
ABSTRACT

Jennifer Lynn Aull. ENERGY EXPENDITURE OF 8- TO 12-YEAR-OLD GIRLS
DURING FREE-LIVING PHYSICAL ACTIVITIES (Under the direction ofDr.
Matthew T. Mahar) Department ofExercise and Sport Science, December 2004.

It is estimated that 31.5% of children are overweight or at risk for overweight.

Overweight children tend to be less active than nonoverweight weight children. To date,

little research is available regarding energy expenditure of lifestyle activities in children.

The purpose of this study was to quantify energy expenditure of various lifestyle physical

activities of overweight, at risk for overweight, and nonoverweight weight girls. Fifty-

five girls participated in six different lifestyle physical activities: treadmill walk at 2.5

mph, run, football throw, walk in open area, cycling, and riding a scooter. Intensities for

all activities except the treadmill walk were self-selected. Oxygen consumption and

energy expenditure were measured using the COSMED K4b portable metabolic system

during all activities. One way independent groups analyses of variance with Bonferonni

adjustments were used to compare the three groups (overweight« = 15, at risk n = 14,

and nonoverweight weight n = 26) on each of the six activities. These analyses were

conducted for two outcome variables: relative VO2 (ml‘FFM'’‘min'') and absolute energy

expenditure (kcal'min'^). Magnitudes of the mean differences were examined with

Cohen’s delta {ES). Relative VO2 was not significantly different {p > .05) among the

groups for any activity. Overweight girls expended more (p < .05) absolute energy

(kcal-min'*) than nonoverweight weight girls on all weight bearing activities (i.e..

walking, running, throwing a football). These differences were large {ES >0.94). The

differences in absolute energy expenditure between the overweight and nonoverweight



weight groups for the bicycle and scooter activities were moderate to large (ES ^.66),

although not statistically significant. The at risk group expended more energy than the

nonoverweight weight group and less energy than the overweight group on all activities

{ES = 0.28 to 1.68), although these differences were generally not statistically significant.

Estimated MET intensities for all activities were higher than estimates from the adult

compendium ofphysical activities. In conclusion, the oxygen costs of various activities

are similar among overweight, at risk, and nonoverweight weight girls when expressed

relative to fat free mass. When engaging in self-selected levels of activity, overweight

girls have a higher absolute energy expenditure than nonoverweight weight girls. These

estimates of energy expenditure can contribute to the development of a compendium of

physical activities for children.
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INTRODCUTION

The prevalence of overweight and obesity is increasing in the United States as

well as around the world. More than 65% of adults are overweight or obese. Based on

the National Health and Nutrition Examination Survey (NHANES) data from 2001-2002,

Hedley et al. (2004) estimated that 31.5% of children aged 6- to 19-years old are at risk

for overweight or overweight. The Centers for Disease Control and Prevention (CDC)

defines overweight as a body mass index (BMI) greater than or equal to the 95*’’

percentile for age and sex (Ogden, Flegal, Carroll, & Johnson, 2002). At risk for

overweight is defined as a BMI between the 85”’ percentile and the 95”’ percentile. Based

on data from the NHANES 2001-2002 approximately 16.5% of children are overweight

(Hedley et al., 2004).

Speculation has risen as to why children are overweight. It has been hypothesized

that overweight children are less active than nonoverweight children (Johnson et al..

2000; Lazzer et al., 2003; Luepker, 1999; Mikami, Mimura, Fujimoto, & Bar-Or, 2003;

Taylor & Baranowski, 1991; Trost, Kerr, Ward, & Pate, 2001). Others factors may also

contribute to overweight in children such as eating habits and nutrition. Overweight is

due to an imbalance between dietary caloric intake and caloric expenditure. If the energy

consumed through meals is greater than the energy expended, the remaining energy is

stored. If the energy expended is greater than the energy consumed, weight loss occurs.

Recent research has not shown an increase in caloric intake over the years

(Kennedy & Goldberg, 1995; Mikami et al., 2003; Patrick et al., 2004; Troiano & Flegal,

1998). Mikami et al. (2003) studied energy intake of 30 overweight and nonoverweight
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Japanese boys as part of a larger study. Overweight boys ingested approximately 200

more calories on average at dinner than nonoverweight boys. No significant differences

were found between overweight and nonoverweight Japanese boys for total energy

intake. Overweight boys consumed a significantly greater percentage of energy from

protein than nonoverweight boys. Nonoverweight boys consumed a significantly greater

percentage of calories from carbohydrates than their overweight counterparts. No

significant difference in the percentage of fat consumed by overweight and

nonoverweight boys was found. Patrick et al. (2004) found that overweight and at risk

for overweight children consumed significantly fewer total calories than nonoverweight

children (1,680 ± 614 vs. 1,906 ± 629 kcal-day"', respectively).

Mikami et al. (2003) also found that overweight boys were significantly less

active than nonoverweight boys. Overweight boys’ pedometer step counts were

significantly lower than nonoverweight boys’ pedometer step counts (8,728 ± 1,450 vs.

17,915 ± 3,208 steps-day'\ respectively). When adjusted for body weight.

nonoverweight boys expended significantly more energy than overweight boys (67.3 ±

9.0 vs. 50.2 ±5.1 kcal-kg'^-day’’). Lazzer et al. (2003) found similar results with

overweight and nonoverweight boys engaging in free-living activities. Overweight

participants engaged in significantly less moderate intensity physical activity when

compared to nonoverweight participants (6 ± 6 vs. 59 ± 4 min-day'\ respectively).

Energy expenditure in moderate intensity physical activity was 158 kcal-day'^ lower in

the overweight group than in the nonoverweight group.

Lazzer et al. (2003) measured physical activity energy expenditure in a whole-
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body calorimeter. Physical activity energy expenditure was significantly higher in the

overweight adolescents when compared to the nonoverweight adolescents (1.00 ± 0.03

vs. 0.61 ± 0.03 kcal-min’’, respectively). When adjusted for body weight, physical

activity energy expenditure was higher in the overweight adoleseents than in the

nonoverweight adolescents (0.83 ± 0.02 vs. 0.72 ± 0.02 kcal-kg'^-min’’, respectively).

Trost et al. (2001) measured physical activity using a Computer Seienee and

Applications, Inc. (CSA) activity monitor. Overweight and nonoverweight sixth graders

wore the activity monitor for 7 consecutive days. Time spent in physical activity was

determined from the activity counts provided by the output of the monitor. Compared to

nonoverweight children, the overweight children had significantly fewer total activity

counts per day, less participation in moderate physieal activity, and less participation in

vigorous physical activity.

Romanella, Wakat, Loyd, and Kelly (1991) measured physical activity levels of

overweight (n =21) and nonoverweight (n = 19) children with the Caltrac uniaxial

accelerometer for 2 days. Caltrac activity monitor data demonstrated that the overweight

and nonoverweight children had similar levels of physical activity based on the activity

counts (lll±31vs. 96±31 activity counts-day'*, respectively) from the aecelerometer

output. Romanella et al. reported no significant differences in physical activity levels of

overweight and nonoverweight children. These results are contradictory to those reported

by Trost et al. (2001) that showed overweight children are less physically active than

nonoverweight children. When an effect size estimate is ealeulated using Cohen’s delta

from the data reported by Romanella et al., the moderate effeet size (ES = 0.48) suggests
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that overweight children were less active than nonoverweight children.

Huttunen, Knip, and Paavilainen (1986) measured physical activity via a

questionnaire completed by the parents. Parents assessed their child’s physical activity in

various situations ranging from regular exercise to training of a sports team. Parents also

estimated the time their child engaged in physical activities and sedentary activities

throughout the day. Huttunen et al. found no differences in the frequency ofphysical

activities or time spent in activity between overweight and nonoverweight children.

Overweight children did spend less time participating on training teams and had lower

grades in school for sports related classes.

Reybrouck, Weymans, Vinckx, Stijns, and Vanderschueren-Lodeweyckx (1987)

examined habitual physical activity in overweight children compared to nonoverweight

children, assessed via questionnaire. Information was obtained on the number of hours

spent exercising, number of hours in leisure time physical activity, and what mode of

transportation the child took to and from school. Habitual levels ofphysical activity

(expressed as a score) were significantly lower for overweight children compared to

nonoverweight children (3.1 ±1.9 vs. 4.7 ± 0.7, respectively).

The findings ofReybrouck et al. (1987) are in agreement with other researchers

(Huttunen et al. 1986; Mikami et al., 2003) that obese children are less active than their

nonobese counterparts, but not Lazzer et al. (2003). Patrick et al. (2004) assessed

physical activity with CSA accelerometers and found that nonoverweight children

participate in significantly more vigorous activity than their overweight counterparts (9.2

± 7.8 vs. 5.9 ± 5.3 min-day'^ respectively).
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Indirect calorimetry provides an accurate measure of energy expenditure, but has

typically been used in laboratory-based studies. Newer, portable metabolic systems

2allow the use of indirect calorimetry in field-based settings. The COSMED K4b

(COSMED) is a portable metabolic system used to estimate VO2 and energy expenditure

in field-based studies. The COSMED has been found to be an accurate measure ofVO2

over a wide range of intensities (McLaughlin, King, Howley, Bassett, & Ainsworth,

2001). McLaughlin et al. tested 10 male participants over five different intensity levels

on a Monark cycle ergometer. Participants were measured using the Douglas bag method

and the COSMED. Slight differences (0.088 to 0.096 L-min’’) were found between the

two measures, but the magnitudes of the differences were small. The authors

recommended that the COSMED could be used to accurately measure oxygen uptake

over a wide range of exercise intensities.

Littlewood et al. (2002) examined the validity of the COSMED by comparing it to

the Deltatrac II metabolic cart. Measurements were taken with the COSMED and the

Deltatrac II separately and simultaneously, a total of three measurements, while

participants were lying in a supine position. Littlewood et al. concluded that based on

results from Bland-Altman analyses, the COSMED did not provide an accurate measure

of resting energy expenditure. Simultaneous measurement tended to cause error in the

COSMED, hut not in the Deltatrac 11.

Pinnington, Wong, Tay, Green, and Dawson (2001) tested the accuracy of the

COSMED measures of Fe02, FeC02, and Ve when compared to a laboratory metabolic

cart containing a Servonmex basic oxygen analyzer (Model 500A) [England], a Datex
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normocap CO2 monitor (Finland) and a Morgan ventilation monitor (P. K Morgan Ltd,

England). Significant differences were found between the metabolic cart and the

COSMED means for Fe02 (16.6 ± 0.40 vs. 16.3 ± 0.40, respectively) and FeC02 (4.2 ±

0.30 vs. 4.1 ± 0.32, respectively). Measures between the two systems were strongly {/>

.86) correlated indicating that error in the COSMED measures was consistent with the

metabolic cart. Pinnington et al. recommended a regression analysis using the COSMED

and data from an accredited metabolic cart to enhance the accuracy of the COSMED

measures.

A review of literature revealed few published studies on the energy cost of

lifestyle physical activities for children (Eston, Rowlands, & Ingledew, 1998; Rowlands,

Thomas, Eston, & Topping, 2004). The purpose of this study is to quantify and compare

relative oxygen consumption and absolute energy expenditure of various lifestyle

physical activities of overweight, at risk for overweight, and non-overweight girls. The

use of the COSMED portable metabolic system allows for the assessment of energy

expenditure during representative childhood activities in their natural setting. It is

hypothesized that overweight children have a higher absolute energy expenditure and

similar relative oxygen consumption (VO2) compared to nonoverweight children.

Examination of differences in energy expenditure between overweight, at risk, and

nonoverweight girls during free-living activities may improve understanding of the

reasons underlying physical activity levels of overweight children.
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Statement of the Problem

The purpose of this study was to quantify and compare relative oxygen

consumption and absolute energy expenditure of various lifestyle physical activities of

overweight, at risk for overweight, and nonoverweight girls.

Research Hypotheses

It was hypothesized that:

1. Overweight girls would have similar oxygen consumption when adjusted for fat

free mass compared to at risk and nonoverweight girls during various lifestyle physical

activities.

2. Overweight girls would have a higher absolute energy expenditure than

nonoverweight girls during various lifestyle physical activities.

Definitions

For the purpose of this study, the following terms were defined:

At riskfor overweight - The Centers for Disease Control and Prevention (CDC) define at

risk for overweight in children as a BMI between the 85* and 95* percentile for age and

sex (CDC, n.d.). In this study at risk for overweight was defined as a BMI between the

85* and 95* percentile and percent fat less than 32%.

Body Mass Index (BMI) - BMI expresses weight relative to height. BMI is calculated by

dividing body weight in kilograms by height in meters squared.

Energy Expenditure - Energy expenditure is the number of calories burned. In this study

energy expenditure was assessed with a COSMED K4b^ portable metabolic system and

was expressed in absolute terms as kilocalories per minute (kcal-min’’).
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Nonoverweight - In this study nonoverweight was defined as a BMI less than the 85‘*’

percentile and percent fat less than 32%.

Obesity - Obesity is an excessive accumulation of adipose tissue.

Overweight - is the condition ofhaving an excessive amount ofbody weight

relative to height. The CDC defines overweight in children as a BMI greater than or equal

to the 95^’’ percentile for age and sex (CDC, n.d.). In this study overweight was defined

as a BMI greater than the 95*’’ percentile or percent fat greater than 32%.

Physical Activity — Physical activity is any bodily movement produced by skeletal

muscles that results in caloric expenditure (Caspersen et ah, 1985).

Physical Fitness - Physical fitness is a set of outcomes or traits that relate to the capacity

to perform physical activity.

VO2max - VO2 max is the rate of oxygen consumption during maximal exercise and

indicates one’s capacity for oxygen transport and utilization. VO2max is the criterion

measure of cardiorespiratory fitness (American College of Sports Medicine, 2000).

Acronyms and Abbreviations

BIA - Bioelectrical impedance analysis

BMI - Body mass index

CDC - Centers for Disease Control and Prevention

COSMED - COSMED K4b^ portable metabolic system

FFM - Fat free mass

MET - Metabolic equivalent
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Delimitations

The study included the following delimitations:1.All participants were girls between the ages of 8 and 12 years.2.Participants were all prepubertal as determined by a question to the parent asking

if their daughter had begun menstruation.3.All activities took place in the Activity Promotion Laboratory and surrounding

area.4.Participants were categorized as overweight, at risk for overweight, or not

overweight.5.The energy expenditure was measured on only six lifestyle activities.

Limitations

This study was limited by the following:1.Resting and maximal oxygen consumption data on participants was not obtained.2.Estimates of oxygen consumption (VO2) and energy expenditure were determined

from the COSMED K4b^ portable metabolic system.3.Participation was limited to those who responded to the recruitment process.

Significance of the Study

The Surgeon General recommends that children participate in 30 to 60 minutes of

moderate to vigorous physical activity per day (United States Department ofHealth and

Human Services, 1996). It is hypothesized that physical activity levels of overweight

children are lower than physical activity levels of nonoverweight children. Lower levels

ofphysical activity could contribute to weight gain. Examination of differences in energy



10

expenditure between overweight, at risk for overweight, and nonoverweight girls during

free-living activities may improve the understanding of the reasons underlying the

physical activity levels of overweight children and help researchers to evaluate the

contribution ofphysical activity to weight loss in overweight children.



REVIEW OF LITERATURE

The prevalence of overweight among children has increased in the United States.

Approximately 15% of children are overweight. It has been hypothesized that

overweight children are less active than nonoverweight children (Johnson et ah, 2000;

Luepker, 1999; Mikami et al. 2003; Taylor & Baranowski, 1991; Trost, Kerr, Ward, &

Pate, 2001). This chapter will examine the research in the following areas: (a) childhood

obesity, (b) measurement ofphysical activity levels in children, and (c) use of the

COSMED K4b^ portable metabolic system (COSMED).

Childhood Obesity

Definition and Prevalence ofChildhood Overweight

Overweight and obesity are a growing health concern. Obesity refers to an excess

of adipose tissue, whereas overweight refers to an excess body weight in relation to

height, regardless of composition. Body mass index (BMI) is a common method used to

determine overweight in children. BMI is found using the formula: weight in kilograms

(kg) divided by height in meters squared (m^). For children, BMI is plotted on age- and

sex-specific growth charts. The Center for Disease Control and Prevention (CDC)

defined overweight as a BMI greater than or equal to the age- and sex-specific 95*’’

percentile (Ogden, Flegal, Carroll, & Johnson, 2002). At risk for overweight is defined

as a BMI between the 85*’’ percentile and the 95*’’ percentile for age and sex. The BMI for

age and sex growth charts were developed from five national data sets: National Health

and Nutrition Examination Survey (NHANES) I, NHANES II, NHANES III, National

Health Examination Survey (NHES) II, and NHES III. The NHANES is the leading tool
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for identifying the prevalence and trends of overweight in children.

According to Dietz and Bellizzi (1999), use ofBMI as a measure of fatness is

acceptable to provide a consistent assessment of obesity across the lifespan. By

evaluating BMI in all quintiles, the greatest increase in overweight appears to occur

among the heaviest portion of the population. From 1963-1999 the percentage of

overweight children has risen each year. The one exception is in 6- to 11-year-old girls

who had a decreased prevalence of overweight from the 1963-1970 NHANES I to the

1971-1974 NHANES II (National Health and Nutrition Examination Survey, 2003).

Overweight prevalence has increased dramatically over a short period of time with a

sharp increase since 1980. Results from the 1963 - 1965 NHANES survey indicate that

the prevalence of obesity in 6- to 11-year-old girls was 4%. In 1980, the prevalence rose

to 7%. By the 1999-2000 NHANES study, the prevalence had more than doubled to 15%

(Ogden et ah, 2002). Other measures of overweight and body fat show the same increase.

The mean and median triceps and subscapular skinfold measures increased (data not

provided) between NHANES II and NHANES III (Troiano & Flegal, 1998).

Hedley et al. (2004) updated the NHANES estimates of overweight in children

with data from 2001 - 2002. No significant change in overall prevalence of overweight

was present between 1999-2000 and 2001-2002. Among children 6- to 19-years-old in

the 2001-2002 survey, 31.5 ± 1.3% were considered at risk for overweight or overweight

and 16.5 ± 1.0% were considered overweight. Patrick et al. (2004) classified 46% of

their sample (« = 878) as at risk for overweight or overweight based on CDC outpoints.

Troiano and Flegal (1998) concluded that the increase in overweight prevalence
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reflects a shift in the population to a positive energy balance. The two modifiable

variables in the equation are diet and physical activity. Data from the CDC and

NHANES surveys of the U.S. population indicate that the caloric intake of children 1 to

15 years of age has been steady or slightly decreased since the early 1970s (Kennedy &

Goldberg, 1995).

Strauss and Pollack (2001) analyzed data on 8,270 children participating in the

National Longitudinal Survey ofYouth from 1986 to 1998, classifying them as

overweight, at risk for overweight, and nonoverweight based on CDC outpoints. One

survey design was used to allow for accurate estimates of the increase of childhood

overweight and obesity. The greatest increases in prevalence were seen in boys, African

Americans, Hispanics, and those living in the southern states. Among African

Americans, Hispanics and non-Hispanic whites, the prevalence of overweight increased

by 120% between 1986 and 1998. Among whites, the prevalence of overweight in

children has increased more than 50% since 1986. Over the course of the study, the

percentage ofwhite children with a BMI greater than the 85* percentile did not

significantly increase. Although, the percentage ofAfrican Americans and Hispanic

children with a BMI greater than the 85* percentile increased by approximately 50%.

Bundred, Kitchiner, and Buchan (2001) examined the trends in weight, height.

and body mass index of overweight and obese children during a similar time period (1989

to 1998) as Strauss and Pollack (2001). Analyses were run on over 14,000 children

ranging in age from infants to 4 years of age. In 1989, when defining overweight as a

BMI greater than the 85* percentile, 15% of children aged 2 years and 11 months to 4
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years old were considered overweight. This is the expected trend for a normally

distributed population. Overweight was defined as a BMI greater than the 85* percentile,

but less than the 95* percentile for age and sex. In a normally distributed population it is

expected that 15% of children are overweight and 5% of children are obese by the CDC’s

definition. In 1989, 5% of children were considered obese by CDC standards according

to data from Bundred et al. By the end of the study (1998), 23.6% of children were

considered overweight and 9.2% were classified as obese by CDC standards.

Robinson et al. (1993) examined data on television viewing, BMI, and physical

activity of 971 school-aged, adolescent, females participating in a study ofweight

regulation. Height, weight, and triceps skinfold measurements were taken to assess body

composition. Robinson et al. defined obesity as a BMI and triceps skinfold measurement

greater than the 85* percentile for age and sex. Each child provided demographic

information including age, race, and parents education. Children also rated their parents’

fatness by circling 1 of the 8 pictures. Television viewing was measured as a part of the

after-school activity assessment. Physical activity was assessed by a three item

questionnaire. Self-reported sexual maturity was obtained using the Tanner stages of

sexual maturation. After-school television viewing was not related to BMI, triceps

skinfold thickness, level ofphysical activity, or change in any of these over time in

adolescent females. Robinson et al. suggest that either there is no relationship present in

these factors or that their methods did not find a relationship.

Vignerova, Lhotska, and Blaha (2001) and Cole, Bellizzi, Flegal, and Dietz (2000)

researched a cutoffpoint for overweight and obesity in children. Currently, overweight
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and obesity are defined as a percentile in children and a BMI value in adults. Overweight

in adults is defined as a BMI between 25 and 29.9 kg’m'^. Obesity is defined as a BMI

greater than 30 kg-m'^.

Vignerova et al. (2001) defined overweight as a BMI greater than the 90'*’

percentile for age and sex, and obesity as a BMI greater than the 97* percentile for age

and sex for 86,846 Czech children. Cole et al. (2000) obtained BMI data from six

national surveys on growth from Brazil, Great Britain, Hong Kong, the Netherlands,

Singapore, and the United States. Each survey had approximately 10,000 participants

ranging in age from 6 to 18 years.

Cole et al. (2000) developed percentile curves to evaluate prevalence of

overweight and obesity. Overweight and obesity curves were based on 18-year-olds with

adult BMI values. Curves from all six studies were constructed with BMI for overweight

passing through 25 at age 18 and BMI for obesity passing through a BMI of 30 at age 18.

Suggested cutoffs for BMI at each 6 month interval from ages 2- to 18-years for

overweight was defined as a BMI between 17.3 and 20.7 for 6- to 11-year-old girls. A

BMI between 19.7 and 25.4 was defined as obese. Vignerova et al. (2001) found similar

outpoints for overweight (17.3-21.2 kg-m'^) corresponding to the 90* percentile for age
and sex and obese (19.8-25.1 kg-m'^) corresponding to the 97* percentile for age and sex.

Using the cutoff ofBMI greater than the 97* percentile to define obesity in

children, 3% of children are considered obese. Based on their data, Vignerova et al.

(2001) suggested that 1% of children are obese. Flegal, Ogden, Wei, Kuczmarski, and

Johnson (2001) found the outpoints that Cole et al. (2000) reported for overweight in both
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girls and boys were higher than CDC outpoints at the younger ages. At older ages, the

values reported by Cole et al. approached the CDC values then became progressively

lower than the CDC values (-1.69 BMI units). For the values Cole et al. considered

obese, cutpoints were uniformly higher than the CDC values. From CDC and NHANES

III data, it was estimated that 23.3% of 6- to 8-year-old girls are overweight. Cole et al.

estimated that 22.7% were overweight. In the 9- to 11-year-old age group 25.6% of girls

are perceived as overweight by the CDC cutpoints and Cole et al. determined that 22.7%

of 6- to 8-year-old girls and 26.4% of 9- to 11-year-old girls are overweight. Flegal et al.

(2001) concluded that the CDC values are more applicable to U.S. children because Cole

et al. based their cutoffs on data from several different countries.

Taylor, Jones, Williams, and Goulding (2002) studied 661 girls and boys aged 3-

to 18-years to determine a percent body fat cutoff value for overweight and obesity.

Percent fat corresponding to CDC BMI values for overweight and obese were used. Each

child’s height and weight were measured and results of a dual-energy x-ray

absorptiometry scan (DEXA) were used to estimate percent fat and total body mass.

Total body mass estimated from the DEXA scan was highly correlated with body mass

measured by an electronic scale (r > .99). The linear relationship between percent fat and

BMI was stronger for females than males (r = .90 and r = .69, respectively).

Taylor et al. (2002) estimated 18% to 23% to be the percent fat cutpoint

corresponding to BMI for overweight in males 3- to 18-years-old. Percent fat associated

with obesity (BMI ^0) in males is higher in prepubertal males (34%-36%) than in

younger (24%-30%) or older (27%-30%) males. For females, it was estimated that a
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percent fat level between 20% and 34% fat corresponded to BMI of 25. Percent fat

associated with obesity in females ranged from 26% to 46%). Females’ percent body fat

increases steadily with age before beginning to plateau in the older ages. Percent fat

values associated with overweight and obesity BMI standards vary with age in growing

children, especially in girls.

Himes (1999) evaluated the body fat percentages from the NHANES III data to

identify a outpoint for the fattest youth. Body fat percentage was estimated from BMI,

sum of skinfolds (triceps, subscapular, thigh, and suprailiac), and bioelectrical impedance

analysis (BIA) for 300 males and 325 females aged 12 to 18 years. The fattest youth were

considered those greater than the 80* percentile of each fatness indicator for each sex and

age group. The kappa coefficients for percent body fat among the males categorized as

the fattest ranged from .57 for BMI to .78 for sum of skinfolds when compared to BIA

percent fat estimates. For females, kappa for the upper quintile ofpercent body fat

ranges from .58 for waist circumference to .70 for BMI when compared to BIA percent

fat estimates. In general the data suggest that BMI does not identify the fattest males as

well as other measures. From the ages of 12- to 18-years, subscapular skinfold thickness

or the sum of four skinfolds consistently do the best job of estimating the fattest males

(Himes, 1999). Upper quintiles ofBMI had high agreement with those ofpercent body

fat for females, except at the ages of 12 and 13 years.

In males, upper quintiles (top 20%) ofwaist cireumference identified the fattest

individuals better than BMI, but not as well as skinfold thickness. In females, agreement

between the upper quintiles ofwaist circumference and percent body fat were moderate
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(.60), until the age of 16 years where it fell sharply. The overall kappa between waist

circumference and body fat percentage for females was the lowest of the indicators (.58).

Himes (1999) suggested that anthropometric indicators should be chosen for the purpose

of the study. Not all measures identify the fattest youth under the same standards.

Researchers should carefully describe the measures used to classify individuals as obese

and standardized criteria should be used (Himes, 1999).

Luciano, Bressan, Bolognani, Castellarin, and Zoppi (2001) compared two

definitions of overweight: overweight >120% and BMI >90^’’ percentile. Data were

collected from 40,068 participants from primary and secondary schools in Verona, Italy.

Weight and height were measured and percent overweight was calculated using the

formula: (effective weight - ideal weight)/ideal weight x 100. Participants greater than

120% overweight were classified as overweight. Using this standard and Tanner-

Whitehouse curves, 8 to 13% of children were classified as overweight.

Daniels, Khoury, and Morrison (1997) evaluated whether BMI is representative of

body fatness independent of age, sex, race, and sexual maturation. Height and weight

were measured on 92 girls and 100 boys. Pubertal staging was determined by a physical

assessment. Percent body fat was measured using DEXA. BMI was significantly and

positively correlated with all variables in the race-sex groups (r = .41 to .96). A multiple

regression model was developed with percent body fat as the dependent variable and

BMI, age, and maturation stage as the independent variables. The coefficient for

maturation was significant and the coefficient for age was not, suggesting that sexual

maturation may be more important in determining body fatness than age.
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When sex was added to the regression model including BMI and maturational

stage as the independent variables, a significant negative regression coefficient was found

for both African Americans and Caucasian participants. This indicates that for similar

BMI values, males have a lower percent body fat than females. When race was added to

the model, the regression coefficient for race was significant, indicating that for a similar

BMI, Caucasians had a higher percent body fat than African Americans. The distribution

ofbody fat may be an important determinant of the ability ofBMI to estimate body

fatness. The addition ofwaist:hip ratio in the regression model increased the multiple

from .74 to .77.

Daniels et al. (1997) reported that the relationship between BMI and body fatness

is dependent on sexual maturation stage, race, sex, and waist:hip ratio in children. These

findings indicated that sexual maturation stage is a more important correlate of percent

body fat than age. BMI cannot be used as a measure ofbody fatness in boys and girls or

in Afiican American and Caucasian participants. Girls in this study tended to have a

higher percent body fat than boys at the same BMI. Caucasians tended to have a higher

percent body fat than African Americans at similar BMI values, in this study. In

participants with similar BMI, those who had the higher waist:hip ratio had the greater

percent body fat. In a clinical setting, BMI should be evaluated in conjunction with

sexual maturation stage, race, sex, and distribution of fat.

Maynard et al. (2001) examined the correlations between BMI and body

composition, obtained from 387 Caucasian children aged 8- to 18-years. Height, weight.

and BMI were measured annually as part of an ongoing longitudinal study.
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Hydrodensitometry was used to determine body density, percent body fat, fat free mass.

and total body fat. Correlations were moderate to high between BMI and percent body

fat and between BMI and total body fat for boys at each age group (r = .64 to .85 and r =

.83 to .94, respectively). Corresponding correlations for girls were typically lower than

those for the boys for BMI and percent body fat (r = .37 to .78) and for BMI and total

body fat {r = .67 to .90). Moderate correlations between BMI and percent body fat and

total body fat supports the use ofBMI as a measure of adiposity.

Problems Associated with Overweight and Obesity

Guo, Roche, Chumlea, Gardner, and Siervogel (1994) examined the association

between childhood BMI and prevalence of obesity during adulthood. Using data from

277 male and 278 female Caucasian participants, BMI at childhood was used to predict

obesity in adulthood. Four data sets. Pels, Guidance, Harvard, and Oakland longitudinal

studies were pooled for analysis. Childhood BMI values were computed and converted

to percentiles based on the NHANES II standards for Caucasians. Available BMI values

from age 30 to 39 years were averaged and used as BMI at age 35.

BMI was calculated for ages corresponding to early childhood (3-years-old), late

childhood (8-years-old), pubescence (13-years-old), postpubescence (18-years-old), and

adulthood (35-years-old). For childhood BMI values at the 75* and 95* percentiles, the

probability of overweight at age 35 increased with age. In males with a childhood BMI

at the 75* percentile, the odds of overweight in adulthood were up to 10 times as great as

for those with BMI at the 50* percentile. For females with a childhood BMI in the 75*

percentile, the odds of obesity in adulthood were 1.5-8.0 times higher than those in the
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50* percentile in childhood. The BMI values at the 60* percentile for 18-year-olds were

chosen as the cutoffpoints for increased risk of overweight at age 35 because it had

greater sensitivity and specificity than any other percentile. These results demonstrated

that overweight in childhood is an important risk factor for overweight at age 35.

Obesity is related to insulin resistance, diabetes, hypertension, dyslipidemia, poor

cardiorespiratory fitness, and atherosclerosis (Williams et ah, 1992). Body fat levels

associated with an increased risk for elevated blood pressure, total cholesterol, and serum

lipoproteins were examined. Data were collected from 1983 to 1985 on 1,667 males and

1,653 females aged 5- to 18-years from the Bogalusa Heart Study. Males and females

were grouped by level ofpercent fat estimated from skinfolds (triceps and calf), which

were used to determine the cutpoint for increased risk of cardiovascular disease (CVD).

Males were divided into the following fatness levels: < 10%, 10%-14.9%, 15%-19.9%,

20%-24.9%, and ^5%. Females were grouped by the following fatness levels: <20%,

20%-24.9%, 25%-29.9%, 30%-34.9%, and ^5%.

Seated, resting blood pressure was measured three times and the average systolic

and diastolic values were used in the analysis. Serum total cholesterol and lipoproteins

were measured. Elevated blood pressure, total cholesterol, and lipoprotein cholesterols

were defined as the upper quintile for age-, race-, and sex-specific distributions of

systolic blood pressure, diastolic blood pressure, total cholesterol, the low density

lipoprotein (LDL)/high density lipoprotein (HDL) ratio, and the ratio ofvery low density

lipoprotein (VLDL)-i-LDL/HDL.

Total cholesterol and lipoprotein ratios were independent ofpercent body fat for
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the lower four quintile groups in males and lower three quintile groups in females. The

risk for developing CVD risk factors was significantly greater for males in the ^5%

body fat group and females in the 30%-34.9% group. Males with body fat percentages >

25% were 2.8 to 7.0 times as likely as those with body fat percentages <10% to have

elevated systolic blood pressure, diastolic blood pressure, LDL/HDL ratio, and the ratio

ofVLDL+LDL/HDL. Females with body fat percentages between 30%-34.9% fat group

were 2.7 to 3.8 times more likely than the females ^0% fat to be in the upper quintile

for the CVD risk factors. Females in the ^5% fat group are 3.3 to 4.9 times more likely

to have elevated blood pressure and lipoprotein ratios. Fatness levels ^5% in 5- to 18-

year-old males indicate an increased risk for elevated blood pressure and lipoprotein

ratios. Fatness levels ^0% are associated with an increased risk for elevated blood

pressure and lipoprotein ratios in 5- to 18-year-old females. These findings support using

body fat standards of25% for males and 30% for females as significant predictors of

CVD risk factors in 5- to 18-year-old males and females.

Dietz (1998) examined some problems associated with childhood obesity.

Problems range from social consequences (i.e., socioeconomic status) to medical

consequences (i.e., eating disorders). Overweight children tend to be taller, have

advanced bone age, and mature sooner than nonoverweight children. High cholesterol, a

common consequence of adult obesity, is prevalent among overweight children and

adolescents. Glucose intolerance, hepatic steatosis, and cholelithiasis are common

medical conditions associated with obesity. Obesity is related to diabetes and therefore

linked to glucose intolerance. Hepatic steatosis is a high concentration of liver enzymes
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associated with fatty liver, fatty hepatitis, fatty fibrosis, or cirrhosis.

Hypertension is uncommon in children. Of those children who suffer from

hypertension, 60% had a relative weight greater than 120% of the median for sex, height.

and age. Pseudotumor cerebri is a rare disorder of childhood characterized by

intracranial pressure. Children have severe headaches possibly leading to blurred vision

or blindness. Sleep apnea and orthopedic complications result from carrying extra

weight. Young women have the potential to develop polycystic ovary disease, a disease

composed of irregular menstrual cycles.

As the prevalence of obese children and adolescents increases, an increase in the

prevalence of obesity related complications and disease will result. Many adult onset

diseases are beginning to appear in childhood (i.e., type 2 diabetes). Age and severity of

obesity will determine the probability of obesity in adulthood. Parental obesity is linked

to childhood obesity. Prevalence of obesity ofparents of 1- to 3-year-olds is 13.6%.

Prevalence of children with overweight parents decreased in the 10- to 12-year-old age

range then increased 3 percentage points for the final age group 15- to 18-year-olds. In

children ranging from 1- to 18-years-old the percentage of overweight children ranged

from 1.3% for the 1- to 3-year-old age range to 8.8% in 6- to 10-year-olds. Prevalence of

overweight children increased in the 15- to 18-year-old group.

As the prevalence of overweight increases, the obesity-related medical conditions

tend to increase. Medical conditions associated with obesity include, but are not limited

to, orthopedic complications, diabetes, and hypertension. Children are developing

diseases previously affecting only adults (i.e., type 2 diabetes). Williams et al. (1992)
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reported that a body fat percentage greater than 25% in males (5- to 18-year-old) and

greater than 30% in females (5- to 18-year-old) is associated with an increased risk for

elevated blood pressure and cholesterol. Obesity in childhood and parental obesity are

both linked to adulthood obesity. Guo et al. (1994) reported a relationship between

childhood BMI and adulthood BMI suggesting that overweight in childhood tracks

through adulthood.

Measurement of Physical Activity in Children

Physical Activity Levels in Children

Several tools are used to measure physical activity in children; direct observation,

doubly labeled water (DLW), heart rate monitors, pedometers, accelerometers, and

physical activity questionnaires. Many tools provide valid and reliable measures for

adults. It is debated as to which tool provides the most accurate measure ofphysical

activity in children. Direct observation is accepted as a criterion measure ofphysical

activity (Klesges & Klesges, 1987) in children in controlled situations (e.g., playground.

classroom, gym).

Klesges and Klesges (1987) validated accelerometers on pre-school children with

direct observation as the criterion. Overweight {n = 9, BMI >75*^ percentile) and

normal weight (n = 19, BMI ^5* percentile) children (aged 24 to 48 months)

participated in the study. Two children refused to wear accelerometers. These children

were observed, but data were not used to compare accelerometers to direct observation.

Participants were observed using the Fargo Activity Timesampling Survey (FATS) one

day during the Spring or Summer in their home environment, from breakfast to one hour
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after their evening meal. The observational system allows the observer 10 seconds to

observe and 10 seconds to record. First, the type of activity is recorded followed by the

intensity (gross motor movement: minimal, moderate, or extreme intensity) ofactivity.

Every 2 hours observers rotated to minimize observer fatigue.

Accelerometers were programmed to measure movement without the effects of

height, weight, and age. The score represents only the child’s body movement and not

his or her energy expenditure. Accelerometer readings were taken for each hour of

observation, and the whole day. To correct for length of observation period, each child’s

daily accelerometer readings and summary score from the behavioral observation system

(FATS) were divided by total observation time.

Results indicated a significant correlation between the adjusted accelerometer

output and the adjusted total activity-by-intensity rating from the FATS (r = .54). The

accelerometer output had the highest positive correlations with observed percent time

walking, standing, and moderate intensity behaviors {r = .50, .60, .51, respectively) when

compared to sitting, lying, miming, and extremely intense activities. The highest

negative correlations between accelerometer output and observed activity were minimal

intensity behavior (r = -.51). A step-wise multiple regression analysis revealed that

walking was the best predictor of the all-day accelerometer readings (r = .57). Walking

explained 32% of the variance in the accelerometer output.

When compared to other studies, longer assessment periods increased the

correlation between observed activity and accelerometer readings for children. All-day

correlations between observed behavior and the accelerometer readings were higher than
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in previous research. Low negative correlations between accelerometer and observed

time in sedentary behavior and strong negative correlations between accelerometer and

observed time engaging in low intensity behavior existed (Klesges & Klesges, 1987).

Vincent and Pangrazi (2002) studied 950 elementary school children to assess

their current physical activity levels. Each child wore a Yamax pedometer for four

consecutive days, removing it each night before they went to bed and putting it back on

their waistband when they woke up in the morning. Each morning, pedometer data were

recorded by a trained researcher during the first 30 minutes of class.

Results from the pedometer output demonstrated that between the ages of 6 and

12 years average activity levels remain relatively the same (girls: 11,097 and 10,995

steps-day’’, respectively; boys: 12,300 and 13, 989 steps-day’’, respectively). The

children were given a self-report questionnaire about their physical activity for the

previous day and the previous summer. Consistent with other literature, boys were more

active than girls (13,162 ± 3,045 steps vs. 10,923 ± 2,625 steps, respectively). Mikami et

al. (2003) reported similar results in 11- to 12-year-old Japanese boys (13,322 ± 2,329

steps-day’’). Vincent and Pangrazi (2002) recommended that boys should accumulate

13,000 steps per day (grand mean for all ages = 13,162 steps-day’’) and that girls should

accumulate 11,000 steps per day (grand mean for all ages = 10,923 steps-day’’).

Simons-Morton, Taylor, and Huang (1994) evaluated the Physical Activity

Interview (PAI) and Caltrac accelerometer in preadolescent children. They assessed the

ability of third-graders (« = 27) and fifth-graders {n == 21) to recall their activity from the

previous day and evaluated the reliability of the Caltrac accelerometer for assessment of
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physical activity in third and fifth graders. Children wore a heart rate monitor around

their chest and a pouch around their waist containing a Caltrac uniaxial accelerometer

and the heart rate monitor receiver for one day (12.5 ±1.3 hours). The following day the

children completed the PAL

Moderate correlations were reported for PAI-reported moderate and vigorous

physical activity (MVPA) with monitored minutes ofheart rate greater than 180% resting

heart rate (r = .57) and with heart rate greater than 200% resting heart rate (r = .50). The

eorrelations between Caltrac counts and PAI-reported MVPA was higher for fifth grade

students {r = .63) than third grade students (r = .47). Both third- and fifth-grade students

reported more MVPA compared to activity and heart rate monitored minutes suggesting

that children tend to over report the amount of time spent engaging in physical activities.

Faith et al. (2001) evaluated the effects of a contingent television system on obese

(« = 10, BMI > 85* percentile) children’s physical activity and television viewing time in

the home over 12 weeks. Body eomposition was assessed using DEXA and BIA. DEXA

printouts also provided arm and leg percent fat. All participants watched at least 2 hours

of television per day, did not engage in regular physical activity, went home directly after

school most days of the week, had no siblings within 7 years of age to avoid sibling use

of the television cycle or sibling eoercion, and had sufficient physieal space within the

home to install the television cycle.

A contingent television system involves allotting television viewing time based on

the amount ofphysical activity children complete. Faith et al. (2001) hypothesized that

the addition of contingent television would decrease television-viewing time and increase
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physical activity. The contingent television system consisted of three components: a

standard television, a custom designed power controller, and a LifeCycle 3500

electronically braked cycle ergometer. For children in the experimental condition, the

contingent television was set at a reinforcement ratio of 1:1 for the first 3 participants and

1:2 for the remaining 7 experimental participants. Participant VO2 max was assessed

using a maximal bicycle ergometer test. Participants had to cycle at 50% of their VO2

max to activate the contingency. The control group had a television and a bicycle, but

they were not connected to the contingent system.

During the intervention phase, pedaling time was signifieantly greater for the

experimental group compared to the control group (64.4 vs. 8.3 min-week''). The

experimental group watched fewer hours of television during the intervention compared

to the control group (1.6 vs. 21.0 hours-week''). On average, the experimental group

decreased body fat percentages by 1.2% and the control group increased their body fat

percentage by 0.9%. The experimental group saw a decrease in percent leg fat (-1.6% on

average), whereas the control groups’ percent leg fat increased (0.7%). Across all

participants there was a significant negative correlation between total pedaling time and

body fat percentage (r = -.68).

Faith et al. (2001) concluded that the contingent television decreased the amount

of time spent watching television and increased the amount of time spent in physical

activity for this sample. Increased pedaling time was highly associated with a decrease in

percent body fat. Physical activity interventions using behavioral strategies with

overweight ehildren appeared to be beneficial in this study.
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DuRant and Baranowski (1994) examined the amount of time spent watching

television and the types of activities engaged in while watching television. Children aged

3 to 4 years {n = 191) were asked to participate in four, 1-day sessions for 3 years.

Children were directly observed by a trained observer using the CARS rating system

(five levels) for 6- to 12-hours per day on a minute-by-minute basis. Observers recorded

the activity level at the beginning of the minute and then recorded any changes in activity

level during that minute. Each child was observed by two observers who rotated 2-hour

shifts throughout the day.

CARS data were averaged across the minutes. Percent of time spent at an activity

level of 3 or greater was calculated. For this measure, even if a 1 or 2 appeared in the

minute, the minute was still included. A third analysis was the percent of time at which

only levels 3, 4, or 5 were recorded. The final index was the percent ofminutes spend at

activity levels 4 or 5.

Minutes spent watching television were recorded on a minute-by-minute interval.

Watching television was defined as: the child was in the room with the television on and

attended to the program. The number ofminutes spent inside not watching television and

the number ofminutes spent outside during a day along with the location and type of

activity were recorded.

BMI, sum of skinfolds (biceps, triceps, subscapular, suprailiac, abdomen, thigh.

and calf), and waist-to-hip ratio were used to determine body fatness and fat patterning.

Halfof the children spent less than 15% of their time watching television. Of the amount

of time spent inside, 18% of that time was spent watching television. The CARS score
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for inside television time was lower than the CARS score for non-television watching

times (1.65 ±0.18 vs. 1.96 ± 0.13). When children were outside, the average CARS

score was 2.38 ± 0.21 for bouts 10 minutes or longer.

No strong or significant correlations existed between percent body fat and the

longest bout of television viewing (r = .04), percent ofminutes watching television to

total observed (r = .07), or percent ofminutes watching television to minutes inside (r =

.11). No significant correlations were found for the same three variables and body mass

index (r = .02, r = .06, and r = .09, respectively). Children who watched the most

television were those who were the least active, but not necessarily the ones with a higher

percentage ofbody fat or BMI.

Children participate in short bouts {mean = 6 seconds) ofmoderate and vigorous

physical activity (Bailey et ah, 1995). The best estimate of activity in children is through

direct observation. Klesges and Klesges (1987) reported all-day correlations between

observed behavior and accelerometer reading were higher than previous research.

Several researchers have used accelerometry to measure physical activity in children

(Klesges & Klesges, 1987; Mikami et ah, 2003; Simon-Morton et ah, 1994; Trost et ah.

2001). Simon-Morton et al. suggested an objective measure ofphysical activity in

children because children tend to over report physical activity.

Importance ofPhysicalActivity in Children

The Surgeon General recommends that children participate in 30- to 60-minutes

ofmoderate to vigorous physical activity per day (United States Department ofHealth

and Human Services, 1996). Pate et al. (2002) used an objective measure ofphysical



31

activity to determine if children meet the recommended amount ofphysical activity.

Four groups of students were formed: grades 1-3 (« = 100), grades 4-6 (n = 100), grades

7-9 (n = 100), and grades 10-12 (« == 100). Activity was measured using a CSA model

7164 accelerometer for 7 days recorded on a minute-by-minute basis. Time spent in

moderate (3-5.9 METs), vigorous (6-8.9 METs), and very vigorous (>9 METs) activity

during each hour of the 7-day monitoring period was determined. The recommended

levels of activity are from Healthy People 2010 objective 22.6 for moderate physieal

activity (^0 continuous minutes, >5 days-week’', ^ METs), objective 22.7 for

vigorous physical activity (^0 continuous minutes, ^ days-week'\ ^ METs), and

United Kingdom Expert Consensus Group guidelines (^0 min, >5 days-week'', ^

METs).

Over 90% of the students met the Healthy People 2010 objective 22.6 guideline

and less than 3% met objective 22.7 guidelines. Compliance was not significantly

different over the age groups though students in grades 10-12 were less likely than those

in the younger groups to meet the guidelines. No significant differences were found for

the percentage of girls meeting the guidelines and the percentage ofboys meeting the

guidelines (91.6% vs. 91.9%, respectively). Approximately twice the number ofboys

met the reeommendation compared to girls (3.2% vs. 1.6%, respectively). More than two

thirds of the students met the United Kingdom Expert Consensus Group guideline (100%

in grades 1-3, 29.4% in grades 10-12). The major finding was that prevalence estimates

for compliance were different between all 3 recommendations. Meeting the UK

guidelines decreased dramatically with age.
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Janz, Dawson, and Mahoney (2000) evaluated physical activity from childhood

through adolescence in the Muscatine study. The purpose was to determine at what age

children settle into their long-term physical activity and to evaluate the physical activity

levels of girls. Little is known about girls’ physical activity and fitness levels. Children

were selected from a school in Muscatine, lA. A total of 925 children were screened and

126 participated in the study. Body composition was analyzed using height, weight, and

BIA. Rating of sexual maturation using Tanner staging was determined for each

participant by a physical examination conducted by a pediatrician. Children in Tanner

stage 3 to 5 were excluded from the study. At the beginning of the study children ranged

in age from 7- to 11-years old.

Every 3 months, television viewing and video game playing were self-reported

during an interview. The 3-Day Sweat Recall was administered to assess vigorous

physical activity. This instrument requires children to recall the number of episodes in

the previous 3 days that they were breathing hard and sweating due to physical activity.

A period of at least 20 minutes ofheavy breathing and sweating was used to define

vigorous physical activity.

Peak VO2 at year 1, when expressed in absolute and relative terms, was

significantly greater for both boys and girls than year 5 peak VO2. In boys, peak power

and peak grip strength demonstrated the highest degree of tracking (r = .68 to r = .90).

Tracking refers to the ability to predict levels of fitness based on previously measured

fitness levels based on relative rank in an age-sex group. Peak VO2, peak heart rate, peak

O2 pulse, 3-Day Sweat Recall, and TV/Video Game Recall tracked moderately across the
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5-year period (r = .24 to r = .86). Although physical fitness levels were lower for girls,

tracking was similar in girls compared to boys. Peak power and peak grip strength

demonstrated a moderate to high degree of tracking {r = .52 to r = .80) in girls. Absolute

peak VO2, relative peak VO2, peak heart rate, peak O2 pulse, and the 3-Day Sweat Recall

for girls demonstrated moderate to high degrees of tracking (r = .32 to r = .79). Boys in

this study increased vigorous activity throughout the 5-year observation period, whereas

girls’ vigorous activity levels remained unchanged. Physical fitness, physical activity.

and sedentary activity tracked moderately throughout the 5-year study period.

Moore et al. (2003) examined the effects ofphysical activity on the change in

body fat over an 8-year period and the effect on adiposity rehound. Adiposity rebound

refers to a period in physical development where there is a rapid increase in body fat.

Framingham Study participants provided contact information for their 3- to 5-year old

grandchildren. From these contacts, 3- to 5-year-old children (« = 106) and their parents

were asked to participate in The Framingham Children’s Study. Height, weight, and

skinfold thicknesses (triceps, subscapular, suprailiac, abdominal, and thigh) were

measured each year as part of the children’s annual exam.

Diet was assessed during the yearly clinic visit and family members were

instructed on how to complete the 3-day dietary records including estimating portion

sizes. Physical activity was assessed twice a year with a Caltrac accelerometer. Children

wore the accelerometer for 3 to 5 consecutive days. Moore et al. (2003) found that the

least active children were slightly older than the children with moderate or high levels of

activity (4.2 ± 0.8 vs. 3.9 ± 0.7 years, respectively). Children in the highest tertile of
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activity had the lowest BMI and sum of skinfolds (18.6 ± 0.6 kgm'^ and 74.1 ± 7.0 mm,
2

respectively) compared to the children in the lowest tertiles of activity (20.3 ± 0.6 kgm'

and 95.1 ± 6.8 mm). Children in the highest tertile of activity had the smallest gains in

BMI (+ 2.2 kgm' ), and those in the two lower tertiles of activity had much greater

increases in BMI (+ 4.2 kgm'^ in the lowest tertile and 3.7 kgm'^ for moderate activity).

Adiposity rebound occurred earlier for the less active children, perhaps increasing their

risk for obesity. Overall, the children with a high activity level had the lowest levels of

body fat by adolescence. The results of this study support the belief that the lack of

physical activity plays an important role in the development of childhood obesity. The

results suggest high levels of physical activity in the preschool years may delay an

increase in body fatness.

Wolf et al. (1993) explored ethnicity- and age-related differences in activity.

inactivity, and obesity among girls in grades 5 through 12 living in a low-to-medium

income northeastern town. The Godin-Shepard Physical Activity Survey was

administered as a self-report ofphysical activity to 552 girls in elementary schools

(grades 5 and 6), junior high schools (grades 7 and 8), and high school (grades 9 through

12). Height and weight were also self-reported. Sedentary behavior was defined as the

amount of time spent watching television.

The surveys provided evidence that girls in grades 5 through 12 spend

approximately 2 to 5 hours per week watching television and 1 to 3 hours per week

engaging in strenuous physical activity. When broken down by ethnicity, the

other/mixed group (not Asian, Black, Hispanic, norWhite, or was a combination of
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races/ethnicities) reported the most activity and Hispanics reported the least amount of

activity (47.2 ± 4.7 and 30.0 ±3.6 activity units, respectively). Total activity was 24%

higher for elementary than for high school (47.2 ±3.8 and 39.3 ±1.8 activity units,

respectively) and decreased with age, as did strenuous activity. Mild intensity exercise

increased with age. Television viewing was not correlated with physical activity after

adjusting for age (partial r = -.02) or after adjusting for age and race (partial r = -.05).

African Americans were the most obese subgroup and Asians were the least obese

(37.6% and 4.2% obese, respectively). No significant relationship was reported between

activity level and obesity (the correlation was not reported). After removing the girls

who watched the least amount of television, an increased prevalence of obesity was

observed with greater inactivity.

Johnson et al. (2000) examined whether total energy expenditure, resting energy

expenditure, activity related energy expenditure, or VO2max predicted the increase in

adiposity in African American and Caucasian children (n = 115, 4.6 to 11.0 years old)

over a 3- to 5-year period. Resting metabolic rate and VO2 max were assessed by indirect

calorimetry using a Sensormedics metabolic cart. Body composition was estimated from

the results of a DEXA scan. Total energy expenditure was measured using doubly

labeled water. No significant differences were found between Caucasian and African

American children on any of the variables measured. The boys tended to have a higher

lean tissue mass, resting energy expenditure, and VO2max than the girls.

Aerobic fitness was significantly and negatively related to an increase in adiposity

(correlation not provided) in both Caucasian and African American children. No
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relationship was found for both Caucasian or African American children between total

energy expenditure or activity energy expenditure and an increase in adiposity. Johnson

et al. concluded that children with a reduced physical activity level had lower aerobic

fitness and a greater increase in adiposity over time.

It is recommended for children to engage in 30- to 60-minutes ofphysical activity

on most ifnot all days of the week (USDHHS, 1996). Pate et al. (2002) reported that

90% of students in grades 1-12 met the Healthy People 2010 objective 22.6 guideline of

30 minutes of continuous activity on 5 or more days of the week (^ METs). Less than

3% of students meet the objective 22.7 (^0 continuous minutes, ^ days-week"', ^

METs) but more than two thirds of the students met the United Kingdom Expert

Consensus Group guidelines (^0 min, >5 days-week'\ ^ METs). The results suggest

that activity declines with age (Pate et al., 2002). Increased physical activity at a young

age may delay an increase in body fatness later in life (Moore et al., 2003).

Physical Activity Levels ofOverweight vs. Nonoverweight Children

Physical activity levels are hypothesized to be different between overweight and

nonoverweight children. Activity levels have been measured using several methods (i.e.

heart rate, accelerometers, and self-report) to determine if a difference exists. Taylor and

Baranowski (1991) studied whether physical activity was related to cardiovascular fitness

among overweight and nonoverweight children (A= 199, 10.10 ± 1.24 years).

Participants were classified as either low adiposity (sum of skinfolds ^2.9 mm) or high

adiposity (sum of skinfolds > 42.9 mm) based on a median split of their skinfold

thicknesses (sum of triceps, subscapular, and suprailiac skinfold measures). Physical
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work capacity (PWCno) was measured and each child’s physical activity was observed

via direct observation, in 2-minute intervals, for two days in his or her home

environment.

Physical activitymay be more important for overweight children’s cardiovascular

fitness than for nonoverweight children (Taylor & Baranowski, 1991). Physical activity

was an important predictor of cardiovascular fitness in the high adiposity group, but not

in the low adiposity or combined groups. The high adiposity group was characterized by

significantly higher BMI, significantly lower physical activity scores, and significantly

lower cardiovascular fitness. In the high adiposity groups, skinfold thickness and BMI

were negatively related to PWCno {r = -.40 and r = -.41 respectively).

Accelerometer data provide an objective measure ofphysical activity. Trost et al.

(2001) and Patrick et al. (2004) measured physical activity using the Computer Science

and Applications Inc. (CSA) activity monitor with one-minute intervals. Students wore

the CSA during waking hours for 7 days. Time spent in physical activity was determined

from the activity counts provided by the output of the monitor. Trost, et al. compared

physical activity patterns in overweight (« = 54, BMI >95* percentile), and

nonoverweight {n = 133, BMI < 95* percentile) sixth grade students (11.4 ± 0.6 years)

from public middle schools in Columbia, South Carolina. Patrick et al. (2004) conducted

a similar study with adolescents {N = 878) between the ages of 11 and 15 and classified

the sample as normal weight, at risk for overweight, or overweight based on BMI

standards from the CDC guidelines. For analyses, Patrick et al. combined the at risk for

overweight group and the overweight group. Overall, 46% of the sample was classified
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as at risk or overweight.

Trost et al. (2001) reported that compared to nonoverweight children, the

overweight children had significantly fewer total activity counts per day, less

participation in moderate physical activity (3-5.9 METs), and less participation in

vigorous physical activity (^ METs). Their findings are consistent with the findings of

Patrick et al. (2004) who reported that boys and girls in the normal weight group were

participating in significantly more minutes per day of vigorous physical activity ( ^

METs) than the AR + O group (9.22 ± 7.83 minutes vs. 5.89 ± 5.30 minutes.

respectively). Nonoverweight boys participated in significantly more moderate physical

activity (3-5.9 METs) than their overweight counterparts (62.5 ± 26.6 minutes vs. 55.9 ±

25.9 minutes, respectively). Boys in the overweight group reported significantlymore

minutes of television watching than those in the nonoverweight group (141.5 ± 101.4

minutes vs. 108.4 ± 81.3 minutes, respectively). Fifty-nine percent of boys and 34% of

girls in the study met the guideline ofmore than 60 minutes ofphysical activity per day.

Only vigorous physical activity was associated with weight for adolescent boys and girls.

Only a modest number of adolescents reported meeting the 60 minutes ofphysical

activity per day recommendation.

Romanella, Wakat, Loyd, and Kelly (1991) measured physical activity levels of

overweight {n = 21, skinfold measurements > 80**^ percentile) and nonoverweight {n =

19, skinfold measurements < 80*’’ percentile) children with the Caltrac uniaxial

accelerometer for 2 days. Each child wore a Caltrac uniaxial accelerometer on their waist

(during cycling, monitor was worn on the calf) for 2 days (Sunday and Monday).
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Overweight and nonoverweight children had similar levels ofphysical activity based on

the activity counts (111 ± 31 vs. 96 ± 31 activity counts-day'', respectively) from the

accelerometer output. Romanella et al. reported no significant differences in physical

activity levels of overweight and nonoverweight children. These results are contradictory

to those reported by Trost et al. (2001) and Patrick et al. (2004) that showed overweight

children are less physically active than nonoverweight children. Some differences could

have occurred because Romanella et al. had a small sample size of the overweight and

nonoverweight children (« = 21 and n = \9, respectively).

Mikami et al. (2003) examined differences in physical activity, energy

expenditure, and energy intake during free-living conditions in overweight (« = 15, PF >

30%) and nonoverweight (n = 15, PF < 30%), 11 to 12 year old Japanese boys. Height,

weight, and skinfold thickness (triceps and subscapular) were assessed and BMI was

calculated for each participant. Body density and percent fat were estimated from

Kitagawa et al. (1988) and Lohman (1992) equations, respectively. Physical activity was

assessed over three days with heart rate (one minute intervals) and step counts from a

pedometer during the same 3 days. Each child’s VO2max was estimated from a maximal

cycle test using the HR-VO2 regression line. The heart rate-V02 relationship was

established for each child at rest and during cycling. Parents and teachers assisted in

reporting energy intake and a detailed and full description was reported for all food that

the child ate. Participants kept an activity diary that was checked each morning by a staff

person to assess sedentary activity.

Mikami et al. found overweight boys ingested approximately 200 more calories
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on average at dinner than nonoverweight boys. No significant differences were found

between overweight and nonoverweight Japanese boys for total energy intake (76.7 ± 7.8

kcal vs. 82.8 ±11.1 kcal, respectively). Overweight boys consumed significantly more

protein (% of caloric intake) than the nonoverweight boys (22.5% ± 2.0% vs. 19.9% ±

2.0%, respectively), but no significant differences were found for the other

macronutrients. Percentage of energy intake from protein in all meals was significantly

higher for the overweight boys.

Overweight children had a significantly higher weight, BMI, skinfold thicknesses,

and body fat percentage than nonoverweight children. V02max (mhmin''), V02max/TBM

(ml-kg'^-min’') and V02max/LBM (ml-kg''-min'’) of the overweight group were

significantly lower than of the nonoverweight group. Significant differences in

pedometer counts per day were observed for the overweight vs. nonoverweight boys

(8,728 ± 1,450 vs. 17,915 ± 3,208 respectively). A significant difference in time spent in

sedentary activities was found between overweight and nonoverweight boys (247 ± 29

vs. 171 ± 11 min-day'\ respectively). When adjusted for body weight, nonoverweight

boys expended significantlymore energy than the overweight boys (67.3 ± 9.0 vs. 50.2 ±

5.1 kcal-day''). No significant differences were found between overweight and

nonoverweight boys for total energy expenditure per lean body mass (77.5 ± 7.6 vs. 82.6

± 10.9 kcal-day'\ respectively). Mikami et al. (2003) concluded that overweight children

are less active than nonoverweight children and they spend more time in sedentary

activities.

Lazzer et al. (2003) found similar results with overweight and nonoverweight
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boys engaging in free-living activities. Overweight participants engaged in significantly

less moderate physical activity when compared to the nonoverweight participants (6 ± 6

vs. 59 ± 4 min-day'', respectively). Energy expenditure in moderate physical activity was

158 kcal-day'*lower in the overweight group than in the nonoverweight group.

Lazzer et al. (2003) measured energy expenditure in free-living physical activity

of severely overweight (« = 27, BMI > 97* percentile) and nonoverweight (« = 50, BMI

< 75* percentile) adolescents using a whole-body calorimeter. Each participant spent 36

hours in the calorimeter (one evening and one night for adaptation, and 24 hours for data

collection). Participants followed a standardized activity program consisting of sleeping.

sedentary activities (including meals), miscellaneous activities, and exercising on a

treadmill. Body composition was determined from skinfold-thicknesses and BIA for the

nonoverweight participants and a DEXA scan for severely overweight children. Basal

metabolic rate was assessed with indirect calorimetry (Deltatrac calorimeter).

The overweight children spent weekdays at a specialized institution and weekends

at home, where the nonoverweight children lived at home for the duration of the study.

The overweight children had opportunities to participate in indoor and outdoor activities.

One afternoon a week the overweight adolescents took a walk as a group or played

volleyball.

In free-living conditions physical activity and energy expenditure were assessed

with heart rate and an activity diary. Heart rate was monitored for 7 consecutive days.

All activities during these days were recorded in the activity diary. For the same seven

days, participants wore Tri-Trac R3D triaxial accelerometers to differentiate between
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activity heart rates and elevated heart rates due to interference. Physical activity energy

expenditure was significantly higher in the overweight adolescents when compared to the

nonoverweight adolescents (1.0 ± 0.03 vs. 0.61 ± 0.03 keahday’’, respectively). When

adjusted for body weight, physical activity energy expenditure was higher in the

overweight adolescents and lower in the nonoverweight adolescents (0.83 ± 0.02 vs. 0.72

± 0.02 kcal-min’’, respectively).

Severely overweight children had significantly higher daily energy expenditure

and metabolic rates for various sedentary and physical activities than their nonoverweight

counterparts (Lazzer et ah, 2003). After adjusting for fat free mass, overweight

adolescents expended 25% more energy, expressed in kJ-day'', when walking on the

treadmill at the same speed as the nonoverweight adolescents. The daily energy

expenditure in free living conditions was higher for the overweight group eompared to

the nonoverweight group in both boys (14.5 ± 0.3 and 11.3 ± 0.3 MJ-day'^ respectively)

and girls (13.4 ± 0.3 and 9.7 ± 0.3 MJ-day'^).

Physical activity energy expenditure, as measured by indirect calorimetry, did not

differ significantly between the overweight and nonoverweight adolescents. When

adjusted for body weight, the overweight adolescents expended 61% less energy than the

nonoverweight adolescents. The overweight adolescents spent 47 more minutes in

sedentary and light activities than the nonoverweight participants over the 7-day

collection period. Overweight participants spent an average of 6 minutes of their day in

moderate and vigorous activities. Nonoverweight participants engaged in an average of

59 minutes ofmoderate and vigorous aetivities per day.
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In free-living conditions, activity energy expenditure was higher for the

overweight adolescents by 1.36 MJ-day’' than the nonoverweight adolescents.

Overweight adolescents had a higher daily energy expenditure, metabolic rate, and

energy expenditure corresponding to the sedentary and physical activities as measured by

the room calorimeter than their nonoverweight counterparts (Lazzer et ah, 2003).

Huttunen et al. (1986) and DeMeersman Stone, Schaefer, and Miller (1985)

conducted similar studies comparing obese and nonobese children in aerobic capacity.

Huttunen et al. evaluated whether obese children {n = 31, relative weight > 2 standard

deviations above mean) were less active and have a lower working capacity than

nonobese children {n =31, relative weight < 2 standard deviations above the mean).

DeMeersman et al. compared cardiopulmonary functions during a V02max test in obese

(n - 15) and nonobese (« = 15) prepubescent females.

Huttunen et al. (1986) assessed body composition with the sum of triceps and

subscapular skinfold thicknesses. Physical activity was measured via a self-report

questionnaire completed by the parents. Parents were asked to assess the activeness of the

child; whether the child participated in regular exercise; whether the child participated in

the training team of a sports club; the frequency of various physical activities such as

walking, running, cycling, skiing, swimming, team sports or other activities; the time in

minutes their child employs daily in various physical activities; the grade reeeived for

sports at sehool; the time in minutes spent daily in inactive pursuits; and the number of

pastimes involving physical activity.

Physical fitness was measured using a two-stage exercise test performed on a
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bicycle ergometer. Oxygen intake and earbon dioxide production were measured

continuously during both stages of exercise using an open circuit pneumotachometer.

Workload was increased everyminute until exhaustion. The second stage of the test was

performed on the following day. Participants pedaled the bicycle ergometer for 2

minutes at 70% of the maximal workload performed the previous day. After 2 minutes,

the workload was increased to the maximal load from the previous day. Participants

-1
pedaled at this intensity for another 2 minutes and workload was increased 0.2 W-kg

every second minute until exhaustion.

DeMeersman et al. (1985) classified participants as obese based on their triceps

skinfold measurement and height versus weight criteria as determined by the National

Center for Health Statistics. The obese participants compared to their nonobese

counterparts were significantly heavier (45 ± 10.3 kg vs. 32 ± 7.5 kg, respectively) and

had significantly higher percent body fat (3.7 ±1.0 % vs. 12.4 ± 4.1%, respectively).

VO2 max testing was slightly different than Huttunen et al. in that it was a

progressive treadmill walking protocol. The initial workload was at 0% grade and 6

km-hour'\ Workload increased every minute by 1% in grade while the treadmill speed

remained constant. Metaholic data were collected by open circuit calorimetry methods.

Self-adhering silver/silver chloride electrodes were attached to the participant. Heart rate

was recorded using a bipolar electrode lead system.

Huttunen et al. (1986) found that the obese children participated less frequently in

training teams and had lower grades for sports at school than nonobese children. No

differences were found in the frequency ofphysical activities or in time spent in activity.
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Results from both research groups suggested that obese children were less fit than their

nonobese counterparts. Huttunen et al. found absolute oxygen intake was higher in obese

children (obese: 2.05 ± 0.55; nonobese: 1.89 ± 0.62 L-min'^), but when adjusted for fat

free mass, VO2 max was higher in the nonobese children (obese: 45.4 ± 7.5; nonobese:

57.5 ± 8.5 ml-FFlVf'-min''). DeMeersman et al. (1985) found a significant difference in

VO2 max when expressed per kilogram ofbody weight between the obese and nonobese

girls (23 ± 4 vs. 36 ± 6 ml-kg'^-min'*, respectively). The obese group spent 11 minutes on

the treadmill compared to 14 minutes for the nonobese group. This was not a statistically

significant difference, but the effect size was large {ES = 0.94). These findings support

the claim that obesity inhibits exercise performance in prepubescent obese females.

Twenty-seven of the 31 obese children in the Huttunen et al. study participated in

a 1-year weight reduction program to determine the effects on body weight and physical

fitness. As a result of the weight reduction intervention, relative weight of 25 of 27

children decreased. Physical activity and sports participation of the children also

increased during the one year of intervention. No significant changes were found in their

regular exercise, in the time they spent in physical activity, or in the amount of bouts of

physical activity. Increases from pre- to post-intervention were found in absolute VO2

max (2.03 ± 0.58 vs. 2.23 ± 0.63 L-min’'), V02max related to body weight (29.8 ± 4.5

vs. 33.0 ± 7.1 mFkg'’-min''), and V02max per kilogram of fat free mass (44.2 ± 6.4 vs.

47.1 ± 6.9 ml-FFM'^-min'’). Huttunen et al. (1986) concluded that obese children can

increase their physical activity in their efforts to reduce weight. Successful weight

reduction leads to increased maximal oxygen consumption.
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Reybrouck et al. (1987) examined the levels of cardiovascular fitness and habitual

physical activity in obese children. Fifteen obese children (10 girls, 5 boys) aged 4- to

16-years, volunteered to participate in the study. Overweight (%) was calculated from

actual weight/optimal weight. Optimal weight was defined as 50* percentile for weight

corresponding to height of patient. Skinfold measurements were taken at the biceps.

triceps, subscapular, and suprailiac sites.

All participants performed a graded exercise test on a treadmill. For children

under 6 years of age the treadmill was set at 4.8 km-hr’’ and for children over 6 years of

age the treadmill was set at 5.6 km-hr’\ The incline of the treadmill was increased 2%

every minute until the child had a heart rate of 170 beats-min‘\ Respiratory variables

were measured using open circuit spirometry method. Expired gas was collected every

minute using the Douglas bag method. The ventilatory threshold was determined as the

intensity at which an increase in the ventilatory equivalent for O2 was not accompanied

by an increase in the ventilatory equivalent for CO2. These values in the obese children

were compared to values obtained on 257 nonobese children. Physical activity was

assessed via questiormaire and information on the number of hours spent exercising.

number of hours in leisure time physical activity, and how the child moved to and from

school were obtained.

Ventilatory threshold was reached after an average of 3.0 ±1.3 minutes for the

obese children compared to 3.7 ± 1.2 minutes for the nonobese group. The finding was

not significant, but had a large effect (ES = 1.16). VO2 expressed as L-min'^ was

significantly higher in the obese children than in nonobese children (1.39 ± 0.26 and 1.24
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± 0.21 L-min'\ respectively). After adjusting for body weight, the obese children had a

significantly lower VO2 than their nonobese counterparts (18.2 ± 2.7 vs. 27.1 ± 2.8 ml-kg'

•min’', respectively). Habitual levels ofphysical activity were significantly lower for
1

obese children (3.11 ± 1.91 hr-day'') than for nonobese children (4.65 ± 0.66 hr-day'*).

The findings ofReybrouck et al. (1987) are in agreement with other researchers

(Huttunen et al. 1986; Johnson et al. 2000; Lazzer et al., 2003; Mikami et al., 2003;

Taylor & Baranowski, 1991; Trost et al., 2001) that obese children are less active than

their nonobese counterparts. Patrick et al. (2004) also found that nonoverweight children

participate in significantly more vigorous activity than their overweight counterparts

(girls: 6.3 ± 6.3 minutes vs. 4.2 ± 4.5 minutes and boys: 12.4 ± 9.5 minutes vs. 8.0 ± 6.3

minutes). Overweight children carry more weight and have a lower relative V02max

than nonoverweight children.

Zanconato et al. (1989) studied the differences between obese (n = 23, body

weight > 20% of ideal weight) and nonobese {n = 37, body weight < 20% ideal weight)

children. Each child was given a physical activity questionnaire to report their regular

exercise and pastimes involving physical activity. Participants then performed a maximal

treadmill test after warming up for 5 minutes. The treadmill was set to 6.5 km-hr''and the

grade was increased every minute by 2% until exhaustion. Ventilation (Ve), respiratory

rate (RR), VO2, and VCO2 were measured by the open-circuit method. VO2max and

ventilatory anaerobic threshold were also assessed.

Relative VO2 max was significantly lower in the obese participants compared to

the nonobese participants for both males (37.2 ± 7.2 vs. 54.0 ± 9.2 ml-kg'*-min'’.
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respectively) and females (37.9 ± 8.3 vs. 51.3 ± 9.2 ml-kg'^-min'^). No significant

difference was found for absolute VO2 between the obese and nonobese children. Time

spent on the treadmill (obese males, 6.1 ± 0.9, nonobese males, 10.9 ± 2.2; obese

females, 5.1 ± 1.6, nonobese females, 9.1 ± 1.1 minutes) and workload (obese males.

148.5 ±27.1, nonobese males, 178.4 ±31.4; obese females, 115.1 ±38.1, nonobese

females, 147.6 ± 29.1 watts) were significantly lower for the obese children than their

nonobese counterparts. Habitual physical activity was significantly lower for obese

children (1.5 ± 0.5 hr-week”') compared to the nonobese children (5.7 ± 2.0 hr-week'').

This study demonstrated a low level of physical fitness and physical activity in obese

children. Zanconato et al. (1989) concluded that the poor level ofphysical fitness and

low levels ofphysical activity found in obese children, suggests that physical activity is

necessary in obesity rehabilitation programs to increase physical fitness.

Physical activity levels appear to be lower in overweight compared to

nonoverweight children (DeMeersman et ah, 1985; Huttunen et al. 1986; Johnson et al..

2000; Lazzer et al., 2003; Mikami et al., 2003; Reybrouck et al., 1987; Taylor &

Baranowski, 1991; Trost 2001; Zanconato et al., 1989). Only one study reviewed

(Romanella et al., 1991) found no difference in the activity levels of overweight and

nonoverweight children. Overweight children do not appear to consume more calories

than their nonoverweight counterparts (Kennedy & Goldberg, 1995; Mikami et al., 2003;

Patrick et al., 2004). At rest, overweight children may bum more calories than

nonoverweight children (Lazzer et al., 2003). The major difference between overweight

and nonoverweight children appears to be the amount of energy expended during
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physical activity (Lazzer et ah, 2003, Mikami et ah, 2003; Taylor & Baranowski, 1991).

COSMED

The COSMED K4b^ portable metabolic system is the latest generation of

COSMED portable metabolic systems. It is the first system COSMED has designed to

measure gas exchange on a breath by breath basis. This unit is a lightweight, battery

operated, self-contained metabolic system. The COSMED measures 170x55x 100 mm

and weighs 550 gm. The battery measures 170 x 48 x 90 mm and weighs 550 gm. The

COSMED is worn on the back or front of the body in a harness. A mask is worn over the

nose and mouth with airflow directed to the portable system. A heart rate monitor and a

receiver are worn with the unit. Oxygen consumption, carbon dioxide production, and

heart rate are measured simultaneously.

The COSMED K4b^ is a versatile system that can be used in the field as well as

the laboratory. The ability to measure gas exchange outside of the laboratory opens a

new area of research. In the field, the COSMED is able to save the breath by breath data

to be downloaded when testing is completed. This lightweight, portable metabolic

system makes it possible to conduct research in the field with children. The unit is light

enough for children to carry for long periods of time. Since the unit can be worn on the

back, children are free to move in their normal environment.

McLaughlin, King, Howley, Bassett, and Ainsworth, (2001) conducted a

validation study of the COSMED (n = 10 males). The Douglas bag method was used as

the criterion measure. Each participant pedaled the same Monark cycle ergometer for 5

minutes at power outputs of 50 W, 100 W, 150 W, 200 W, and 250 W. All participants
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performed two trials, one using the COSMED, one using the Douglas bag method.

During the COSMED trials, the participants remained connected to the portable

metabolic system for the duration of the study. The final 2 minutes of each power output

was used in the analysis. Expired gases were collected during the last 2 minutes of each

power output.

No significant differences in VO2 (Emin’’) were found between the COSMED

and the Douglas bag methods at rest (0.33 ± 0.07 vs. 0.38 ± 0.02 Lmin'^) and 250 W

(3.51 ± 0.07 vs. 3.50 ± 0.05 L'min’', respectively). VO2 values for the COSMED were

significantly higher than for the Douglas bag values at 50 W (1.03 ± 0.02 vs. 0.94 ± 0.04

Emin'), 100 W (1.63 ± 0.03 vs. 1.53 ± 0.02 Emin'), 150 W (2.24 ± 0.03 vs. 2.14 ± 0.01

Emin'^), and 200 W (2.87 ± 0.04 vs. 2.79 ± 0.03 Emin''), respectively.

The mean energy expenditures between the two methods were not significantly

different. The COSMED slightly overestimated VO2, but underestimated VCO2. The

magnitude of the difference between COSMED VO2 measures and Douglas bag VO2

measures from 50 - 200 W was small (0.088, 0.092, 0.096, and 0.088 Emin’',

respectively). Though there were slight differences, the COSMED was deemed

acceptable for measuring oxygen uptake through a range of exercise intensities. Even

where there were statistically significant differences, the magnitude of the differences

was small. The results of this study support the COSMED for measuring oxygen uptake

over a wide range of exercise intensities.

Eittlewood et al. (2002) examined the validity of the COSMED under resting

condtitions by comparing it to the Deltatrac II metabolic cart. Validity of the COSMED
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while measuring resting energy expenditure was determined by comparing data from the

Deltatrac II metabolic cart and the COSMED. Results of the two devices from

simultaneous collection of resting energy expenditure in the same participants were also

compared.

Nine adult participants were recruited for the study. Height and weight were

measured prior to beginning testing. Resting energy expenditure was measured during

these different sessions - one 20-minute session with the COSMED, one with the

Deltatrac II metabolic cart, and one with the COSMED and Deltatrac II simultaneously.

Measurements were performed in a random order. During the COSMED measurement.

the participant wore a heart rate monitor and the COSMED facemask while lying in a

comfortable position with the battery pack and portable unit lying beside him or her. The

last 20 minutes of the 30 minute data collection period were analyzed.

The Deltatrac II metabolic cart measurements were carried out before.

simultaneously, or after the COSMEDmeasurements were completed depending on

group protocol assignment. Participants were asked to lie in a supine position and breath

normally. A canopy was placed over the participant’s head and plastic fabric was placed

over the canopy to form a seal between the air inside and air outside the canopy. A pump

draws air from outside the canopy and the gases are sent to a chamber to be analyzed for

the volumes ofO2 and CO2. During the simultaneous collections, the COSMED

facemask was worn and the canopy for the Deltatrac II was placed over the participant’s

head.

Bland-Altman analysis indicated a mean bias between the COSMED only data
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and data obtained from simultaneous measurement with the COSMED and the Deltatrac

II metabolic cart. Mean bias was found for resting energy expenditure, respiratory

quotient (RQ), volume of carbon dioxide produced (VCO2), and the volume of oxygen

produced (VO2) (-296 ± 399 kcal-day"', 0.0 ± 0.1, -30.8 ± 107.7, and -32.3 ± 76.5 ml-min'
1
, respectively with negative scores indicating a lower score for the Deltatrac II). A mean

bias was also found for the measurements from just the Deltatrac II metabolic cart and

simultaneous measures with the COSMED for resting energy expenditure RQ, VCO2, and

VO2 (99 ± 181 kcal-day’’, 0.0 ± 0.1, 11.3 ± 40.0, and 14.2 ± 20.3 ml-min'', respectively

with positive scores indicating a higher value for the Deltatrac II).

On average, the values obtained from the Deltatrac II metabolic cart were lower

than for the COSMED. Analysis of the COSMED and Deltatrac II metabolic cart

separately revealed mean bias for the four variables, resting energy expenditure, RQ,

VC02,and VO2 (268 ± 702 kcal-day'', 0.0 ± 0.2, 26.4 ± 118.2, and 51.6 ± 126.5 ml-min''.

respectively). There was a larger mean bias between predicted resting energy expenditure

values and those resting energy expenditure values measured using the COSMED data (-

194 ± 603 kcal-day'') than using Deltatrac II metabolic cart data (73 ±197 kcal-day'').

After comparing resting energy expenditure measurements between the COSMED and

the Deltatrac II metabolic cart data, it was revealed that variability is high between the

two devices. Littlewood et al. (2002) concluded that based on comparison ofboth

devices, the COSMED may not be as accurate as the Deltatrac II in measuring resting

energy expenditure in adults. Due to small sample size the findings cannot be

generalized to a large population. The COSMED should be used to measure the energy
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cost of physical activity.

Pinnington et al. (2001) tested the accuracy of the COSMED measures of Fe02,

FeC02, and Ve when compared to a laboratory metabolic cart. Twenty students

participated in the study. Participants ran on a treadmill at a self-selected pace for 12 - 15

minutes while expired gases were collected. Expired air was collected in a 600-liter

Collins Gasometer (Tissot tank). After the Tissot tank was filled with the participant’s

expired air, the test was terminated. The COSMED was connected to the Tissot tank for

simultaneous sampling.

Another assessment was made to examine the accuracy of the COSMED for

measuring ventilation. Ten participants volunteered for this portion of the study.

Ventilation volume measures of approximately 50 Lmin'\ 75 Lmin'', and 100 Lmin

were compared by measuring exercise responses at three workloads. Participants ran on

the treadmill continuously for 15 minutes with three, 5-minute stages: 8 km hr'\ 11

km hr'', and 14 km hr''. During the running protocol, several ventilatory measurements

-1

were made with the COSMED and with the Morgan ventilation monitor. Paired t-tests

revealed no significant differences between the means for the Tissot tank samples (pre-

and posttest) for Fe02 (r = 1.00) and F eC02 (r = .99) and the laboratorymetabolic cart.

Significant differences were found between the metabolic cart (make and model not

provided) and the COSMED means for Fe02 (16.56 ± 0.40 vs. 16.30 ± 0.40, respectively)

and FeC02 (4.19 ± 0.30 vs. 4.06 ± 0.32). The measures of the metabolic cart and the

COSMED were strongly correlated (Fe02 r = 0.97, F eC02 r = 0.93). Results from the

COSMED for Vewere significantly different from the metabolic cart at 8 km hr'' and 11
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km hr'' running speeds. No significant differences were found between the mean values

for 14 km hr'', though the COSMED values were slightly higher.

Calculations ofVO2, VCO2, and RER using submaximal ventilation values

resulted in slight error between the metabolic cart and the COSMED, with the COSMED

overestimating VO2 by approximately 8.0% and underestimating VCO2 by 3.2%.

Pinnington et al. (2001) concluded that significant differences existed between the

COSMED and metabolic cart when measuring Fe02, FeC02, and Ve assessed in this

study.

Maiolo, Melchiorri, lacopino. Masala, and DeLorenzo (2003) compared the

COSMED K4 RQ and the Airspec QP9000. The COSMED K4 RQ is also known as the

COSMED K4 b^. The Airspec QP9000 is a quadruple mass spectrometer housed in a

robust high volume system. Nine male football players were randomly selected to

participate in the study. All participants performed an incremental exercise running test

from 8 km-hr'' till exhaustion. Each stage was 6 minutes long. Between each stage a 2

minute rest period was taken. At the beginning of the each stage the treadmill speed was

increased by 2 km-hr''. Each participant ran till exhaustion. The Airspec QP9000 and

the COSMED were measuring simultaneously for the each trial.

Maiolo et al. (2003) found no significant differences in measurements using the

COSMED K4 RQ and the Airspec QP9000 either at rest or during exercise. Because

there were no significant differences in the measurements, Maiolo et al. concluded that

the COSMED is practical and precise for the determination of energy expenditure in male

athletes. One advantage the Maiolo et al. study has over the McLaughlin et al. (2001)
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Study is that all measurements were taken on the same day. Results of this study confirm

the validity of the COSMED K4 RQ system for gas measurement in the same participant

over a range of submaximal and maximal exercise intensities.
'y

The COSMED K4b has been shown to be a valid system to measure energy

expenditure during activity (Littlewood et al., 2002; Maiolo et al., 2003; McLaughlin et

al., 2001). The COSMED was designed to measure energy expenditure of physical

activity. Resting data from the COSMED has not been shown to be accurate (Littlewood

et al., 2002). The COSMED has been validated against the Douglas bag method

(McLaughlin et al.), the Deltatrac II metabolic cart (Littlewood et al., 2002), an

unspecified metabolic cart (Pinnington et al., 2001), and the Airspec QP9000 quadruple

mass spectrometer (Maiolo et al., 2003). Several studies (McLaughlin et al., 2001;

Maiolo et al., 2003; Littlewood et al., 2002; Pinnington et al., 2001) have demonstrated

validity of the COSMED by collecting data simultaneously with the COSMED and the

reference system. All studies reviewed have small sample sizes (9 to 20 participants)

making it difficult to generalize the results. Also, it is difficult to generalize to children

based on the characteristics of these samples (adults, athletes).



METHODOLOGY

Participants

Fifty-five girls aged 8- to 12-years were recruited from Greenville, NC and the

surrounding community. The girls were categorized as overweight (« = 26), at risk for

overweight {n = 14), or nonoverweight {n = 15). A newspaper advertisement was placed

in the local newspaper, an advertisement was run on a university list serve, and flyers

were distributed to parents who were interested in the study.

The University Institutional Review Board (IRB) approved the study. Informed

consent was obtained from parents and assent was obtained from the girls. The parents

completed a personal history form about their child. Parents were asked if their child had

started menstruation. Only one participant had begun menstruation. This child’s data

was included in the analyses.

Body Composition

Height and weight were assessed using a Healthometer balance beam scale. Body

mass index (BMI) was calculated by dividing body weight in kilograms by height in

meters squared. Body composition was also assessed with skinfolds, using Lange

skinfold calipers, at two sites (triceps and calf). Two trials were taken at each site and the

average of the trial was used in the analyses. Percent fat was estimated from the sum of

skinfolds using the Slaughter et al. (1988) equation. Girls were classified as overweight if

their BMI was greater than the 95*’’ percentile for age and sex (Ogden et al., 2002) or if

their percent fat was greater than 32% based on estimates from skinfold percent body fat.

The at risk for overweight group were those girls with a BMI between the 85*’’ and 95”’
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percentiles for age and sex and a percent body fat less than 32%. The nonoverweight

group was defined as having a BMI less than the 85*’^ percentile for age and sex and a

percent fat less than 32% based on estimates from skinfold percent body fat.

Procedures

The girls were tested individually. Girls participated in 4 to 7 activities depending

on limitations (i.e., asthma, weather, or facilities). Seven activities were chosen for each

girl to participate in for 6 minutes: bicycling (« = 47), riding a scooter (n = 53), walking

on a treadmill {n = 53), walking in an open area (« = 53), jogging (n = 52), playing catch

with a soft football {n = 55), and shooting baskets (« = 5). Due to facility conflicts.

shooting baskets was removed from the protocol and analysis. All activities were

intended to be at a submaximal workload. All of the activities were at a self-selected

pace, except walking on the treadmill which was at 2.5 mph for all participants. Four of

the activities took place indoors and the other two activities (bicycling and riding a

scooter) took place outdoors. The indoor activities were performed in a randomized

order followed by the outdoor activities, which were also performed in a randomized

order. After each activity a 2-minute rest period was used to allow heart rate to return

closer to a resting level. Because the activities were at a submaximal level, heart rates

should have been below 100 bpm before beginning the next activity. If after 2 minutes

the heart rates were not below 100 bpm, then another minute was allowed for rest before

beginning the next activity.

Prior to beginning the outside portion of the testing, the portable metabolic system

was recalibrated to adjust for the temperature, humidity, and pressure changes associated
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with moving from indoors to outdoors. During the outdoor activities of riding a bicycle

and a scooter, safety equipment (helmet and pads) was worn. All activities were

supervised.

Indirect Calorimetry - COSMED

All girls were asked to fast 3 hours prior to arriving at the Activity Promotion

Laboratory for testing. Prior to testing, each girl (n = 25) answered a question about the

last time they ate. The type of food or drink along with the amount consumed was

recorded. No participants reported eating within 3 hours of testing.

Oxygen consumption (VO2) and energy expenditure (kcal-min'^) were measured

using the COSMED K4b^ portable metabolic system for all activities. This is a relatively

new system that is a lightweight (~1.5 kg), breath-by-breath, pulmonary gas exchange

system. The COSMED plugs into a computer and data are uploaded via a serial port.

The data were then exported into an Excel file where they were analyzed.

The COSMED was calibrated prior to each girl’s arrival in the lab. The

COSMED was warmed up for 45 minutes before beginning calibration. Each calibration

included calibration of the flowmeter, gas analysis, and gas delay. Calibrating the

flowmeter consisted ofmeasuring the volume of a 3 L syringe and updating the gain of

the flowmeter in comparison to a predicted value. The gas analysis was broken into two

parts, room air calibration and reference gas calibration. The COSMED automatically

calibrated the room air before every testing session. It updated the baseline values for the

CO2 analyzer and the gain of the O2 analyzer in order to match the readings with the

predicted values. The reference gas consisted of sampling a gas with a known
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composition (16% O2 and 5% CO2). Sampling the reference gas allowed for updating the

baseline and the gain of the analyzers to match the readings with the predicted values.

The delay calibration measured the time necessary to pass from the sampling line to the

COSMED before being analyzed. In addition, anthropometric data, current temperature.

relative humidity, and barometric pressure were entered in the COSMED.

To make comparisons between groups that differed on body size, VO2 was

expressed as milliliters per kilogram of fat free mass per minute (ml-FEM'^-min'') as

suggested by Ekelund et al. (2004). FFM was estimated from skinfold measures. The

energy cost of the activity was expressed as kcal-min’’, and was calculated by the

COSMED from VO2 and respiratory exchange ratio (RER) equivalents. Heart rate was

expressed as beats per min (bpm).

We estimated MET intensities for each activity to allow comparison with

published MET intensities for adults (Ainsworth et al., 2000). In order to estimate MET

intensities an estimate of resting metabolic rate is necessary. McDuffie et al. (2004)

estimated resting metabolic rate of children as 4.1 ml-kg'^-min'^ and Treuth et al. (2004)

estimated resting metabolic rate of children as 3.8 ml-kg''-min'\ The pooled average was

4.0 ml-kg''-min'\ We used the pooled average as an estimate of resting energy

expenditure of girls in this study. Treadmill walk at 2.5 mph was compared to “walking,

2.5 mph, firm surface” from the adult compendium. Running was compared to “jog/walk

combination (jogging component of less than 10 minutes)” from the adult compendium.

Football throw was compared to “football or baseball playing catch” from the adult

compendium. Self-selected walking was compared to “walking, 2.0 mph, level, slow
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pace, firm surface” from the adult compendium. Bicycling was compared to “bicycling.

<10 mph, leisure, to work or for pleasure” from the adult compendium. A value for the

scooter was not found in the adult compendium.

Activity Monitors

Each participant wore three activity monitors during the assessments. An RT3

triaxial accelerometer, a CSA uniaxial accelerometer, and a Yamax pedometer were worn

for the duration of the testing session. The monitors were randomly selected from the

monitors available (25 RTSs, 23 CSAs, and 60 pedometers). The two accelerometers

were initialized with each participant’s age, height, weight, and gender. At the start and

stop of each activity the marker button of the RTS was pushed to indicate on the data

output the beginning and end of each activity. The RTS and CSA accelerometers were

initialized on the same computer, so that the time stamp would match on the

accelerometers. Time was matched on the COSMED output to determine start and stop

time of each activity.

The pedometers were reset to zero before beginning each activity. At the end of

each activity the number of steps from the pedometer display were recorded. Pedometer

counts from bicycling and riding the scooter were not recorded, because there is little

vertical acceleration at the hip in these activities. A Polar heart rate monitor was worn

for the duration of the testing session. Heart rate was automatically recorded by the

COSMED. These activity monitor data were part of a larger study, but were not analyzed

in this thesis.
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StatisticalAnalysis

The last 2 minutes of each activity were used to analyze the caloric cost of the

activity. Steady state occurs after approximately 3 to 4 minutes of continuous activity.

Thus, the last 2 minutes of the 6-minute activity provided an estimate of the caloric cost

of the activity during close to steady state conditions. COSMED data were broken down

into the last 2 minutes of the breath-by-breath output. Each of the 2 minutes of breaths

were averaged separately and used to determine the girl’s energy expenditure (kcal-min'^)

for that activity.

A one-way analysis of variance (ANOVA) was used to determine whether there

were differences in VO2, energy expenditure, and heart rate among the overweight, at

risk, and nonoverweight girls. Significance levels for each ANOVA were adjusted with

the Bonferroni procedure. Bonferroni adjustments were made for each comparison by

dividing .05 by the number of groups (.05 ^ 3 = .017). The size ofmean differences was

estimated with Cohen’s delta (Cohen, 1988) using the following formula: ES = {meanj -

mean2) ^ SDpooied, where meani is mean for one group, mean2 is mean for the other

group, and SDpooied is the pooled standard deviation ofboth groups. Cohen suggested that

effect sizes of 0.20 or less are small, of approximately 0.50 are moderate, and greater

than or equal to 0.80 are large. Fisher’s LSD tests were used to compare the three groups

for each activity.



RESULTS

Descriptive statistics for the overweight, at risk for overweight, and

nonoverweight girls are shown in Table 1. Approximately half of the girls were

classified as nonoverweight (« = 26). The remaining girls were classified as overweight

(« = 15) or at risk {n = 14). Multiple one-way ANOVAs with Bonferroni adjustments

were performed to compare the three groups (nonoverweight, at risk for overweight, and

overweight) for VO2, heart rate, and energy expenditure.

Table 1

Sample Characteristics
At risk for

overweight
(n = 14)

Nonoverweight
in = 26)

Overweight
in = 15) Overall

Mean ±

standard
deviation

Mean ±
standard
deviation

Mean ±

standard
deviationVariable Minimum Maximum

Age (years)
Height (in.)
Weight (lb)
Fat free mass (lb)
BMI (kg-m'^)

9.8 ± 1,2

54.8 ±3.6

68.7± 11.6

55.9 ±8.3

16.0 ± 1.4

18.3 ±3.5

9.9 ± 0.8

56.7 ±2.6

97.8 ± 12.4

72.0 ± 9.2

21.3± 1.0

26.3 ±3.8

9.9 ±0.9

58.9 ±2.7

128.7 ±21.9

82.6 ± 13.2

26.0 ±3.0

35.2 ±7.7

8.0 12.0

49.3 63.0

50.0 160.0

115.942.0

13.2 31.0

Percent fat (%)
Sum of tricep and
calf skinfolds (mm)

13.5 54.4

21.8± 5.8 34.9 ±6.2 49.5 ± 12.7 14.0 81.0
Note: The nonoverweight group had a BMI < 85“ percentile and a percent body fat less than 32%. The at
risk for overweight group had a BMI between the 85* and 95* percentile and a percent body fat less than
32%. The overweight group had a BMI > 95* percentile or a percent body fat greater than 32%.

VO2 (ml FFM ' min ’)

Descriptive data for VO2 adjusted for fat free mass (FFM) are displayed in Table

2. Results of the group comparisons are presented in Table 3. The overweight group had

the highest VO2 adjusted for FFM for 4 of the 6 activities. For the scooter and bicycle.

the nonoverweight group had the highest VO2 adjusted for FFM. Results ofFisher’s LSD

tests indicate no statistically significant differences {p > .05) in VO2 among the groups for

any activity. However there were small to large mean differences, as indicated by effect



63

size (ES) estimates, for the treadmill walk (ES = 0.27 to 0.80) among the three groups.

The only other difference ofmoderate size was on the football throw for the overweight

group vs. the at risk group. The run and walk had the smallest variability among means

(17.0 to 17.5 and 8.4 to 8.9, respectively).

Table 2

Descriptive Data for VO2 (ml FFM '-min'^)
At Risk for

OverweightActivity Not Overweight Overweight
Treadmill 24 14 15n

Walk 8.7 9.6 10.3mean

SD 1.6 2.7 2.6
95% Cl 8.1to 9.4 8.1to 11.2 8.9 to 11.8

Run 25 14 13n

Mean 17.2 17.0 17.5
SD 4.6 4.8 5.1

95%oCI 15.4 to 19.1 14.2 to 19.8 14.4 to 20.6
Football
Throw Mean

26 14 15n

11.5 11.0 12.1
SD 3.2 3.1 2.7

95%, Cl 10.2 to 12.8 9.2to 12.7 10.6 to 13.6
Walk 25 13 15n

Mean 8.6 8.4 8.9
SD 2.3 2.8 2.5

95%oCI 7.7 to 9.5 6.7 to 10.1 7.5 to 10.3

Bicycle 22 1213n

Mean 12.8 12.0 12.7
SD 3.1 3.15.0

95%oCI 10.6 to 15.0 10.1 to 13.9 10.7 to 14.6
Scooter 26 14 13n

12.9 14.1Mean 14.3
SD 6.3 3.6 3.3

95%oCI 11.8 to 16.8 10.8 to 14.9 12.1 to 16.1
Note: The nonoverweight group had a BMI < 85“ percentile and a percent body fat less than 32%. The at
risk for overweight group had a BMI between the 85* and 95* percentile and a percent body fat less than
32%. The overweight group had a BMI > 95* percentile or a percent body fat greater than 32%.
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Table 3
Mean Differences in VO2 (ml-FFM'^-min'') among Groups

At risk for overweight
vs. Overweight

Not overweight vs. Not overweight
At risk for overweight vs. OverweightActivity

Treadmill walk
Mean difference -0.7-0.9 -1.6

ES 0.44 0.270.80
Run
Mean difference 0.3 -0.3 -0.5

ES 0.06 0.05 0.10
Football Throw
Mean difference 0.6 -0.6 -1.2

ES 0.18 0.20 0.40
Walk
Mean difference 0.3 -0.3 -0.5

ES 0.10 0.200.12

Bicycle
Mean difference 0.8 0.1 -0.7

ES 0.19 0.03 0.22

Scooter
Mean difference 1.4 0.2 -1.3

ES 021 0.03 0.36
Note-. The nonoverweight group had a BMI < 85“ percentile and a percent body fat less than 32%. The at
risk for overweight group had a BMI between the SS* and 95* percentile and a percent body fat less than
32%. The overweight group had a BMI > 95* percentile or a percent body fat greater than 32%. ES is
effect size calculated as standardized differences between the means. No significant differences between
means, p > .017.

Heart rate (bpm)

Descriptive data for heart rate are displayed in Table 4. Results of the group

comparisons are presented in Table 5. No statistically significant differences {p > .05) in

heart rate were found among the groups for any activity. The treadmill walk, at 2.5 mph.

was the only activity for which the girls did not choose the intensity. The mean heart rate

during the treadmill walk was 6 bpm lower in the nonoverweight group when compared

to the overweight group and 8 bpm lower in the nonoverweight vs. the at risk group.

Moderate to large mean differences existed in the nonoverweight vs. at risk comparison

for the treadmill walk, run, and bicycle {ES = 0.46 to 0.74), with the heart rate
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considerably lower for the nonoverweight group.

Table 4

Descriptive Data for Heart Rate (bpm)
At Risk for

Overweight OverweightActivity Not Overweight
Treadmill 1523 14n

Walk 133.3 131.4Mean 125.2
SD 13.2 13.6 12.1

124.7 to 138.195% Cl 119.5 to 130.9 125.5 to 141.2
1324 14Run n

173.8179.2 185.9Mean
19.2SD 14.0 15.6

95%oCI 173.3 to 185.1 162.2 to 185.4176.9to 195.0

Football
Throw Mean

1524 14n

146.7146.2 149.2
13.3SD 18.7 22.2

139.4 to 154.195% Cl 138.3 to 154.1 136.4 to 162.0
15Walk 24 13n

126.8128.7129.1Mean
12.4SD 15.6 12.8 119.9to 133.795%> Cl 122.5 to 135.7 120.9to 136.4

12Bicycle 1322n

156.7157.9148.6Mean
13.5SD 9.7 20.0

148.1 to 165.2145.8 to 170.095%oCI 144.3 to 152.8
13Scooter 23 14n

169.3168.9 171.8Mean
14.613.0SD 21.0

160.4 to 178.1164.2 to 179.395% Cl 159.8 to 178.0
Note: The nonoverweight group had a BMI < 85'*' percentile and a percent body fat less than 32%. The at
risk for overweight group had a BMI between the 85* and 95* percentile and a percent body fat less than
32%. The overweight group had a BMI > 95* percentile or a percent body fat greater than 32%.
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Table 5
Mean Differences in Heart Rate (bpm) among Groups

At risk for overweight
vs. Overweight

Not overweight vs. Not overweight
At risk for overweight vs. OverweightActivity

Treadmill walk
Mean difference -8.1 -6.2 1.9

ES -0.61 -0.49 0.15
Run
Mean difference -6.8 5.4 12.1

ES -0.46 0.34 0.70
Football Throw
Mean difference -0.5 2.5-3.0

ES -0.15 -0.03 0.14
Walk
Mean difference 0.4 2.3 1.8

ES 0.150.03 0.16

Bicycle
Mean dijference -9.3 -8.1 1.2

ES -0.69 -0.74 0.07
Scooter
Mean difference -2.9 -0.3 2.5

ES -0.16 -0.02 0.18
Note: The nonoverweight group had a BMI < 85“ percentile and a percent body fat less than 32%. The at
risk for overweight group had a BMI between the 85* and 95* percentile and a percent body fat less than
32%. The overweight group had a BMI > 95* percentile or a percent body fat greater than 32%. ES is
effect size calculated as standardized differences between the means. No significant differences between
means,> .017.

Energy Expenditure (kcaFmin’’)

Descriptive data for energy expenditure can be found in Table 6. Results from the

group comparisons are presented in Table 7. During the treadmill walk, the

nonoverweight girls expended significantly fewer calories than the at risk girls and the

overweight girls (p < .001). These differences were large {ES >1.68). The

nonoverweight vs. overweight comparison produced statistically significant findings and

large effects for the treadmill walk, run, football throw, and the walk {p < 0.02, ES =

0.94 to 2.28^, with overweight girls expending more calories for these activities. The
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differences between the nonoverweight and the overweight group for the bicycle and

scooter activities were moderate to large {ES ^.66), although these differences were not

statistically significant. Differences between the overweight vs. at risk groups were not

statistically significant; however, energy expenditure was higher (ES = 0.28 to 0.71) for

the overweight group for all activities.

Table 6

Descriptive Data for Energy Expenditure (kcal-min'^)
At Risk for

OverweightNot Overweight Overweight
Treadmill
Walk

24 14 15n

2.6Mean 3.5 4.0
SD 0.5 0.7 0.9

95% Cl 2.4to 2.8 3.1to 3.9 3.5to 4.5
Run 25 14 13n

Mean 5.3 6.4 6.8
SD 1.3 1.2 2.2

95% Cl 4.7to 5.8 5.7to 7.0 5.5to 8.2
Football
Throw Mean

26 14 15n

3.4 3.9 4.7
SD 0.8 0.7 1.5

95%oCI 3.1to 3.7 3.5to 4.4 3.9 to 5.6
Walk 25 13 15n

Mean 2.5 3.1 3.4
SD 0.8 0.9 0.7

95%oCI 2.5to 3.6 3.0 to 3.82.2to 2.9

Bicycle 22 13 12n

4.3 4.7Mean 3.6
SD 0.9 0.91.9

95%oCI 3.8to 4.9 4.1 to 5.22.8to 4.4
Scooter 14 1326n

4.8 5.4Mean 4.3
SD 0.8 1.22.0

4.3 to 5.2 4.7 to 6.295%oCI 3.4 to 5.1
Note: The nonoverweight group had a BMI <85*'' percentile and a percent body fat less than 32%. The at
risk for overweight group had a BMI between the 85* and 95* percentile and a percent body fat less than
32%. The overweight group had a BMI > 95* percentile or a percent body fat greater than 32%.
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Table 7
Mean Differences in Energy Expenditure (kcal-min'’) among Groups

At risk for overweight
vs. Overweight

Not overweight vs. Not overweight
At risk for overweight vs. Overweight

Treadmill walk
Mean dijference -0.9* -1.4* -0.5

ES 1.68 2.28 0.64
Run
Mean difference -1.1 -1.5 -0.5

ES 0.85 0.94 0.28
Football Throw
Mean difference -1.3*-0.5 -0.8

ES 0.70 1.27 0.71
Walk
Mean dijference -0.5 -0.8* -0.3

ES 0.64 1.13 0.39

Bicycle
Mean difference -0.7 -0.4-1.1

ES 0.46 0.71 0.41

Scooter
Mean difference -0.5 -1.2 -0.7

ES 0.31 0.66 0.66
Note: The nonoverweight group had a BMI < SS® percentile and a percent body fat less than 32%. The at
risk for overweight group had a BMI between the 85* and 95* percentile and a percent body fat less than
32%. The overweight group had a BMI > 95* percentile or a percent body fat greater than 32%. ES is
effect size calculated as standardized differences between the means. * p < .017.

MET Intensities (MET)

Metabolic equivalent (MET) intensities for each activity were calculated based on

the pooled average VO2 ml-kg'’-min'’ among groups. MET intensities for the six

activities are presented in Table 8. An estimated resting MET value of 4.0 ml-kg'’-min‘'

was used in the calculations (McDuffie et ah, 2004; Treuth et ah, 2004). The calculated

MET intensities were greater than the estimates from the adult compendium (Ainsworth

et ah, 2000). No adult MET value was reported for riding a scooter. For comparison

from the adult compendium, values for walking at 2.5 mph, running, football throw.

walk, and bicycle were chosen.
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Table 8
MET Intensities of Activities Compared to Adult Compendium Values
Activity MET Value Adult MET Value
Walk at 2.5 mph
Running
Football throw

3.9 3.0
7.1 6.0
4.7 2.5

Walk 3.6 2.5

Bicycling
Scooter

5.2 4.0
N/A5.7

Note: MET values were calculated using an estimated resting VO2 value of4.0 ml-kg '-min ' for children.
Adult MET values are from Ainsworth et al. (2000).



DISCUSSION

A search of the literature revealed few published studies on measured energy

expenditure of lifestyle physical activities in children (Eston et ah, 1998; Rowlands et ah,

2004). In this study we measured and compared energy expenditure of nonoverweight, at

risk for overweight, and overweight 8- to 12-year-old girls during free living physical

activities. The girls were classified based upon CDC cut points for BMI and percent fat

from skinfolds. Overweight was defined as a BMI > 95'*’ percentile for age and sex or a

body fat percentage greater than 32%. Girls classified as at risk for overweight had a

BMI between the 85'*’ and 95* percentile for age and sex and a body fat less than 32%.

Nonoverweight was defined as having a BMI less than the 85* percentile and a percent

fat less than 32%. Approximately half of the girls were classified as nonoverweight (« =

26). The remaining girls were classified as overweight (« = 15) or at risk (n = 14).

Overall, estimates of oxygen consumption for each activity were not significantly

different among the groups after adjusting for fat free mass (FFM). This finding suggests

that oxygen cost of various activities of overweight girls are similar to that of

nonoverweight girls. Ekelund et al. (2004) adjusted for FFM to compare boys and girls

to remove the confounding effects caused by differences in body fat. They concluded

that oxygen consumption (VO2) should be normalized for body weight or FFM for

comparison ofphysical activity between children differing in age and body size. Fat free

mass may be the most appropriate body composition variable for normalization ofVO2

across body sizes.

Examination of energy expenditure of lifestyle activities of overweight and
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nonoverweight girls may shed light on the physical activity levels of girls during these

activities and help researchers evaluate the contribution ofphysical activity to weight loss

in overweight children. Data from the present study suggest that overweight girls expend

more energy (kcahmin'*) than nonoverweight girls on all activities. For the weight

bearing activities (i.e., walking, running, throwing a football), there were large

meaningful differences among the groups {ES ^.94). For the treadmill walk, energy

expenditure of overweight girls was 1.38 kcahmin’’ greater than the nonoverweight

group, suggesting that at the same intensity overweight girls bum more calories.

Waxman and Stunkard (1980) reported over a 2-day period overweight boys expended

more energy (kcal) than nonoverweight boys. When expressed relative to body weight.

no significant differences were found. Similar results were found with an older sample of

boys and girls (12 to 18 years old) (Bandini et al., 1990). Using doubly labeled water

over a 2-week period, no significant differences were found between the overweight and

nonoverweight groups for energy expenditure after adjusting for fat free mass. Lazzer et

al. (2003) reported the energy cost ofwalking at the same speed was 25% higher for

overweight participants than nonoverweight participants after adjusting for FFM, which

is contrary to the results obtained in this study. However, Lazzer et al. also reported that

the daily energy expenditure during free living conditions did not differ between

overweight and nonoverweight participants after adjustment for FFM. When energy

expenditure was expressed relative to FFM, differences between weight categories

disappeared. Average relative energy expenditure was 0.10 kcal-FFM'’-min'' for the

nonoverweight group, 0.11 kcal-FFM'’-min'’ for the at risk group, and 0.11 kcal-FFM’
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'•min’’ for the overweight group. These differences were small < 0.25) and not

statistically significant.

Heart rate during the treadmill walk was higher in the overweight group compared

to the nonoverweight group (~ 6 bpm). A larger mean difference was found between the

nonoverweight group and the at risk group (~ 8 bpm). Although these differences were

not statistically significant, the size of the difference was meaningful (ES > 0.40). After

four months ofphysical training, Gutin, Barbeau, Litaker, Ferguson, and Owens (2000)

reported a decrease (-3 bpm) in submaximal heart rate of overweight children. Thus,

results of the present study may suggest that the nonoverweight girls are more aerobically

fit compared to the overweight and at risk girls. Baquet, Berthoin, and Van Praagh

(2002) determined girls aged 10 to 12 years should elicit a heart rate of 145 bpm to

achieve a training effect for moderate activity. To classify an activity as vigorous, it was

suggested that girls achieve a heart rate of 156 bpm or greater. Overall, girls in the

present study had mean heart rates greater than 145 bpm for the run, football throw.

bicycle, and scooter. The run, bicycle, and scooter could be classified as vigorous

activities for this sample, as they elicited mean heart rates greater than 156 bpm. For the

bicycle activity, the mean heart rate for the nonoverweight girls was ofmoderate

intensity. The treadmill walk and the walk at a self-selected pace did not elicit heart rates

ofmoderate or vigorous intensity.

The present data can contribute to the development of a compendium ofphysical

activities for children. In order to develop a compendium, a resting energy expenditure

value for children must be established so that activities can be expressed as metabolic
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equivalents (METs). McDuffie et al. (2004) suggested 4.1 ml-kg‘'-min'' as resting energy

expenditure for 6- to 11-year-old children. Treuth et al. (2004) found similar results, 3.8

ml-kg''-min'\ for 13- to 14-year-old girls. The pooled average of the two estimates (4.0

ml’kg'’’min‘') was used to calculate MET intensity to allow comparison of our results to

those of the compendium ofphysical activities (Ainsworth et al., 2000). Overall, the

values in the adult compendium are lower than the MET levels of children for similar

activities. No estimate of energy expenditure is available for the scooter in the adult

compendium. Riding a scooter is not a typical adult activity that would appear in the

compendium. The largest difference between the adult compendium and our results was

for the football throw (2.5 METs vs. 4.7 METs, respectively). This large difference

could have occurred due to skill level. In this age group, the football throw is a novice

activity. Accuracy of the throw and the ability to catch the ball influence energy

expenditure estimates. Bicycling had the next largest difference along with walking at a

self-selected pace and running. Walking at 2.5 mph on the treadmill, the only intensity

controlled activity was within 1 MET of the corresponding value from the adult

compendium. Children participate in activity differently than adults. An average bout of

moderate to vigorous activity for a child is much shorter than for adults (Bailey et al..

1995). The results of the present study could contribute to the development of a

compendium ofphysical activities for children.

Harrell et al. (2003) reported the top three leisure time activities ofmiddle school

students. Leisure time activities were assessed using a physical activity checklist of 32

activities. Instructions were given to the students to identify the top three activities they
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participate in for 15 minutes or more at a time. The top five activities of girls in this age

group were talking, running, walking, bicycling, and dancing. We measured the energy

expenditure of three of the most common activities reported by middle school girls

(running, walking, and bicycling).

In conclusion, overweight girls expended more energy than nonoverweight girls

for all activities. When intensity was controlled (i.e., treadmill walk) and the effects of

fat free weight were removed, there were no statistically significant or meaningful

differences in energy expenditure between overweight and nonoverweight girls.

Estimated MET intensities for the activities measured were higher than estimates from

the adult compendium ofphysical activities. When girls are told to participate at a self-

selected pace in various physical activities, overweight girls participate at the same

relative intensity as nonoverweight girls and absolute caloric expenditure is greater in

overweight than in nonoverweight girls.
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Informed Consent

Department of Exercise and Sport Science
East Carolina University

Principal Investigator:
Institution:
Address:

Telephone:

Matthew T. Mahar, Ed.D.
Department of Exercise and Sport Science
Minges155
328-0008

Title: "Energy Expenditure of Girls During Free-living Physical Activities"

Your child has been asked to participate in a research study being conducted by Matthew
T. Mahar, Ed.D., and his associates. The purposes of this study are to measure the
amount of calories used during typical physical activities that children do and to examine
the accuracy of several activity monitors for use with girls (8- to 11-years-old). Your
child will wear a portable metabolic system and three activity monitors while performing
seven activities. The metabolic system will be strapped to your child’s torso or back and
the activitymonitors will be worn in a tune belt. The metabolic system weighs about 3 to
4 pounds and is used to measure the amount of calories used during the activities. A total
of 60 children will be enrolled locally. Your child's time commitment to this project is
expected to be approximately 2 hours during one testing session. This study also
includes assessment of body composition. Your child will participate in the following
activities for about 6 minutes each: bicycling, walking, running, inline skating, riding
scooters, shooting baskets, and throwing a soft football. Your child will rest for about 2
minutes in between each activity. Testing will take place in the Activity Promotion
Laboratory in Minges Coliseum, in outdoor areas around Minges Coliseum, and in the
basketball arena in Minges Coliseum or in Christenbury Gymnasium.

TREATMENT PLAN AND PROCEDURES
The following tests will be performed on your child:

a. Body composition assessment by skinfold measurements and by bioelectrical
impedance analysis. Skinfold measurements are taken by an investigator using
hand held calipers. The investigator pinches your child with calipers. The
pinches measure fat and skin thickness. Slight bruising may oceur as a result of
the skinfold measurements. Bioelectrical impedance measurements are performed
by placing electrodes on the ankles and wrists of your child. A current is
conducted through the muscle and fat of your child; however, nothing is felt. The
purpose of this test is to determine the amount of fat in your child's body.
Circumference measurements will be taken at the waist and hip.

b. Measurement of amount of calories used during the physical activities. While
your child performs bicycling, walking, running, inline skating, riding scooters,
shooting baskets, and throwing a ball, she will wear the portable metabolic system
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"Energy Expenditure of Girls During Free-living Physical Activities"Title:

and breathe into a mask that covers her mouth and nose. This system will
measure the amount of calories used during the activities your child performs.
Activity monitors. While your child performs the physical activities listed above
a three-dimensional activity monitor, a one-dimensional activity monitor, and a
pedometer will be worn in a tune belt attached to the hip. Each monitor is
lightweight and about the size of a pager. The purpose of these monitors is to
measure the amount ofmovement and to estimate the amount of calories used

during different activities.
Heart rate monitor. Your child will also wear a heart rate monitor while

performing the physical activities listed above. Your child will wear the heart rate
monitor so that we can determine the heart rate response to different activities. If
your child’s heart rate is abnormally high during any of the activities, the activity
will be stopped and your child will be allowed to rest until her heart rate returns
within the normal range.

c.

d.

RISKS AND DISCOMFORTS
Certain procedures carry with them certain risks as described below and not all risks are
predictable.
Measurement of the Amount ofCalories used during the Physical Activities
This part of the study will require your child to walk and run on a treadmill and outdoors.
These are generally safe activities, although your child could trip and fall while walking
or running. Your child could experience injuries, such as scraping or bruising, if she falls
while bicycling, inline skating, or riding scooters. Proper safety equipment (helmets,
wrist guards, elbow pads, knee pads) will be worn during participation in the study to
minimize injuries resulting from accidents. Your child will not be required to perform
any activity with which she is not comfortable (e.g., inline skating).
ActivityMonitors
There are no foreseeable risks to wearing the activity monitors, although some children
may be uncomfortable wearing a tune belt.
POTENTIAL BENEFITS
Your child will receive body composition assessment free of charge. The results of this
assessment will be explained to you by the researchers. The findings of this research will
aid in determining the caloric cost of certain physical activities and the accuracy of using
activity monitors for girls.

TERMINATION OF PARTICIPATION
If the screening procedures provide evidence that the procedures cannot be safely
performed on your child, you will be informed of such at the time and your child will not
be used as a subjeet in the investigation. The investigators will explain to you the reason
for your child not being allowed to participate in this study.
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Title: "Energy Expenditure of Girls During Eree-living Physical Activities"

REIMBURSEMENT
The testing procedures involved in this studywill involve approximately 2 hours of your
child's time. Participants will be given a pedometer (step counter) and t-shirt upon
completion of the study. Your child will not be reimbursed if she does not pass the
screening process.

VOLUNTARY PARTICIPATION

Participating in this study is voluntary. If your child decides not to be in this study after
it has already started, she may stop at any time without losing benefits that she should
normally receive. Your child may stop at any time she chooses without penalty, loss of
benefits, or without causing a problem with her medical care at this institution.
COMPENSATION FOR INJURY
The policy ofEast Carolina University does not provide for payment or medical care for
research participants because ofphysical or other injury that results from this research
study. Every effort will be made to make the facilities of the School ofMedicine and Pitt
County Memorial Hospital available for care in the event of such physical injury.

CONFIDENTIALITY
All data will be maintained in complete confidence. The Principal Investigator will not
release any information that would enable data to be identified with a specific study
participant. All data will be kept in a filing cabinet in a secure office and will be
available only to the principal investigator and his assistants. Files will be stored for at
least 5 years.

PERSONS TO CONTACT
The investigators will be available to answer any questions concerning this research, now
or in the future. You may contact the investigators, Matthew T. Mahar, Ed.D. at phone
numbers (252) 328-0008 (days) or (252) 355-0737 (nights and weekends) or David A.
Rowe, Ph.D. at phone numbers (252) 328-0004 (days) or (252) 321-8966 (nights or
weekends). If you have any questions about your child's rights as a research subject, you
may call the Chair of the University and Medical Center Institutional Review Board at
phone number (252) 744-2914 (days).

I certify that I have read all of the above, asked questions and received satisfactory
answers concerning areas I did not understand. I willingly give my consent for my
child's participation in this research study. A copy of this consent form shall be given to
the person signing as the parent (a copy will be given to the subject if desired).

DateChild's Name (print) Child's Signature
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Parent's Name (print) Parent's Signature Date

Parent's Name (print) Parent's Signature Date

AUDITORWITNESS: I confirm that the contents of this consent form were orally
presented.

Auditor's Name (print) Auditor's Signature Date

Principal Investigator's Name (print) Principal Investigator's Signature Date

Versi(8807-03-03Page of 4 (Subject’s Initials



APPENDIX B

MINOR ASSENT FORM



90

Minor Assent Document

Title of Proposal: Energy Expenditure of Girls During Free-living Physical Activities
Principal Investigator: Matthew T. Mahar, Ed.D.
Institution: Department of Exercise and Sport Science, East Carolina University
Address: 155 Minges Coliseum
Telephone number: 328-0008

This consent form document may contain words that you do not understand. You should
ask the study doctor or the study coordinator to explain any words or information that
you do not understand.

Where will the research study take place?

The research study will take place at the Activity Promotion Laboratory in Minges Coliseum,
on the ECU campus. You will do one activity in the hallway in Minges coliseum.

Who is in charge of the research study?

Dr. Matthew Mahar is in charge of this research study. You will also see research assistants
that help take the measurements during the study. These people make sure the study is going
as planned, collect information, and watch over you during the study. If you ever have any
questions about the research study you should call them at 328-1996.

What is the purpose of this research study?

You have been asked to be in a research study. The research studywill examine the amount of
calories it takes for girls to do certain physical activities.

What will I have to do to participate in this study?

To participate you will have to undergo several tests, including:
1. Body composition assessment - Your percent body fat will be determined through

skinfold assessment and bioelectrical impedance. For the skinfold assessment, you
stand still while a tester pinches you with calipers. The pinches measure fat and skin
thickness. For the bioelectrical impedance, electrodes are attached to your wrist and
foot. An electrical current is used to assess your body composition. This current is so
low that you carmot feel it.

2. Doing the following physical activities for 6 minutes each: walking, running, inline
skating (if you can skate), bicycling, riding a scooter, shooting baskets, and throwing
a ball. You will be allowed to rest for 2 minutes in between the different activities.
While you do these activities you will need to wear a monitor that measures the
energy you use and your heart rate. The monitor will fit on your chest or back and a
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mask will fit over your mouth and nose. You will also wear three small activity
monitors in a tune belt on your hip during these activities.

What are some good thines or benefits that may happen to you because of participatine
in this research study?

If you participate in this study, you will learn about your body composition.

What are some bad things or risks that may happen to you because of participating in
this research study?

When you do the activities you could trip and fall. If you fall, you may hurt yourself (get a
scrape or bruise). This does not happen often, but just in case it does you will wear safety gear
(helmet, wrist guards, knee pads, and elbow pads) when your ride bikes, scooters, or go skating
to reduce the chance of getting hurt.

What are some things I might receive for beine in the study?

For being in the study you will find out about your body composition level. You will also be
given a pedometer (step counter) and t-shirt when you complete the study. You will not be
given these items if you do not pass the screening process.

Can I stop beine in the research study anytime I want?

It should be your decision to be in this research study. You may stop at any time during the
research study without any problems. No one will be angry or upset with you if you do not
want to be in the research study at any time.

Because you are less than 18 years of age, your parent or legal guardian will also have to give
me permission to be in the research study. Your parent or guardian will also sign a separate
informed consent document that has more information that may be difficult to understand.

Who can answer my questions about beine a research subject?

If you have any questions about being a research subject, you should call Dr. Matthew Mahar
at (252) 328-0008 during the daytime. Dr. Mahar supervises the research study and can answer
any questions.
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Please ask any questions you may have about the research study information.

Minor’s Name (PRINT) Age

Minor’s Signature Date

Signature ofParent or Guardian Name Date

AUDITOR WITNESS: I confirm that the contents of this consent form were orally
presented that I witnessed the subject’s signature.

Auditor's Name (PRINT)

Signature of Auditor Witness Date

Person conducting the assent discussion (PRINT)

Signature ofperson conducting assent discussion Date

Principal Investigator's Name (PRINT)

Signature of Principal Investigator Date
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Research Participant Authorization to Use and Disclose Information for Research

When taking part in research, heahh information is collected, used, and shared with others who are
involved in the research. Federal laws require that researchers and health care providers protect your
identifiable health information. Also, federal laws require that we get your permission to use collected
health information for the research. This permission is called authorization.

In order to complete the research project in which you have decided to take part, we need to collect and
use some ofyour health information. Specifically, this information includes:

List identifiable information:

Name, address, phone number

The members of the research team at^ ECU D PCMH [H ECU & PCMH DOther
Q will K will not need to share your information with other researchers at other sites, which may
include;

List who gets the information AND the reason:

Not applicable

Information about you will be used and released in such a way that will protect your identity as much as
possible, as explained in the informed consent form. The individual/agencies who may receive health
information about you also agree to keep this information confidential. However, there is always a chance
that your information could be shared in a way that it would no longer be protected. Therefore, although
we take precautions to protect your information, confidentiality cannot be absolirtely guaranteed.

We are asking. your permission to share your health information related to this study with the
individuals/agencies hsted above. If you want us to stop sharing information or wish to limit who may
receive this information, you can do so. However, to stop or limit the sharing of information, you need to
give us a request in writing. If you want, us to stop using your information, you may be removed from the
study but you standard medical care and other benefits you are entitled to wiU not be affected.

We will share only the information listed above only with the individuals/agencies listed above. If we
need to share other information or ifwe need to send it to other individuals/agencies not listed above, we
will ask your permission in writing again. At any time, you can ask us to tell you what mformation about
you has been shared and with .whom. However, you may not have access to your information until the
study is over.

Research information continues to be looked at after the study is finished so it is difificult to say when use
of you mformation will stop. Currently, there is not an expiration date for the use and disclosure of your
information for this study.k
If you have questions about the sharing of information related to this research study, call Dr. Matthew T.
Mahar (name of research staff) at 252-328-0008 (phone number). Also, you may telephone theC ^
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University and Medical Center Institutional Review Board at (252) 744-2914. In addition, if you have
concerns about confidentiality and privacy rights, you may phone the Privacy Officer at Pitt County
Memorial Hospital at 252-847-6545 or at East Carolina University 252-744-2030.

Authorization

I authorize Dr. Matthew T. Mahar (Principal Investigator) to share my research information with the
individuals/agencies listed above. This information is to be used for research purposes.

Signature Date (and time)Participant’s Name (print)

Date (and time)Legally Authorized Representative Name (print) Signature

Person Obtaining Authorization (print) Signature Date

2
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PERSONAL fflSTORY FORM

Please read each of the following questions and circle YES or NO regarding your child.

NO Does your child ever have pains in his/her heart and chest?1. YES

NO Does your child often feel faint or have any spells of severe
dizziness?

2. YES

Has your child’s doctor ever said his/her blood pressure was
too high?

3. YES NO

Has your child’s doctor ever told you he/she has a bone or
joint problem such as arthritis that has been aggravated
by exercise or might be made worse with exercise?

4. YES NO

5. YES NO Does your child have asthma?

6. YES NO Is there a good physical reason not mentioned here why your
child should not participate in an activity program even if he/
she wanted to?

If you answered YES to any ofthe following questions, please explain;

In case of an emergency, please contact:

Name:

Address:

Phone Number:


