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ABSTRACT 

The body composition of children and adolescents with 
congenital heart disease and residual pulmonary regurgitation 
(PR) was compared to that of healthy age- and sex-matched 
controls. Testing included height, weight, skinfolds, skeletal 
widths, circumferences, bio-electrical impedance (for 
estimation of total body water from resistance index), 
hydrostatic weighing, bone mineral content from single photon 
absorptiometry, and an assessment of maturational status. 
Activity levels were assessed by questionnaires and an 
accelerometer. The two groups were found to be different in 
height, skeletal widths, bone mineral content, bone mineral 
index and total body water determined by bio-electrical 
impedance. After adjusting the data for height differences, the 
groups were different for skeletal widths and bone mineral 
index. The PR and control subjects had similar skinfolds and 
circumferences, as well as percent fat determined by body 
density, body water and bone mineral content. 
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CHAPTER 1 

INTRODUCTION 

In most children with a congenital heart defect, surgery 

has been one of the first steps in long term treatment that lasts 

throughout life. Successful repair usually enabled a child to 

lead an active life with little if any physical impairment. 

However, residual abnormalities such as pulmonary valve 

regurgitation may affect the health and lifestyle of the child 

(42). Congenital heart disease (CHD), present in approximately 5 

of 1000 school age children, has been estimated to be serious 

enough to restrict activity, physical education and athletic 

participation in 1-2 per 1000 (11). Innovative surgical 

techniques have been increasingly utilized to repair defects at 

earlier ages. Health services and research have been directed to 

the total welfare of patients by recognizing their medical and 

nonmedical needs (42). Long-term care of postoperative 

children with CHD requires careful tests of cardiac status, a 

physical examination and assessment of growth and development 

(43). 

The estimation of body composition in children and 

adolescents is needed to provide information on growth, 

maturation, nutritional status, obesity and minimal weight for 
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optimal health (29). Advances in body composition estimation 

techniques have increased knowledge concerning normal, healthy 

children (14,15,27,29) and children involved in athletics 

(7,8,54). However, information concerning the body composition 

of special populations such as in heart disease is limited. 

Purpose 

Some investigators have examined growth and 

development in children with congenital heart disease (CHD) and 

found that height and weight are commonly lower (43,13,52), 

and skeletal growth and maturation are delayed in the CHD 

population. Also the degree of retardation of physical growth is 

one measure that correlates with the severity of the heart 

disease (52). Clearly, there are significant abnormalities in the 

child with a congenital defect that are either due to the heart 

lesion or to resultant complications of the heart lesion. The 

purpose of this investigation was to estimate the body 

composition of children and adolescents with CHD and residual 

pulmonary regurgitation (PR). This study will give a better 

understanding of these children and contribute to an information 

base for long term treatment. 

Individuals with PR have demonstrated a decreased 

capacity to exercise when compared to normal controls 

(33,51,25). These findings are consistent with other 
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investigators that have found decreased exercise capacity and 

physical activity levels in children with various congenital 

heart defects both before and after surgery (4,7,11,25,45). 

Impaired exercise capacity leads to a vicious circle of 

hypoactivity, detraining, reduced functional ability and further 

hypoactivity (Figure 1) (3,4) . 

Physical activity is generally considered to be an 

important factor in the growth and development of children and 

adolescents (45). Exercise has been shown to affect the body 

composition of children by reducing percent fat and increasing 

the fat free body (6,7,39,41). Exercise has also been shown to 

increase bone mineral content during weight bearing activities 

(54) and in activities that place a mechanical stress on bone 

(53). 

Hypotheses 

I. Children with surgically repaired congenital heart 

defects and residual PR have decreased fat-free body mass (FFB) 

and bone mineral index (BMI) compared to healthy sex and age 

matched controls. 

II. The decreased FFB and BMI are related to the severity 

of pulmonary regurgitation. 
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III. Children with PR would have less bone mineral index 

than controls after height differences between the groups were 

taken into account. 

Scope 

This investigation was conducted to estimate the body 

composition of individuals with diagnosed PR. Nineteen 

subjects were recruited for the study, ranging in age from 8.7 

years to 17.2 years. Seven subjects (6 female, 1 male) had mild 

PR, seven subjects (4 female, 3 male) had moderate PR, and 5 

subjects (4 female, 1 male) had severe PR. The variables under 

consideration were bone mineral index and fat-free body mass. 

The estimation of total bone mineral index was made by 

measuring the mineral content and width of the forearm. 

Estimation of the fat-free body mass in children requires the 

estimation of total body water, body density, percent body fat 

and bone mineral content. 

Limitations 

This study of children and adolescents with PR has 

included individuals with different congenital heart defects. As 

mentioned before, PR is not a disease in itself but is a residual 

complication resulting from other defects. The heterogeneous 

group may limit interpretation and extrapolation of the results 
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to particular individuals with heart defects. The total number 

of subjects (n =19) was not as large as desired and limited the 

statistical power of the results. 

A descriptive design was used to answer the hypotheses. 

Thus, part of the observed differences could be associated with 

sampling variation. This study involved estimations of variables 

by indirect body composition measurement techniques, which 

have errors of 1 to 4%. Thus, estimation errors also limit the 

accuracy of measurements made. A final limitation of this 

study is the small number of male PR subjects in mild and 

severe groups and the availability of only young males (8-10 

years). 



CHAPTER 2 

LITERATURE REVIEW 

The study of body composition in children and youth has 

focused mainly on healthy and athletic populations as well as 

the obese. However, little is known about the body composition 

of children with congenital heart defects (CHD) and there is no 

available information focusing on the body composition of 

children with residual pulmonary regurgitation. This chapter 

will review what is known concerning body composition in 

children with CHD. 

Growth and Development 

Much of the literature describing children with heart 

defects has dealt with hemodynamic variables related to the 

disease state. Some authors have included, or written 

specifically about growth and development in this population. 

Growth disturbance is a major consequence of congenital heart 

disease in infancy and childhood and the severity of growth 

retardation is generally dependent on the severity of the cardiac 

disease and its functional effects (43). Most studies assessing 

growth and development have compared the relationship of 

height and weight with chronological age. Unfortunately, some 
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confusion exists when interpreting different studies due to the 

lack of uniform criteria for defining growth failure. There are 

practically no histologic, cellular or metabolic studies 

comparing pre- and postoperative growth (43). 

Generally, weight maturation is delayed considerably 

more than linear growth with boys being more affected than 

girls. This is especially evident after adolescence (5). 

However, in cyanotic heart disease both height and weight tend 

to parallel each other. In patients with pulmonary stenosis or 

coarctation of the aorta, height is more affected than weight 

(35). A few studies have examined skeletal maturity based on 

bone age as determined by epiphyseal development compared to 

established maturation stages (9). Rosenthal and Castaneda 

have reviewed these studies and found an association between 

skeletal maturity, growth retardation and height and weight 

(43). Cheek reported that when all measurements of body size 

for age were integrated, CHD patients were approximately two 

years behind normal children in growth and maturation (9). 

Growth after surgery depends on genetics, age at repair, 

residual complications, and numerous environmental influences 

(42). Surgery resulting in total correction of the cardiac 

abnormality usually results in acceleration of the growth rate, 

catch-up growth, and eventual normal height and weight (52). 

The greatest acceleration in height and weight maturation after 
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surgery usually occurs in children operated upon at an early age 

(42). However, residual hemodynamic abnormalities remaining 

after surgery have been associated with continued inhibitory 

effects on growth (43). This inhibition of growth has been 

difficult to study due to the confounding variables of genetics, 

nutrition, environmental factors and other disease (9,43). 

The precise mechanisms by which CHD produces slowing 

in growth are not known. Hypoxia could interfere with growth 

by decreasing cell multiplication and causing proportionate 

decreases in height and weight, whereas noncyanotic heart 

disease (as in this study) may show weight compromised more 

than height (43). 

One theory proposed by Kerpel-Fronius, Kiss and Kardos 

is based on reduced Somatomedin-C (Sm-C) levels in children 

with CHD and retarded growth (21). Somatomedin-C is 

generated by the liver along with a carrier protein in response 

to growth hormone, insulin, estrogen and other unknown factors 

(22). Sm-C then stimulates cartilage to "grow", that is to 

incorporate sulfate, amino acids, and nucleic acids into 

macromolecules (22). Decreased Sm-C levels have been found in 

children with CHD who have normal or elevated levels of growth 

hormone. Fahrer, Gruneiro and Rivarola suggest that the 

resultant block in Sm-C generation may be due to a defect at the 

postreceptor level (12). 
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A study of babies by Levy, Rosenthal, Fyler and Nadas 

found below normal birth weights for gestational age in CHD 

infants (26). The authors concluded that postnatal growth 

retardation was associated with hemodynamic abnormalities 

resulting from the heart defect and with intrauterine growth 

retardation. 

Body Composition Assessment in Children 

The assessment of body composition using a two 

component model includes fat and fat-free body. Lean body mass 

includes the fat-free body plus essential lipids that are found 

throughout the body. However, Lohman has described the term 

fat-free body to indicate the weight of all tissues in the body 

minus the extractable fat (27). When reading body composition 

literature, the reader must be cognizant of the differences in 

these two terms as they have different values for mass and 

density in the same individual. 

Accurate estimations of body composition require the 

measurement of as many components of the fat-free body (FFB) 

as possible. The FFB composition changes during growth, with a 

general decline in water content and an increase in mineral 

content with age (27,29,47). These changes in the FFB of 

growing children have led to the improper use of adult equations 

and the resultant overestimation of percent fat in children. An 
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investigation of body compostion in children and adolescents 

requires the use of appropriate prediction equations and models. 

Fomon, Haschke, Ziegler and Nelson (14) have stated the 

importance of using age specific constants and formulae when 

estimating body composition in children. Lohman (27) suggests 

the use of a multicomponent approach using body density, bone 

mineral content and total body water to estimate the body 

composition of each subject with the application of the 

following formula: 

Fat Content 

Few studies have reported more than height and weight 

of children with CHD, and results are difficult to interpret due 

to the general lack of control populations. Lambert et al. 

measured the skinfold thicknesses of children with CHD, and 

found that boys were leaner and girls were fatter when 

compared to healthy controls (25). In a training study of 

where: Db = body density 
f = fat content of body 
w= water content of body 
b = bone mineral content of body 
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children with CHD, Goldberg and coworkers used skinfolds at the 

subscapular and triceps sites to predict percent body fat (16). A 

control group was not used to compare predicted percent fat. 

The reported pretraining values were 19.4% for girls and 17.2% 

for boys. The boys showed a decrease in percent fat after 

training while the girls showed no change. 

Cheek and co-workers used 4ok measurements and total 

body water (TBW) to estimate percent fat in 26 children with 

CHD and found that males and females had a lower percent fat 

than controls (9). 

Fat-Free Body 

Muscle Children with CHD showing growth retardation 

have a reduction of muscle cell number relative to height and 

age (9). Cheek, Graystone and Mehrizi demonstrated that boys 

with CHD do not increase their muscle cell population in the 

same manner as controls and more closely resemble the growth 

of normal girls (10). They also report that girls with CHD have a 

reduced muscle cell population for age and height compared to 

controls. When these researchers plotted linear growth against 

cell population, the girls with CHD show a significant reduction. 

Cheek et al. determined that the failure of children with CHD to 

multiply soft tissue cells is greater than their failure to 
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achieve linear growth (9). In boys and girls, Cheek et al. 

reported the largest reduction in muscle cell number in the 

patients with the most severe CHD (10). 

Muscle cell size has also been found to differ in CHD 

patients versus controls (9). When individual muscle cell mass 

was plotted against extracellular volume, boys' values were 

scattered far above and girls' values were slightly below the 

regression line for normals (19). Hartman does not offer an 

explanation for the increase in muscle cell size in the boys or 

the decrease in cell size in the girls. 

An analysis of results by Lambert and coworkers showed 

less percent fat in children with CHD and less body weight.(25). 

Assuming that total body weight minus fat weight equals lean 

body weight, then clearly the CHD patients had less lean body 

weight than the controls. However, from the reported data, one 

cannot determine whether the decreases in lean body mass were 

predominately in muscle or bone. 

Bone Height is commonly retarded in children with 

congenital heart disease (43) and bone age has been reported as 

retarded when heart defects are severe (43,52). White and 

coworkers evaluated skeletal maturation in 75 adolescent CHD 

patients between 12 and 19 years of age (52). Metacarpal 

measurements showed that the CHD patients had retarded 

skeletal maturation, which was related to the severity of 
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disease. The authors reported that the medullary cavity of the 

bone was increased while the cortex and overall bone width was 

decreased compared to normals. Nice, Daves and Wood also 

described cortical "thinning" and an increase in the medullary 

cavity of patients with severe CHD (40). 

Total Body Water Graystone and Cheek investigated 

children with CHD and reported a decrease in extracellular and 

intracellular water for age. However, when skeletal maturity 

was held constant, boys exhibited values similar to normals 

while girls did not. No explanation was offered by the authors 

for this sex difference (17). 

Mellits and Cheek used deuterium oxide (D20) dilution to 

predict total body water (TBW) in CHD children and normals (34). 

In both groups TBW increased linearly with weight and a 

quadratic relationship was expressed for height. However, when 

healthy children of the same age were compared, the children 

with CHD showed less TBW for height and weight. Considering 

that children with congenital heart defects are smaller than 

their age matched normals, Mellits and Cheek reanalyzed their 

data controlling for height and found no differences. 
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Activity Levels of Children 

Physical activity has been shown to be an important 

factor in the growth and development of children and 

adolescents (45). Exercise training and chronic physcial 

activity have been associated with decreased body fat (8,39), 

increased muscle mass (6,8) and increased bone mass (44,53). 

Rubin has suggested an optimal loading of bone by mechanical 

stress which can increase bone mass. Children appear to 

respond more quickly to a similar stress than adults (Figure 1). 

The range of optimal activity seems to be quite broad, but a lack 

of physical activity may result in bone loss (44). 

Children with heart disease are often exposed to a heart 

lesion for years before surgical repair, which may limit 

participation in physical activity. Even after surgical repair, 

direct effects (physiological limitations) or indirect effects 

(psychological, societal, or parentally imposed limitations) can 

restrict activity and lead to detraining and further hypoactivity 

(4). Figure 2 illustrates the effects of disease on the activity 

of children. Saris (45) and Bar-Or (3) have reviewed literature 

concerning the activity levels of children with CHD. When 

compared to normal children, those with CHD were less active, 

but the reasons for decreased activity were unclear. Some 

children with CHD were restricted by parents, doctors, or 
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FIGURE 1: THEORETICAL EFFECTS OF ACTIVITY 

ON BONE GAIN AND BONE LOSS 

From Rubin, 1984 (43) 
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FIGURE 2: DIRECT AND INDIRECT EFFECTS 

OF ILLNESS ON ACTIVITY 

From Bar-Or, 1986 (3) 
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teachers, which prevented the identification of the cause of 

hypoactivity in this population. 

Children with congenital heart disease and residual 

pulmonary regurgitation have been shown to have a lower 

maximal oxygen uptake compared to healthy children (33). Marx 

et al. tested 25 children with residual PR and 25 healthy 

controls. The children with PR performed less total work on 

cycle ergometry, had lower maximal heart rates, VO2 and cadiac 

outputs than their sex and age matched counterparts. Lower 

maximal oxygen uptake values for this group would indicate a 

higher relative physiological stress at any submaximal 

workload. The decrease in maximal oxygen consumption (Figure 

3) was also related to the severity of PR assessed by 

echocardiography (33). 

Exercise affects the body composition of children by 

reducing percent fat and increasing the mass of the fat free 

body (6,7,39,41). Because children with CHD have demonstrated 

a decreased maximal exercise capacity (3,33), and are less 

active than healthy children (3,45), assessment of average daily 

activity was considered to examine the effects of activity or 

inactivity on body composition. 
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FIGURE 3: MAXIMUM OXYGEN CONSUMPTION VALUES 

DURING CYLCLE ERGOMETRY 

t:PI 
.JIIC 

40 

30 

N~ 
0 ... 20 
·> E 

' -E 

10 

From Marx et el. 1 1 988 (32) 

GROUP 



2 9  

Assessment of Physical Activity 

The assessment of physical activity in children has been 

hindered by difficulties with reliability, validity and 

practicality. Many methods have been used including 

independent observation, self-reported diaries, cinematography, 

movement counters, accelerometers and questionaires of many 

types. Two of these methods of physical activity assessment 

are discussed here. 

Questionnaire The use of questionnaires has been 

considered the most practical and widely used approach to 

assess physical activity in adult populations (50). Validation 

methods using measures of oxygen uptake and motion sensors 

have shown that well designed questionnaires can correlate 

highly with independent measures of activity (50) and chronic 

disease or risk factors associated with disease (36). Little data 

exist regarding physical activity assessments of children with 

CHD , and therefore an activity questionnaire used with a group 

of PR subjects lacks a criterion for validity. 

Accelerometer Recently, motion sensors 

(accelerometers) have been developed, which seem to be 

valuable in objectively and reliably measuring physical activity 

in terms of body movement (23). Many types of accelerometers 

have been tested, including a type of single-plane accelerometer 

which was validated against a criterion of oxygen consumption 



3 0  

during fourteen different activities in an adult sample (38). 

Reproducibility of the accelerometer readings was high (r = .94) 

and the correlation with VO2 was r = .74. 

Klesges and Klesges (23) validated a single-plane 

accelerometer against observed all-day physical activity levels 

of children in their natural environment. The investigators 

found significant but variable correlations with results by 

trained observers (range of correlations = .62 to .95). The 

correlations were higher for females than males and higher for 

older than younger children. The accelerometer seemed to 

correlate most highly with time spent walking or running, rather 

than differentiating between the intensity of exercise. 

Summary 

Children with congenital heart disease are delayed in 

growth and physical development, often by as much as two years 

compared to normal children (9). Delays have been noted in 

skeletal maturation as estimated by bone age (9,43) and through 

decreases in height for age (35,43). Weight in CHD children has 

also been shown to be less than that of normals of the same age 

(43) and is especially evident in adolescent boys (5). 

Birthweights of infants with CHD have been shown to be 

decreased compared to the birthweights of controls. The 

decrease in body weights of these subjects remains lower than 



normal into early childhood (26). Surgical repair may result in 

catch up growth, but residual complications may result in 

continued growth retardation (9,43,42,52). Little is known 

about the body composition of children with congenital heart 

disease. Generally, these children have less body fat and less 

lean tissue than their normal counterparts (9,25). The reduction 

in muscle mass seems to result from a decrease in cell number 

and fiber size in CHD children and adolescents (9,10). Total body 

water measurements show no abnormalities in CHD children 

when body size is considered (9). Growth, development and body 

composition differences are most noted in children with severe 

heart disease, those who have surgery relatively late and those 

who have residual complications (3,9,43,42). Children with CHD 

have been shown to be less active than healthy controls due to 

either direct physiological limitations and/or indirect 

limitations (3,33,45). 
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CHAPTER 3 

METHODS 

The purpose of this study was to estimate the body 

composition of children and adolescents with congenital heart 

disease and residual pulmonary regurgitation (PR). The 

hypotheses were that children with pulmonary regurgitation 

would have lower bone mineral index as compared to controls 

and the decrease was related to the severity of PR. The second 

hypothesis was that children with pulmonary regurgitation also 

had decreased fat free body mass compared to controls, and the 

decrease was related to the severity of disease. The third 

hypothesis was that children with PR would have less bone 

mineral index than controls after height differences between 

the groups were taken into account. The results from this 

research will aid in understanding the physiology of these 

children and will contribute to an information base for their 

long term care. 

Research Design and Sample Selection 

This study was descriptive in nature utilizing both an 

interrelationship design and a comparative design. The body 

composition of PR subjects was compared to children of the 
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same age and sex without PR. For variables where differences 

between the two groups were shown, regression was used to 

identify the variables that predicted the differences between 

the groups (including the predictor variables: mild, moderate or 

severe PR). 

The sample was selected based on participation in a 

previous study NONINVASIVE ASSESSMENT OF HEMODYNAMIC 

RESPONSES TO EXERCISE IN PULMONARY REGURGITATION AFTER 

OPERATIONS TO CORRECT PULMONARY OUTFLOW OBSTRUCTION 

(33). University of Arizona Human Subjects Committee approval 

was obtained prior to testing (Appendix A). 

The subjects all have postoperative pulmonary 

regurgitation as determined by pulsed wave Ooppler 

echocardiography at rest (33). Pulmonary regurgitation has been 

previously described as the percent derived from pulmonary 

artery blood flow in the reverse direction divided by pulmonary 

artery blood flow in the forward direction (regurgitant mean 

velocity/forward mean velocity x 100) (33). Severity of 

pulmonary regurgitation (PR) was used to divide the subjects 

into three groups. Subjects with less than 40% regurgitation 

were designated as mild, 40-60% moderate and greater than 60% 

were considered severe (33). 

All subjects were contacted by telephone to explain the 

nature and purpose of the study, and to explain the scheduling 
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and testing procedures. Scheduling was arranged at the 

convenience of the subject and the subject's parents. Written 

informed consent was obtained prior to testing (Appendices B 

and C). Nineteen subjects were recruited for this study. 

Fourteen females and 5 males, representing three degrees of 

pulmonary regurgitation (mild, moderate, or severe), composed 

the group of youths with congenital heart disease (CHD). The 

distribution of subjects by sex and severity of pulmonary 

regurgitation (PR) is given in Table 1. Each subject was 

matched for age and sex using data from two previous studies, 

where extensive body composition assessment was made in 

children and youth (20,46). More than one control subject was 

found to match each PR subject (range = 2 to 7), therefore a 

mean value for all body size and composition variables was 

calculated from those who matched to arrive at the control 

values to compare with each PR subject. 

Values to match thirteen of the PR subjects were taken 

from a study conducted previously at the University of Arizona 

involving a validation of bio-electrical impedance measures in a 

sample of 95 obese and nonobese children (20). The remaining 

six PR subjects were matched with values taken from a study of 

the influence of maturational status on the relationship of 

various body composition methods in a large sample of children 

ranging from 7 to 18 years of age (46). 



3 5  

TABLE 1. DISTRIBUTION OF SUBJECTS BY SEX AND 
SEVERITY OF PULMONARY REGURGITATION 

Mild Moderate Severe TOTALS 

Female 6 4 4 

Male 1 3 1 

TOTALS 7 7 5 
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Data Collection 

This study involved the collection of the following data 

on all PR subjects: anthropometry, whole body bioelectrical 

impedance, densitometry, single photon absorptiometry, a 

physical examination, sexual maturation assessment and an 

activity assessment using an accelerometer and questionnaires. 

Data collection occurred during a single testing session 

lasting approximately 21/2 hours, and were completed between 

November 20, 1987 and March 15, 1988. All testing took place 

at the Exercise and Sport Sciences Body Composition Laboratory 

on the campus of the University of Arizona. 

Anthropometry 

Body weight, height, circumferences, skeletal widths 

and skinfold measurements were made on each subject. The 

measurement techniques are described below. The data 

collection sheet is reproduced in Appendix J. 

Body Weight The subjects were weighed shoeless in 

either shorts and tee shirt or a swim suit. An Accu-Weigh beam 

scale (Model 150 TK/A-58) was used to determine weight to the 

nearest 25 grams. 
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Height Each subject had standing height determined to 

the nearest centimeter. The child was asked to stand shoeless 

with his or her back to the wall on which a graded height scale 

was attached. The child was asked to exhale, and the measure 

established by use of a horizontal straight edge placed on the 

highest point of the child's head. 

Circumferences Abdomen and chest circumferences 

were determined using a steel retractable tape measure (Lufkin 

146 Me) with readings taken to the nearest tenth of a 

centimeter. Tension was adequate to maintain continuous 

contact with, but not depress the skin. Each measurement was 

made three times in sequence. 

Skeletal Widths Ankle, wrist and elbow widths were 

determined using a stainless steel bow caliper. The ankle 

measurements were made at the medial and lateral malleolus. 

The wrist width was measured at the styloid process, and the 

elbow was measured at the medial and lateral epicondyles of the 

humerus. 

Skinfolds Measurements of skinfolds were made at the 

triceps, subscapular, abdominal, thigh and medial calf sites 

with a Harpenden caliper. The sites were marked before 
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measurement and each site measured 3 times and the mean used. 

All sites were measured in series and then each series repeated 

two more times. The five skinfold measurement sites are 

described in Appendix H. 

Whole Bodv Bioelectrical Impedance 

Bioelectrical impedance (BIA) was measured using the 

BIA-Model 101 (RJL Systems, Detroit, Ml) to provide an indirect 

estimate of body water. The subjects lay horizontally on a 

measuring table and two adhesive electrodes were placed on 

each wrist and each foot. The wrist electrodes were placed on 

the distal prominences of the ulna and radius and on the distal 

metacarpals. The foot electrodes were placed between the 

medial and lateral malleoli on the dorsal surface of the ankle 

and the other at the distal metatarsals. Cables were then 

attached to the electrodes and to the impedance analyzer. A 

standard conduction current with a signal of 800 uA at 50 kHz 

was sent through the two injector electrodes by the analyzer 

and received by the detector electrodes, which sent the signal 

back to the analyzer. Right arm-right leg measurements were 

used with the impedance analyzer. The BIA data collection sheet 

appears in Appendix I. 

Resistance was measured by the RJL analyzer and used 

to predict total body water (total body water (liters) = 
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[(height2/resistance)x .653, intercept = 2.96]. Whole body 

resistance has been shown to correlate well with total body 

water (TBW)(r = .93, SEE = 2.09 It.) based on the data on 95 

children (20). 

Densitometry 

Densitometry was measured according to the procedures and 

methods outlined by Houtkooper (20) and Lohman, Slaughter, and 

Boileau (30). The subject was weighed underwater and residual 

volume measured in the kneeling position in the underwater 

weighing tank. Weight was recorded on a Hewlett-Packard Model 

1732A from 4 LVDT force transducers made by Daytronic Corp. 

(Midek 152A-25). The underwater weight was recorded just 

prior to measurement of the functional pulmonary residual 

volume at the end of a forced exhalation by the subject. 

Residual volume was measured by closed-circuit 02 dilution 

using an estimation of nitrogen equilibration on a Medical 

Sciences Model 505 Nitralyzer. 

The child entered the underwater weighing tank and was 

asked to expel all air from hair and clothing. Then a nose clip 

and breathing mouthpiece were provided. The subject then 

exhaled as much as possible and bent forward until totally 

submerged while kneeling on the weighing platform. Once a 

steady weight was obtained, the subject was switched to the O2 
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rebreathing system signalled to allow the head to come above 

the water surface. N2 equilibration was then recorded as the 

child was encouraged to inhale and exhale through the breathing 

apparatus. A minimum of 3 trials were obtained with 

underwater weights within +0.3 kg and recorded on the 

underwater weighing data collection sheet (Appendix K). 

Calculation of body density was made by the following 

formula: 

BWa 
Db = BWa-BWw - (VR + VGI) 

Dw 

BWa = body weight in air 
BWw = body weight in water 
Dw = water density 
VR = residual lung volume 
VGI = volume of the gastrointestinal tract (100ml) 

Single Photon Absorptiometry 

Bone mineral measurements were made by direct single 

photon absorption as specified by Lohman, Slaughter and Boileau 

(30) using a Lunar Bone Mineral Analyzer (Model SP1). 

Measurements were made at the site 1/3 of the distance 

proceeding from the styloid process of the wrist to the 

olecranon process. The child was seated and a tissue equivalent 

placed around the non-dominant forearm at the 1/3 site. The 
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forearm was then placed under the bone mineral analyzer 

stabilizer bar which was firmly tightened to minimize air 

spaces between the forearm and the tissue equivalent (31). As 

the child sat motionless, a bone scan was made of the radius and 

ulna and the data stored on a floppy disk for later analysis. 

A source of 1251 was focused into a narrow beam and 

passed across the ulna and radius. The signal was detected and 

sent to a single-channel analyzer to be counted. Calculation of 

bone mineral content was by the following formula: 

BMC (g/cm) = (log lo - log I) * K 

BMC = bone mineral content 
lo = beam intensity adjacent to the bone 

I = beam intensity in the bone 
K = calibration constant derived from bone ash 

Physical Examination and Assesment of Sexual Maturity 

A University Medical Center staff pediatrician conducted 

a physical examination to screen the general health of the child 

for participation in the study. An assessment of sexual 

maturation was also performed based on a modification of the 

Tanner scale (46). The Tanner scale was modified to four stages 

(prepubescent, pubescent, postpubescent and adult) of sexual 

development for males and females. For females, pubic hair, 

breast development and menarchal history were considered 
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while males were assessed for pubic hair growth, penis 

development and volume of testicles. The stage of sexual 

maturation was used in the selection of formulae and constants 

for estimating body composition. Lohman (27) has stated the 

importance of appropriate formulae and constants based on the 

chemical maturation and changing body composition of children 

from birth through adolescence. The Tanner scale was also used 

to match the PR subjects with control subjects who were also 

assessed for sexual maturity. 

Activity Assessment 

Questionnaire 

Activity and inactivity were assessed on the PR 

subjects only using questionnaires (Appendices D,E,F and G). The 

pre-activity questionnaire was answered by the subject one 

year prior to the body composition measurements. The post-

activity and MH questionnaires were completed by the subject at 

the time of the study. The PE-activity questionnaire was given 

to the subject to deliver to the subject's physical education 

instructor. The physical education teacher completed the 

questionnaire and returned it by mail. Evaluation of the 

questionnaires was done by assuming a higher activity level 

correlated with a higher number value for each answer. 



Accelerometer 

A Caltrac Personal Activity Computer (Hemokinetics, 

Inc., Vienna, VA) was used to estimate activity by caloric 

expenditure for the PR group. The accelerometer was worn on 

the belt or waist band during all waking hours except for time 

spent bathing or showering. The subject was given the device 

following the body composition testing, given instructions on 

its use, and then asked to wear the accelerometer for three 

consecutive days (one weekend day and two week days). At the 

end of the three day period, the subject was contacted by 

telephone and asked to read the caloric expenditure from the 

accelerometer display. 

Data Analysis 

A paired t-test was used to compare the PR with their 

matched control subject for the body composition variables. 

Regression analysis was used to analyze the data for a group 

effect (PR vs. control) after covarying out the height difference 

between the groups. Multiple regression analysis was used to 

analyze the relationship of group membership, sex, age and the 

sum of skinfolds with body density. This analysis allowed a 

comparison of the group effect of PR or control on body density 

after accounting for sex, age and the sum of skinfolds. Multiple 
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regression was also used to analyze the effects of the severity 

of PR (mild, moderate or severe) and height on body composition 

Correlational analysis with the PR subjects was used to 

find which questions from the activity questionnaires were 

related to the body composition variables and estimates. 

Correlation analysis was also used to test for the relationship 

of the accelerometer readings to body composition. Regression 

was used for analyzing the relationship between several of the 

body composition variables and the accelerometer readings. 
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CHAPTER 4 

RESULTS 

Body Composition Comparing Pulmonary 

Regurgitant Subjects to Controls 

Body composition variables were analyzed first to see if 

the two groups (PR and control) were different. Since height 

differences between the two groups were found, the data were 

statistically adjusted to account for these differences. A 

multiple regression analysis was used to look for the 

relationship of several PR subject variables and body density. 

An analysis of the relationship of height differences and PR 

severity was done also using multiple regression. The last 

section of the results was done to examine the relationship of 

the PR subjects' body composition and activity assessment by 

questionnaires and accelerometer. 

The data were first analyzed comparing the pulmonary 

regurgitant (PR) and control groups using a paired t-test. Tables 

2, 3 and 4 show the means, standard deviations and t ratios for 

the descriptive data, anthropometric measures, and measured 

and calculated body composition values. 
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TABLE 2. ANTHROPOMETRIC DATA FOR CONTROL 
AND PULMONARY REGURGITANT GROUPS 

VARIABLES PULMONARY AGE and SEX T RATIO 
REGURGITANT MATCHED 

SUBJECTS CONTROLS 

AGE (yr) 11.9 ± 2.6 11.9 ± 2.5 - 0 . 1 3  

MATURATION LEVEL- 1.79 ± 0.86 1.95 ± 0.77 2 . 1 6  

HEIGHT (cm) 142.6 ± 15.2 1 4 9 . 7  ± 1 1 . 2  - 3 . 2 8 *  

WEIGHT (kg) 40.9 ± 15.6 42.5 ± 9.6 - 0 . 5 6  

BODY MASS INDEX (kg/m2) 19.4 ± 4.1 18.7 ± 2.4 0 . 6 1  

CHEST CIRCUMFERENCE (cm) 72.8 ±11.5 74.5 ± 7.0 - 0 . 9 1  

ABDOMINAL CIRCUMFERENCE (cm) 6 4 . 6  ± 1 1 . 4  62.8 ± 4.9 0 . 7 4  

TRICEPS SKINFOLD (mm) 15.9 ± 6.8 14.7 ± 3.4 0 . 6 7  

SUBSCAPULA SKINFOLD (mm) 11.8 ± 8.2 8.7 ± 3.0 1 . 5 8  

ABDOMINAL SKINFOLD (mm) 12.8 ± 6.9 13.0 ± 6.7 - 0 . 0 7  

THIGH SKINFOLD (mm) 21.1 ± 8.7 19.2 ± 5.6 0 . 7 7  

CALF SKINFOLD (mm) 12.8 ± 6.1 13.7 ± 3.7 - 0 . 5 2  

SUM OF FIVE SKINFOLDS (mm) 74.5 ± 31.9 69.2 ± 20.2 0 . 6 0  

Mean values ± standard deviations 
Asterisks (*p<.05) denote differences between the groups using a paired t-test 
• Paired comparison using Chi-square analysis 
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TABLE 3. BONE VARIABLES FOR PR AND CONTROL GROUPS 

BONE VARIABLES PULMONARY AGE and SEX T RATIO 
REGURGITANT MATCHED 

SUBJECTS CONTROLS 

ELBOW WIDTH (cm) 5.0 ± 0.4 5.8 ± 0.3 -0 .87*  

WRIST WIDTH (cm) 4.1 ± 0.4 4.7 ± 0.2 - 6 . 5 7 *  

ANKLE WIDTH (cm) 5.7 ± 0.4 6.3 ± 0.3 - 5 . 0 5 *  

RADIUS BONE MINERAL 
CONTENT (gm/cm) 0.53 ± 0.14 0.62 ± 0.11 - 4 . 0 7 *  

RADIUS WIDTH (cm) 1.10 ± 0.13 1.07 ± 0.12 1 .01  

RADIUS BONE MINERAL 
INDEX (g/cm2) 0.48 ± 0.09 0.58 ± 0.05 -6 .23*  

Mean values ± standard deviations 
Asterisks (*p<.05) denote differences between the groups 
using a two tailed paired t-test 
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TABLE 4. BODY COMPOSITION VARIABLES FOR 
CONTROL AND PR GROUPS 

BODY COMPOSITION PULMONARY AGE and SEX T RATIO 
VARIABLES REGURGITANT MATCHED 

SUBJECTS CONTROLS 
FAT FREE BODY FROM 
SKINFOLDS (kg) 31.8 ± 9.9 34.5 ± 6.7 -1 .42  

FAT FREE BODY FROM DENSITY 
WATER & BONE (kg) 31.4 ± 8.5 33.9 ± 6.9 -1 .50  

RESISTANCE INDEX 30.9 ± 9.4 35.4 ± 5.4 -2 .72*  

TOTAL BODY WATER (L)» 22.9 ± 6.1 25.8 ± 4.6 -2 .11  *  

BODY DENSITY (g/cm3) 1.0492 ± 0.0290 1.0417 ± 0.0130 0.94 

RESIDUAL VOLUME (L) 1.49 ± 0.52 1.02 ± 0.28 3 .17*  

UNDER WATER WEIGHT (kg) 2 .33  ±1 .14  1.16 ± 0.73 3 .56*  

% FAT FROM SKINFOLDS 19.9 ± 8.3 18.2 ± 4.5 0 .78  

% FAT FROM DENSITY, 
WATER & BONE 19 .6  ±11 .9  19.8 ± 5.2 -0 .05  

Mean values ± standard deviations 
Asterisks (*p<.05) denote differences between 
the groups using a two tailed paired t-test 
•total body water calculated from resistance index 



4 9  

The groups were of similar age, body weight, body mass 

index, circumferences and skinfolds (Table 2). A matched pair 

analysis using a Chi-square statistic showed that PR subjects 

had a lower (not statistically significant) value for 

maturational status assessed by a modified Tanner scale (1.79 

vs. 1.95). The PR subjects were not as heavy (40.9 kg) as the 

control group (42.6 kg) but the difference was not statistically 

significant. A comparison of the skinfold values show 3 out of 5 

sites slightly higher for the PR group, as well as the sum of five 

skinfolds, but no significant differences between groups were 

found. The PR group was not as tall as the control group (142.6 

cm and 149.74 cm) and this difference was significant at the 

p<.05 level. 

PR subjects also had significantly smaller values than 

controls for skeletal widths at the elbow (5.0 cm vs. 5.8 cm), 

wrist (4.1 cm vs. 4.7 cm) and ankle (5.7 cm vs. 6.3 cm, Table 3). 

The two groups were not significantly different for radius width 

but were different for radius bone mineral content (PR group = 

.53 g/cm and control group = .62 g/cm). Radius bone mineral 

index calculated from radius bone mineral content divided by 

radius width was less for the PR group (.48 g/cm2) than the 

control group (.58 g/cm2> Table 3). 

The PR group had a group mean less than that of controls 

for resistance index (30.9 cm2/ohm vs. 35.4 cm2/ohm) and 
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calculated total body water from Bio-electrical impedance (BIA) 

(22.9 L vs. 25.8 L, Table 4). Body density was not statistically 

different for the two groups but the PR group mean was larger 

(1.0492) than that of the control group (1.0417). Significant 

differences between the two groups were found for residual 

volume and underwater weights. The PR subjects residual 

volume group mean was 1.49 L while the control group mean was 

1.02. The underwater weight mean of the PR subjects was 2.33 

kg and for the control group, 1.16 kg. (Table 4). The mass of the 

fat-free body was lower for the PR group when calculated from 

each of the above three methods. 

Calculated body composition values are also included in 

Table 4 and reveal no statistically significant differences 

between the two groups. Body fat percentage determined by 

skinfolds was higher (19.9% vs. 18.2%) in the PR group, but 

slightly lower when calculated from a combination of body 

density, body water and bone (19.6% vs. 19.8%). A regression 

analysis was carried out using height and subject category (PR 

or control) as predictors of selected variables. These 

regression equations are presented in Appendix M Since the PR 

group was significantly shorter in stature, the regression 

coefficients of height from these regression equations were 

used to adjust the group means. This allowed an examination of 

the influence of group membership on these variables 



controlling for the height difference. The adjusted means are 

listed in Table 5. 

The skeletal width measures remain statistically 

different for the two groups after adjusting for height. 

Although radius bone mineral content was not statistically 

different for the groups, radius width and the resultant 

calculation of bone mineral index was significantly different at 

the p£.05 level (PR = .50 g/cm2 and control = .56 g/cm2). Figure 

4 illustrates the differences between the two groups in bone 

mineral index before adjusting for height differences between 

the two groups, and after adjusting for height, the difference in 

bone mineral index remains. 

Resistance index and calculated total body water were 

not different between the two groups after accounting for the 

differences in height, although as before adjusting for height, 

the PR group had significantly lower values for both variables. 

Similarly, body density, % fat from body density, % fat from 

body density, water and bone, and the calculated fat-free body 

mass values from skinfolds, body density and density, water and 

bone, were not different. However, % fat calculated from 

skinfolds after adjusting for height was significantly higher for 

the PR group (21.0%) than for the control group (17.1%). 

A multiple regression analysis was used to predict body 

density from subject category (pulmonary regurgitant or 
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TABLE 5. BODY COMPOSITION MEANS ADJUSTED FOR HEIGHT 
FOR PR AND CONTROL SUBJECTS 

BODY COMPOSITION PULMONARY AGE AND SEX T RATIO 
VARIABLES REGURGITANT MATCHED 

SUBJECTS CONTROLS 

ELBOW WIDTH (cm) 5 .0  5 .8  7 .9 *  

WRIST WIDTH (cm) 4 .2  4 .6  6 .3 *  

ANKLE WIDTH (cm) 5 .8  6 .2  4 .6 *  

RADIUS BONE MINERAL 
CONTENT (gm/cm) 0 .56  0 .59  1 .4  

RADIUS WIDTH (cm) 1 .126  1 .054  2 .3*  

RADIUS BONE 
MINERAL INDEX (g/cm2) 0 .50  0 .56  4 .3*  

RESISTANCE INDEX 33 .0  33 .4  0 .4  

TOTAL BODY WATER (L)« 24 .2  24 .6  0 .5  

BODY DENSITY (g/cm3) 1 .0475  1 .0435  0 .6  

FAT FREE BODY FROM 
SKINFOLDS (kg) 32 .5  33 .9  1 .1  

FAT FREE BODY FROM DENSITY 
WATER & BONE (kg) 32 .5  33 .4  1 .7  

% FAT FROM SKINFOLDS 21 .0  17 .1  2 .2 *  

% FAT FROM DENSITY, 
WATER & BONE 20 .8  18 .6  0 .8  

Asterisks (*p<.05) denote differences between the 
groups using a two tailed paired t-test 

•total body water calculated from resistance index 
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FIGURE 4: BONE MINERAL INDEX OF PR AND CONTROL GROUPS 

UNADJUSTED ADJUSTED 
FOR HEIGHT FOR HEIGHT 

*p<.05 
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control), sex, age and the sum of five skinfold sites. Two 

subjects were omitted from each group due to technical 

problems in predicting body density from hydrostatic weighing 

in the PR group. Therefore, the controls for these two subjects 

were omitted from this analysis as well. The adjusted R-

squared value for the regression was .62 with a standard error 

of estimate of .009 g/cm3. Age and sex were not significant 

predictors of body density but the F-values of subject category 

(7.2) and sum of five skinfolds (54.7) were significant. The 

regression table (Table 6) shows the partial regression 

coefficients of each predictor. The partial regression 

coefficients of subject category (.0042) was used to determine 

its influence on body density holding sex, age and sum of 

skinfolds constant. This value was used to obtain an adjusted 

body density for the two groups (PR body density = 1.049 g/cm3 

and control body density = 1.041 g/cm3). These results show the 

PR group to have significantly higher body density for a given 

skinfold thickness. 

Multiple regression analysis was used to examine the 

contribution of the severity of pulmonary regurgitation (mild, 

moderate or severe) and height difference (control minus PR) to 

predict the differences in body composition between the two 

groups (PR and control). Tables 7,8 and 9 show the the results 
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TABLE 6. MULTIPLE REGRESSION OF BODY DENSITY ON AGE, 
SEX, SUBJECT CATEGORY AND SUM OF SKINFOLDS 

Multiple Regression Vith 4 Independent Variables 

Variable: Regress.Coeff•: Std. Err.: Std. Value: t-Value: 
INTERCEPT 1.066 
AGE .001 .0008 .194 1.45 
SEX • -.001 .0012 -.132 1.02 
SUB CAT tt .0042 .0016 .288 2.68* 
SKFLD 5 SUM .0005 .00006 -.86 7.39* 

t sex category : male, female 
tt subject category : PR, control 
* pi .05 
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TABLE 7. REGRESSION^ USING PR SEVERITY AND HEIGHT 
TO PREDICT ANTHROPOMETRIC DIMENSIONS 

VARIABLES REGRESSION COEFFICIENTS 

PULMONARY 
REGURGITATION 

SEVERITY 

HEIGHT 
DIFFERENCE 

BETWEEN GROUPS 

HEIGHT 

WEIGHT 

BODY MASS INDEX 

CHEST CIRCUMFERENCE 

ABDOMINAL CIRCUMFERENCE 

TRICEPS SKINFOLD 

SUBSCAPULA SKINFOLD 

ABDOMINAL SKINFOLD 

THIGH SKINFOLD 

CALF SKINFOLD 

.14  

.14  

.26 

.20 

. 15  

.59  *  

.50  *  

.49  *  

. 46  *  

. 47  *  

.73  *  

.45  

.63  *  

.40  

.45  *  

.10  

.48  *  

.56  *  

.49  *  

* denotes significance at the p<.05 level 
t independent variables: mild PR (1), moderate PR (2), severe PR (3), 



5 7  

TABLE 8. REGRESSION ANALYSISf WITH PR SEVERITY AND HEIGHT 
DIFFERENCES TO PREDICT BONE VARIABLES 

VARIABLES REGRESSION COEFFICIENTS 

PULMONARY HEIGHT 
REGURGITATION DIFFERENCE 

SEVERITY BETWEEN GROUPS 

ELBOW WIDTH .13 

WRIST WIDTH - .18 

ANKLE WIDTH .10 

RADIUS BONE MINERAL CONTENT . 0 7 

RADIUS WIDTH .28 

RADIUS BONE MINERAL INDEX - .13 

.48  *  

.65  *  

.73  *  

.60 * 

.26 

. 57  *  

* denotes significance at the p<.05 level 
t independent variables: mild PR (1), moderate PR (2), severe PR (3), 

height difference (control - PR) 
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TABLE 9. REGRESSIONf USING PR SEVERITY AND HEIGHT 
DIFFERENCES TO PREDICT BODY COMPOSITION 

VARIABLES REGRESSION COEFFICIENTS 

PULMONARY HEIGHT 
REGURGITATION DIFFERENCE 

SEVERITY BETWEEN GROUPS 

RESISTANCE INDEX -.32* .73 * 

TOTAL BODY WATER • - .03 .84 * 

FAT FREE BODY FROM SKINFOLDS -.09 .76 * 

BODY DENSITY - .09 - .33 

FAT FREE BODY FROM DENSITY 
WATER & BONE .07 .87 * 

% FAT FROM SKINFOLDS .62* .37 

% FAT FROM DENSITY, WATER & BONE .26 .28 

* denotes significance at the p<.05 level 
• total body water estimated from resistance index 
t independent variables: mild PR (1), moderate PR (2), severe PR (3), 

height difference (control - PR) 
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of these regressions with significant (p^.05) contributions to 

the prediction equations. 

Table 7 shows the descriptive variables and 

anthropometry. Severity of PR did not contribute significantly 

to the difference in height, weight, body mass index or body 

circumferences between the two groups. PR severity did 

significantly contribute to the prediction of all of the skinfold 

variables and the positive regression coefficients show that 

more severe PR was related to larger skinfold thicknesses. The 

height difference between the groups was a significant 

predictor of body weight, chest circumference and four of the 

five skinfolds. 

The severity of PR did not contribute to the differences 

shown in bone variables (Table 3). However, the height 

difference of the two groups contributed significantly to all of 

the measured bone variables except for radius width. Table 8 

lists the bone variables and the partial regression coefficients 

of PR severity and height difference. 

Table 9 shows the significant contribution of PR 

severity to the difference in % fat determined by skinfolds. PR 

severity was not a significant predictor of any of the other 

measured or calculated body composition variables shown in the 

table. The height difference of the two groups contributed 

significantly to the differences in resistance index, total body 
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water, fat-free body determined by skinfolds, fat-free body 

determined by hydrostatic weighing and fat-free body 

determined by density, water and bone. 

Body Composition and Activity Level Assessment 

Body Composition and Questionnaires 

Several measured and calculated body composition 

variables were correlated with activity questionnaires to 

examine the relationship of the activity level of the PR group 

with their body composition. A table of the correlations of body 

composition and individual questions is presented in Appendix N. 

An activity index was determined by averaging an individual 

subject's scores for the activity questions. (Note: Scores were 

based on a continuum 1= high activity, 5 = low activity). 

The correlation of body mass index and activity index 

was significant and negative, but the relationship to the 

inactivity index was not significant (Table 10). Percent fat 

determined by skinfolds was also significantly correlated with 

the activity index (-.49), but fat-free body mass determined 

from skinfold and body weight was not significantly correlated 

to the activity or inactivity indexes. Resistance index was 

negatively correlated with the activity index (-.43) but did not 
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TABLE 10. CORRELATIONS OF ACTIVITY INDEXES AND 
BODY COMPOSITION VARIABLES 

Variable Activity Index Inactivity Index 

BODY MASS INDEX -  .50  *  . 12  

RESISTANCE INDEX -  .43  .33  

TOTAL BODY WATER* -  .27  .29  

ULNA WIDTH -  .29  -  . 15  

ULNA BONE MINERAL INDEX -  .39  .35  

RADIUS BONE MINERAL CONTENT -  .40  .30  

RADIUS WIDTH -  .41  .07  

RADIUS BONE MINERAL INDEX -  .32  .36  

ULNA BONE MINERAL CONTENT -  .42  .25  

BODY DENSITY .10  -  . 04  

RESIDUAL VOLUME -  .39  .13  

FAT FREE BODY FROM SKINFOLDS -  .32  .24  

FAT FREE WEIGHT FROM BODY DENSITY -  .44  .29  

FFB FROM DENSITY, WATER & BONE -  .27  .27  

% FAT FROM SKINFOLDS 

*
 

o> 1 . 14  

% FAT FROM BODY DENSTIY -  .19  .01  

% FAT FROM DENSITY, WATER & BONE -  .40  .09  

*p<.05 
* total body water estimated from resistance index 
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achieve statistical significance. Likewise, total body water 

calculated from BIA was neither significantly correlated with 

the activity or inactivity indexes. 

Radius bone mineral content, radius width and ulna bone 

mineral index had negative correlations with the activity index 

that approached statistical significance. Similarly, fat-free 

body mass determined by body density correlated negatively (r = 

-.44) but was not significant at the p<.05 level. 

Body Composition and an Accelerometer 

Accelerometer values of activity were correlated with 

selected body composition variables for the PR group and tested 

for significance at the p£.05 level. The larger the accelerometer 

index, the more calories expended in activity. Body mass index 

demonstrated a correlation of .44 showing a positive but 

insignificant relationship with the accelerometer reading (table 

value of .4555 required for significance). Although % fat 

determined from skinfolds did not show a significant 

relationship with the accelerometer, fat-free body as 

determined by skinfolds showed the highest relationship (.64) of 

the variables presented in Table 11. Resistance index and total 

body water were both significantly related to the accelerometer 

index (.59 and .57 respectively). Radius bone mineral content 

and radius bone mineral index also correlated positively and 
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TABLE 11. CORRELATIONS OF ACCELEROMETER AND 
BODY COMPOSITION VARIABLES 

VARIABLES ACCELEROMETER ACTIVITY INDEX 

RESISTANCE INDEX .73* 

TOTAL BODY WATER • .57* 

RADIUS BONE MINERAL CONTENT .55 * 

RADIUS WIDTH .29 

RADIUS BONE MINERAL INDEX .63 * 

BODY DENSITY - .19 

RESIDUAL VOLUME .46 * 

BODY MASS INDEX .44 

FAT FREE BODY FROM SKINFOLDS . 78 * 

FAT FREE WEIGHT FROM BODY DENSITY . 63 * 

FFB FROM DENSITY, WATER & BONE .71* 

% FAT FROM SKINFOLDS . 2 6 

% FAT FROM BODY DENSTIY .22 

% FAT FROM DENSITY, WATER & BONE .34 

*p<.05 
•total body water estimated from resistance index 
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were significant (p<.05). Residual volume (.46), fat-free body 

mass from body density (.63), and fat-free body mass from 

density, water,and bone (.59) also were significantly correlated 

with the accelerometer index. 

Regression analysis was used to determine the 

association of the accelerometer index readings with selected 

body composition variables. The accelerometer activity index 

was significantly correlated with radius bone mineral index (r = 

.63, SEE = .071) (Figure 5). Over 50% of the variability in the 

fat-free body determination by density, water and bone can be 

accounted for by the accelerometer index (Figure 6). The 

regression of resistance index and the accelerometer showed a 

significant correlation of .73 (SEE = 6.77) (Figure 7) and fat-

free body determined by skinfolds (Figure 8) correlated the most 

highly with the accelerometer reading (r = .78, SEE = 6.4). 

The accelerometer mean values for each group of PR 

severity were mild = 1173, moderate = 1175, and severe = 975. 

A negative correlation (r= -.14) was found between the severity 

of PR (mild, moderate, severe) and the accelerometer readings. 
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FIGURE 5: PREDICTION OF RADIUS BONE MINERAL 

INDEX USING AN ACCELEROMETER 

.65. 

.45. 

.4. = 1.15E-4X+ .36 , r = .63 

.35 
400 800 1000 1200 1400 1600 1800 2000 2200 

CALTRAC ACTIVITY INDEX 



6 6  

FIGURE 6: PREDICTION OF FAT FREE BODY FROI1 

BODY DENSITY WATER & BONE USING AN ACCELERONETER 
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FIGURE 7: PREDICTION OF RESISTANCE INDEX 
USING AN ACCELEROMETER 
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FIGURE 8: PREDICTION OF FAT FREE BODY FROM 
SKINFOLDS USING AN ACCELEROMETER 
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CHAPTER 5 

DISCUSSION 

This study was designed to compare the body 

composition of children with congenital heart disease and 

residual pulmonary regurgitation. The major hypotheses of this 

study were that PR subjects had a decreased fat free body mass 

(FFB) and bone mineral index (BMI) compared to healthy sex and 

age matched controls, and the decreased FFB and BMI were 

related to the severity of pulmonary regurgitation. The data 

presented in the previous chapter demonstrated similar 

maturation, anthropometric measures, percent fat and fat-free 

body mass determined by hydrostatic weighing or a combination 

of body density, body water and bone mineral content. The two 

groups were found to be different in height and total body water 

determined by bio-electrical impedance, skeletal widths and 

bone mineral index. After adjusting the data for the differences 

in height, the groups were still different for skeletal widths and 

bone mineral index. An activity accelerometer correlated well 

with the body composition differences within the PR group, but 

self-reported questionnaires did not. 
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Body Composition Comparisons of PR and Control Groups 

The design of the study controlled for age and sex to 

insure that comparisons of the groups would not be influenced 

by these factors (27,9). The PR subjects were of similar 

maturation as assessed by the modified Tanner scale (46). This 

finding differs from that of Rosenthal and Castaneda (43) who 

reviewed literature concerning the growth and development of 

children with CHD. These authors reported growth and 

maturation delays of as much as two years compared to 

controls, however, the largest delays were reported in 

adolescent boys. The young ages and small number of boys in the 

PR group may have contributed to these insignigicant 

differences between the PR and control groups. Although the PR 

group weighed less than the control group (40.9 kg vs. 42.6 kg), 

the difference was not significant. This differs from the 

results of Bayer et al. (5), who reported low body weights in 

children with CHD (note: Bayer et al. did not match their controls 

for maturation), but is consistent with the findings of Mehrizi 

and Drash (35), who found insignificant differences in body 

weight compared to normal children. Previous studies have 

described height decrements in children with CHD 

(1,2,5,9,35,43). The group mean for height of children with PR 



was 7.2 cm less than the mean for the age and sex matched 

control group (significant at the p<.05 level). A comparison of 

the PR subjects to national normative data of the 50th 

percentile for children (18) matched for age and sex, showed the 

PR group was shorter (142.6 cm. vs. 148.7 cm) in stature. 

Information concerning parental heights of the PR subjects was 

not available to test the alternative hypothesis that the PR 

subjects were born from parents who were below national 

norms for stature. 

Body circumferences were not significantly different 

between the two groups with the PR group having a slightly 

smaller chest circumference (possibly due to the height 

difference or as a result of open chest surgery) and a slightly 

larger abdominal circumference, even though the group mean for 

the abdominal skinfold was smaller for the PR group. 

The two groups were not significantly different in 

skinfolds. The PR group had larger group means for the triceps, 

subscapula and thigh skinfolds, while the control group had 

larger means for the abdominal and calf skinfolds. The PR group 

had a larger sum of the five skinfolds (74.5 ± 31.9 vs. 69.2 ± 

20.2) and a larger variability than controls. Since the skinfold 

mean was higher for the PR group, this resulted in a larger 

percent fat calculation (19.9% vs. 18.2%). When adjusted for 

height (Table 5), this difference was significant at the p<.05 
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level. This finding is consistent with the work of Lambert et 

al., who measured skinfold thicknesses at four sites and found 

that boys were leaner and girls were fatter when compared to 

healthy controls (25). Since most of the children in this study 

were females (14 of 19), these results are similar considering 

that Lambert's group did not control for height differences. 

Fat-free body mass estimated from skinfolds was lower 

in the PR group, but the difference was not significant. An 

analysis of Lambert's data showed less percent fat and less body 

weight in children with CHD compard to controls (25). 

Calculating FFB from body weight minus fat weight, the CHD 

patients in Lambert's study had less lean body weight than the 

controls, which is consistent with the results of this 

investigation. 

Regression analysis was used to determine the 

relationship of fat-free body mass estimated by skinfolds, and 

from body density, body water and bone mineral content. The 

category of PR contributed significantly to the prediction of 

radius bone mineral index, even after adjusting for the 

differences in height (Figure 4), and therefore the hypotheses 

that the two groups were different for bone mineral index was 

accepted. 

Regression analysis was used to look within the PR 

group for the relationship of PR severity to several body 
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composition variables. Since the height difference between the 

two groups was significant, calculated height difference was 

also included as an independent variable. Height differences 

between the two groups contributed to the differences between 

the two groups for many of the body composition variables 

(Tables 7,8 and 9). However, the severity of pulmonary 

regurgitation (mild, moderate or severe) was only significantly 

related to the differences between the two groups concerning 

skinfolds (Table 7) and % fat from skinfolds (Table 9). Severity 

of PR was not significantly associated with the differences in 

fat-free body determination from skinfolds,or from body 

density, water and bone (Table 9). PR severity also did not 

contribute to the differences in bone mineral index. Based on 

these results, the hypothesis that the severity of PR was 

related to the decreased FFB and bone mineral index in the PR 

group was rejected. Because of the small number of males in 

the mild and severe PR groups, we cannot detect whether the 

differences between the PR and control groups is related to the 

sex of the PR subjects. 

The BIA impedance measures and total body water 

calculations were lower for the PR group, and contributed to the 

differences in the determination of % fat and FFB from the Db, 

water and bone formula. Mellits and Cheek used deuterium oxide 

(D20) dilution to predict total body water (TBW) in CHD children 
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and normals (34). In both groups TBW increased linearly with 

weight and a quadratic relationship was expressed for height. 

However, when healthy children of the same age were compared, 

the children with CHD showed less TBW for height and weight. 

Considering that children with congenital heart defects are 

smaller than their age matched normals, Mellits and Cheek 

reanalyzed their data controlling for height and found no 

differences. Similarly, after adjusting the data in this study for 

height (Table 5), the differences between the groups were not 

significant but the PR group still had less total body water and 

less FFB mass. With the adjustment for height, % fat 

determination using this method made the PR group appear 

fatter than controls (20.8% vs. 18.6%). These results are also 

similar to those of Cheek (9), who found less lean tissue (and 

less fat in males) in children with congenital heart disease 

using 40K measurements and total body water (TBW). 

The skeletal width measures were significantly less for 

the PR group at all three measured sites (ankle, wrist, and 

elbow). Even after adjusting for the height differences, the PR 

group had significantly larger values, demonstrating a larger 

frame as determined by these limb dimensions. This is also 

consistent with the larger chest circumference and height in the 

control group. A shoulder width measurement adjusted for 
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height would have been helpful in determining a frame size 

difference and should be considered for future work. 

A difference in radius width determined by single-

photon absorptiometry, was noted, but showed a slightly larger 

radius width for the PR group. This finding is unexpected 

considering the smaller skeletal widths determined by 

anthropometry for the wrist and elbowof the PR group. Even 

though the absorptiometer determined width difference between 

the two groups was only 0.3 cm., the PR group would be expected 

to have a smaller radius width based on the other bone data. 

Possibly, the control data, collected by different investigators 

(and a different absorptiometer in one case), may have 

contributed to this finding. Nice and Daves (40) reported an 

increased medullary cavity of the bones of children with CHD, 

even though their x-ray determined bone density was less than 

that of controls. However, the reason for these results in this 

study remains unexplained. 

The differences in FFB were possibly influenced by the 

difference in skeletal dimensions. White and coworkers 

reported retarded skeletal maturation and a decreased bone 

width in 75 adolescent CHD patients between 12 and 19 years of 

age compared to normals.(52). These measurements were also 

from the limb and are consistent with the results of this 

investigation. 
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Bone mineral content and bone mineral index were 

significantly decreased in the PR group when compared to the 

normals (Table 3, Figure 4) and the difference in bone mineral 

index remained after adjusting the values for height (Table 5, 

Figure 4). White et al. (52) reported that the medullary cavity of 

metacarpal bones was increased while the cortex and overall 

bone width was decreased compared to normals, suggesting a 

lower density. Nice, Daves and Wood also described cortical 

"thinning" and an increase in the medullary cavity of patients 

with severe CHD (40). The findings of these three studies 

suggest a significant difference in the bones of children with 

CHD, however the etiology of these differences is not known. 

Cheek (9) suggested intrauterine growth and mitotic division 

deficiencies, and malnutrition might be responsible for 

decreased fat and muscle in children with heart disease, but he 

made no investigation concerning bone. Activity is known to 

affect bone formation, maintenance and turnover rates (44) and 

it can be hypothesized that the decreased exercise capacity of 

the PR group (33) may have affected their activity levels as 

well. The accelerometer values of present activity level (Table 

11) correlated (r = .59) with bone mineral index. This 

relationship indicates that higher activity levels estimated by 

an accelerometer, were associated with higher bone mineral 

index values in the PR group. 
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The multicomponent approach of using body density, body 

water and bone mineral to calculate percent fat (27), showed 

the PR subjects to be slightly leaner than the controls (19.6% vs. 

19.8%). Values of fat percentage for both groups calculated 

from skinfolds were similar but slightly larger than the 

multicomponent approach for the PR group (19.9%) and lower for 

the control group (18.2%). The body density (Dt>) measurements 

from hydrostatic weighing showed a larger Db (1.0492 vs. 

1.0417) for the PR subjects than the controls. This difference, 

though not significant, was surprising in that the PR subjects 

would be expected to have a lower body density than the 

controls due to their lower bone mineral and similar fat 

percentages. Technical errors with the hydrostatic weighing 

system may have produced larger body density measures in the 

PR group. Two subjects (one very lean and the other a higher 

percent fat) had body density values that were questionable. 

However when these two subjects were omitted from the 

analysis, the body density values changed only slightly. 

The PR and control subjects appeared to be very similar 

in FFB and % fat determined by the body density, body water and 

bone mineral approach to estimations of body composition. 

Lohman (28), Slaughter et al. (46) and Fomon et al. (15) have 

described the significant differences in body composition 

between males and females, and the changes in body composition 
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that occur with aging and maturation, in this sample of PR 

subjects, these age and sex influcences on body composition 

could not be separated out because of the sample distribution. 

The small number of boys and their young ages prevented an 

analysis of separating out the effects of sex and age in the PR 

group. 

Body Composition and Activity Level Assessment 

Body Composition and Questionnaires 

The use of questionnaires in this study did not reveal 

high correlations with the measured body composition variables. 

It was expected that the questionnaires might differentiate the 

activity level among children, and be associated with body 

composition. However, when tested for significance, only body 

mass index (r = -.50) and percent fat (r = -.49) showed a 

significant relationship to present activity level. The 

correlations for resistance index, radius width, ulna bone 

mineral content, and FFB determined by body density (Table 10) 

approached, but were not statistically significant. 

The results of the questionnaires might be attributed to 

the PR children's subjective interpretation of the questions or 
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to the validity of the questions themselves and the small sample 

size increases the probability of making a Type II error. To 

estimate present activity assessment by questionnaire is 

difficult because of the difficulty in obtaining an adequate 

criterion measure (38,50). Also, physical activity history, 

which was not available on the children in this study, is an 

important contributor that might not be highly correlated with 

recent activity levels. 

Body Composition and an Accelerometer 

The Caltrac accelerometer activity index correlated 

significantly with many of the body composition variables used 

in this study (Table 11). Especially interesting to this study 

were the radius bone mineral index (r = .59), FFB from skinfolds 

(r = .64), and FFB from density, water and bone (r = .59). These 

results showed that the higher the activity index for three days 

on the accelerometer, the higher the radius bone mineral index 

and fat-free body estimations. This suggested an association 

between activity level and these body composition variables. 

Unfortunately, the accelerometer was not used with the control 

group and prevented comparison of the two groups. Even though 

the mild and moderate groups of PR subjects had higher 

accelerometer readings than the severe group, a non-significant 
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correlation between severity of PR and the accelerometer was 

found. 

The use of the accelerometer to assess physical activity 

in children has been limited (24,38,37), but Montoye (37) has 

reported moderate results with the instrument and the need for 

further validation studies. This study was the first to use this 

instrument with a population of children with congenital heart 

disease, and should stimulate further investigation into this and 

other special populations with possible limited activity and 

exercise. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

This study was designed to provide information about 

the body composition of a special population. Nineteen children 

and adolescents with surgically corrected congenital heart 

defects and residual pulmonary regurgitation (PR) were tested 

for body composition and activity level. This descriptive study 

compared the PR subjects with age- and sex-matched controls. 

The control data were collected in two previous studies (20,46). 

Children with congenital heart disease have previously 

been shown to have differences in % fat and fat-free body mass 

(9,10) when compared to controls. Exercise training has been 

shown to affect the body composition of children by decreasing 

% fat (8,39), increasing muscle mass (6,8), and increasing bone 

mass (44,53). Since the children in this study had previously 

(33) been found to have a lower maximal exercise capacity than 

a control group, it was hypothesized that: 1. these subjects 

would have less fat-free body mass and less bone mineral 

indexed for skeletal width than control subjects, 2. the 

decreases in these two variables were related to the severity of 

PR, and 3. Children with PR would have less bone mineral index 
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than controls after height differences between the groups were 

taken into account. 

Body composition tests included anthropometry 

(skinfolds, skeletal widths, circumferences), bio-electrical 

impedance (for estimation of total body water from resistance 

index), hydrostatic weighing, bone mineral content from single 

photon absorptiometry, and an assessment of maturational 

status on both PR and control subjects. The assessment of 

activity level was made by several self-reported questionnaires 

and a single-plane accelerometer worn for three days on the PR 

group only. 

Statistical analysis included paired t-tests to compare 

the measured and calculated body composition variables, 

correlational analysis of body composition and activity level 

assessment, and regression analysis to control for differences 

in stature. Regression analysis was also used to examine the 

contribution that the severity of pulmonary regurgitation might 

have on body composition. The association of activity level 

(assessed by questionnaire and accelerometer) and body 

composition variables was analyzed using correlation analysis. 

Summary of Results 

This study found the following results: (1) PR subjects 

were significantly shorter when compared to controls (142.6 cm 
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vs. 149.7 cm), (2) PR subjects and controls had similar values 

for maturational status (1.79 vs.1.95) (2) PR subjects had 

smaller skeletal widths when compared to controls for the 

elbow (5.0 cm vs. 5.8 cm), wrist (4.1 cm vs. 4.7 cm) and ankle 

(5.7 cm vs. 6.3 cm). PR subjects also had lower radius bone 

mineral content (.53 g/cm vs. .62 g/cm) and lower radius bone 

mineral index (.53 g/cm2 vs. .58 g/cm2) when compared to 

controls. (3). PR subjects had a lower resistance index (30.9 

cm2/ohm vs. 35.4 cm2/ohm) and less total body water 

calculated from resistance index (22.9 L vs. 25.8 L) compared to 

control subjects. (4) After adjusting the data for height 

differences, PR subjects had smaller skeletal widths of the 

wrist (5.0 cm vs. 5.8 cm), elbow (4.2 cm vs. 4.6 cm) and ankle 

(5,8 cm vs. 6.2 cm) compared to controls, and less bone mineral 

index of the radius compared to controls (.50 g/cm2 vs. .56 

g/cm2), and (5) the severity of pulmonary regurgitation did not 

contribute significantly to the differences between PR subjects 

and controls for bone variables, FFB determined by skinfolds or 

density, water and bone, or % fat determined by density water 

and bone. The severity of PR was significantly associated with 

skinfold thickness differences between the two groups and to % 

fat determined from skinfolds. 

Questionnaires used to estimate the activity levels of 

the PR group were not associated with the body composition 
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variables. A single-plane accelerometer activity monitor worn 

by the PR subjects for 72 hours showed moderate correlations 

with several variables including bone mineral index (r = .59), 

FFB from skinfolds (r = .64),and FFB from density, water and 

bone (r = .59). The accelerometer activity readings were not 

significantly associated with severity of pulmonary 

regurgitation in the PR sample. 

Conclusions 
This study found that children and adolescents with PR 

had significantly smaller measures of height, skeletal widths 

and bone mineral index of the radius compared to controls. The 

PR group was found to be similar to controls for maturational 

status and % fat. After adjusting the data for the height 

differences, the two groups remained significantly different for 

skeletal widths and bone mineral index of the radius. Based on 

the results of this study, the hypothesis that the two groups 

were different for bone mineral index was accepted. Both 

before and after adjusting the data for height differences, the 

PR group had significantly less bone bone mineral than the 

control group. Even though the PR group had less fat-free body 

mass and significantly less total body water than the control 

group, the differences were not statistically significant based 

on the multicomponent approach of density, water and bone or 
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skinfolds. Therefore, the hypothesis that the PR group had less 

fat-free body mass was only partially supported. PR severity 

(mild, moderate or severe) did not show a significant 

relationship to the body composition variables of bone mineral 

index or fat-free body mass. Therefore, the hypothesis that the 

severity of PR was related to the decreased FFB and bone 

mineral index in the PR group was rejected. 
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The University of Arlzon• 
Muman SuO,ects CommettH 
1808 N W1r,.n (8uel<2eng 2201. Room 112 
Tucson. Artzon• 8572• 
(802) 8~721 or 82&·7575 

12 January 1988 

Mark Kendall Spencer 
Department of Exercise ' Sport Sciences 
Ina E. Gittings Room 101 
University of Arizona 
MAIN CAMPUS 

Dear Mr. Spencer: 
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We have received the revised consent form for your project, •Body Composition 
of Children and Adolescents with Congenital Heart Disease and Residual Pulmonary 
Regurgitation•. The procedures to be followed in this study pose no more than 
minimal risk to participating subjects. Requlations issued by the U.S. 
Department of Health and Hwnan Services [ 45 CFR Part 46.110 (b) J authorize 
approval of this type project through the expedited review procedures, with 
the condition(s) that subjects' anonymity be maintained. Although full Committee 
review is not required, a brief summary of the project procedures is submitted 
to the Committee for their endorsement and/or comment, if any, after adminis
trative approval is granted. This proje~t is approved effective 12 January 
1988. 

Approval is granted with the understanding that no changes or additions will 
be made either to the procedures followed or to the consent form (s) used 
(copies of which we have on file) without the knowledg·e and approval of the 
Human Subjects Committee and your College or DepartJnental Review Committee. 
Any research-related physical or psychological harm to any subject must also 
be reported to each committee. 

A university policy requires that all signed subject consent forms be kept in 
a permanent file in an area designated for that purpose by the Department Head 
or comparable authority. This will assure their accessibility in the event 
that university officials require the information and the principal investigator 
is unavailable for some reason. 

Sincerely yours, 

Milan Novak, M.D., Ph.D. 
Chairman 
Human Subjects Committee 
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PARENT/GUARDIAN INFORMED CONSENT FOR THE BODY 
COMPOSITION OF CHILDREN WITH CONGENITAL HEART 

DISEASE 
AND RESIDUAL PULMONARY REGURGITATION 

You (your child) are being invited to participate in a 
research study to measure body size and make-up in children with 
congenital heart defects and to compare the size of the body to its 
fat content. You (your child) have been asked to participate 
because you (your child) have had surgery for congenital heart 
disease and are between the ages 9 and 19. The anticipated 
number of participants in this study is 25. 

If you (your child) agree to participate, your child will be 
asked to come to the Exercise and Sport Sciences Body 
Composition Laboratory one time only. The testing procedures 
occupy 2V2 hours and include a number of body measurements. 

These include: skinfold thickness, electrical impedance, body 
circumference, body width at several sites, and body density. A 
pediatrician at the University Medical Center will give you (your 
child) a physical check-up and determine you (your child's) stage 
of puberty. 

The skinfold measurement will be taken by gently pinching 
your skin at different locations with a special instrument that 
will give a thickness measurement. Electrical impedance 
measurements will estimate body fat and the amount of water in 
the body. This will involve attaching four electrodes (that 
resemble tape) on the hand and foot. Then a current (so small that 
it cannot be felt) is passed through the body and the Bioelectrical 
Impedance analyzer will measure the resistance of body tissues 
to this signal. The body circumference measurements will be 
taken with a tape measure. The widths of the wrist and ankle will 
be measured with an anthropometer, which resembles a bowed 
ruler. The body density measurements involve measuring your 
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weight while you are completely under water. After the weight is 
recorded, you will be asked to blow all your air out so that we can 
see how much air you leave in your lungs. In addition, we need to 
measure the amount of bone minerals in a small section of your 
forearm. For this measurement, a small amount of radiation is 
delivered to a one-half inch section of the forearm. This amount 
of radiation is the same as 1/100 delivered in a typical x-ray of 
the forearm. 

There may be minimal risks, either physical or 
psychological. Some participants may experience discomfort 
associated with pinching of the skin during skinfold thickness 
measurements or due to holding their breath underwater. 

The benefits of this study to the participants involved 
include a rather precise estimate of growth and body composition 
status. However, the significance of the study lies in potentially 
better understandiang the growth and development of children, 
adolescents and young adults with congenital heart defects at 
different age levels as well as the ability to better measure fat 
and fat-free body weight in the clinical setting. 

Participation is completely voluntary and free to you (your 
child) and data will be confidentially handled. No subject will be 
forced to continue if he/she wishes to withdraw at any time 
during the study. 

AUTHORIZATION 
I have read this consent form. The nature, demands, risks, 

and benefits of the project have been explained to me. I 
understand that I may ask questions and that I am free to 
withdraw from the project at any time without incurring ill will 
or affecting my medical care. I understand that I do not waive any 
of my legal rights by signing this form. I also understand that 
this consent form will be filed in an area designated by the Human 

Subjects Committee with access restricted to the principal 
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investigator, Mark K. Spencer or authorized representaves of the 
Department of Exercise and Sport Sciences. A copy of this 
consent form will be given to me. 

Signature of Parent/Guardian Date 

Child's Name 

Child's Signature Date 

I have carefully explained to the subject the nature of the 
above project. I hereby certify that to the best of my knowledge 
the subject who is signing this consent form understands clearly 
the nature, demands, benefits and risks involved in participating 
in this study. A medical problem or language or educational 
barrier has not precluded this understanding. 

Investigator's Signature Date 
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COMPOSITION OF CHILDREN WITH CONGENITAL HEART DISEASE 

AND RESIDUAL PULMONARY REGURGITATION 



Minor Subject's Assent Form 
Body Composition Study 

Your mother/father has told me it was okay for you to have your 
body composition and stage of puberty tested. You will only be 
tested on one day and you may stop the tests at any time if you 
wish. You and your family will receive the results of these tests. 
Do you understand? Is it O.K.? 

Subject's Name Date 
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PRE-ACTIVITY QUESTIONNAIRE 

SUBJECT # 

Pre-Q1. Compared to other children, you are: 

more activie than your friends 3 
as active as your friends 2 
less active than your friends 1 

Pre-Q2. During physical education at school, I: 

participate in all activities 3 
participate in some activities 2 
do not participate at all 1 

Pre-Q3. During physical activity, I stop: 

later than other children 
at the same time as other children 
earlier than other children 

3 
2 
1 



APPENDIX E 

ACTIVITY QUESTIONNAIRE ANSWERED AT THE TIME OF 

THE BODY COMPOSITION STUDY 
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POST-ACTIVITY QUESTIONNAIRE 

SUBJECT # 

Post-Q1. Compared to other children, you are: 

more activie than your friends 3 
as active as your friends 2 
less active than your friends 1 

Post-Q2. During physical education at school, I: 

participate in all activities 3 
participate in some activities 2 
do not participate at all 1 

Post-Q3. During physical activity, I stop: 

later than other children 
at the same time as other children 
earlier than other children 

3 
2 
1 



APPENDIX F 

ACTIVITY QUESTIONNAIRE ANSWERED BY THE CHILD'S 

PHYSICAL EDUCATION TEACHER 
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PE-ACTIVITY QUESTIONNAIRE 

SUBJECT # 

Pre-Q1. Compared to other children, this child is: 

more activie than his/her friends 3 
as active as his/her friends 2 
less active than his/her friends 1 

Pre-Q2. During physical education at school, this child: 

participates in all activities 3 
participates in some activities 2 
do not participate at all 1 

Pre-Q3. During physical activity, this child stops: 

later than other children 
at the same time as other children 
earlier than other children 

3 
2 
1 
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APPENDIX G 

SECOND ACTIVITY QUESTIONNAIRE ANSWERED BY THE CHILD 
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MH ACTIVITY and INACTIVITY QUESTIONNAIRE 

SUBJECT # 

MH-Q4. How would you rate you overall level of activity? 

1 very low 
2 low 
3 average 
4 high 
5 very high 

MH-Q5. How would you rate the games you play most often? 

1 sedentary games with no running or jumping such 
as board games, drawing, coloring, puzzles, etc. 

2 low activity games requiring little jumping or 
running, such as swings or four square 

3 average activity games requiring some jumping 
and running, such as dodge ball and hopscotch 

4 above average activity games requiring alot of 
runing and jumping, such as hide-and-seek and 
kick ball 

5 high activity games requiring mostly running and 
jumping such as jump rope and tag 

MH-Q8 How many hours of per day do you spend doing physical 
activity? 

1  0 - 1  
2  1  - 2  
3 2-3 
4 3-4 
5 4 or more 
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INACTIVITY 
How many hours per day do you watch television? 

1  0 - 1  
2  1  - 2  
3 2-3 
4 3-4 
5 4 or more 

How many hours do you spend reading or studying per 
day outside of school? 

1  0 - 1  
2  1 - 2  
3 2-3 
4 3-4 
5 4 or more 



APPENDIX H 

DESCRIPTION OF SKINFOLD MEASUREMENT SITES 
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SKINFOLD MEASUREMENT SITE DESCRIPTIONS 

Subscapular: The child will stand erect with the arms 
relaxed at the side of the body. The skinfold is measured 1 cm 
below the inferior angle of the right scapula in the same plane as 
the natural cleavage of the skin. 

Triceps: The child will stand erect with the arms relaxed 
at the side of the body and a vertical fold is measured halfway 
between the acromion and olecranon processes on the posterior of 
the humerus. 

Medial calf: The child will stand with one foot placed on a 
bench and the knee of the supporting leg slightly flexed. The 
skinfold is then measured at the medial side of the supporting leg 
calf at the largest circumference. 

Thigh: The child will sit in a chair to have the midpoint of 
the thigh located and then stand so that weight is shifted to the 
opposite leg. The thigh to be measured is relaxed and the knee is 
slightly flexed. The skinfold is then measured at the midpoint on 
the anterior of the thigh parallel with the femur. 

Abdominal: The child will stand erect and a vertical fold 
is measured 2 cm to the subject's right of the umbilicus. 
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PULMONARY REGURGITANT PATIENT 
BIOELECTRICAL IMPEDANCE DATA SHEET 

SUBJECT # 
MEAN 

RJL SYSTEMS (RA-RL) 
Resistance _ 

Reactance 



APPENDIX J 

ANTHROPOMETRY DATA SHEET 



PULMONARY REGURGITANT PATIENT 
ANTHROPOMETRY DATA SHEET 

NAME 

HEIGHT 

gkplfttal Widths 

Elbow 

Wrist 

Ankle 

pn^y Circumferences 

Chest 

Abdomen 

Skinfolds 

Triceps 

Subscapula 

Abdominal 

Thigh 

Medial Calf 

SUBJECT # 

MEAN 
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DENSITOMETRY DATA SHEET 
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DENSITOMETRY DATA SHEET 

Subject: 

Number: 

Date: 

Weight (kg): 

Barometric Pressure (Torr): 

Water Temp (°C): 

Water Density (g/cc) 

Tare Weight: 

Trial 1 Trial 2 Trial 3 Trial 4 

Volume of 02 

Equil N2 

Initial N2 (bag) 

Vapor Pressure 

Gas Temp 

Under H2O Wt. 

Initial N2 (lung) 
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APPENDIX L 

DESCRIPTIVE DATA OF PULMONARY REGURGITANT SUBJECTS 



DESCRIPTIVE DATA OF PULMONARY REGURGITANT SUBJECTS 

SUBJECT AGE SEX TANNER HEART AGE OF PR HEIGHT WEIGHT % FAT RADIUS Da TBW % FAT FROM 
NUMBER STAGE DEFECT SURGERY SEVERITY SKINFOLDS BMI Db,W & B 

(years) (cm) (kg) (gm/cm2) (g/cc) (liters) 

1 15 F 3 PS 2 MD 169.9 67.4 29 .646 1.0270 33.7 31 
3 13 F 2 TF 11 SE 154 49.2 30 .468 1.0268 23.1 33 
6 13 F 2 TF.PA 13 SE 143 37.9 31 .496 1.0284 23.2 22 
7 10 1 PS 5 MO 143 41.6 23 .445 1.0479 24.9 18 
9 10 F 2 PS 2.5 Ml 122.1 23.9 9 .489 1.0755 17.9 4 

11 12 F 1 PS 8 SE 139 39.7 22 .488 1.0452 18.9 28 
12 11 F 1 TF 3 MO 133 27.2 7 .417 1.0685 17.0 12 
13 10 1 PF 1 MO 134 32.3 22 .394 1.0349 19.4 21 
14 15 F 3 PF 9 Ml 167 63.5 23 .546 1.0475 35.5 21 
16 11 F 1 TF 1.9 MO 127 23.7 12 .436 1.0659 17.2 5 
18 8.7 1 DORV 6 MD 131 28.4 10 .416 1.0645 19.1 9 
19 14 F 2 TF 5 Ml 167 46.9 20 .535 1.0577 29.2 14 
21 8.9 F 1 TA 5 SE 131 38.5 28 .398 1.0317 20.3 27 
23 11 F 3 TF 2.1 Ml 145 39.1 16 .533 1.0546 26.5 11 
24 16 F 2 PS 5 Ml 139 39.6 13 .432 1.0570 19.2 25 
25 14 F 3 TF 4 Ml 155 74.3 29 .585 0.9878 30.4 48 
26 9.2 M 1 TGA 7.5 SE 127 24.4 1 1 .386 1.1317 28.2 6 
27 17 F 3 TF 3 MO 158 57.7 31 .682 1.0304 27.5 32 
29 8.8 M 1 TF 2.1 Ml 124 21 12 .357 1.0516 14.1 12 

PS=pulmonary stenosis; TF=tetralogy of Fallot; PA=pulmonary atresia; DORV=double outlet right ventricle; 
TA=truncus arteriosus; TGA=transposition of the great vessels; SE=severe PR; MO=moderate PR; Ml=mild PR 

to 
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REGRESSION EQUATIONS USING HEIGHT AND GROUP MEMBERSHIP 

VARIABLE HEIGHT CATEGORY R2 S.E.E. INTERCEPT 

ELBOW WIDTH 

« CM O
 

* CO CO 1 0.77 0.27 2.8 

WRIST WIDTH .02* -.22* 0.75 0.21 1.9 

ANKLE WIDTH .01 * -.25* 0.52 0.32 4.2 

RADIUS BONE MINERAL CONTENT .008* -0.02 0.75 0.07 -0.6 

RADIUS WIDTH .006* 0.04* 0.42 0.09 0.2 

RADIUS BONE MINERAL INDEX .004* I o
 

CO
 * 0.74 0.05 -0.1 

RESISTANCE INDEX .57* -0.23 0.87 3.0 -50.0 

TOTAL BODY WATER 

* CO 

-0.18 0.83 2.34 -29.1 

BODY DENSITY -0.004 -0.001 0.06 0.02 1.1 

% FAT FROM SKINFOLDS CO
 

O
 * 2.0* 0.35 5.4 -25.5 

FAT FREE BODY FROM SKINFOLDS .56* 0.66 0.79 3.9 -49.3 

% FAT FROM BODY DENSITY 

*
 

CO CO 

-0.34 0.13 11.1 -32.5 

FAT FREE BODY FROM BODY DENSITY .55* 1.62* 0.84 3.2 -49.7 

% FAT FROM DENSITY, WATER & BONE 

*
 

CM CO 

1.05 0.16 8.3 -26.3 

FAT FREE BODY FROM DENSITY, 
WATER & BONE .55* 0.72 0.89 2.47 -48.0 

*p<.05 F>4.13 
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APPENDIX N 

CORRELATIONS OF ACTIVITY QUESTIONS AND BODY COMPOSITION 



CORRELATIONS OF ACTIVITY QUESTIONS AND 
BODY COMPOSITION VARIABLES 

pre-QI pre-02 pre-Q3 pre-0 post-Q1 post-02 post-03 post-Q PE-Q1 PE-Q2 PE-Q3 PE-Q MH-Q4 MH-Q5 MH-Q8 MH-Q Activity Inactivity 
maan mean maan mean Index Index 

BODY MASS NOEX - . 04  - . 01  - . 16  - . 08  - . 26  - . 44  - . 33  - . 49 *  - . 47 *  - . 34  . 42  - . 51 '  - . 34  - . 56 *  . 02  - . 36  - . 50 *  . 12  

% FAT FROM SKMFOLDS - . 25  - . 23  - . 31  - . 31  - . 33  - . 41  - . 26  - . 48 *  - . 40  - . 26  . 45  - . 45  - . 26  - . 61 *  - . 01  - . 36  - . 49 *  . 14  

FAT FREE BODY FROM SKNFOLDS - . 02  . 03  . 04  . 02  - . 05  - . 31  - . 22  - . 28  - . 27  - . 24  . 20  - . 29  - . 29  - . 39  - . 10  - . 33  - . 32  . 24  

FESBTANCENDEX - . 04  - . 04  . 02  - . 02  - . 10  - . 33  - . 31  - . 37  - . 14  - . 27  - •  . 13  - . 22  - . 36  - . 44  - . 34  - . 49 *  - . 43  . 33  

TOTAL BODY WATER .07  . 03  . 07  . 07  - . 02  - . 21  - . 23  - . 21  - . 15  - . 09  . 07  - . 13  - . 24  - . 39  - . 29  - . 39  - . 27  . 29  

RADIUS BONE MNERAL CONTENT .10  . 10  . 16  . 15  - . 16  - . 45  - . 14  - . 38  - . 22  - . 44  . 26  - . 39  - . 19  - . 33  - . 30  - . 35  - . 40  . 30  

RADIUS WIDTH - . 17  - . 02  - . 01  - . 07  - . 04  - . 45  . 16  - . 23  . 02  - . 42  - . 12  - . 23  - . 43  - . 47 *  - . 38  - . 54 *  - . 41  . 07  

RADIUS BONE MNERAL INDEX .27  . 16  . 21  . 25  - . 22  - . 31  - . 33  - . 39  - . 37  - . 30  - •  . 34  - . 41  - . 02  - . 20  - . 16  - . 16  - . 32  . 36  

ULNA BONE MNERAL CONTENT - . 04  . 01  . 07  . 02  - . 08  - . 38  - . 24  - . 34  - . 25  - . 52  - . 38  - . 49  - . 22  - . 24  - . 29  - . 32  - . 42  . 25  

ULNAWDTH - . 29  - . 29  - . 09  - . 26  - . 02  - . 01  - . 12  - . 06  . 14  - . 33  - . 21  - . 17  - . 25  - . 18  - . 44  - . 38  - . 29  - . 15  

ULNA BONE MNERAL INDEX .09  . 11  . 09  . 11  - . 12  - . 43  - . 25  - . 39  - . 39  - . 54 *  - . 43  - . 57 *  - . 17  - . 21  - . 18  - . 24  - . 39  . 35  

BODY DENSITY - . 12  - . 12  . 12  - . 04  . 08  . 07  . 01  . 08  . 31  - . 11  16  . 14  - . 01  . 32  - . 09  . 09  . 10  - . 04  

% FAT FROM BODY DENSITY .04  . 11  -.11 . 01  - . 19  - . 06  - . 12  - . 17  - . 41  . 07  - . 29  - . 25  - . 08  - . 39  . 15  - . 13  - . 19  . 01  

FESCUAL VOLUME - . 31  - . 28  . 12  - . 17  - . 09  - . 39  - . 19  - . 34  - . 16  - . 42  - . 36  - . 39  - . 45  - . 29  . 05  - . 28  - . 39  . 13  

FAT FHEE WEIGHT FROM 
BODY DENSITY - . 19  - . 14  . 03  -.11 - . 06  - . 44  - . 29  - . 39  - . 18  - . 42  - . 23  - . 35  - . 42  - . 43  - . 18  - . 43  - . 44  . 29  

% FAT FROM DENSITY, 
WATERS BONE - . 23  - . 09  - . 23  - . 22  - . 22  - . 41  - . 14  - . 38  - . 39  - . 32  - . 40  - . 45  - . 28  - . 49 *  . 18  - . 24  - . 40  . 09  

FFB FROM DENSITY, 
WATER & BONE .02  . 01  .11 . 05  . 02  - . 25  - . 22  - . 21  - . 17  - . 15  - . 10  - . 17  - . 27  - . 38  - . 21  - . 36  - . 27  . 27  

*p<.05 tS.4555 
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