnormally high blood lipids. As generally is the case among adults, the

association between body fats and serum lipid levels is readily apparent in

subjects classified as obese. The more obese children generally had the

highest levels of cholesterol and triglycerides (McArdle, Katch, & Katch,

1985) (p. 131-132).

Recent interest in children's body composition has centered on two

important aspects: (a) body composition assessment and (b) issues related

to body composition and its association to health and fitness (Lohman,

1989). Major issues concerning body composition assessment include the

questions of the criteria to use for the validation of new methods of

assessing body composition, the methods and equations which can be used

to estimate the body composition of a given population of children, the

means of comparing body mass index with anthropometric measure-

ments for estimating body composition, and the applicability of such new

methods as bioelectric impedance and infrared reactance. The principles

of body impedance have been recently applied to the measurement of

human body composition (Segal, Gutin, Presta, Wang, & Van Itallie,

1985), and Slaughter, Lohman, Boileau, Stillman, Van Loan & Wilmore

(1984) concluded that the three criteria most frequently employed in the

vast majority of research are desitometry, hydrometry, and whole-body

potassium-40 count.
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To date, most of the studies which have focused on the relationship

between cholesterol concentration and exercise conditioning and between

body composition and cholesterol concentration have been concerned with

adults. This is particularly true with respect to the relationship of

cholesterol concentration level, body composition, and exercise

conditioning. The current study was designed to examine the

relationship between these variables for children, namely the relationship

of cholesterol concentration and body composition in physically trained

and normally active prepubertal children.

Purpose of the Study

The major purpose of this study was to determine if there were

differences between well-trained pre-adolesents and untrained, but

normally active counterparts in physical working capacity , body

composition and blood lipids.

Statement of the Problem

The effect of physical training on cholesterol concentration and body

composition has been established for adults (Berg, Johns, Baumstark, &

Keul, 1983), but not for $- to 11-year old children. Therefore, this study was

designed to determine if children engaged in endurance sports have

different physical working capacity, cholesterol concentrations and body

compositions than healthy but normally active children.

Research Hypotheses

The following primary hypotheses are tested in this study:

1) Child swimmers and runners will have a greater PWC150

than children who are normally active and healthy;



where

where

where

where

2) Child swimmers and runners will have a lower TC than

children who are normally active and healthy;

3) Child swimmers and runners will have a greater HDL-C

level than children who are normally active and healthy;

4) Child swimmers and runners will have a lower LDL-C level

than children who are normally active and healthy; and

5) Child swimmers and runners will have a lower percentage of

body fat than children who are normally active and healthy.

Statistical Hiotheses

1) Ho: 11.113WC150 - p.2PWC150 5 0 and

H1: 1.11PWC150 u2PWC150 > 0

1.11PWC150 = PWCi50, testing for trained group, and

p.2PWC150 = PWC150 , testing for normally active group;

2) H0: p.3TC - 114TC .5 0 and H1: 1..t.3TC - 1.4TC < 0 ,

[1.3TC = TC, testing for trained group, and

pt4TC = TC, testing for normally active group;

3) H0: 1.15HDL - pt.6HDL 5 0 and H1: 115HDL - 1.16HDL > 0 ,

.1.5HDL-C = HDL-C, testing for trained group, and

116HDL-C = HDL-C, testing for normally active group; and

4) H0: pILDL-C - 1.1.8LDL-C 5. 0 and H1: u7LDL-C - pt8LDL-C < 0 ,

g7LDL-C = LDL-C, testing for trained group, and

g8LDL-C = LDL-C, testing for normally active group;

5



where

5) H0: g9SF - gioSF?_ 0 and Hi: 49SF - µ10SF < 0 ,

1.t9SF = SF, testing for trained group, and

410SF = SF, testing for normally active group.

Delimitations of the Study

The following delimitations apply to this study:

1) The subjects selected for this study were 16 physically trained

children and 16 normally active and healthy school children.

2) The trained subjects had been participating regularly in a

local competitive swim club or had been competitive long

distance runners for at least one year.

3) Efforts to control life style and environment were restricted to

an overnight fast prior to blood sampling for blood lipid

assessment.

Limitations of the Study

The following limitations apply to this study:

1) Observation of the requirements for the overnight fast prior to

blood sampling for lipid assessment was voluntary.

2) Subjects may have stopped exercising due to fatigue prior to

reaching a heart rate of 150 bpm during measurement of
PWC150*

3) Efforts to limit errors due to variation in subject maturity

were limited to restricting the age range to prepubescent

years.

6
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4) This study is descriptive in nature. Therefore, the causal

effect of exercise on the dependent variables cannot be

determined.

Definition of Terms

Anthropometry: Assessment of the external body dimensions as

reflections of body size, composition, and shape (Lohman., 1987).

Body Composition: The amounts of fat and lean tissue of which the body is

composed. Lean tissue is primarily composed of bone, muscle, vital

organs, and connective tissue (Hush & Johnson, 1987).

Body Density: Mass per unit volume (D = M/V) is used to determine body

density (BD) and body volume (BV); body density is determined by

dividing body weight by body volume, BD = BW/BV (Hush &

Johnson, 1987).

Fat Weight: The amount of the total body weight that is fat, or that weight

which is in excess of the total lean body weight (Fairbanks, 1987).

This measurement includes essential body fat and storage fat.

Fat Free Body (FFB): The weight of all tissues in the body minus total body

fat (Lohman, 1986).

Ideal Weight: There are no precise standards; ideal weight is an optimal

ratio between the fat and non-fat components of the body (Katch,

1987). For males, an ideal weight is body fat percentage between 10

percent to 20 percent; for females, the corresponding range is 20

percent to 30 percent (Lohman, 1987). However, a child's

percentage body fat may be higher than comparable figures for an

adult.
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Lean Body Weight: Total body weight less both essential and storage fat.

This includes muscle, bone, connective tissue, and water

(Fairbanks, 1987).

Lipid: A water-insoluble biomolecule having a greasy or oily character

(Lehninger, 1984).

Lipoprotein: A conjugated protein containing a lipid or a group of lipids

(Lehninger, 1984).

'702 max: The point at which a stable level of oxygen consumption is

achieved, showing only slight further increases or no further

increase as workload is increased; also known as maximal oxygen

consumption, maximal oxygen uptake, or maximal aerobic power

(McArdle et al., 1985).

Obese: Excessive amounts of body fat, often considered as 20 to 30 percent

above normal standards; probably best defined as an overfat

condition (Fairbanks, 1987).

Overweight: Weight in excess of normal, or the relation of mean body

weight to an excessive percentage of normal body fat. This

condition is not necessarily harmful if the weight is lean body mass.

The term overweight is not synonymous with obesity since athletes

(e.g., weight lifters) may be overweight according to standard

height-weight tables, but may not be classified as obese (Fairbanks,

1987).

Percent Body Fat: The percent of total body weight which is composed of

adipose tissue (Hush & Johnson, 1987). For example, a 200-pound

person with 36 pounds of body fat may have an 18 percent body fat

ratio (36 i 200 = 18 percent).
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Saturated Fatty Acids: A saturated fatty acid contains only single bonds

between carbon atoms; the remaining bonds attach to hydrogen

(McArdle et al., 1985).

Unsaturated Fatty Acid: A fatty acid containing one or more double bonds

(Lehninger, 1984).

VLDL-C: Very low density lipoprotein cholesterol. Body byproduct

synthesized by both liver and intestinal mucosal (Eisenburg & Levy,

1975).

LDL-C: Low density lipoprotein. Plasma VLDL-C is the major source of

LDL-C (Eisenburg et al., 1975).

HDL-C: High density lipoprotein. Synthesis and secretion of HDL-C have

been demonstrated in both the liver and intestine. The relative

contribution of each organ to the total amount of circulating HDL-C

is unknown (Eisenburg et al., 1975).

RV: Residual lung volume. When one exhales as deeply as possible,

there is still a volume of air that can not be exhaled. This volume is

the residual lung volume (Mcardle, et al., 1985) (p. 136).

Trained Subject: In this study, the term trained subject was used to

describe one who participated in organized exercise training for

either swimmimg or running and who successfully participated in

swimming or running competition. Trained subjects in this study

had been in training for at least one year.

Normally Active Subject: In this study the term normally active subject

was used to describle one who participated in school physical

education classes and other normal childhood activities, but who

was not in a program of athletic training.
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CHAPTER II

REVIEW OF LITERATURE

During the past decade there have been a number of investigations

which have examined the relationship between physical exercise and

HDL-C levels. These cross-sectional reports suggest that physically active

individuals have a favorable lipid profile (Huttunen, Lanimies, &

Voutilain, 1979; Kiens, Jorgensen, & Lewis, 1980; Lopez, Vial, & Balant,

1974). It is further indicated that this physical status may be associated

with reduced risk of CHD.

Discussion of the literature concerned with this general area of

research is presented in the following order: (a) circulation and

classification of cholesterol, (b) the effects of exercise training on HDL-C,

(c) dietary intake and daily cholesterol, (d) HDL-C in well-trained athletes,

(e) aging and cholesterol changes, (0 exercise training, cholesterol and

CHD, (g) exercise habits in relation to cholesterol concentration in

schoolchildren, (h) exercise training and body composition in children, (i)

relationship of children's body composition to health and fitness, (j) the ef-

fects of exercise activity and diet for overweight persons, (k) weight loss,

exercise, and calorie restriction, (1) weight loss (body fat) and serum

lipids, (m) the physical and physiological development of young

swimmers, (n) physical fitness, motor performance ability, and VO2 max

in the growth and development of children, (o) predictive body composition

measurements and relation to body fats, (p) exercise training and VO2



11

max promotion, and (q) relationships between skinfold thickness and body

density.

Circulation and Classification of Cholesterol

A high percentage of children are reported to have serum

cholesterol levels in excess of 5.20 mmo1/1 (200 mg /dl) (Drash &

Hengstenburg, 1972), but recent evidence suggests that this observation is

based on too simplistic an analysis and that, in addition to total plasma,

the distribution of cholesterol among the plasma lipoproteins is critical

(Caste lli et al., 1975). Lipids do not circulate freely in the plasma, but are

transported as lipoproteins. They may be classified according to size,

their floating densities in an ultracentrifugal field, or their protein

composition (Eisenburg et al., 1975). Chylomicrons are the least dense

classification and the others are identified as very low density (VLDL),

low-density (LDL) and high-density (HDL) lipoproteins (Armstrong &

Davies, 1982).

Chylomicrons and VLDL are rich in triglycerides, whereas the

major lipid component of LDL and HDL is cholesterol (Armstrong et al.,

1982). Jointly, HDL and LDL reflect the serum cholesterol level, but as

LDL may contribute to atherosclerotic processes and HDL is recognized as

possibly antiatherogenic, the ratio of HDL to LDL should be considered in

any assessment of atherosclerotic risk (Berg, Borreasen and Dahlen,

1976).

Effects of Exercise on High- Density Lipoprotein Cholesterol Concentration

The majority of training studies of the effects of exercise upon high-

density HDL-C concentrations have examined adult males and females
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and trained populations. Those studies which have compared trained

with untrained children have concluded that exercise training does not

cause an alteration in the lipid levels of children. However, recent

research (Goodyear, Fronsoe, Van Houten, Dover, & Durstines, 1986) has

reported that female runners subject to 30 miles per week of progressive

endurance training were able to substantially increase their HDL-C

concentration over the course of an eight-week training program.

Furthermore, a consistent finding in adult studies is that vigorous

exercise programs are required to increase HDL-C levels (Berg,

Ringwald, & Keul, 1980). It has been suggested that this could be the case

for children (Birk, Quan, Schroeder, Wight, & Fahey, 1981). If regular

and relatively intensive physical activity during the teenage years is re-

quired to elicit favorable cardiorespiratory and lipoprotein changes, the

question arises whether the physical activity patterns of children are

compatible with a reduction in atherosclerotic risk.

The data linking exercise with increased HDL-C concentrations in

children are not unequivocal, but this is not surprising when the age of

the subjects and the design of the past studies are considered (Armstrong

& Davies, 1982). A more detailed analysis of the data of Birk et al. (1981)

reveals that their subjects, 12- to 16-year old female swimmers, had

significantly higher HDL-C concentrations than subjects between the ages

of 8 to 11 years. This indicated that a significant elevation of HDL-C after

the age of 12 may be due to various physiological changes occurring as a

result of puberty. The assumption was that there is a maturational

threshold which limits the physiological changes of prepubescent

children in response to training.
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In recent years it has been recognized that physically active

individuals are at low risk for heart disease (Walter, Hofman, Barrett &

Kost, 1986). A number of recent investigations have focused on how normal

activity leads to improved cardiovascular function. Howley et al. (1982) ex-

amined the role of exercise in the elevation of the serum HDL-C

concentration. Their results suggested that HDL-C and the ratio of HDL-C

to total cholesterol were significantly higher for tennis players vs. senior

tennis players (i.e., 1.54 ± 0.25 mmol/1 vs. 1.16 ± 0.21 mmo1/1, and 0.285 ±

0.67 vs 0.206 ± 0.058, respectively). These tennis players were compared

with runners and the total serum cholesterol levels of the former were

lower than for the other groups (not, however, for HDL-C or the ratio of

HDL-C to total cholesterol). The study was of interest in that competitive

tennis is a sport that is played for hours at a time and at varying levels of

energy expenditure. In contrast, running requires high levels of energy

expenditure sustained for time periods of generally less than one hour.

This led to the conclusion that the HDL-C values were similar for both

groups and that the intensity of the exercise may not be the crucial factor

insofar as high values of HDL-C are concerned (i.e., from this viewpoint

total energy expenditure may be more important than exercise intensity).

Apparently, this interpretation of the findings was almost identical to those

of Goodyear et al. (1986), who demonstrated that HDL-C can be dramatically

altered over a short period of time (eight weeks) when the distances run are

increased weekly. Although a change in dietary habits or lean body weight

may partially account for the increase, it is more probable that the

increased duration of the training runs performed by the subjects provided

the stimulus for the rise in plasma HDL-C concentrations.



14

Keul, Linnet, and Eschburch (1979) reported that high serum

concentrations of HDL are considered to effect antiatherogenic reactions,

whereas increased levels of low-density lipoproteins and possibly very low

density lipoproteins have been positively correlated with the development

of coronary heart disease. The influence of physical activity on serum

lipoprotein lipase activity in correlation with increased serum HDL-C has

been established (Nikkia, Toskinen, Markonen, & Rehunens, 1978). Thus,

the effect of endurance training on lipoprotein cholesterol may reflect an

enhancement of the lipoprotein-lipase system (Berg et al., 1980).

Dietary Intake and Daily Cholesterol

The American Heart Association has recommended the

consumption of no more than 300 mg of cholesterol each day (American

Heart Association Steering Committee For Medical and Community

Programs, 1980). This is almost the amount of cholesterol contained in

the yolk of one large egg and just about one-half the cholesterol ingested by

the average American male (McArdle et al., 1985). Although the diet-

heart disease issue is still not fully resolved, a reduction in daily

cholesterol intake toward 150 to 200 mg per day may be even more

desirable (Williams, 1980). The intake of saturated fats also has a distinct

effect on the increase of serum cholesterol, regardless of the cholesterol

content of the diet; conversely, polyunsaturated fatty acids may exert a

lowering effect on cholesterol levels (American Medical Association

Council on Scientific Affairs, 1983).

Studies of dietary fat intake on erythrocyte and platelet lipid

composition and on platelet functions, as well as on the influence of

dietary manipulation on lipoprotein metabolism, particularly serum
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lipoprotein concentration, have been conducted (Haigh, Frain, Pinn, &

Lea, 1985). The influence of increased levels of exercise on serum

lipoproteins has been an active research area since the 1980s, the point at

which considerable evidence was presented suggesting that modified con-

centrations of serum lipoproteins may provide a protective effect against

the development of coronary heart disease (Castelli et al., 1975; Miller &

Miller, 1975). Furthermore, some studies have noted that sufficient

exercise training may result in raised HDL-C concentration between

populations, which is likely a reflection of differences in the capacity to

manipulate varying amounts of dietary fat (Knuiman & West, 1983). One

study (Hartung, Forey, & Mitchell, 1980) investigated the relation between

diet and HDL-C levels in middle-aged marathon runners, joggers, and

inactive men. Its results suggested that the significantly increased levels

of HDL-C and lowered levels of triglycerides in runners and joggers, in

comparison to inactive subjects, were primarily due to distance running

and not dietary factors.

Lipoprotein-Cholesterol in Well-Trained Athletes

Increased HDL-C concentrations have been observed in elite world

class runners (Berg & Keul, 1985). Berg et al. (1980), in a study of 44 male

power athletes and 52 sedentary male students, also reported that the

increase of serum HDL-C concentration in long-distance runners is

strongly correlated with an increase of lipoprotein-lipase activities in

adipose tissue. On the other hand, sprinters with normal HDL-C, when

compared with sedentary men, showed unaffected lipoprotein-lipase

activities.
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High physical activity is one of the factors shown to be associated

with high HDL-C concentrations (Jackson & Pollock, 1978). A group of

elite athletes was observed by Tesopanakis, Kotsarellis, & Tospankis

(1986), whose conclusions were that athletes involved in regular training,

and whose HDL levels were correlated to VO2 max and relative body

weight, showed a different distribution of serum lipids and lipoproteins

than sedentary controls. Furthermore, they observed that endurance

sports, including team games such as football, basketball, and volleyball,

as well as short- and long-distance running, showed favorable HDL-C and

ratio factor values, indicating that these sports seem to be protective

against atherogenisis with respect to blood lipids. In strength sports,

such as wrestling, boxing, skiing, and throwing-jumping activities, lipid

values were found to be near to normal values. A number of longitudinal

and cross-sectional studies, primarily related to runners (Vodak, Wood,

Haskell, & Williams, 1980) and tennis players (Wood, Haskell, Klein,

Lewis, Stern & Farquhar, 1976), have shown a fundamental relationship

between physical activity and high levels of HDL-C.

Despite the popularity of cycling, little information has been

established on the effect of cycling on lipid metabolism. Giada, Baldo-

Enzi, Balocchi, Zauliani, Baroni & Fe llin (1988) studied serum lipid and

lipoprotein levels in 14 elite young male cyclists (age range, 17 to 25 years)

and 21 sedentary counterparts from the same geographical region and of

a similar age. They concluded that a aerobic training program, such as

cycling, is associated with an beneficial lipoprotein pattern and that some

factors other than lipolytic activity (i.e. lipolytic enzymes and muscular

exercise) may contribute to increase the HDL-C level for individuals in

intense physical training.



17

Aging and Cholesterol Changes

Van Der Kay & Ismail (1985) investigated aging in two groups of

women: juniors (under 40 years of age, mean = 34 years) and seniors

(over 43 years of age, mean = 50 years). Their investigation offered

evidence that even moderate levels of physical activity are associated with

advantageous changes in the lipid profiles of middle-aged women. In a

previous study, Hiss, Johnson, Reiland, Davis, & Tyro ler (1980) found that

aging in women is associated with little change in the serum con-

centration of HDL-C.

Serum lipid and lipoprotein changes during physical exercise have

been studied by many investigators during the past decade. For the most

part, these studies have concentrated upon regular, intense, and

endurance training programs and differences among such sports as

track and field (long or short distance racing), football, or soccer and

among different age groups. However, there is no information available

on the effect of endurance training programs for children.

Ex r i e Trainin 1141- 1 Sri D

It is presently an accepted theory that the origins of CHD may be

traced to early childhood. For example, Clarke, Schroft, and Leaverton

(1978), Fixen, Laird, and Fitzgerald (1979), and Glueck, Kelly, and Mellis

(1978) have reported that risk factors associated with CHD have been

shown to be evident in children. Hypertension, obesity,

hypertriglyceridemia, hypercholesterolemia, low physical work capacity,

and a family history of heart disease were the main factors determined to

point at future illness. The extent to which these risk factors, when

identified in early childhood, contribute to heart disease during an adult



life is not known (Gilliam & Freedson, 1980). However, it is reasonable

that if preventative measures could be taken to reduce or minimize the

development of these risk factors in early childhood, then the probability of

developing CHD as an adult would also be reduced.

It has been noted frequently that the level of HDL-C can be inversely

correlated with the incidence of CHD. The possibility that HDL may have

antiatherogenic properties has also been raised (Berg & Keul, 1985;

Castelli et al., 1975). Consequently, physical activity appears to be an ideal

catalyst to promote cardiovascular health among children since its

relationship to the decrease of several CHD risk factors, including fat

weight and triglyceride levels in adults, has been demonstrated

(Morrison, 1972). As noted in the previous section, high HDL serum

concentrations are considered cardioprotective, whereas LDL (and

possibly VLDL) levels and may be positively correlated with the

development of CHD. It has definitely been established that HDL-C and

high physical work capacity, as protective factors, have been shown to

increase with regular physical activity (Knutgen, Nordesio, & Orlando,

1973; Pollock, 1973).

Ex r s Perform n in Rel i h.1 - entra ion in

Schoolchildren

Physical activity is generally considered to be a healthful activity,

but objective measures for indications of the possible consequences of

training, or the unfavorable effects of inactivity, have been difficult to

establish (Eriksson, 1972; Thoren et al., 1978). Some investigators (Miller

and Miller, 1975; Williams, Robinson, & Bailey, 1979) have shown a

negative relationship between the risk of CHD and serum high-density

n I n
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lipoproteins. Hursti, Valimaki, Pihlakoski, and Viikari (1980) compared

37 schoolchildren between 11 to 13 years of age (9 trained boys and 7

trained girls, 12 nontrained boys and 9 nontrained girls) and reached the

following conclusions:

1) Child athletes differed from nontrained children in relation

to exercise tolerance and HDL-C (1.67 ± 0.27 mmol/L, 1.32 ±

0.25 mmol/L for trained and untrained boys and 1.61 ± 0.17,

1.29 ± 0.20 mmol/L for trained and untrained girls,

respectively (p < 0.05);

2) Serum HDL-C levels for the regularly trained children

appeared to be higher, while triglyceride levels for the same

group appeared to be lower;

3) There was a significant correction (r = 0.46, P < 0.05) between

the level of HDL-C and total work/body weight for boys;

4) The correlation between the triglycerides and total work/body

weight was significantly different only for the girls; and

5) Serum triglycerides were negatively correlated to the

HDL/total cholesterol for both sexes.

Exercise Training and Body Composition in Children

The effects of physical training activity on body composition in 8- to

11-year old children has not been established. According to Gilliam and

Freedson (1980), body composition changes showed no significant

differences between the experimental group (n=11, mean age ± SD = 8.5 ±

0.52 years) and the control group (n=12, mean age ± SD = 8.5 ± 0.67 years),

following 12 weeks of training. This study was in agreement with others

which indicated that trained prepubescent children are not
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physiologically different from their untrained counterparts (Daniels &

Oldridge, 1971; Ekblom, 1969). Gilliam and Freedson (1980) concluded that

there was a "maturational factor" which may influence a child's

reactions to physical training. To confirm their theory, they

recommended the performance of a carefully controlled longitudinal

study of children from prepubescence through pubescence.

Relationship of Body Composition to the Health and Fitness of Children

The general prevalence of obesity for children and youth has not

been firmly established among the U.S. population because accurate body

composition methodologies have not been applied to this population and

because of variations in the scientific definition of obesity (Lohman, 1989).

Johnston (1985) examined U.S. population surveys for skinfold testing

among youth and reached the conclusion that from childhood through

adolescence there was a steady increase in body fat.

In the U.S. population, there are many obese adults, many of whom

may not admit that they eat too much. The question is whether these

adults were already obese in adolescence and whether they were also

obese in childhood and infancy. There is no agreement on this point

because of the effect of growth and development on the interpretation of

body mass index and skinfolds in terms of overweight and overfatness

(Lohman, 1989).

Lohman (1986) has indicated that existing estimates are based on

triceps and subscapular skinfolds; the results obtained have suggested

that body fat must be above 25 percent fat for boys and 32 percent for girls to

fit a definition of childhood obesity between the ages 6 and 11 years.

However, this criterion for obesity is limited since the percentage of fat
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However, this criterion for obesity is limited since the percentage of fat

changes significantly with age. Therefore, the content of body composition

also changes with age.

Effect of Exercise Activity and Diet on Obesity

Obesity represents one of the common problems of modern societies.

The National Center for Health Statistics (U.S. Public Health Service,

1980) survey estimated that one-third of the entire American population

between the ages of 20 to 70 years was more than 10 percent above what is

considered an appropriate weight. In the broadest sense, nearly 70

million Americans face this kind of problem (Hagan, 1988). This common

and serious problem is an even more critical reality in the lives of women.

While 14 percent of American men were 20 percent or more above their

ideal body weight, 24 percent of American women were equally overweight

(Abraham & Johnoson, 1980). Moreover, it was expected that these fig-

ures would likely increase by the time of the next survey in 1990.

Obesity correlates well with the risks of CHD and is associated with

an increase in VLDL-C, LDL-C, triglycerides, blood pressure, and a

decrease in HDL-C and physical activity (Kannel & Gordon, 1980). Recent

findings noted that the minimum death rate occurs at relative weights at

least 10 percent below the U.S. average (Manson, 1987).

Weight Loss. Exercise and Calorie Restriction

Many approaches have been recommended to achieve effective

methods of weight reduction. Unfortunately, the population that does seek

treatment rarely loses significant amounts of body weight and the weight

loss is not permanent (Hagan, 1988). Moreover, fasting and low calorie

diets have also been shown to reduce maximal aerobic power and exercise
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capacity (Consolazio, 1967), as well as triglyceride, HDL-C, and LDL-C

levels (Wallentin & Skoldstam, 1980).

It has been established that starvation and low calorie diets,

ranging from 400 to 1,000 kcal/day, not only promote a loss in body weight,

but also produce changes in body composition (Hagan, 1988). Damon and

Goldman (1964) reported a program where 7 to 8 weeks of low calorie

mixed diet produced a 6.43 Kg weight loss, but which also included a

decline of 11.40 percent in lean body weight. Based upon this study, it is

apparent that dietary weight loss can be attributed to lean body mass

(LBM) as well as to the loss of fat weight.

Some studies have measured a combination of the effects of exercise

and caloric restrictions on changes in body weight and body composition,

resulting in indications that body weight will decrease from a combined

program of exercise training and caloric restriction (Pavlou, Steffee,

Lerman, & Burrows, 1985; Sopko, 1985). In contrast, other studies have

found no significant differences in the amount of weight loss. For

example, Pavlou et al. (1985) found no significant differences between

subjects when dieters and diet-exercisers were given 800 kcal/day for 8

weeks. In contrast, Weltman and Hagan (1982) found that diet-exercise

body weight loss was greater for these who both dieted and exercise as

opposed to those who confined their program to diet alone. The difference

in weight loss between the dieters and diet-exercisers might be attributed

to the fact that an exercise program produces a greater energy output.

For this investigation, a combined pattern of caloric restriction and

exercise produced a greater loss of body fat than did a program confined to

dietary restriction.
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Weight Reduction and Serum Lipoproteins

Previous studies have shown great variability in the treatment effect

of diet and exercise training on blood lipids and lipoprotein levels. Several

reports have noted that aerobic conditioning, in the absence of weight loss,

will reduce triglycerides and LDL-C and will increase HDL-C, dependent

upon the frequency, duration, and intensity of the exercise training

(Hagan, 1988; Sopko, 1985; Surperko, 1988). However, Sopko reported that

walking 30 miles or more per week for 12 weeks increased both LDL- and

HDL-C. Previous investigation (Wolf & Grund, 1983) also noted decreased

triglycerides with caloric restrictions from 1,000 to 1,600 kcal/day without

weight loss. Furthermore, the reduction in triglyceride levels with weight

loss is also associated with a corresponding decrease in VLDL-C (Hagan,

1986). Since VLDL is a precursor of LDL, elevated production of VLDL in

the overweight state might be expected to increase the formation of LDL

(Hagan, 1988). Otherwise, an increase in weight loss should bring down

the amount of VLDL available for the formation of LDL and it should

result in lowering LDL levels.

Body weight loss reduces LDL-C, and both LDL-C and HDL-C are

dependent upon the magnitude of the energy expenditure for the exercise

training and the caloric deficiencies of starvation or low calorie diets. The

end result is the promotion of a more favorable serum lipid and

lipoprotein profile, production of simultaneous loss of body weight and fat,

prevention of the loss of muscle tissue (lean body mass), and increased

cardiorespiratory functional capacity.
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Physical and Physiological Development of Young Swimmers and
Runners

The body composition of swimmers may be measured by skinfolds

and by body density determination techniques (Damon et al., 1964). The

standardization of skinfold calipers provides an economical and reliable

method of estimating the body composition of swimmers. Faulkner (1970)

reported that swimmers are always taller, heavier, have less fat, and have

greater body density than college students of a corresponding age. A

lower percent of body fat in endurance athletes, which is advantageous in

terms of the energy requirements of performance, does not result solely

from a relatively low energy intake in comparison with energy output. It

also results from a high level of lipid turnover and their high rates of use

among athletes adapted to this type of exercise.

Oppliger, Looney, and Tipton (1987) studied 92 swimmers (38 males

and 54 females between the ages of 7 and 12 years) and 58 non-swimming

adolescents (28 males and 30 females), indicating that the swimmers

possessed superior strength, body composition, and flexibility

characteristics when compared to the non-swimmers.

Physical Fitness. Motor Performance Ability, and VOIMax During

Growth and Development

The adequacy of the athlete's circulatory and metabolic response to

exercise can be described by determination of maximum oxygen uptake

(h)2 max) and other cardiorespiratory variables, including cardiac

output and blood pressure (Koyal, 1985). In order to meet the metabolic

demands of working muscles, the cardiovascular and pulmonary systems

are brought into full interaction during a steady-state or progressive
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exercise test. With respect to this concept, Koyal (1985) stated that the

energy source for moderate levels of exercise, where oxygen demand

is matched by oxygen supply, are usually derived from aerobic

metabolism. With incremental exercise, oxygen delivery eventually

becomes inadequate, and anaerobic metabolism occurs". At this point,

upon reaching the anaerobic threshold, heart rate, blood pressure,

electrocardiogram (ECG) and respiratory rate change rapidly with the

increase in 1CO2 and lactate production.

A number of studies (Davis, Frank, White, & Wasserman, 1979;

Koyal, 1985; Matsumura, Nishyima, Hojima, & Hashimoto, 1983) have

defined an alteration of anaerobic threshold after exercise training that

may have contributed to a significant increase in .70C)2 max. Perhaps an

increase in stroke volume and oxygen extraction are accompanied by an

alteration of anaerobic threshold adaptation. To date, there have been no

reports on the effect of similar exercise training for children. It is likely

that the variation among children in performance ability is in part due to

the processes of growth and development. Therefore, training programs

for children must be formulated in terms of their backgrounds.

Krahenbuhl, Skinner, and Kohert (1985) reviewed 29 cross-sectional

and longitudinal studies which reflected 702 max values between 45 and

60 ml/min kg. Their conclusions were that the VO2 max relative to

weight remains relatively stable between the ages of 6 to 17 for boys, but not

for girls. The values for the boys were higher than for the girls at all ages.

It may be speculated that the levels of TO2 max achieved in

childhood can persist into adulthood, if individuals maintain regular

physical activity. Pate and Blair (1978) and Krahenbuhl et al. (1985)

reported that trained children's 102 max levels were higher than for
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untrained children. However, the relationship between the

cardiorespiratory training effects in these studies is difficult to establish

due to variations in the maturational factors among the tested subjects.

Shasby and Hagerman (1975) found that the submaximal heart rate

responses of 12- and 13-year old boys declined to near pretraining levels

after four months. Therefore, it is likely that effects from training in

childhood may not persist into adulthood unless the training is continued.

On the other hand, there is the question of the relationships of

physical fitness to cholesterol levels among prepubescent children.

Hursti, Valimaki, Pihlakoski, and Viikari (1980) found that HDL-C was

positively related to ergometric work load/body weight in a selected group

of children 11 to 13 years of age. Wanne et al. (1983), from an experiment

involving 174 school boys of 8 years of age in 4 urban and 7 rural schools in

4 areas of Finland, found that the competitively active boys had healthier

lipid patterns than their sedentary (but active) counterparts. This was

evidenced by the lower LDL-C or higher HDL-C to total cholesterol ratio

values obtained for the active boys.

Exercise Training and 'TO9, Max Promotion

Physical working capacity has long been recognized as dependent

on body size (Bar-Or, 1983). A young child cannot be expected to swim

and/or run as fast as an adult. Neither do child obtain as much muscular

strength as an adult, nor as high an oxygen uptake. Therefore, because of
larger VO2 max, this criteria has been more fully developed for older age

groups. To compare the maximal aerobic power of individuals, body

surface area and/or body weight and height must be considered. In effect,

the maturation threshold must be considered in the case of children.
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In recent years, estimations of cardiorespiratory fitness have been

increasingly applied to children since measurements of cardiorespiratory

fitness are always linked with cardiovascular disease risk testing. There

are several devices used to obtain physical fitness measurements. The

cycle ergometer, the motor-driven treadmill, and step testing are the

instrumentation most commonly used for the direct assessment of

maximal aerobic power in exercise laboratories. A number of studies

have reported that speed and endurance measurements are lower among

children than among adults, but that both may increase with age for

either group. Therefore, submaximal oxygen uptake has been developed

as a index of cardiorespiratory fitness. Kane ley, Boileau, Massey, and

Misner (1989) reported that efficiency significantly increased with

increasing age and work loads. This suggests that mechanical efficiency

is in correlation with growth, i.e., the efficiency of human movement may

accompany development and growth.

lation h An h II 1 m ri M Bf a. D

Since the employment of the principle of Archimedes to assess the

body density, the assessment of body density by hydrostatic weighing has

gained wide acceptance. However, hydrostatic weighing is dependent on

an accurate estimate of individual lung volume and, from a practical

viewpoint, the assessment of body density drawn from skinfold

thicknesses is in more common practice as one of the indices of body fat.

A number of studies have related various external body

measurements to body composition, as determined by desitometry or

hydrometry. Over the past 30 years, major body composition methods

have tested over 100 equations, based upon skinfolds or skinfolds in



28

combination with other anthropometric dimensions, in various

populations ranging from children to adults and athletes to sedentary

subjects (Lohman, 1981).

One of the major fat stores in the human is located subcutaneously.

Skinfold thickness measurements have been found to be a valid approach

to the measurement of subcutaneous fat at given locations, and evidence

supports the theory that the sum of several skinfold sites is a good

estimate of total subcutaneous fat (Lohman, 1981). The total amount of

body fat exists in two principal physiological deposits. One is the

subcutaneous dipot and the other include fat in the marrow of the bones,

as well as in the heart, lungs, liver, spleen, kidneys, intestines, muscles,

and lipid-rich tissues throughout the central nervous system (McArdle et

al., 1985).

The other major fat depot, the storage fat, consists of accumulation

in the adipose tissues that protect the various internal organs from

trauma and the larger amounts of subcutaneous fat stored beneath the

skin surface. About 12 percent of male and 15 percent of female body fat

are deposited in this depot ((McArdle et al., 1985). The normal body fat

content for men is about 14 percent and for women, about 26 percent

(Lohman, 1981). It has been noted that the body fat content of children

(aged 6-12 years) ranges from 18.7 to 23.5 percent for boys and 24.7 to 29.1

percent for girls (Harsha, Frerichs, & Bernson, 1978; Mukherjee & Roche,

1984; Slaughter et al., 1984).

Three to ten skinfolds are often used to predict body density

(Lohman, 1981). The chosen sites include the abdomen, chest, calf,

suprailiac, midaxillary, triceps, thigh, subscapular, knee, chin, biceps,

and back. A number of equations, based upon various combinations of
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skinfolds and body circumferences, have been developed to transform

these measurements into body composition standards (Jackson et al.,

1978). However, a number of limitations have been found in the use of

these anthropometric equations to predict body density. Jackson and

Pollock noted that the maturation processes should be reflected in the

influence of the slopes of the regression lines. Moreover, they maintained

that the values of the slopes of the regression lines for young adult men

and extremely lean, world class distance runners did not provide a

reasonable identification with the slopes or intercepts resulting from

biased body density estimates since the existence of consistent differences

in body density was related to age and maturity differences in the sample

populations. This non-linear relationship may have been derived from the

equations. Thus, Jackson and Pollock developed a modified equation, the

generalized body density equation, to adapt to variations in age and

maturity.

The measurement of body fat has become an increasingly important

index of health and fitness. The relationship between total body fat and

body density in men and women has been determined in a number of

investigations (Allen, Peng, Chen, Hung, Chang & Fang, 1956; Brozek &

Keys, 1951; Jackson & Pollock, 1977). The relationship of body fat-body

density may change markedly, not only in both men who lead normally

active lives and athletes, but also in terms of development and aging and

between the sexes. During growth and maturation, the ratio of total body

fat and subcutaneous fat has approached ratios revealed among adults.

To date, no systematic investigations have been undertaken to determine

the relationship of body fat and body density during childhood

(Lohman,1986).
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Boileau, Wilmore, Lohman, Slaughter, and Riner (1981), Norgan

and Anna (1985), Parizkova (1961), and Slaughter et al. (1984) focused on

the problem of determining whether accepted laboratory methods for the

prediction of body density by skinfold measurements could be developed for

periods of rapid growth. Their results were positive, indicating that body

density can be associated with measurements of skinfold thicknesses in

children. Parizkova combined 10 skinfold thicknesses to predict body

density in two groups of boys and girls aged from 9 to 12 years and 13 to 17

years. In this study, there was a high correlation between individual

measurements and the sum of all 10 skinfolds, with the values for the

tricep and subscapula showing the highest correlation coefficients.

Therefore, the use of triceps and subscapular skinfolds to predict body

density has gained wide acceptance.

Boileau et al. (1981) also predicted body density from skinfold

thicknesses in boys and girls, aged from 8 to 11 years. Five

anthropometric measurements, including skinfolds for the triceps,

subscapular, midaxillary, suprailiac and abdomen, were used, along

with five circumferemetric measurements (i.e., biceps, forearm, wrist,

thigh and calf) and six skeletal widths (i.e., elbow, wrist, ankle, biacroma,

and biiliac). The best prediction equations developed for this study was

drawn from a combination of skinfolds, circumferences, and skeletal

measures. However, these results showed that skinfold measurements

had a better correlation with body density than the other independent

measurements. Although the problem of assessing body fat from body

density was not the primary focus of the investigation, it was determined

that body density can be estimated with reasonable accuracy relative to

adult samples as well as the assessments of children.
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The need for further studies to account for the lack of equal and

mature development among children at various age groups is illustrated

by findings from other investigators that show that the skinfold- density

relationship changes with age (Harsha et al., 1978; Slaughter et al., 1984).

Thus, to overcome the maturational problem, Lohman (1986) has provided

an equation for boys and girls between 7 and 17 years of age:

%Fat= 1.35x - 0.012x2 - intercept ,

where x = sum of the triceps plus subscapular skinfolds. Intercepts for

the different age ranks are as follows:

1) For boys 6 to 11 years of age, - 3.4; for 11- to 14 year-old boys,

- 4.4, and for 15- to 17 year-old boys, - 5.4.

2) For girls 6 to 10 years of age, -1.4; for 11- to 13-year old girls,

-2.4; for 14- to 15-year old girls, - 3.4; for girls 16 years of age

and older, - 4.0.

The equation for estimation of body fat percentage for prepubescent

child population (but not for individual) can be drived from the followwing

equation (Lohman, 1986).

%Fat = [l/Db (did2/di-d2) d2/di-d2] 100

For instance, the equation of predicating body fat percentage from

body density for 7 to 9- yers- old boys is

%Fat = (5.38/Db- 4.97) 100

Where d1 equals to 1.081 and d2 equals to 0.90 Wm. The equations

can be drived from the same formula; therefore, for 7 to 9- years- old girls:

%Fat = (5.43/Db - 5.03) 100

where substituting for d1, 1.079, and for d2, 0.90 g/cc.
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Summary

In summary, a regular, vigorous, and aerobic exercise program is

required to increase HDL-C. During the teenage years, regular and

reasonably intense physical activity is required to elicit favorable

cardiorespiratory response and to increase HDL-C. The increase of

serum HDL-C concentration in long distance runners is strongly

correlated to lipoprotein-lipase activities in adipose tissue.

It is generally accepted that the origins of CHD may be traced to

early childhood. The risk factors, including obesity, high percentage of

body fats, and a history of family disease, associated with CHD have also

been shown to be prevalent in children. Moreover, because children have

strongly different growth and development potentials, it is difficult to

estimate changes in their future body compositions.
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CHAPTER III

METHOD AND PROCEDURES

Equipment and Apparatus

The following equipment was provided at the Human Performance

Laboratory, Oregon State University, Corvallis, Oregon:

1) Hydrostatic weighing equipment, Worthington

Industries, Toledo, OH.

2) Lange skinfold caliper, Cambridge Scientific Industries,

Inc., Cambridge, MD.

3) Cycle ergometer, Monark Crescent AB, Varberg, Sweden,

0340/860.

4) Heart rate monitor, Vantage Performance Monitor, Polar

Electro Oy Hakamaantie, SF-90440, Kempele, Finland.

5) Hitachi 704 Analyzer, Boehriger Mannheim;

Precical' Calibrator Serum, Catalog No. 620210 (30x 3m1).
6) Sterile disposable blood collecting materials-- EDTA tubes

containers.

Subjects

Subjects were 16 children between the ages of 8 to 11 years who were

currently members of a local competitive swimming team (for a

minimum of one year prior to testing) or competitive runners for a

minimum of one year prior to testing, and a like number of children of

the same approxmate age, sex, and body size who were normally active.
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This study was retrospective and required the subjects' participation for

only two days.

Training Regimens

The subject swimmers were members of a local swimming team

and the subject runners were involved in endurance training at a local

physical fitness club. Those swimmers and runners involved in

competition were selected for participation in this study. Training

regimens of one and one-half hours were held five days each week

(Monday through Friday), during which periods each swimmer averaged

training distances of 2,950 meters per day. Those runners who were

involved in local long distance racing competitions (3,000 to 5,000 meters)

were selected to participate in this study. The runners' training sessions

were two hours each and were held three to five days each week. Each

runner completed training runs of 3,000 to 5,000 meters during the late

afternoon of days of training sessions. Throughout the study, all runners

were able to complete 3,000 meters in 12 minutes or less during

competition.

Body Composition

Skinfold thickness measurement

The body composition of all subjects were determined by skinfold

thickness and by hydrostatic weighing. The Lohman (1986) method for

skinfold measurement was used, and the Lange skinfold calipers applied

to determine skinfold thicknesses. All subjects were measured with the

same instrumentation and by the same investigator; each measurement

was repeated five times to assure maximal accuracy.
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The specific anthropometric sites (Allen et al., 1956) were as

follows:

1) Triceps (upper arm): Vertical fold raised midway between

the right olecranon and acromion processes on the posterior

of the brachium.

2) Subscapular (back): A skinfold 1 cm below the inferior angle

of the right scapula, inclined downwards and laterally in the

natural cleavage of the skin.

Hydrostatic Weighing

Percentage of body fat was assessed by hydrostatic weighing

according to the techinque described by Katch and his coworkers (Katch,

1967). Each subject was weighed in air on a Full Capacity Beam scale

(accurate to ± 10 g) and then weighed underwater with a Masstorn load

cell scale accurate to ± 10 g. Water temperature was maintained at 36° C.

Underwater weight was assessed at RV for at least five trials after a

maximal expiratory effort. RV was calculated from age, height, weight by

the Digithealth Body Composition Program (Kauffman, 1984). The same

program was used to calculate body density. The average of the last three

trials was used as an estimate of the true underwater weight score for

body density deter-mination. Percentage of body fat was derived from body

density by means of the following formula (Lohman, 1986):

%Fat = [VDb (didWdi -d2) d2/di-d2] 100

For instance, the equation of predicating body fat percentage from

body density for 7 to 9- yers- old boys is

%Fat = (5.38/Db- 4.97) 100
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Where d1 equals to 1.081. and d2 equals to 0.90 g/cc. The equations

can be drived from the same formula; therefore, for 7 to 9- years- old girls:

%Fat = (5.43/Db - 5.03) 100

where substituting for d1, 1.079, and for d2, 0.90 g/cc.

Cholesterol Determination

Five milliliters of fasting blood samples were taken by a registered

nurse/phlebotomist from an antecubital vein, using sterile disposable

equipment. Fasting blood samples were analyzed for TC, HDL-C, and

LDL-C at the Clinical Laboratory, Good Samaritan Hospital, Corvallis,

Oregon.

Cholesterol concentration was determioned using the cholesterol

high performance system pack reagent. All cholesterol esters present in

plasma were split quantitatively into free cholesterol and fatty acids by a

microbial cholesterol esterase. Cholesterol concentrations were

measured with an Hitachi 704 bichromatic analyzer and appropriate

enzymatic reagents (NcNamara, Schaefer, 1987).

The HDL-C fraction was determined by the heparin-manganese

method (0.55 mmo1/1 phosphotungstate acid and 25 mmo1/1 magnesium

chloride and contrifuged for ten minutes at >4000 rpm) (LRC methods,

1982). LDL-C concentration was determined as a residual TC - [(VLDL-C

+HDL-C)] (Friedwald, Levy, Fredrickson, 1972).

After the fasting blood was drawn, the children were offered a cup

of orange juice, milk, or yoghurt during a short rest period prior to

starting the other tests. The blood samples were transported to laboratory

within two hours. All parents and guardians of the subjects were invited

to participate by being present during the testing procedures.
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Physical Fitness Assessment

In order to assess that differences in physical fitness existed

between the groups of trained competitors and normally active subjects,

physical working capacity at a heart rate of 150 bpm, as described by

Zauner and Benson (1981a), was established for all subjects by using the

Monark cycle ergometer. For these tests, the work load was initiated at 50

watts and increased by 25 watts per minute until the heart rate reached

150 beats per minute, whereupon the tests were stopped. During testing,

the subjects wore the heart rate monitor and wood blocks were bound to

the peddles for those subjects who required them.

Statistical Analvsi

The independent i-test statistic (a = .05) was employed to analyze

differences in physical working capacity, body composition (percent of fat),

TC, HDL-C, and LDL-C between the physically trained sujects and the

normally active group. In addition, a Spearman correlation coefficient

was applied for analysis of the relationships among the variables.
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CHAPTER IV

RESULTS AND DISCUSSION

Results

Subject Characteristics

Thirty-five children participated in the study. Data from three

subjects were not used as one was discovered to be diabetic and two others

were determined to be older than 11 years. The trained group consisted of

12 swimmers and 4 runners, for a total of 16 children (n = 16). The

normally active group consisted of 16 children who had participated in the

Children's Instructional Sports Program at Oregon State University. It

was impossible to acquire adequate quantities of blood for analysis in six of

the trained subjects and two of the normally active children. Gender,

height, weight, and body surface area for each subject according to group

are presented in Table 1. The means and standard deviations for all of

these variables for each group are also included in this table.

The mean values for age were 9.90 and 9.40 years for the trained

and normally active groups, respectively. The average body weight of the

trained group was 36.09 kg and the average body weight for the normally

active group was 36.30 kg. The trained group averaged 142.62 cm in

height, whereas the normally active group averaged 141.15 cm in height.

The similarities in these characteristics resulted in a very small
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Table 1. Physical Characteristics of Trained and Normally Active
Subjects.

No.(yrs)

Trained Group (n=16)

BSA

(m2) No.

Normally Active Group (n=16)

Age Sex Height Weight
(cm) (kg)

Age Sex Height Weight BSA

(yrs) (cm) (kg) (m2)

1 8 M 137.20 29.50 1.07 1 8 M 133.35 26.88 1.02

2 8 F 132.10 36.00 1.14 2 9 M 147.80 37.01 1.28

3 8 F 117.80 27.50 0.92 3 9 M 137.20 34.50 1.15

4 8 M 127.00 28.30 1.00 4 9 F 137.90 37.32 1.18

5 9 M 141.20 31.82 1.12 5 9 M 137.70 37.30 1.18
*

6 9 M 139.39 27.92 1.08 6 9 M 139.95 29.10 1.08

7 10 F 144.40 42.10 1.27 7 9 M 138.18 33.55 1.14

8 10 F 144.30 40.20 1.26 8 9 F 142.24 45.70 1.32

9 10 M 143.00 41.00 1.28 9 9 M 137.41 34.82 1.17

10 10 F 149.40 47.20 1.38 10 9 F 125.40 27.90 0.98

11 11 M 140.20 32.00 1.12 11 10 F 145.00 33.60 1.16

12 11 M 141.00 34.10 1.14 12 10 F 157.00 40.60 1.36
*

13 11 M 151.38 35.70 1.26 13 10 F 141.20 32.20 1.14
*

14 11 M 143.51 34.28 1.18 14 10 M 137.40 44.40 1.28

15 12 M 160.00 45.50 1.44 15 11 M 149.30 48.42 1.40

16 12 M 152.90 44.30 1.37 16 11 M 151.38 36.32 1.28

X 9.9 142.62 36.09 1.189 9.40 141.15 36.30 1.196
SD 1.43 9.38 6.55 0.143 0.814 7.61 6.13 0.116

*
Runners in trained group. (All others in trained group were swimmers).

**
There are no significant differences for age, height, body weight, and body surface

area between the two groups (E > 0.05).
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difference in BSA between the groups, as the corresponding BSA values

for the trained group were 1.189 m2 in comparison to 1.196 m2 for the

normally active group. The mean for each variable was analyzed between

the two groups with four separate independent i-tests. No significant

differences between the trained and normally active groups were found,

suggesting that the two groups were similar in age, height, weight, and

body surface area (Figurel).

Figure 1 Comparison of Mean Age, Height, Weight for
Matched Paired of Trained and Normally Active
Children

Physical Working Capacity

The mean PWC150 was 506.25 ± 96.82 kgm/min for the trained

group and 426.56 ± 76.08 kgm/min for the normally active group (Figure

2). The results of the independent t-test for this parameter indicated that
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there was a significant difference in mean PWC150 between the two

groups.

Figure 2 Comparison of Mean PWC150 Between Trained and
Normally Active Groups.

Body Composition

Percentage of Body Fat by Sum of Triceps and Subscapular

Skinfolds and Hydrostatic Weighing

As derived from skinfold thickness measurement, the average body

fat percentage of the trained group was 14.48 ± 7.14, whereas the normally

active group had a body fat percentage of 20.96 ± 6.10. Independent t-test

revealed a statistically significant difference in this variable between the

two groups (Table 2). The average body fat percentages drawn from
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Figure 3 Comparison of Mean Body Fat Percentage
Between Trained and Normally Active Groups.
(HW= Hydrostatic weighing; SF= Skinfolds)

hydrostatic weighing were 12.03 ± 7.70 percent and 17.61 ± 7.60 percent,

respectively, for the trained and normally active groups. The results of

the independent t-test for this parmeter showed significant differences in

mean body fat percentages between groups.

Blood Lipid Profiles

A comparison of the means for TC, HDL-C, and LDL-C for the

trained and normally active groups is provided in Figure 4.

Total Cholesterol Concentration

A comparison of the means for TC, HDL-C, and LDL-C for the

trained and normally active groups is provided in Figure 4. The TC
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means and standard deviations are shown in Table 2. An average TC of

159.20 ± 18.56 mg /dl was evident for the trained group. The corresponding

value for the normally active group was 172.14 ± 28.56 mg /dl. There was

Figure 4 Comparison of Mean TC, HDL-C and LDL-C between
Trained and Normally Active Groups.

no significant difference (2 >0.05) between groups for TC found by

independent t-test analysis.

High Density Lipoprotein Cholesterol Concentration

The HDL-C averaged 55.40 ± 7.82 mg /dl for the trained group and
53.70 ± 10.13 mg/dl for the normally active group. These values were not
sig-nificantly different.
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Low Density Lipoprotein Cholesterol Concentration

The LDL- C mean value for the trained and the normally active

groups were 90.80 ± 16.70 mg /dl and 102.63 ± 21.96 mg/di, respectively.

The results of the independent i-test indicated that there was no

significant difference in mean LDL-C between the two groups.

Table 2. Means and Standard deviations for PWC150, TC, HDL-C, LDL-C,

and Percent Body Fat for Trained and Normally Active Groups.
Trained Group Normally Active group

X1-X2 t-ratio aItems Mean(X1) SD Mean(X2) SD

PWC150a
(kgm/min)

506.25 96.82 426.56 76.08 79.69 2.59* 0.05

% Fata (HW) 12.03 7.70 17.61 7.6 -5.58 -2.06* 0.05

% Fata (SF) 14.48 7.14 20.96 6.10 -6.48 -2.76* 0.05

TCb
(mg/di)

159.20 18.56 172.14 28.56 -12.94 -1.25 0.05

HDL-Cb
(mg/dl)

55.40 7.82 53.70 10.13 1.69 .439 0.05

LDL-Cb
(mg/di)

90.80 16.70 102.63 21.96 -11.95 -1.44 0.05

*
Statistically significant at 12. < .05.

an
= 16 in both groups, and bn

= 10 in the trained group; n = 14 in the normal group.

Correlation Coefficients between Paired ble for Trained and

Normally Active Groups

Physical Working Capacity and Age,

Correlation coefficients between paired variables for the trained,

normally active and combined group are presented in Table 3, 4 and 5.
The correlations between age and PWC150 were r = 0.73 and r = 0.33,

respectively, for the trained and normally active groups. This correlation

was statistically significant for the trained group, but not for the normally
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active group. In addition, there was a significant correlation (r = 0.70)

across all subjects.

Physical Working Capacity and Height

There was a positive and significant correlation (r = 0.84) between
height and PWC150 for the trained group and a significant correlation (r =

0.62) across all subjects. However, there was no significant correlation
(r= 0.39) between height and PWC150 for the normally active group.

Physical Working Capacity and Weight

There was a statistically significant correlation (r = 0.81) between
weight and PWC150 for the trained group. The correlation (r= 0.38) was

insignificant for the normally active group. In addition, a significant

correlation (r = 0.54) was indicated across all subjects.

Physical Working Capacity and Body Surface Area

The positive-significant correlations for BSA and PWC150 were r =

0.84 and r = 0.55, respectively, for trained group and for all subjects.

There was no significant correlation (r= 0.37) for these variables for the

normally active group.

Physical Working Capacity and Body Fat Percentage

For body fat percentages derived from skinfold thickness mea-
surements, the correlations between PWC150 and body fat percentage

were r = + 0.10 and r = 0.007, respectively, for the trained and normally

active groups. For body fat percentages derived from hydrostatic
weighing, the correlations between PWC150 and body fat percentages were

r = 0.15 and r = - 0.19, respectively, for the trained and normally active
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groups. There was a negative, insignificant correlation (r= - 0.12) for body

fat determined from skinfolds; r= - 0.13 for body fat determined from

hydroststic weighing) for all subjects.

Physical Working Capacity and Total Cholesterol Concentration

An insignificant negative correlation (r= - 0.35) existed between
PWC 150 and TC for the trained group; for the normally active group, the

correlation (r = 0.52) was positive but not statistically significant. The

correlation coefficient (r = 0.02) was very low across all subjects.

Physical Working Capacity and High Density Linoprotein Cholesterol

Values

The correlation coefficients of PWC150 and HDL-C were r= 0.03 and

r= 0.10, respectively, for the trained and the normally active groups. The

results of the Spearman correlation coefficient suggested that there was no

significant relationship between this variable within either group, nor was

there a statisically significant correction (r= 0.11) across all subjects.

Physical Working Capacity and Low Density Lipoprotein Cholesterol Values

There was no significant correlation (r = 0.55) between PWC150 and

LDL-C for the normally active group; in contrast, there was no

relatonship (r = - 0.15) between these variables within the trained group.

Across subjects, the correlation (r = 0.15) was insignificant.

Total Cholesterol Concentration and High Density Lipoprotein

Cholesterol Values

The correlations between TC and HDL-C were r = 0.23 and r = 0.46, re-

spectively, for the trained and the normally active groups and were not

statistically significant. There was no significant correlation (r= 0.32)
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between TC and HDL-C across subjects.

Total Cholesterol Concentration

Cholesterol Values

The TC and LDL-C results reflected positive significant cor-

relations, r = 0.83 and r = 0.87, respectively, for both the trained and the

normally active groups. There was also a positive correlation

(r = 0.85) across all subjects between TC and LDL-C.
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Table 3. Correlation Coefficients Between Paired Variables for the
Trained Group.

%Fat %Fat
Age Height Weight BSA PWC150 (HW) (SF) TC HDL-C LD-C

Age 1.00

Heighta .84** 1.00
(16)

Weighta .66* .83**
(16) (16)

BSAa .75** .91**
(16) (16)

PWC150a -73**.84**
(16) (16)

%Fata - .49 -.05
(HW) (16) (16)

%Fata - .34 .06
(SF) (16) (16)

TCb - .64 - .55
(10) (10)

HDL-Cb - .50 .03
(10) (10)

LDL-Cb - .21 - .32
(10) (10)

1.00

.97**
(16)

.81**
(16)

.28
(16)

.39
(16)

- .64
(10)

- .19
(10)

- .38
(10)

1.00

.84**
(16)

.19
(16)

.28
(16)

- .76*
(10)

- .13
(10)

- .51
(10)

1.00

.15
(16)

.10
(16)

- .35
(10)

.03
(10)

- .15
(10)

1.00

.91**
(16)

- .05
(10)

.32
(10)

- .14
(10)

1.00

- .14
(10)

- .40
(10)

- .21
(10)

1.00

.23 1.00
(10)

.83*- .24
(10) (10)

1.00

***B
<0.05p; < 0.01.

aN. 16; 13N = 10.
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Table 4. Correlation Coefficients Between Paired Variables for the
Normally Active Group.

%Fat %Fat
Age Height Weight BSA PWC150 (HW) (SF) TC HDL-C LD-C

Age 1.00

Heighta .72**
(16)

Weighta .59*
(16)

BSAa .68*
(16)

PWC150
a .33

(16)

%Fata .16
(HW) (16)

%Fata .06
(SF) (16)

TCb .29
(14)

HDL-Cb .21
(14)

LDL-Cb .22
(14)

1.00

.51*
(16)

.71**
(16)

.39
(16)

-.05
(16)

-.15
(16)

.20
(14)

-.05
(14)

.19
(14)

1.00

.96**
(16)

.38
(16)

.36
(16)

.55*
(16)

.29
(14)

- .22
(14)

.46
(14)

1.00

.37
(16)

.26
(16)

.37
(16)

.24
(14)

- .20
(14)

.38
(14)

1.00

-.19
(16)

-.007
(16)

.52
(14)

.10
(14)

.55
(14)

1.00

.83**
(16)

.15
(14)

.12
(14)

.15
(14)

1.00

.16
(14)

- .05
(14)

- .26
(14)

1.00

.46 1.00
(14)

.87* .13
(14) (14)

1.00

< 0.05;
**

E< 0.01.

aN = 16; bN = 14.
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Table 5. Correlation Coefficients Between Paired Variables, Across All

Subjects.

%Fat %Fat
Age Height Weight BSA PWC150 (HW) (SF) TC HDL-C LD-C

Age 1.00

Heighta .71**
(32)

Weighta .55**
(32)

BSAa .63**
(32)

PWC150
a

.70**
(32)

%Fata - .22
(HW) (32)

%Fata - .19
(SF) (32)

TCb - .19
(24)

HDL-Cb .05
(24)

LDL-Cb - .08
(14)

1.00

.65**
(32)

.80**
(32)

.62**
(32)

-.08
(32)

-.08
(32)

- .13
(24)

.06
(24)

- .05
(24)

1.00

.96**
(32)

.54**
(32)

.38*
(32)

.48**
(32)

- .08
(24)

.14
(24)

.13
(24)

1.00

.55**
(32)

.27
(32)

.35
(32)

- .12
(24)

- .09
(24)

.06
(24)

1.00

-.13
(32)

-.12
(32)

.02
(24)

.11
(24)

.15
(24)

1.00

.92**
(32)

.21
(24)

.08
(24)

.20
(24)

1.00

.24
(24)

- .06
(24)

- .30
(24)

1.00

.32
(24)

.85*
(24)

1.00

- .06
(24)

1.00

*E< 0.05; **E< 0.01

aN= 32; bN = 24.
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Discussion

Several investigations have described a negative correlation between

body fat and physical working capacity in children and youth (Boileau,

Lohman, & Slaughter, 1985; Vaccaro & Clinton, 1981; Clarke & Vaccaro,

1979; Epstein, Koeske, & Wing, 1984). The results of these earlier

investigations are consistent with the present study: PWC150 for the

trained group was significantly higher than that of the normally active

group, while the percentage of body fat was found to be lower in the

trained group than in the normally active group. Zauner (1981b) described

a positive relationship between PWC150 and body size in trained subjects.

The agreement of the present study, in which PWC150 elevated in

conjunction with body size in trained subjects, with Zauner's findings is

expressed in Figure 4. However, the physical working capacity for the

normally active group did not consistently elevate with gains in size. In

this instance, a higher body fat percentage may have contributed heavily

to weight and BSA and this elevated amount of body fat may have reflected

a more sedentary life style and/or interfered with mechanical efficiency at

work.

The PWC 150 shows a statistically significant correlation between

body weight and height in the present study. Body size may be one factor

of improved performance which occurs coincident with individual
growth. Previous studies have reported increases in the '102 max of

children, age six to eight years, during training which were dependent

upon body size (Krahenbuhl, Pangrazi, Stone, Morgan, & Williams, 1989)

and upon sex (Pels, Gilliam, Freedson, Green, & MacConnie, 1981).
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These findings may provide a partial explanation for elevated V02

max which occurs during endurance training when observed to

accompany age, primarily as a result of the elevated economy of

movement which is a byproduct of growth (Krahenb uhl et a1.,1989).
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1.3 1.4 1.5

Figure 5. Mean PWC150 Values as a Function of Body Size
for the Trained Group.

Kemper, Ver Schuur, and May (1989) noted that the aerobic power of

youths, between the ages of 12 to 23 years was associated with body

weight. The trained group in the present study exhibited higher mean

body density and lower body fat percentages than the normally active

group. This is probably due to elevated lean body weight and decreased

body fat. The prior research of Moody, Wilmore, Girandola, and Royce

(1972), Song (1983), and Boileau et al. (1985) indicates that the percentage of
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body fat can be substantially reduced by physical training and

conditioning. This is substantiated by the findings of the present study.

Physical activity has been shown to promote elevated HDL-C

concentration in adults (Huttunen et al., 1979). However, there is little

information available on the serum lipid assessment of prepubescent

child athletes. The results of the present study indicate that in both well-

trained children, and in the less active counterparts, PWC150 does not

correlate well with elevated HDL-C, nor was mean HDL-C different in the

two groups. These findings are in agreement with previous research

reporting no change in HDL-C levels with exercise (Gilliam et al., 1977;

Widhalm, Maxa, & Zyman, 1978). Other investigations have linked

exercise with elevated HDL-C concentration patterns in children

(Valimaki and Lehtonen, 1980). Lehtonen and Viikari (1980) reported that

athletes did not demonstrate significantly higher HDL-C than control

subjects and Sady, Berd, Bea land, and Smith (1981) reported that neither

the percent of body fatness nor physical fitness levels had a significant

relationship to HDL-C in preadolescent children. In contrast, Birk et al.

(1981) found that 12- to 16-year old female swimmers had remarkably

higher HDL-C concentrations than 8- to 11- year old swimmers. These

results may have been due to the maturation process, which does reflect

different HDL-cholesterol concentrations after 12 years of age. In the

present study, the finding of non-significant differences in HDL-C between

trained and normally active subjects may be considered as supportive of

the findings of Birk et al., but they may also be due to the fact that nor-

mally active children certainly cannot be classified as inactive or

sedentary. The results obtained in the present study imply that the degree

of physical activity will not be reflected in HDL-C values. In point of fact,
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the mean HDL-C determinations for both trained and normally active

children obtained in the present study can be regarded as average

measurements with respect to the findings of several other investigations

(Birk et al., 1981; Gilliam & Freedson, 1981; Morrison et al., 1972;

Valimaki & Lehtonen, 1980). The results of these earlier studies are

shown in Table 6 in company with those of the present study.

Table 6. Summary of Reported Average HDL-C Determinations.

Authors n
Age
(yrs)

Mean HDL-C
(mg /dl)

Birk et al., 1981 12 8-16 55.90

Gilliam & Freedson, 1980 38 6-7 50.00

Valimaki & Lehtonen, 1980 20 11-13 57.30

Morrison, 1972 210 6-11 57.60

Chen, 1989 32 8-11 55.40

Serum TC and LDL-C were also measured in this study, the means

and standard deviations for which are displayed in Table 2. The means of

TC for both groups were well within adult limits of normal. No normal

values for children could be found. While not significantly different, the

mean TC was lower for the well-trained group in comparison to the

normally active group. The LDL-C mean, while not statistically

significant, was lower for the trained children than for the normally

active children. These results tend to support those established in a

previous studies on Finnish school boys (Wanne et al., 1983), which

reflected LDL-C measurements of 3.06 mmol/L (118.58 mg /dl) and 3.35

mmol/L (129.81 mg /dl) for, respectively, an active group and an inactive

group. It should be noted that these findings contradict other studies of
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adults, adolescents, and obese children (Haskell, Taylor, Wood, Schrott, &

Heiss, 1980; Williams et al., 1979). In addition, the present study indicated

that TC levels were lower for the trained group than for the normally

active group, but the difference was not statistically significant. This

finding is in agreement with the previous study of Gilliam et al. (1980).

In the present study, the trained children were leaner than their

normally active counterparts and this condition probably helped to support

their superior PWC150. Although significant differences in various

assessed cholesterol concentrations were not evident, the direction of these

dif-ferences shows a tendency for the trained subjects to have lower mean

TC and LDL-C values, and higher HDL-C values.

The relationship between TC and LDL-C is presented in Figure 5.

100

LDL-C(mg/d1)

140

Figure 6. Correlation Between TC and LDL-C for both Groups.
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The correlation coefficients between LDL-C and TC were strong in both

groups and statistically significant. For the combined data across

subjects, these correlations were also statistically significant and positive

(r = + 0.85, n = 24). It is assumed that there is a relationship between

elevated LDL-C concentration and CHD risk (Walter & Lee, 1987).

Conversely, there is a relationship between elevated HDL-C concentration

and lowered CHD risk (Gofman, Young & Tandy, 1976). In the present

study, the coefficient of correltion between TC and LDL-C was statistically

significant for the trained, normally active and combined subjects. This

suggested that the TC elevate occured in the LDL-C fraction. A similar

result reported by Cohen, Noakes and Benade study (1989).
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The present study was designed to describe differences and

similarities in physical working capacity, body composition and blood

cholesterol concentrations between trained and normally active children.

Generally, adults involved in vigorous physical activity programs show a

positive correlation between body composition and blood lipids. In other

words, a condition of obesity may result in greater TC and LDL-C

concentrations (Howley et al., 1982; Thompson & Thompson, 1987).

However, it is not clear whether this condition is also true in the case of

children.

Physical training has received considerable attention as a means of

modifying body fat percentages (Boileau et al., 1985; Moody & Wilmore,

1972; Song, 1983). However, some investigations have reported only

moderate association between exercise habits and body composition

among children. This may be due to either the varying levels of physical

activity among the children, or it may be due to body composition trends

associated with growth and maturation.

The following results were obtained in this study:

1) The mean PWC150 was significantly greater for the trained

group as opposed to the normally active group.
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2) There was a significant difference in body fat percentage

between the two groups and the trained group reflected

leaner body conditions.

3) There were no significant differences in HDL-C

concentrations between the two groups, although a trend

toward higher values was observed by the trained subjects.

4) Although it was not statistically significant, the serum total

cholesterol concentration was lower for the trained group

than for the normally active group.

5) The mean LDL-C was not significantly different between the

two groups, although the mean LDL-C was higher for the

normally active group (102.63 ± 21.96 mg/d1) than for the

trained group (90.80 ± 16.70 mg /dl).

6) A strongly positive and statistically significant correlation

(r = 0.84) existed between TC and LDL-C across all subjects.

The following conclusions are based upon these findings:

1) Although the correlation between PWC150 and HDL-C was

not significant, the results are encouraging in view of the

small sample examined.

2) This study further documents evidence presented in prior

investigations that trained children are leaner and show

higher values of PWC150 However, it should be noted that

the PWC150 failed to significantly correlate with percentages

of body fat.

3) This research substantiates that a strong relationships

between TC and LDL-C is evident in children.
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Recommendations

Data from previous studies have shown variable results, which may

have been due to different study designs. There is a lack of consistent

findings concerning preadolescent children relative to body composition

and blood lipids. Although the present study was conducted to assess

differences in these parameters between trained and normally active

preadolescents, the differences were statistically significant only with

respect to PWC150 and percentage of body fat. However, this study

identified a trend for cholesterol concentrations to be lower in trained

children. To further examine the trends identified in this study, it is

recommended that future research:

1) be conducted with larger sample sizes since elevated

numbers tend to reduce variability and enhance the

possibility of significant findings.

2) control the physical activity of all subjects since the findings

from the present study may, to some extent, reflect that

exercise patterns between the trained as well as the

normally active group of subjects were similar in nature. It

would be advantageous to identify which levels of physical

exercise could be correlated with body composition and blood

lipids.

3) be structured to examine the effects of a controlled and

monitored period of endurance training of previously

sedentary children on the parameters measured in the

present study.
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4) be conducted to compare highly trained children with a

population of truly sedentary counterparts.

5) examine children enrolled in school physical education in

order to establish that such programs are sufficiently intense

and frequent as to improve physical fitness and reduce body

fatness.
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Name:

APPENDIX A

Informed Consent for Participation in the Study:
Comparison of Physical Working Capacity, Body
Composition, and Cholesterol concentration in

Trained as Opposed to Normally Active Choldren

First Name Last Name

Address

Telephone Number: (
(Area code)

1. Explanation of Tests:

Your child will undergo an exercise test on a cycle ergometer, an

underwater weighing test (without head submersion), skinfold

measurements (without any pain or discomfort), and a small blood

sample will be taken from a vein in the arm. The exercise intensity will

begin at a level your child can easily accomplish and will be advanced in

stages, depending on his/her fitness level. We will stop the test at any

time because of signs of fatigue, or your child may stop when desired

because of personal feelings of fatigue or discomfort. The researcher and

a registered nurse will be present at all testing. A registered phlebotomist

will take the blood samples using sterile one-use equipment.

2. Risk and Discomfort:
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Certain changes will occur during the exercise test. They include

elevated blood pressure and elevated heart rate. In very rare instances,

physical injury, heart attack or death have occurred during such testing.

Every effort will be made to minimize risks through preliminary

evaluation and by observation during testing. Emergency equipment and

trained personnel are available to deal with unusual situations which

may arise. The nature of the activity is not likely to cause any physical or

psychological harm to the subjects and the subjects' names and materials

are guaranteed anonymity.

3. Benefits to be Expected:

The results obtained from the exercise test may be used to express

your child's physical fitness level and to make recommendations about the

best mode of exercise. The benefits of such testing include the knowledge

of your child's work capacity (physical fitness) level, and her/his

cholesterol level. If conditions for prolonged good health are not evident in

your child, you will have information to that effect which will allow

suitable changes in lifestyle.

4. Inquiries:

Any questions about the procedures used in the exercise test or in

the estimation of cholesterol level are encouraged. If you have any doubts

or questions, please ask us for further explanations . Such inquiries may

be addressed to:

Kun-ning Chen, 336 NW 10th ST, # 4, Corvallis, OR 97330, TEL: 754-

6511.



73

Chris Quinn, Human Performance Laboratory , Room 19, Woman's

Building, OSU 97333, TEL: 737- 2189.

5. Freedom of Consent:

Your child's participation in this study is voluntary. You are free to

deny consent if you so desire. Furthermore, your child may withdraw

from the study at any time without prejudice.

I have read this form and I understand the test procedures. I will

allow my child to participate.

Signature Guardian Signature of Child

Questions:

Date Witness

Response:

Investigator Signature: Kun-ning Chen
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APPENDIX B

Trained and Normally Active Group Data

Trained Group Data

Subjects Age
(yrs)

Height
(cm)

Weight
(kg)

BSA
(m2)

PWC15(
(kgm/min)

%Fat
(11W)

%FAt
(SF)

TC
(mg/dl)

HDL-C
(mg /dl)

LDL-C
(mg/d1)

1 12
-

160 45.5 1.44 675 7.79 11.97 130 63 58.3
2 10 144.4 42.1 1.27 600 27 28.5 196 60 118

3 149.4 47.2 1.38 600 14 15.15 50 89.8
4 8 137.2 29.5 1.07 375 6.27 8.99

_150
170 65 91

5 11 140.2 32 1.12 450 4.02 8.27 162 45 100.8
6 12 152.9 44.3 1.37 600 7 11.40 157 49 92.8
7 ll 141 34.1 1.14 525 4.02 7.9 160 44 92.8
8 10 143 41 1.27 450 19.14 23.99 135 56 67.4
9 9 141.2 31.82 1.12 525 8.12 11.75 171 63 98.3
10 11

_
143.51 34.28 1.18_ 8.67 8.67 160 59 91.8

11 8 132.1 36 1.14 525 25.72 23.85
12 8 , 127 28.3 1.00 375 8.16 12.16
13 117.8 27.5 0.92 375 16.11- 15.15
14

-
10 144.3 40.2 1.26 525 24 26.66

-

15 11 151.38 35.73 1.26 525 5,8 8.67
16 9

-
139.19 27.92 1.08 7.72 8.67

Normally Active Group Data

Subjects Age
(yrs)

Height
(cm)

Weight
(kg)

BSA
(m2)

PWC150
(kgm/min)

%Fat
(11W)

%FAt
(SF)

TC
(mg/di)

HDL-C
(mg /dl)

LDL-C
(mg/(11)

1 11 149.2 48.4 1.40 600 18 25.09 208 52 121.2
2 9 147.8 37 1.24 450 9.11 15.7 159 44 104

3 10 141.2 32.2 1.14 375 23.3 17.4
-

163 57 91.8
4 10 137.4 44.4 1.28 375

.
23.57 29.27

-
169 47 101

5 9 137.2 34.5 1.14 450 14.4 22.1 206 61 133.8
6 9 137.9 37.32 1.20 450

-
27.37 29.98 203 52 112.2

7 9 139.95 29.10 1.08 450 5.8 13.65 175 43 111.4
8 8 133.35 26.88 1.02 375 5.8 8.67 181 72 98.2
9 11 151.38 38.32 1.30 525 13.85

-
17.2 207 60 131.6

10 10 145 33.6 1.18 450 18.92 20.37 169 75 86.4
11 9 137.7 37.3 1.20 375 16.36

.
21.34 117 44 56.6

12 9 138.18 33.55 1.14 375
____

12.47
...

18.03 125 49 67.8
13 9 137.41 34.82 1.17 525 13.44 18.03 153 49 94
14 9 142.24 45.17 1.32 450

_ _
27.33 30.38 175 47 116.2

15 10 157 40.6 1.36 375 20.91 20.37
16 8 125.4 27.9 0.98 375 31.05 26.44
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APPENDIX C

Across All Subjects Data

Subjects Age
(yrs)

Height
(cm)

Weight
(kg)

BSA
(m2)

PWC15(
(kgm/min)

%Fat
(11W)

%FAt
(SF)

TC
(mg/d1)

HDL-C
(mg /dl)

LDL-C
(mg /dl)

1 12 160 45.5 1.44 675 7.79 11.97 130 63 58.3
2 10 144.4 42.1 1.27 600 27 28.5 196 60 118

3 11 149.4 47.2 1.38 600 14 15.15 150 50 89.8
4 8 137.2 29.5 1.07 375 6.27 8.99 170 65 91

5 11 140.2 32 1.12 450 4.02 8.27 162 45 100.8
6 12 152.9 44.3 1.37 600 7 11.40 157 49 92.8

7 11 141 34.1 1.14 525 4.02 7.9 160 44 92.8
8 10 143 41 1.27 450 19.14 23.99 135 56 67.4
9 9 141.2 31.82 1.12 525 8.12 11.75 171 63 98.3
10 11 143.51 34.28 1.18 600 8.67 8.67 160 59 91.8
11 11 149.2 48.4 1.40 600 18 25.09 208 52 121.2

12 9 147.8 37 1.24
-

450 9.11 15.7 159 44 104

13 10 141.2 32.2 1.14 375 23.3 17.4 163 57 91.8
14 10 137.4 44.4 1.28 375 23.57 29.27 169 47 101

15 9 137.2 34.5 1.14 450 14.4 22.1 206 61 133.8

16 9 137.9 37.32 1.20 450 27.37 29.98 208 52 112.2

17 9 139.95 1.08 450 5.8 13.65 175 43 111.4

18 8 133.35
_29.10
26.88 1.02 375 5.8 8.67 181 72 98.2

19 11 151.38 38.32 1.30, 525 13.85 17.2 207 131.6

20 10 145 33.6 1.18 450 18.92 20.37 169 75 86.4
21 9 137.7 37.3 1.20 375 16.36 21.34 117 44 56.6
22 9 138.18 33.55 1.14 375 12.47 18.03 125 49 67.8
23 9 137.41 34.82 1.17 525 13.44 18.03 153 49 94

24 9 142.24
.
45.17 1.32 450 27.33 30.38 175 47 116.2

25 10 157 40.6 375 20.91 20.37
26 125.4 27.9

,1.36
0.98 375 31.05 26.4,4

27 8 132.1 36 1.14 525 25.72 23.85
28 8 127 28.3 1.00 375 8.16 12.16
29 8 117.8 27.5 0.92 375 16.11 15.15
30 10 144.3 40.2 1.26 525 24 26.66
31 11 151.38 35.73 1.26 525 5,8 8.676
32 9 139.19 27.92 1.08 450 7.72 8.67


