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A Comparison of Activity Patterns, Resting Energy Expenditure, 
Percent Body Fat and Dietary Patterns in Normal 

Weight Children 

By Andrea Bope, B.A., B.S., R.D. 

December 1996 

The purpose of this study was to examine the relationships of resting energy expenditure 

(REE) to percent body fat, percent abdominal body fat, activity level, and dietary intake 

in thirty-four normal weight prepubertal children, six to eleven years of age. The 

relationships of percent body fat and percent abdominal fat to activity level was also 

examined. The children's REE was measured in the morning, after abstaining from food, 

beverage ( other than water), and physical activity for twelve hours, utilizing indirect 

calorimetry. Activity level was estimated using reliable activity questionnaires and 

interviews with parents and the children. The study included previously collected data 

from dual energy x-ray absorptiometry which was utilized to determine the children's 

body composition, and seven day food diaries that were analyzed for average energy and 

nutrient consumption. No strong correlations were found. However, REE was 

moderately and positively correlated to percent fat (.47), and to percent abdominal body 

fat (.55). Further research on the relationship between percent body fat and REE will help 

to understand the role that fat deposition plays on REE of children. 
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CHAPTER I 

INTRODUCTION 

Obesity among school children is a problem that has continued to grow and is 

linked to multiple health risks (1). The explanation has been primarily based on the 

concept that excess calories are accumulated as fat and that obese children must have 

abnormally large caloric intakes. The actual causes of obesity are those that increase 

caloric intake, decrease caloric expenditure, or create a disturbance of the energy balance. 

The relationship of resting energy expenditure to the development of obesity in children 

has received limited attention. 

Resting energy expenditure (REE) is the major component of daily energy 

expenditure. In children REE accounts for 50-60% of total daily energy expenditure (2). 

Resting energy expenditure in adults is influenced by fat free mass and fat mass and is 

significantly higher in men than in women (3). However, there is limited data on the 

physiologic determinants of REE in children ( 4 ). The effect of parental body 

composition is less clearly defined. A decrease in REE was shown in children with one 

obese parent compared to children with two lean parents (5). The activity level of 

children has also been shown to be a major factor that contributes to weight gain in 

children (6). Romanella reported that obese and non-obese children (8-12 years old) had 

similar physical activity levels (7). However one study has shown that obese children are 

less active than normal weight children (8). The conflicting data in this area may be 
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accounted for by the difficulty in estimating physical activity levels in children. 

Research has been done on the relationship between fat free mass ( 6), fat mass 

( 4 ), physical activity (10), gender (3), and REE (9). However, the effect ofregional fat 

distribution on REE in children has not yet been defined. Research is needed to 

determine if the location of the deposition of fat has any effect on the REE in children. 

This would help predict those children that are more likely to become obese, so 

intervention can be made earlier to prevent the onset of obesity. 

PURPOSE 

The purpose of this study was to examine the relationships of REE to percent 

body fat, percent abdominal fat, activity level, and dietary intake in normal weight 

prepubertal children, six to eleven years of age. The relationships between activity and 

percent body fat, and percent abdominal fat will also be examined. 

The specific objectives of this study are: 

I . To determine if a relationship exists between REE and percent body fat in normal 

weight prepubertal children. 

2. To determine if a relationship exists between REE and percent abdominal fat in 

normal weight prepubertal children. 

2 

3. To determine if a relationship exists between REE and activity level in normal weight 

prepubertal children. 



4. To determine if a relationship exists between REE and dietary intake in normal 

weight prepubertal children. 

5. To determine if a relationship exists between activity level and percent body fat in 

normal weight prepubertal children. 

6. To determine if a relationship exists between activity level and percent abdominal 

fat in normal weight prepubertal children. 
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CHAPTER II 

REVIEW OF LITERATURE 

Obesity continues to be a growing problem among our children in the United 

States (11 ). According to the third National Health and Nutrition Examination Survey 

(NHANES III) between 1988 and 1991, the prevalence of overweight children was 10.9% 

based on the 95th percentile and 22% based on the 85th percentile. The increase was 

identified among all sex and age groups (11). From 1963 to 1980 obesity increased 54% 

in six to eleven year olds (12). In Texas, there has been nearly a 100% greater prevalence 

of obesity in the 1985 population of Texas school children than in the baseline 

comparison population from 197 6-1980 ( 13 ). Some say that increased television viewing 

and decreased activity levels are to blame for the prevalence of obesity (14). These are 

just two of the factors out of many that need to be investigated. 

RESTING ENERGY EXPENDITURE 

Resting Energy Expenditure (REE) is the major component of daily energy 

expenditure. In children, REE accounts for 50-60% of total daily energy expenditure (2) . 

There are many factors contributing to individual variation in REE, including fat free 

mass, fat mass, gender, physical fitness, skeletal muscle mechanism and sympathetic 

nervous system activity ( 4 ). Goran et al. ( 4) found that the effects of fat-free mass, fat 

mass, and gender :on REE in children are similar to those in adults. In adults, REE is 
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influenced by fat-free mass, fat mass, and is significantly higher in men than in women 
5 

(3). Therefore the higher REE in young boys suggests that the higher REE in men could 

not be explained entirely by sex hormones (4). Ferraro et al. (3) measured 24 hr. 

metabolic rate in a chamber, including basal metabolic rate, sleeping metabolic rate, and 

body composition in 235 healthy white adults. After adjustment for fat-free mass, fat 

mass, and age, the 24 hour metabolic rate was significantly lower in women by 124± 38 

kcal/day (3). 

Maffeis et al. (10) measured the REE in 130 six to ten year old obese and 

non-obese children. He found fat-free mass to be the best predictor of REE. Utilizing 

measured REE, and calculated REE that was predicated by current formulas 

(F AO\ WHO\UNO, Robertson and Reid, Fleisch, Talbot, Mayo Clinic), showed that most 

of these equations tend to overestimate the REE in both genders, especially in overweight 

children (10). Equations that are used for the measurement of metabolic rate were mostly 

developed from studies done between 1920 and the 1950' s (2). 

Technology for measuring REE has improved since then. Ventilated hoods are 

now used to remove the need for mouthpieces and nose clips. Segal (15) compared the 

use of mouthpieces, masks and ventilated hoods in adults, but this has not been studied 

in children. Using a ventilated hood could alleviate the anxiety caused by masks and 

nosepieces to provide a more accurate measurement of the REE (15). Allowing children 

to watch videos is another factor that helps to contribute to a more reliable measurement 

of REE. Dietz et al. ( 16) showed children moved less when watching television instead 

of asking the child to sit quietly. Klesges et al. (17) showed energy expenditure was 



reduced while watching television in obese and non-obese girls. Bandini et al. (2) 6 

found it was not necessary for subjects to be inpatients for recording REE, and overnight 

measurement was not necessary for a reliable determination of REE as long as the 

patients followed the protocol for the measurement (i.e., 12 hour fast). 

ACTIVITY LEVEL 

(Iow activity levels in children has been shown to be a major factor that 

contributes to weight gain in children ~ e Committee on Sports Medicine and 

Fitness of the American Academy of Pediatrics published a paper on the fitness level of 

preschool children. The committee reported[ ~ udies of young children suggest that a 

low physical activity level is a primary factor contributing to excessive fat accumulatio3 

( 18). Romane Ila et al. (7) used forty pairs of biologically related mothers and children. 

The goal was to identify whether certain maternal factors (adiposity, activity level, and/or 

attitude toward activity) related to the child's adipose level. No significant relationship 

between child and maternal activity level, attitude toward physical activity, or adipose 

tissue level was found. Obese and non-obese children had similar levels of physical 

activity and attitudes toward activity (7). However, Bullen et al. (8) used a motion 

picture technique to compare the activity of obese and non-obese adolescent girls while 

they engaged in three sports at summer camp. On the basis of 27,211 individual 

observations, they concluded the obese girls were far less active than the non-obese girls 

even during supervised sport periods (8). Conflicting data in this area may be accounted 

for by the difficulty in estimating physical activity levels in children. 

F ontvieille et al. ( 19) studied the relationship between physical activity and body 



composition in forty-three Pima Indian children and forty-two Caucasian children. A 7 

questionnaire was used to determine the activity of the children over the past week and 

year, and to provide information on time spent on leisure activities. Fontvieille et al. (19) 

concluded decreased physical activity and increased television viewing may contribute to 

the development of obesity in Pima Indian children (19). The activity questionnaire has 

been demonstrated to be both feasible and reliable (20,21 ). 

Baranowshi et al. (22) studied the validity of self reporting of aerobic activity in 

children in grades three to six. Six different forms were used on which children recorded 

their aerobic activity. Recorded information was compared to two days of continuous 

observation of their behavior. The forms were divided into two categories. The first 

varied the time of reporting: half required reporting by segments of the day; the other half 

reported the day as a whole. The second group varied the response format (i.e. yes or no, 

or document the precise number of minutes of physical activity). The segmented day 

forms resulted in significantly higher agreement with the observers report of activity (22). 

Sallis (23) assessed the reliability of several self reported forms that measured the 

physical activity in children and adolescents. The subjects were 36 fifth grade, 36 eighth 

grade, and 30 eleventh grade male and female students. Validity improved with age, but 

validity coefficients were significant at all age groups. The data indicated that physical 

activity recall of children as young as the fifth grade were of adequate reliability and 

validity to use in research on physical activity (23). 

Riddoch et al. (24) indicated that studies of physical activity of children using self 

report method showed high level of activity with 60-70% of children taking sufficient 



physical activity to obtain optimal health benefits. Goran et al. (25) studied the total 8 

energy expenditure in thirty children aged four to six years. The authors concluded that 

total energy expenditure was approximately 25% lower than current recommendations for 

energy intake, and combined measurements fat free mass, heart rate and REE explain 

86% interindividual variation in total energy expenditure (25). In examining the 

variations in physical activity related to age and gender of children and adolescents, 

Sallis (23) found males were about 15-20% percent more active than females. Over the 

school age years a consistent decline in physical activity was seen with males decreasing 

about 2.7 percent per year and females decreasing 7.4 percent per year (26). However, a 

variety of activity thresholds have been used. Studies that report more objective 

measures report lower levels activity. Boys are normally reported to be more active than 

girls but this difference is greatly reduced when moderate activity alone is compared, 

indicating that boys participate in more vigorous exercise than girls (24). 

The health effect oflow levels of vigorous activity in children is unclear (24). 

Janaz et al. (27) studied whole-day heart monitoring as a quantitative measure of 

physical activity in 76 children, age 6-17 years. Two, 12 hour recalls and a simple self 

rating of usual activity questionnaire were administered. Skinfold measures, peak aerobic 

activity and sexual maturation were assessed within one month of heart rate monitoring. 

Whole-day heart rate monitoring was found to be an objective, nonobtrusive method for 

measuring physical activity and maturation, and is an influential mediating factor for 

activity in children (27). 
























































































